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Executive Summary 

A. Summary 
The California Energy Resources Scheduling (CERS) Division of the Department of 

Water Resources (DWR) sponsored this study of the potential impacts on existing long-term 

power contracts resulting from implementing the integrated forward market design proposed by 

the California Independent System Operator Corporation (CAISO) in its July 22, 2003 

Amendment to Comprehensive Market Design Proposal of 2002 (Amended MD02 Proposal) 

filing before the Federal Energy Regulatory Commission (FERC).  The contracts of concern are 

“zonal” contracts, i.e. contracts that specify as delivery points one or more of the three existing 

pricing zones currently used by the CAISO for settlement purposes.  Once the Amended MD02 

proposal is implemented, the existing pricing zones will be eliminated and replaced with a 

settlement process based on locational marginal pricing (LMP).  It is unclear how the zonal-

contracts will be interpreted under the Amended MD02 Proposal.  Any characterization of these 

contracts as providing for “seller’s choice” is premature.  This study examines the potential risk 

to buyers if the zonal-contracts were interpreted so as to permit sellers to unilaterally select, on a 

daily or hourly basis, the lowest-price buses (nodes) within a former zone or zones for delivering 

energy to buyers.1

• Although the proposed market redesign includes tools for improving grid operation and 

management, the LMP-based settlements component of the Amended MD02 Proposal 

could significantly increase the cost of power procured under zonal-contracts.  The 

contracts at risk could total more than 5,000 MW.  The risk exposure window for DWR is 

2006 – 2011. 

  The study’s findings include: 

• Subjecting zonal-contracts to the proposed LMP-based settlements regime will provide 

strong incentives to the sellers under these contracts to use locational nodal-price 

differences to extract additional profits that are not available under CAISO’s current three 

pricing zones. 

• Locational nodal price differentials are likely to be significant and the locations of low 

nodal prices are likely to be easily predictable.  Sellers therefore could consistently engage 
                                                      
1 This report has made no evaluation of the merits of such an interpretation and nothing herein shall be deemed an 
admission by DWR or its consultants with respect to the interpretations of any of the long-term contracts. 
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in a “buy low and sell high” strategy whereby they purchase energy from CAISO’s forward 

markets at low-priced delivery buses and sell equal amounts at higher-priced injection 

buses.  This strategy allows sellers to extract financial counter-flow (FCF) profits — the 

difference between injection and delivery bus nodal prices — while exposing buyers to the 

risk of financial congestion charges (FCCs) — the difference between the delivery bus 

nodal price and the load zone settlement price. 

• Assuming a fully competitive market with no market stresses (e.g., no exercise of market 

power, or the incidence of hydro shortages or high fuel prices), the estimated 2006 – 2011 

FCF and FCC impacts of the CAISO proposal are: 

 

Seller Success and Delivery Area 
Scenarios Over the Period 2006 - 2011 

Million $ per 1,000 
MW at risk 

Million $ per 5,000 
MW at risk 

FCF Costs FCC Costs FCF Costs FCC Costs 

  Base Case Scenarios without Marginal Losses 

CAISO-Wide Deliveries Scenario 271 238 1,357 1,191 

Northern California Deliveries Scenario 82 71 408 353 

Southern California Deliveries Scenario 234 211 1,172 1,053 

  Base Case Scenarios with Marginal Losses 

CAISO-Wide Deliveries Scenario 1,030 913 5,170 4,570 

Northern California Deliveries Scenario 1,020 924 5,110 4,620 

Southern California Deliveries Scenario 920 827 4,600 4,130 

 

These results indicate cumulative 2006-2011 exposures of 1.4 – 2.5 billion dollars for 5,000 MW 

of CAISO-wide zonal contracts without accounting for the effects of marginal losses.  Including 

marginal losses raises the risk to 5 – 10 billion dollars.  The lower range estimate assumes that 

FCC costs can be hedged or mitigated.  The upper range is the combination of FCC and FCF 

costs. 
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• Under the proposed LMP-based settlement system, buyers with zonal contracts 

interpreted to permit sellers to unilaterally select the point-of-delivery buses on a daily or 

hourly basis, would not be able to hedge against either FCF or FCC costs. 

Absent some mitigation measures, the study’s results indicate that implementing LMP 

settlements for California’s electricity markets could result in extremely burdensome energy 

price surcharges. 
 
B. Introduction 

In the winter of 2000-2001, California was in the midst of a statewide energy crisis 

marked by rotating power blackouts and extreme increases in electricity prices, and the near 

insolvency of two of the state’s investor-owned utilities (IOUs), Pacific Gas & Electric Company 

(PG&E) and Southern California Edison Company (SCE).  Deeming the energy crisis an extreme 

peril to the safety of persons and property in California, the Governor and State Legislature 

directed DWR to acquire a portfolio of long-term power contracts, which was instrumental in 

bringing a measure of reliability and price stability back to the market. 

DWR, through CERS, entered into 56 long-term electricity contracts – the state contracts 

– to provide reliable energy to IOU customers.  There are currently 40 remaining state contracts 

providing total 2004 peak capacity of approximately 11,696 Megawatts (MW); an amount 

equivalent to more than 25 percent of the resources needed to meet CAISO’s highest annual peak 

demand for electricity.  The total remaining value of these long-term electricity contracts is 

approximately $28 billion. 

CERS executed the state contracts under the current market structure, which uses zone-

wide market clearing prices for managing congestion and settling transactions in CAISO’s real-

time energy market.  Some of the state contracts, as well as an unknown volume of bilateral 

purchase power agreements executed by utilities and third-party market participants, are “zonal” 

contracts in that they specify delivery into one or more of CAISO’s existing congestion 

management zones.  The state’s long-term purchases, combined with annual utilities’ 

acquisitions of Firm Transmission Rights (FTRs) through CAISO’s auction process, helped to 

limit ratepayers’ exposure to price volatilities and high congestion charges.   
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On July 22, 2003, CAISO filed with FERC a conceptual market design referred to as the 

Amended MD02 Proposal.  The CAISO proposal will bring major changes to the structure and 

operation of California’s electricity markets, including the implementation of integrated forward 

and real-time (RT) markets using a nodal (bus-level) LMP platform.  CAISO would use the 

proposed LMP platform to: (1) produce bus-specific prices for energy bought and sold in 

CAISO’s forward and RT markets; (2) determine and execute least-cost dispatches for grid 

operation; and (3) settle all forward and RT market transactions.  Nodal pricing would replace 

the current practice of using a single, zone-wide market-clearing price determined for each of 

CAISO’s three congestion management zones.  A major advantage of the proposed design is the 

identification and resolution of all potential congestion problems – including those currently 

classified as intra-zonal congestion – in the forward day-ahead market rather than under real-

time conditions.  This advantage is important for assuring reliable system operation.  However, 

the proposed settlement process exposes buyers of energy under zonal contracts to significant 

unintended surcharges and may eventually undermine the stability of the electricity markets and 

the service reliability that the Amended MD02 Proposal is seeking to preserve. 

A principal function of the CAISO proposed LMP platform is to reveal the costs of all 

transmission congestion episodes and marginal losses as locational variances in forward and RT 

nodal prices.  Because transmission congestion is not uncommon in California, and marginal 

losses are ubiquitous and at times significant, it is likely that the proposed LMP regime would 

generate frequent and large, locational nodal-price differentials.  This creates significant risks for 

buyers under zonal-contracts.   

Existing zonal-contracts specify one or more of the three existing CAISO pricing zones 

as delivery points.  Incorporating such price differences into the settlement of forward and RT 

markets, as currently conceived in the Amended MD02 Proposal, will provide sellers with the 

opportunity to arbitrage nodal price differences and extract additional revenues above and 

beyond the contract energy prices that they had already secured on a long-term basis.  

Consequently, large locational nodal-price differentials represent significant sources of risk to 

holders of existing zonal-contracts under the CAISO-proposed settlement process. 

CERS commissioned a study using a portfolio approach rather than a contract-specific 

assessment to: 
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1. Identify the types of risks that nodal pricing and settlements could bring upon holders of 

California’s existing long-term zonal-contracts; and 

2. Assess the costs that the identified risks pose to holders of California’s existing zonal-

contracts. 

The study specifically focuses on zonal-contracts that counter-parties, in particular 

sellers, could argue permit floating point-of-delivery of energy.2

C. Methodology 

  This report describes the 

methodology, assumptions, and data used in the study, and presents its findings and conclusions.  

Because the study uses portfolio (i.e., scenario) evaluation techniques, it should not be 

interpreted as an assessment of] any specific contract.   

The investigation started with identifying the risks that would likely arise if and when 

CAISO implements LMP-based settlements for its forward markets.  The potential magnitude of 

the identified risks were then estimated using General Electric’s MAPS, a transmission-

constrained production-costing model commonly applied for simulating and evaluating LMP 

markets.  Certain critical modeling assumptions were made to ensure that the analysis focused 

purely on the impacts of implementing LMP.  These modeling assumptions amount to simulating 

the operation of LMP in a properly functioning and perfectly competitive market.  The 

assumptions include: fuel prices that are moderate and devoid of extreme volatilities, average 

hydro conditions, and suppliers bidding energy into CAISO’s markets at their marginal costs of 

production.  

Because LMP implementation is planned for the 4th quarter of 2005 and most of the state 

contracts expire by the end of 2011, the assessment of the potential impacts was limited to the 

period 2006 through 2011. 

D. Findings 

The results of the investigation are summarized in Table ES-1.  The study’s principal 

findings include: 

                                                      
2 In its October 28, 2003 decision on CAISO’s Amended MD02 Proposal, FERC has characterized zonal-contracts 
as “seller’s choice” contracts.  CERS does not necessarily agree such characterization applies to the state contracts. 
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Table ES-1.  Cumulative Impacts of LMP-Based Settlement 2006-2011 (Million $) 

 Financial Counter-Flow Risks Financial Congestion Charge Risks 

MW 
CAISO-

Wide 
Northern 
California 

Southern 
California 

CAISO-
Wide 

Northern 
California 

Southern 
California 

Base Case Scenarios without Marginal Losses and No Mitigation 
(Sellers Able to Deliver to the Lowest-Price Bus) 

1,000 271 82 234 238 71 211 
2,000 543 163 469 477 141 421 
3,000 814 245 703 715 212 632 
4,000 1,086 326 938 953 282 842 
5,000 1,357 408 1,172 1,191 353 1,053 

Base Case Scenarios with Marginal Losses and No Mitigation 
(Sellers Able to Deliver to the Lowest-Price Bus) 

1,000 1,033 1,023 920 913 924 827 
2,000 2,067 2,045 1,840 1,827 1,847 1,654 
3,000 3,100 3,068 2,760 2,740 2,771 2,480 
4,000 4,134 4,091 3,680 3,654 3,695 3,307 
5,000 5,167 5,113 4,600 4,567 4,618 4,134 

Mitigated Base Case Scenarios without Marginal Losses: 
Deliveries Restricted to Predetermined Price Hubs 

1,000 33 11 24 0 0 0 
2,000 66 22 48 0 0 0 
3,000 99 33 72 0 0 0 
4,000 133 44 96 0 0 0 
5,000 166 55 120 0 0 0 

 

• Although the proposed market redesign includes tools needed for better grid management 

(e.g., a network-flow model superior to the present radial representation of power flows), 

LMP-based settlements could create substantial new profit margins for zonal-contract 

sellers, and significantly increase the cost of power from long-term zonal-contracts above 

and beyond the agreed upon prices if such contracts are interpreted to permit sellers’ 

choice of delivery point. 

• Significant locational nodal-price differentials are likely to occur and appear to be a 

natural outcome (due to inherent properties) of the grid’s configuration.  Since changes in 
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the transmission system and in the geographic distribution of loads relative to generation 

resources will be identifiable with sufficient lead-times, low nodal price locations would 

be fairly stationary and easily identifiable as scheduling points for delivering the energy 

obligations of zonal-contracts, interpreted to allow floating point-of-delivery.  

• Under the proposed LMP-based settlement scheme, a zonal-contract seller could 

consistently sell, at higher-priced injection bus(es), into CAISO’s forward markets the 

energy it originally secured (from its own resources or through bilateral purchases) to 

meet its zonal contract obligation, and, at the same time purchase a similar amount of 

energy, on a daily or hourly basis, from the bus(es) with the lowest nodal prices within 

the delivery zone or zones specified in its contracts.   

• Two significant sources of risk to buyers have been identified: financial congestion 

charge (FCC) and financial counter-flow (FCF) costs. 

• The FCF impacts represent a net transfer of wealth from buyers to sellers above and 

beyond the payments dictated by the contracts’ terms and conditions.  FCF costs would 

be generated by the proposed nodal settlement system and would equal any realized 

differences between the nodal prices at the injection and delivery buses multiplied by the 

amounts of delivered zonal-contract energy for each applicable hour. 

• The FCC costs would result whenever a seller manages to schedule energy delivery at a 

bus with a nodal price lower than the price assigned to the buyer’s load. 

• Under the proposed LMP-based settlement system, buyers would not be able to hedge 

against either FCC costs (because delivery bus locations would not be known in the time 

frame required by CAISO to use congestion hedging instruments) or FCF risks.  

• The contracts potentially at risk include state and non-state long-term purchases that in 

the aggregate are estimated to total more than 5,000 MW.  The risk exposure window 

starts in 2006 – the year CAISO expects the proposed LMP-based settlement system to be 

fully implemented – and should end (for the state contracts) in 2011 when the bulk of 

these contracts are expected to expire. 
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• Transmission investments and load growth could alter locational nodal-price differentials 

over time, but would not effectively mitigate the risks posed to State’s zonal-contract 

buyers.  

• Under the assumptions discussed above, two sets of FCF and FCC impact scenarios were 

derived: (see Table ES-1) 

o The Base Case:  Sellers would consistently schedule their zonal-contract energy 

deliveries at the lowest-price bus by taking advantage of the predictability of the 

locations of the low-price nodes in a market where marginal losses are excluded 

in the determination of nodal prices; and 

o The Marginal Losses Case:  This is the same as the Base Case but with marginal 

losses accounted for in the determination of nodal prices. 

• Results for the Base Case scenarios indicate that the estimated 2006 – 2011 FCF and 

FCC risks would be very significant for buyers:  

o The FCF and FCC impacts resulting from seller-determined points of deliveries of 

1,000 MW in Southern California would equal 234 and 211 million dollars, 

respectively.  The FCF and FCC impacts for 5,000 MW of Southern California 

deliveries are approximately 1.2 and 1.1 billion dollars, respectively.   

o Although the impacts associated with energy delivered in Northern California are 

not as large as in the case of Southern California, they are not insignificant: 

approximately $408 and $353 million of FCF and FCC costs, respectively, for 

5,000 MW of delivered energy.   

o The results for zonal contracts that could be interpreted to permit sellers to deliver 

anywhere in the CAISO control area indicate exposures comparable to those of 

Southern California 

o The discrepancy between Northern California and Southern California is in large 

part due to the greater incidence of low nodal prices in the Southern California 

zone.  The report’s assessment of the impacts associated with energy delivered in 

Northern California is based on monitoring and enforcing only the thermal and 

stability transmission ratings identified in the WECC Path Rating Catalogues 
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(PRC).  Because of the lack of independent and reliable information on the ratings 

of the transmission links, paths and interfaces not covered in the PRC, many of 

the internal transmission constraints were left unbinding.  Since more of the PRC 

ratings pertain to ties and interfaces in Southern California than in Northern 

California, fewer transfer limits were enforced in the latter area, resulting in lower 

estimates of FCF and FCC impacts.  Invoking more of the known constraints in 

Northern California should increase projected FCF and FCC exposures for this 

zone.  A supplement to this report is being prepared for evaluating the impacts in 

Northern California of enforcing internal transmission limits. 

• The Base Case scenarios were re-evaluated to assess the effects of incorporating marginal 

losses in the simulation of future nodal prices using a newly developed version of the 

MAPS model.3

o The FCF and FCC impacts resulting from seller-chosen points of deliveries of 

1,000 MWs in Southern California over the period 2006 – 2011 could be as much 

as 920 and 830 million dollars, respectively.  Delivering 5,000 MWs under the 

same conditions would expose buyers to approximately 4.6 and 4.1 billion dollars 

of FCF and FCC impacts, respectively.  Accounting for marginal losses has 

increased the FCF and FCC impacts by more than four times (relative to the Base 

Case). 

  The results obtained indicate a marked risk increase over the Base Case: 

o Unlike the Base Case without marginal losses, the impacts for energy delivered in 

Northern California are comparable to Southern California: approximately 5.1 and 

4.6 billion dollars of FCF and FCC costs, respectively, for 5,000 MW of delivered 

energy.  Incorporating marginal losses in the estimation of nodal prices increases 

the Northern California risks by more than 10 times (relative to the Base Case). 

o The projections for zonal contracts that could be interpreted to permit sellers to 

deliver anywhere in the CAISO market territory show risks comparable to those 

of Northern and Southern California. 

                                                      
3 Because the marginal losses simulation capability is a newly developed feature, we are reporting this case as a 
sensitivity scenario. 
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o The marked increase in the projected impacts by accounting for marginal losses is 

indicative of the following: 

 Remote generation connected to California’s high load centers via long 

transmission lines translates into large marginal losses; 

 Marginal losses affect nodal prices year around (24 X 7), resulting in large 

cumulative impacts over time; and 

 Marginal losses can interact synergistically with congestion to produce 

higher locational differentials between nodal prices. 

o The greater influence in Northern California of incorporating marginal losses on 

FCF and FCC impacts is due to the preponderance of low voltage transmission 

lines and ties in PG&E’s system.  (Losses on low voltage elements are greater 

than those for high-voltage assets.)  

• If CAISO were to restrict bilateral trades between the Scheduling Coordinators (SCs) of 

the sellers and buyers within a zone to a single trading hub where the forward market 

prices used for settlement at any time would be the average of all contemporaneous nodal 

prices within the geographic domain of the hub (i.e., the zone of interest), potential FCC 

cost increases for zonal-contract buyers would be largely mitigated.4

• In general, the effectiveness of a hub in mitigating FCF and FCC impacts will depend on 

the extent to which the hub’s geographic domain matches the pricing zone it resides in. 

  However, there will 

still be some residual FCF risks.  For example, delivering 5,000 MW at a Southern 

California hub designed to coincide with the current SP15 pricing zone could, over the 

period 2006-2011, add more than 120 million dollars in FCF charges to the cost of 

procuring power under existing long-term zonal-contracts.  The residual hub-based FCF 

risks are bound to be much larger if one takes into account the effects of marginal losses. 

E. Conclusions 

Based on the above findings the report reaches the following conclusions: 
                                                      
4 Although Table ES-1 shows the FCC impacts reduced to zero, it is likely that the zone-averaged nodal price for 
loads will, in practice, exceed the hub price most of the time (since the prices that loads have to pay must account 
for congestion and marginal losses over and above the costs of the energy commodity).  
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• Because the Base Case analysis carried out in this study assumes a perfectly competitive 

market, the absence of marginal losses and low-voltage grid constraints, moderate fuel 

prices, and average hydro and temperature conditions, the results presented in this report 

may substantially understate the risks posed to buyers under zonal-contracts. 

• Implementation of LMP-based settlements of forward markets as currently proposed 

creates seller expectations for potential FCF profits and for potential compensations for 

any FCF opportunity costs they might have to forego as a result of zonal-contract 

renegotiation.  The prospect of implementing the Amended MD02 Proposal without 

mitigation measures that address the impacts on existing zonal contracts would likely: 

o Encourage sellers to demand the right to floating points-of-delivery; and 

o Make future long-term contracts renegotiations more difficult. 

• If sellers’ efforts to gain rights to floating points-of-delivery were successful, their fixed-

price, long-term zonal-contracts would effectively be converted into a series of daily, and 

perhaps hourly, volatile energy purchases.  Because LMP-based settlements of contract 

transactions would be purely ex-post financial flows, there is no means for nodal prices to 

provide a self-correcting mechanism that could moderate suppliers’ behavior. 

• Converting a large volume of zonal-contracts into what amounts to spot market purchases 

of energy already paid for on a long-term basis could expose buyers to market volatility.  

This would defeat the intent and primary benefit of long-term contracts, i.e., price and 

supply stability. 

• Use of pricing-hubs would moderate, but not eliminate, exposure of zonal-contract 

buyers to new costs from implementing a settlement regime based on nodal prices. 

• For a pricing-hub to be neutral to both buyers and sellers, it should encompass as many 

buses as the number of nodes in the load-pricing zones in which it resides. 

• If LMP goes forward as proposed, CAISO should use tagging technology to establish a 

mechanism for rebating financial counter-flow costs to zonal-contract buyers while 

preserving the price signals and incentives for market-based development of grid 

infrastructure. 
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I.  Introduction 

A. Background 

In the winter of 2000-2001, California was caught in the grip of a statewide energy crisis 

marked by rotating power blackouts, the highest wholesale power prices in California’s history, 

and the near insolvency of two of the state’s investor owned utilities (IOUs), Pacific Gas and 

Electric (PG&E) and Southern California Edison (SCE).  Deeming the energy crisis an extreme 

peril to the safety of persons and property in California, the Governor declared a state of 

emergency in January 2001.  The Governor’s declaration placed the state, through DWR, in the 

role of a credit-worthy purchaser of electricity on behalf of the IOUs.  The California Legislature 

subsequently enacted Assembly Bill (AB) 1X, which gave DWR the authority to acquire a 

portfolio of long-term energy contracts with the mandate that the state’s investment would result 

in reliable service at the lowest possible prices. 

DWR established the CERS division to serve as the state’s purchasing agent and to 

negotiate long-term contracts for electricity.  When CERS entered the electric power market, 

nearly 80 percent of its electricity procurements were from volatile spot markets.  CERS spent, 

on average, $50 million per day for power purchases during its first month of operation.  With 

average daily prices exceeding $400 per Megawatt-hour (MWh), it was critical for CERS to 

quickly reduce the volumes of energy it had to purchase from volatile spot markets.  DWR, 

through CERS, subsequently entered into 56 long-term power purchase contracts: the state 

contracts.  The state’s investment removed several thousand Megawatts (MWs) from volatile 

spot markets. 

There are now 40 remaining state contracts providing total, 2004 peak capacity of 

approximately 11,696 MW -- an amount equivalent to more than 25 percent of the resources 

needed to meet CAISO’s highest annual peak demand for electricity.  The total remaining value 

of the state’s investment in these long-term electricity contracts is approximately $28 billion. 

CERS executed the state contracts under the current market structure that uses zone-wide 

market clearing prices to manage congestion and to settle CAISO’s real-time, imbalance-energy 

transactions.  Some of the state contracts, as well as an unknown volume of bilateral power 

purchases between utilities and third-party market participants, are identified in this study as 
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“zonal” contracts in that they specify delivery into one or more of CAISO’s existing congestion 

management zones5.  Although DWR has access to very little information about third parties’ 

zonal purchase agreements, it is believed they could total several thousand MW in capacity.6

On July 22, 2003, CAISO filed with FERC a conceptual proposal for redesigning the 

electricity markets it administers.  Referred to as CAISO’s Amendment to Comprehensive 

Market Design Proposal (Amended MD02 Proposal), the new plan will bring major changes to 

the structure and operation of California’s electricity markets.  In its filing, CAISO is seeking to 

implement integrated forward and real time (RT) markets using LMP at nodal (bus) levels of 

detail.  The proposed LMP-based platform would be used to: 

   

• Produce bus-specific prices for energy trading in CAISO’s forward and RT markets; 

• Determine and implement feasible least-cost dispatches for grid operation; and 

• Settle all forward and RT market transactions. 

Nodal prices would replace the current practice of using single, zone-wide market clearing prices 

determined for each of CAISO’s three congestion management zones. 

CAISO’s proposed LMP platform would explicitly take into account all nodal price 

differentials by revealing the combined effects of all contemporaneous transmission congestion 

incidences as well as contemporaneous marginal losses as locational variances in forward and 

RT nodal prices.  Since transmission congestion is not uncommon in California and marginal 

losses are ubiquitous and at times can be significant, it is likely that the proposed LMP regime 

would generate frequent and large locational nodal-price differentials.  Incorporating such price 

differences into the settlement of forward and RT markets, as currently proposed in the Amended 

MD02 Proposal, could provide sellers under zonal-contracts opportunities to seek additional 

revenues above and beyond the levels secured through the contracts on a long-term basis. 

Increased revenue opportunities will be available if the zonal-contract seller is able to 

exploit nodal price differences by injecting energy at a high-price node and choosing a lower-

price bus to deliver its contract obligation.  In the present zonal pricing regime, under which the 

                                                      
5 Other parties have prematurely referred to such purchase power agreements as seller’s choice contracts. (See 
footnote number 2.) 
6 Because contract-delivery terms and conditions might be in dispute, uncertainties over the exact amount of 
capacity under zonal-contracts might persist indefinitely. 
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zonal-contracts were executed, such opportunities are not available.  The use of zonal pricing 

settlements, combined with CAISO’s periodic auctions of Firm Transmission Rights (FTRs) has, 

to date, limited zonal-contract exposure to additional costs.  If, however, a nodal-based 

settlement system were implemented as currently proposed by CAISO and sellers pursued 

floating points-of-delivery, large locational nodal-price differentials would then represent 

significant sources of risk to the buyers under existing zonal-contracts. 

CAISO in its Amended MD02 proposal has provided assurances that the application of 

nodal pricing and settlements in California would be successful based on the performance of 

existing LMP-based markets, such as the Pennsylvania-New Jersey-Maryland Interconnection 

(PJM).  CAISO has not evaluated or quantified the potential impact of LMP-based settlements 

on holders of existing zonal contracts in California.  Assessing such impacts for California, using 

the experience of the few states that use nodal pricing regimes has its limitations.  For instance, 

the PJM Interconnection, which has the longest experience with nodal prices, does not have an 

hour-ahead market and as such it is a two-settlement system: day ahead (DA) and RT.  Further, 

its DA market has been in operation for less than three years.  There are also several unique 

factors that could act synergistically to increase the frequency and magnitudes of locational 

nodal-price disparities in California as compared to the PJM market.  Such factors include but 

are not limited to: 

• In comparison with the PJM grid, California’s transmission system is relatively 

unmeshed (where a node connecting two or three long lines is commonly found); 

• Much of California’s generation is located far from load centers; 

• California’s resource base is hydro-thermal whereas PJM’s is essentially thermal; 

• CAISO’s Amended MD02 Proposal calls for using full marginal loss factors for 

determining nodal prices (which could lead to locational price differentials appreciably 

larger than the levels experienced in PJM); 

• PJM’s member utilities did not divest their generation to the same extent as California’s 

IOUs, therefore the portion of their load covered by long-term contracts is significantly 

smaller. 

Given these factors, PJM’s history with LMP prices is not a reliable indicator of the 

nature and extent of potential MD02 impacts on holders of existing zonal contracts in California.  
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CERS therefore commissioned a study, using a portfolio approach rather than a contract-specific 

assessment, to: 

1. Identify the types of risks that nodal pricing and settlements could bring upon holders of 

California’s existing long-term zonal-contracts; and 

2. Assess the costs that the identified risks pose to holders of zonal-contracts. 

This report describes the methodology, assumptions, and data used in the study, and 

presents its findings and conclusions  

 

B.  Overview of State Contracts 

The state contracts provide more than 10,000 MW of capacity through at least the year 

2007; declining to nearly 5,000 MW by 2011.  The contracts fall under two categories: must-take 

and dispatchable.  Table I-1 shows a break down of the potential must-take capacity among 

California’s three major IOUs in accordance with the California Public Utilities Commission’s 

(CPUC) contracts allocation decision in 2002.  

  
 

Table I-1: State’s Must-Take Contracts By Utility, MW 
 2005 2007 2009 2011 

PG&E 2,751 2,751 2,751 513 

SCE 2,167 2,167 2,267 1,967 

SDG&E 778 778 403 78 

Total 5,696 5,696 5,421 2,558 

  Source: CERS staff, June 2003 

Most dispatchable contracts are tied directly to a generator and therefore the delivery 

location of the power is known.  The must-take state contracts, however, vary with respect to the 

specificity of the point-of-delivery of the energy purchased.  Some must-take contracts with 

renewable energy producers identify a particular electric bus (or buses) for delivering and title 

transfer of their products.  The remaining must-take state contracts specify one or more of 

CAISO’s applicable pricing zones as the location of energy delivery where the necessary inter-

SC trading between the seller and the buyer would take place.  
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C.  Current Congestion Management and Settlement Practices 

CAISO’s current approach to congestion management and transactions settlement is based on a 

zonal representation of California’s transmission system and of the energy markets the grid 

supports.  At present, CAISO’s control area is divided into three zones: North of Path 15 (NP15), 

South of Path 15 (SP15) and a zonal pricing area defined around Path 26 (ZP26).  Transmission 

congestion problems are handled at two levels: inter-zonal and intra-zonal.  Under current market 

rules, grid-related risks for zonal-contract buyers have been limited to congestion charges and 

have so far been effectively contained at both the inter-zonal and intra-zonal levels.  To better 

understand how CAISO’s Amended MDO2 proposal increases the grid-related risk exposure for 

zonal-contract buyers, it is necessary to be familiar with CAISO’s current transmission 

congestion management practices. 

1. Inter-Zonal Congestion: 

If the available transfer capability (ATC) of all interfaces between the established zones 

were deemed sufficient to accommodate all scheduled requests for transmission service at a 

particular hour, all transactions would be settled at a single market-clearing price assigned to the 

entire CAISO control area for that same hour.  Under such condition, no inter-zonal congestion 

charges would be levied.  Zonal-contract buyers’ liability for grid-related costs would be limited 

to normally incurred delivery expenses, such as transmission access charges, grid management 

charges, and possibly an uplift payment for intra-zonal congestion management (discussed 

further below). 

If on the other hand the ATC of an interface between two zones, or into or out of a zone 

were deemed insufficient to meet transmission service needs, an inter-zonal congestion situation 

would be recognized.  CAISO would then perform a system re-dispatch, which in turn creates a 

price difference across the congested interface.  A zonal-contract that restricts energy delivery to 

the zone where the buyer’s load is located would normally be immune to all inter-zonal price 

variances.  The situation in this case would be the same as if no inter-zonal congestion had taken 

place.  However, a zonal-contract that allows energy delivery in a zone different from the load’s 

location would be exposed to one of two types of inter-zonal congestion-related costs: 
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• An Inter-Zonal Usage Charge:  This represents the cost of serving a load located in a 

congested (high-priced) zone by energy delivered – i.e., made available to the load-

serving entity (LSE) – in a low-priced zone.  The usage charge is assessed against every 

entity scheduling deliveries from the low-priced zone to the high-priced one as the 

product of the observed price difference across the congested interface multiplied by the 

volume of the entity’s accepted energy schedule. 

• An inter-zonal counter-flow payment:  This is a financial reward to a seller who 

schedules energy delivery from a high-priced zone to low-priced one.  For the same pair 

of zones, it is equal to the usage charge assessed against the entities scheduling deliveries 

in the opposite direction (i.e., the direction of congestion) multiplied by the accepted 

amount of energy scheduled by the seller. 

Before the onset of the California energy crisis, CAISO established the FTR hedging 

mechanism to enable market participants to protect themselves against the first type of inter-

zonal congestion costs: CAISO’s Usage Charges.  The mechanism allocates interface-specific 

FTRs to interested grid customers through annual auctions.  An owner of FTRs on a particular 

interface is entitled to collect a share of the net usage charge revenues (collected from the users 

of that interface over a full calendar year following the auction) in proportion to the amount of 

FTR capacity it purchased in the auction.  Thus, in return for an advance fixed payment 

investment, users of a congestion-prone interface can insulate themselves from potentially 

volatile congestion costs for one year in advance.  Except for Path 15, sufficient FTRs have been 

made available to DWR as a hedge against inter-zonal congestion costs.  As to Path 15, the 

planned addition of a third 500-kV line by 2005 should significantly reduce the frequency and 

duration of inter-zonal congestion episodes between NP15 and SP15, and may also pave the way 

for enabling FTR-type hedging if CAISO’s implementation of the Amended MD02 Proposal 

were delayed.7

Counter-flow payments to sellers, the second type of inter-zonal congestion-related costs, 

are netted out of the usage charge revenues on an interface-specific basis.  This means that the 

parties who would ultimately pay for this expense are the users of the congested interface, 

 

                                                      
7 There are also other upgrades that have been completed or are in progress (e.g., the up-rating of the south-to-north 
transfer capability of Path 26 in 2003 will reduce inter-zonal congestion incidence on this path and hence FTR 
costs). 
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including FTR holders and the customers they serve.  However, the impacts of the counter-flow 

payments on zonal-contract buyers have not been severe under the current zonal pricing regime.  

This is due to three factors: 

• The current market platform allows for explicit incorporation of scheduled counter-flows 

in the management of inter-zonal congestion.  This means that submitted counter-flow 

schedules could actually reduce the net demand for ATC in the expected direction of 

congestion.  The result is a reduction in the amounts of incremental (Inc) and decremental 

(Dec) bids needed to bring down the total scheduled deliveries to the anticipated level of 

the interface’s ATC.  The ultimate effect of this short-run self-correction mechanism is 

lower usage charges for all users of the interface. 

• Over the long-term, lower usage charges and net FTR revenues would result in lower 

FTR auction-clearing prices.   

• Market-clearing prices under the current zonal pricing regime reflect actual bids that have 

been mitigated by price caps.  The combination of these factors helped create a workable 

FTR hedging process that proved to be effective in moderating the exposure of zonal-

contract buyers to inter-zonal congestion costs. 

2. Intra-Zonal Congestion: 

When an ATC deficiency is entirely confined within a single zone, intra-zonal congestion 

management is invoked.  In this case, CAISO resolves the congestion problem by redispatching 

resources within the affected zone and if needed by utilizing local RMR generation.  The 

combined costs of the redispatch and RMR deployment are charged as a flat uplift-fee to all 

users of the grid in the affected zone.  Currently, any load served by a zonal-contract that 

requires energy delivery within the zone where the load is located will encounter relatively 

invariant level of local congestion risk: a zone-wide averaged expense that will be independent 

of the location of the delivery bus and whose magnitude will be diluted by spreading the charge 

over the entire load of the zone.  

To summarize, zonal-contract buyers face two risks of incurring additional delivery-

related costs: inter-zonal and intra-zonal charges.  The first has so far tended to be moderate and 

controllable, and the availability of FTR hedging instruments proved to be effective.  The effects 
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of the second are limited by the fact the costs of intra-zonal congestion management are shared 

between all users of the local grid. 
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II. The Proposed LMP-Based Market Settlement Regime 

This Chapter describes CAISO’s proposed nodal pricing regime for forward market 

settlements and congestion management.  It discusses how nodal prices will be computed and 

used to indicate potential incidence of congestion anywhere on the grid.  The chapter concludes 

with a brief statement of the principles that would govern the CAISO proposed LMP-style 

settlement of market transactions. 

A. Highlights of the New Settlement Process 

CAISO’s LMP-based settlement process is now in its third year of development and 

further refinements are expected.  The following features, which constitute the foundation of the 

proposed LMP-based settlement process, are reflected in CAISO’s current Amended MD02 

Proposal to FERC:8

1. CAISO would compute and publish bus-specific (i.e., nodal) prices for its Day-Ahead 

(DA), Hour-Ahead (HA) and Real Time (RT) markets. 

 

2. CAISO would use the published nodal prices to settle wholesale transactions 

conducted by scheduling coordinators (SCs) on behalf of buyers and sellers in 

CAISO’s forward (i.e., the DA and HA) markets. 

3. Inter-SC trades between sellers (suppliers) and buyers (including LSEs) would be 

decoupled from the physical resources of power by eliminating the balanced-

schedules requirement of the present regime. 

4. Purchases by LSEs from CAISO’s forward markets would be settled at an LMP-

based load zone price derived from an average of load-weighted nodal prices for all 

load nodes within each member-utility’s service area. 

5. Congestion-cost risks would be mitigated by allocating congestion revenue rights 

(CRRs) to LSEs. 

                                                      
8 See CAISO’s July 22, 2003 “Amended Comprehensive Market Design Proposal” FERC filing and the September 
17, 2003 “Motion for Leave to File Answer and Answer of the California Independent System Operator Corporation 
to Motions to Intervene, Motions to Reject, Comments, and Protests,” FERC Docket No. ER02-1656. 
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Each proposed settlement design feature has potentially significant implications for the 

future performance of zonal-contracts. 

B. Mechanics of Locational Marginal Pricing 

According to the Amended MD02 Proposal, CAISO would compute sets of bus-specific 

(nodal) prices for each of its DA, HA and RT markets using a customized “full-network” model 

(FNM) of system dispatch and operation.  As currently conceived, the FNM would encompass 

all buses and transmission constraints within the CAISO control area but would exclude the rest 

of the Western grid beyond California.  It would use security-constrained unit commitment and 

dispatch (SCUCD) algorithms to calculate hourly and sub-hourly bus-specific prices.  The 

FNM’s input information resources would consist of CAISO’s own data on generation and 

transmission facilities, transmission-related updates from participating members, and information 

to be provided by generators including power plant availability and operating constraints (e.g., 

minimum-up times, downtimes and ramp rates), production costs, bidding parameters, and 

desired operating schedules.  The resultant nodal prices would consist of three components: 

• The marginal cost of the energy commodity; i.e., the incremental cost of generation (for 

one MWh) at each and every bus in CAISO’s control area; 

• A transmission congestion charge if and when congestion is manifested on the grid; and  

• The cost of the marginal transmission losses incurred in the process of providing an 

incremental amount (one MWh) of generation at each bus. 

Without the contributions of transmission congestion and losses, the energy commodity 

marginal cost component would always be uniform over the entire CAISO control area.  The 

value of this component would be determined mostly from competing bids of market 

participants. 

Assuming transmission losses are small enough to be disregarded, the difference between 

the contemporaneous nodal prices assigned to two buses would be equal to a nodal transmission 

congestion charge.  Using marginal losses can radically alter the FNM dispatch decisions and 
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even the direction of line power-flows instantaneously.9

The magnitude of locational nodal-price differentials may influence the future utilization 

of zonal-contracts and their value, both as a hedge against future price volatilities and as a 

stabilizing force in CAISO’s forward electricity markets.  This conclusion is based on the 

following: 

  Locational price differences between 

buses due to losses will persist even in the absence of transmission congestion and may at times 

be quite high.   

1. The LMP methodology would reveal and price all instances of transmission congestion, 

both local and regional.  In comparison with the current zonal pricing approach, this 

aspect of the proposed market design is expected to increase the frequency and duration 

of locational price differentials. 

2. Using an optimal power-flow based algorithm for unit-commitment and dispatch can 

magnify locational price differences far beyond underlying bid differentials.  (This is 

explained in Chapter III.) 

3. The remoteness of a significant amount of California generation relative to load centers 

would exacerbate spatial nodal price differences. 

4. CAISO intends to use bus-specific prices to settle all forward-markets transactions, 

including the daily and hourly buy and sell trades between zonal-contract parties. 

5. Using marginal losses (instead of average loss factors) in the determination of nodal 

prices would magnify locational nodal-price differences.  This conclusion is based on two 

considerations: 

o Marginal loss factors are twice as much as average loss factors. 

o Marginal losses and congestion can interact synergistically to magnify locational 

nodal-price differentials.  

The cost impacts of marginal losses on power sold under zonal-contracts are not readily 

quantifiable.  This difficulty is due to three factors.  First, there are no documented studies of 

marginal transmission losses on the CAISO and adjoining grids.  Second, one cannot use 

                                                      
9 Such behavior has been observed on the New York ISO grid.  See Sustman, J. and J. Brown, “The Hidden Cost of 
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CAISO’s average-loss factors to map out estimates of future locational marginal losses.10  Third, 

CAISO’s proposal to rebate loads for over-collection of loss-related costs – because of the 

planned replacement of average loss factors with marginal estimates – will further complicate 

any assessment of the ultimate impacts of using marginal losses on zonal-contracts.11

C. LMP-Based Settlement for Market Transactions 

   

CAISO’s proposed settlement system for market transactions would be based on the 

following principles: 

1. SCs injecting power into the grid would be credited for their energy at the nodal prices 

the CAISO assigns to their respective injection buses. 

2. SCs taking out power from the grid would be debited for the energy they purchase at the 

nodal prices the CAISO assigns to their respective take-out buses. 

3. For each SC, the sum of the products of the volume of each transaction multiplied by the 

corresponding nodal price at the bus of the transaction would determine the SC’s net 

market position.  Because nodal prices can be negative, a buyer could end up with a net 

credit to its account and a seller could end up owing money to the system. 

4. Each SC’s net market position would be inclusive of all costs of every transaction it 

makes, including energy commodity values, congestion charges and the cost of marginal 

transmission losses.  

5. LSEs would be partially exempted from nodal settlement requirements at two levels: 

o Each LSE would be charged for energy at a price equal to the load-weighted 

average of the nodal prices of the load take-out buses within its service area; and 

o Each LSE would be allocated CRRs to potentially shield it from incurring 

congestion charges provided that there are enough CRRs to assign and the take-

out points (buses) are known at the time of the allocation 

                                                                                                                                                                           
LMP: Marginal Losses,” April 3, 2003, CyberTech, Inc. 
10 Current estimates of average loss factors are not considered accurate. 
11 CAISO’s Amended MD02 Proposal calls for assigning the rebates to loads only.  Any rebate mechanism to 
correct for over-collection must be capable of tracking individual transactions to properly compensate the involved 
parties (whether buyers or sellers). 
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III. LMP-Based Settlement and Zonal-contracts 

This chapter describes how CAISO’s proposed LMP-based settlement process would be 

applied to zonal-contract energy purchases consummated at floating points-of-delivery.  The 

process is illustrated through simple examples involving three-node representations.  This 

chapter also identifies and discusses the potential risks that zonal-contract energy buyers would 

be exposed to under the new settlement regime. 

A. LMP-Based Settlement of Zonal-Contract Transactions 

Daily scheduling and delivery of zonal-contract transactions would involve a minimum 

of three parties: the zonal-contract seller, the zonal-contract buyer, and CAISO.  Exhibit III-1 

provides a three-bus illustration of how a transaction with a floating point-of-delivery would be 

carried out under the CAISO-proposed settlement regime: 

• Bus I:  This node represents the injection bus where the energy used to meet the zonal-

contract obligation enters the grid.  In some contracts, the identity of Bus I is specified 

as the interconnection point of the physical plant backing up the zonal-contract under 

consideration.  Under other contracts, the source of the seller’s energy is either 

completely or partially unknown until the DA or HA schedules are submitted.  For 

example, some zonal-contracts permit the seller to procure its energy obligations from 

the market at large.  In other instances, the purchased generation could come from a 

portfolio of specified resource(s) and market sales.  Note that under the current zonal 

pricing regime, a lack of advance specificity of the source of contract energy allows the 

seller to shop for the lowest cost of generation but at the same time does not expose the 

buyer to unhedgeable congestion costs. 

• Bus D:  This is the node at which the seller hands off its energy obligation to the buyer 

through a trade between the scheduling coordinators (SCs) of the two parties.  It is also 

the bus where the seller buys back the energy it sold (deposited) into the CAISO market 

so that it could hand it off to the buyer through the inter-SC trade.  Under a floating 

point-of-delivery contract, the location of Bus D would be determined by the seller on a 

daily basis (and in some cases on an hourly basis) as described below. 
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• Bus U:  The node labeled U in Exhibit III-1 does not represent a specific location since 

there is no single bus through which a utility’s entire load would be served.  Rather, Bus 

U symbolizes a composite node for determining the aggregate energy prices that CAISO 

intends to use to value the cost of energy to serve the loads of utilities and other LSEs.  

In other words, U can be regarded as a utility-load pricing hub. 

1. Scheduling and Pricing Transactions12

 The DA trading and settlement cycle starts each day with the submission of DA hourly 

schedules to CAISO at a prescribed deadline.

 

13

 

  The SC of a seller with a zonal-contract 

interpreted to permit the seller to choose any points of delivery within the zone(s) specified in its 

zonal-contract would submit two sets of DA hourly schedules.  The first set would specify the 

hourly amounts of generation to be injected at Bus I.  The second would specify the 

contemporaneous inter-SC trades through which the seller would take out of the system the 

hourly generation amounts to be delivered to the zonal-contract buyer at Bus D.  (See Exhibit III-

1.)  For the sake of simplicity, it is assumed here that the seller in question has no other 

obligations and that it is capable of exactly matching its two sets of schedules. 

 

 

 

 

 

 

 
 
Acting in parallel with the seller, the buyer’s SC would also submit two sets of schedules.  

The first would specify its customers’ loads at designated take-out buses.  The second category 

                                                      
12 The description of the scheduling process presented in this section should be considered preliminary since 
CAISO’s plans have not been finalized. 
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of schedules would consist of the hourly inter-SC trades at Bus D through which the buyer 

expects to receive from the seller the energy bought under the pertinent zonal-contract.  

Assuming the buyer accepts the zonal-contract energy as scheduled by the seller, every MW 

delivered at Bus D will be matched by a MW of the buyer’s load at the load-pricing hub U.14

In accordance with the LMP-based settlement principles proposed by CAISO, the seller 

would be credited for injected generation at the nodal price PI and charged for energy 

withdrawals at the nodal price PD.  In selecting the delivery Bus D, the seller would make sure 

that PI > PD to make a profit on the transactions, above and beyond the amount secured through 

the long-term zonal contract.  Further, seller will strive to maximize the price differential PI – PD.  

If the seller cannot find a Bus D whose price is expected to be lower than that at Bus I, it would 

deliver its energy obligation at Bus I.  In this event, the seller injects and withdraws at the same 

node and gets paid and charged by CAISO at the same price, while realizing its anticipated 

profits on the zonal-contracts.  Stated differently, sellers with floating points-of-delivery can do 

no worse than maintain revenue neutrality vis-à-vis CAISO while being assured the benefits of 

their zonal-contracts under the proposed LMP-based settlement regime.

 

15

At the delivery bus, the seller fulfills delivery by executing an inter-SC trade with the 

scheduling coordinator of the buyer holding the rights to its zonal-contract.  In this trade, the 

seller hands off title to the energy it withdraws from the CAISO market in return for 

compensation by the buyer at the agreed-upon contract price.  The buyer deposits, or schedules, 

an equal amount of energy at the same bus and earns a CAISO settlement credit at the price, PD. 

 

The buyer’s energy withdrawals would be scheduled at pre-determined take-out points.  

The price at which these withdrawals would be settled by CAISO is PU (assigned to the fictitious 

node U in Exhibit III-1).  Setting aside congestion costs beyond the three-bus example of Exhibit 

                                                                                                                                                                           
13 Although the discussion presented here is focused on the DA market, the concepts and conclusions of this chapter 
also apply to CAISO’s hour-ahead market if such market were indeed established. 
14 It is assumed here that shortly before CAISO’s deadline for submitting the DA schedules the seller’s SC would 
provide the buyer with an advance notice of the location(s) and amounts of the hourly zonal-contract energy 
deliveries to be scheduled with CAISO. 
15 Of course, a seller could guess wrong by selecting a delivery bus whose nodal price turns out to be higher than PI.  
However, a prudent seller would schedule at Bus I until CAISO’s posted prices establish reliable patterns for 
predicting favorable basis differentials. 
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III-1, one can derive a proxy value, expressed in Equation (1), for the load settlement price as the 

average of the generation-weighted prices at all injection buses in the utility’s service territory:16

 (1)  
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Where   

  Gi = the amount of Bus i generation dedicated to meet utility loads 

  Pi = the nodal price assigned to Bus i 

  N = Number of injection buses dedicated to serving utility loads 

Under CAISO’s proposed LMP regime, all nodal prices (including the ones to be 

assigned to generation-injection buses and to the nodes selected by sellers to deliver their energy 

obligations) would be determined by CAISO’s full-network model (FNM) and applicable input 

information.17

2. Settlement Money Flows 

  Note that inter-SC schedules do not play any role in the FNM’s determination of 

the nodal prices, including those assigned to delivery buses.  Inter-SC trades are purely financial 

transactions.  All sellers can converge on a single bus to deliver their energy obligations without 

affecting CAISO’s unit-commitment and dispatch decisions or nodal price postings even in the 

presence of severe local transmission limitations. 

Even in the total absence of congestion, switching from the current zonal pricing regime 

to the CAISO’s proposed LMP regime would create spatial price differentials.  These price 

differences, which reflect unavoidable geographic variations in marginal transmission losses, 

could be compounded by the incidence of transmission congestion.  The inevitability of 

                                                      
16 Computing PU on the basis of the prices at the load buses has to be performed on a utility-by-utility basis.  Using 
generator buses circumvents the need to conduct company-specific assessments.  By definition, Equation (1) ignores 
congestion.  However, this assumption only leads to underestimating PU (since loads must pay for congestion).  As 
will become clear from the discussion in Chapter IV, lower PU values will result in the underestimation of the 
financial congestion impacts of LMP-based settlement of zonal-contracts. 
17 Such as the amounts of scheduled loads, generation availability, operating constraints and bid prices, transmission 
availability and loading limits, and marginal transmission losses.   
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locational nodal-price differentials would create new money flows between buyers and sellers.  

Exhibit III-2 provides the mathematical formulations for each party’s market and settlement 

positions at any particular hour.  The exhibit can be used to derive Equations (2) and (3) for 

estimating post-MD02 margins for the buyer and the seller net of the contract price:18

Buyer Post-MD02 Margin = PD - PU (2) 

  

Seller Post-MD02 Margin = PI - PD (3) 

 

 

Equations (2) and (3) provide the primary metrics for gauging the potential impacts on 

buyers of switching to LMP-based settlements of transactions under zonal-contracts interpreted 

to permit a seller to choose the points of delivery.  (In a zonal pricing system, the seller’s margin 

becomes zero for delivery in the zone of the injection bus.) 

If a seller delivers at a bus with a nodal price lower than the utility’s zonal load-price, 

Equation (2) produces a negative value representing a financial congestion charge (FCC) that the 

                                                      
18 They are termed post-MD02 margins to reflect the fact that they would materialize after the implementation of 
CAISO’s proposed LMP-based settlement. 

 Exhibit III-2:  LMP-Based Settlements Model of Floating Point-of-Delivery Contracts 

  Buyer  Seller 

1 Bilateral Contract Transaction – CP  +CP 

2 Inter-SC Trade Settlements +PD (Inject)  – PD (Withdraw) 

1 + 2 Inter-SC (Delivery) Bus Positions PD – CP  CP – PD 

3 Interconnection Point Settlements – PU (Withdraw)  +PI (Inject) 

2 + 3 Parties’ Net CAISO Settlements PD – PU  PI – PD 

1 + 2 + 3 Parties’ Overall Net Positions PD – PU – CP  PI – PD + CP 

4 Post-MD02 Margins PD – PU  PI – PD 

  Minimum Wealth Transfer = PI – PD 

  Maximum Wealth Transfer = PI + PU – 2PD 
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utility would have to pay to schedule the transfer of energy from Bus D to its load center.  Note 

that the FCC payment would not cure any congestion between the delivery bus and the utility’s 

load center.  Exhibit III-3 shows a 3-bus set-up for financial congestion charges. 

 

 

 

 

 

 

 

 

 

 

 

A rational seller under such a contract would not deliver its energy at a bus with a nodal 

price higher than the price at its injection bus.  Hence, the outcome of Equation (3) is expected to 

be positive at all times.  The result would be a net payment to the seller for scheduling energy 

transfer from Bus I to Bus D.  This income represents a financial counter-flow (FCF) since it 

runs in the opposite direction of the scheduled delivery route.  A prudent seller would seek to 

maximize its FCF profits by selecting the lowest-price delivery node (Bus D).  Exhibit III-3 

provides an illustration of FCF development. 

Exhibits III-4 and III-5 illustrate the settlement of zonal-contract energy injection and 

delivery assuming a relatively moderate spatial dispersion of nodal prices resulting from 

transmission congestion and marginal losses.  The illustrations show FCF profits and FCC costs 

of $40 and $20 per MWh, respectively.  The cost of FCF payments, borne by consumers, would 

be unavoidable.  FCC costs, however, may be partially and possibly almost completely rebated 

to the same set of consumers as credits against transmission revenue requirements.  Therefore, 

the ultimate combined potential impact on consumers could range from $40 to $60 per MWh.  

(See Exhibit III-5.) 

  

D 

U I 

P D 

P U P I 

P U > P D 

FCC = P U - P D 

P I > P D 

FCF = P I - P D 

D 

U I 

P D 

P U P I 

P U > P D 

FCC = P U - P D 

P I > P D 

FCF = P I - P D 

Exhibit III-3: Illustration of Financial Counter-Flow (FCF) 
and Financial Congestion Charge (FCC) Creation 
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 Exhibit III-4:  Example of Moderate Financial Counter-Flow (FCF) and
Moderate Financial Congestion Charge (FCC) Impacts

D

U I

PD = $30/MWh

PU = $50/MWh PI = $70/MWh

FCC = $20/MWh
FCF = $40/MWh

Exhibit III-4:  Example of Moderate Financial Counter-Flow (FCF) and
Moderate Financial Congestion Charge (FCC) Impacts

D

U I

PD = $30/MWh

PU = $50/MWh PI = $70/MWh

FCC = $20/MWh
FCF = $40/MWh

D

U I

PD = $30/MWh

PU = $50/MWh PI = $70/MWh

FCC = $20/MWh
FCF = $40/MWh

 
 

Exhibit III-5:  Money Flows  – An Example of A Moderate Price Differential 

  Buyer  Seller 

1 Bilateral Contract Transaction -60  +60 

2 Inter-SC Trade Settlements +30 (Inject)  -30 (Withdraw) 

1 + 2 Inter-SC (Delivery) Bus Positions -30  +30 

3 Interconnection Point Settlements  -50 (Withdraw)  +70 (Inject) 

2 + 3 Parties’ Net CAISO Settlement -20  +40 

1 + 2 + 3 Parties’ Overall Net Position -80  +100 

4 Post-MD02 Margins -20  +40 

  Minimum Wealth Transfer = $40/MWh 

  Maximum Wealth Transfer = $60/MWh 
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B. LMP-Impact Drivers and Limits 

The conditions that would lead to incurring FCF and FCC costs are: 

• CAISO’s implementation of its proposed LMP-based settlement process for settling 

all transactions in its forward energy markets; 

• The ability of zonal-contract sellers to unilaterally select the location of the delivery 

buses within the scheduling time-windows of CAISO’s forward energy markets; and  

• The availability of at least one, nodal price lower than the seller’s injection-bus price. 

1. LMP-Based Settlement Impacts 

LMP-based settlements could subject buyers under zonal-contracts to two types of 

potential cost impacts: 

1. Ongoing FCF and FCC costs due to locational nodal-price differentials (caused by 

marginal losses and at times by congestion) within the geographic domain of energy 

delivery specified in a zonal-contract that is interpreted to permit the seller to 

unilaterally select the delivery bus on at least a daily basis. 

2. Contract under-utilization costs (e.g., stranded capacity payments) when buyers resort 

to alternative resources to minimize the FCF and FCC costs associated with LMP-

based settlements of zonal-contracts. 

This study focuses on assessing the potential FCF and FCC costs. 

2. Dimensions of the Financial Counter-Flow and Congestion Costs: 

Sellers’ FCF gains in a nodal-based settlement system and the utilities’ FCC costs are 

defined by the expressions provided in Exhibit III-2 and restated here as Equations (4) and (5):19

Minimum Rate of Wealth Transfer = PI – PD (4) 

 

Maximum Rate of Wealth Transfer = PI + PU – 2PD (5) 

                                                      
19 Utilities are expected to propose to pass on all costs of power purchases to ratepayers. 
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Under a fully competitive market assumption, PI should show limited locational 

variability.20  This implies that the price range for injection buses at any particular hour is likely 

to be narrow.  Therefore, this study assumes that most zonal-contract sellers would have very 

limited latitude for maximizing PI at any specific hour.  Increasing profits by raising the values 

of PU is even more difficult than the PI approach in a fully competitive market.  However, the 

situation with respect to PD is quite different.  First, there would be ample opportunity for 

locating low-priced nodes in a system containing more than 3,000 buses.  Second, the combined 

effects of the physics of power flows and certain patterns of bid prices could easily and 

frequently generate negative nodal prices.21

The importance of the second consideration can be gauged through the 3-bus example of 

Exhibit III-6.  The case under consideration involves three generators competing to serve an 

incremental load at Bus C through a constrained line AC with Bus C having the most expensive 

unit.  Equations (6) and (7) specify how the nodal price at C can be determined from the prices 

bid at A and B and the shift factors governing the distribution of the outputs of Generators A and 

B over the constrained path AC.

 

22

 

 (See Exhibit III-6-A.) 
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20 As explained in Chapter IV, this assumption has been adopted in this study. 
21 Specifically, Ohm’s and Kirchoff’s laws. 
22 Equation (6) was derived by conducting macroscopic and incremental energy balances around the triangle 
depicted in Exhibit III-6-A. 
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Equation (6) indicates that whenever the signs of the numerator and the denominator are 

different, the price at Bus C would be negative.  The formula also suggests that if the values of 

the shift factors were very close, the resultant prices at C would be either highly positive or 

highly negative.  To demonstrate such trends, Equation (6) was used to calculate the ratios of the 

prices at C and A as a function of the ratios of the prices at B and A and the ratios of the shift 

factors given by Equation (7).  The results of these calculations are displayed in Exhibits III-6-B 

and III-6-C.  The exhibits show that the PC-to-PA price ratios could acquire highly negative 

values using reasonable ranges of the prices and shift factors of the generators at A and B.  For 

example, assuming: 

PB / PA = 0.9 

and 

SFRAB = 0.99 

then 

PC / PA = -9 

Thus, for a case where the nodal price at A is $40/MWh, the corresponding prices at B and C 

would be $36 and –$360 per MWh, respectively. 

  The negative nodal prices phenomenon is not theoretical.  PJM and other LMP-based 

markets have encountered them.  Exhibit II-7 displays an example of negative prices derived by 

CAISO for a single day of operation. 

If low or negative prices are generated in some cyclical pattern, sellers should, over time, 

be able to predict the timing of such cycles and the locations of low and negative prices.  The 

resultant FCF and FCC impacts from sellers taking advantage of these cyclic patterns could be 

very significant.  Whether low or negative prices will occur in predictable cyclic patterns is taken 

up in Chapter V. 
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   Exhibit III-7: Example of CAISO Hourly LMP at Selected SDG&E Buses 
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IV. Assessment Methodology 

The methodology used in this study to identify and quantify the risks that zonal-contracts 

could be exposed to as a result of the implementation of the CAISO proposed LMP-based 

platform for congestion management, and forward and real-time markets settlement, consists of 

three steps: 

1. Simulation of CAISO’s market operation as close to CAISO’s proposed MD02 as 

possible;  

2. Emulation of sellers’ response to CAISO’s market operation and settlement of zonal-

contract transactions; and 

3. Assessment of the exposures of energy buyers under zonal-contracts to congestion 

charges and counterflow costs resulting from sellers’ response to CAISO’s 

implementation of LMP-based settlement of forward market transactions. 

A. Simulating CAISO’s Market Operations 

Simulating CAISO’s market operations requires the use of a highly detailed model to 

forecast future nodal prices in a manner consistent with CAISO’s plans for operating its 

revamped forward markets.  After the needed simulation tool was identified, study scenarios 

were formulated and the data required to simulate the market were acquired and validated.   

1. The Selected Market Simulation Tool 

CAISO’s Amended MD02 Proposal calls for developing and applying a full network 

model for the purposes of: 

• Determining the necessary load-resource balances for its DA, HA and RT markets: and 

• Computing the bus-specific (nodal) prices that CAISO proposes to use as the basis for its 

settlement process. 

This study utilizes General Electric’s MAPS software to mimic the FNM’s role and 

generate future bus-specific market clearing prices.  The MAPS package consists of a security 

constrained unit commitment and dispatch (SCUCD) model, a highly detailed bus-level 
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representation of the Western Electricity Coordinating Council (WECC) grid, and associated 

generation and transmission data.  MAPS was selected for the following reasons: 

• It is the oldest and most commercially tested SCUCD-type model; 

• It has undergone considerable development in concert with the recent evolution of pool-

type centrally dispatched markets;  

• It has been widely used to evaluate the costs and benefits of forming Regional 

Transmission Organizations (RTOs) and FERC’s Standard Market Design (SMD) 

proposal23

• It comes with a WECC database that has been updated to reflect recently added, under 

construction, and proposed generation and transmission investments. 

; and 

MAPS simulates the commitment and dispatch of electricity generation while taking into 

account local and regional transmission constraints.  The model relies on a very detailed system 

representation of power plants, transmission lines and buses.  In a manner not unlike CAISO’s 

proposed FNM, generating units are committed and dispatched using linear optimization 

techniques that take into account: 

• Hourly loads of all LSEs; 

• Plant-specific costs of production and/or bid prices, scheduled outages, forced-outage 

rates and operating constraints (e.g., minimum and maximum power outputs, and 

minimum up-time and down-time limits); 

• Transmission lines thermal and stability ratings and interface constraints; and 

• System (e.g., CAISO) and utility reliability, and operating- reserve requirements. 

MAPS produces hourly nodal prices using: (i) generators’ bid-price curves, or (ii) unit 

production-cost factors such as fuel prices, heat rates, and variable plant operating and 

maintenance expenses, or (iii) a combination of (i) and (ii).  Security-constrained dispatches are 

                                                      
23 Examples of GE MAPS use in RTO-evaluation and SMD studies include: RTO West Benefits/Costs Study by 
Tabors, Caramanis & Assoc., March 11, 2002; The Benefits & Costs of RTOs and SMD in the Southeast by Charles 
Rivers Associates, November 6, 20023; and Northeast Regional RTO Proposal, PJM Interconnection, March 15, 
2002. 
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performed subject to specified transmission line flow limits under normal and contingency 

conditions.  Appendix A provides an abbreviated list of MAPS inputs. 

A major difference between MAPS and the FNM tool as currently envisioned by CAISO 

concerns the extent of the network that the model simulates.  MAPS covers the entire Western 

Interconnection (WI), treating CAISO as one of the region’s interconnected control areas.  

Transmission-constrained unit commitment and dispatch are performed for each area while 

allowing the areas to interact electrically and benefit economically from any less expensive 

surplus energy available and accessible within the WI region.  According to CAISO, the FNM’s 

simulation domain is, for the time being, intentionally limited to California as if the state were 

the equivalent of an electrical island.  The implications of this difference between the two models 

are discussed in Chapter V. 

2. Formulation of Study Parameters 

Using MAPS to generate nodal prices requires handling voluminous amounts of data.  

For example, generating and tracking one year of hourly prices at 100 buses would create at 

minimum 40 megabytes of data.  It was necessary, therefore, to limit the analytic scope of the 

study.  This was achieved by adopting the following guidelines and assumptions: 

• A perfectly competitive market would prevail (such that market power would be absent 

and full information would be available to all market participants, resulting in generators 

bidding into the market at their marginal costs of production; 

• Exclude of any sporadic market stresses whose probability of occurrence is difficult to 

ascertain such as low hydro conditions, high gas prices, prolonged outages, etc.; 

• Limit the study’s time horizon to 2006 – 2011, the period of greatest exposure to LMP-

based settlement risks for State zonal-contracts; and 

• Reduce required data to a manageable scope and level of detail.  

i. The Perfectly Competitive Market Assumption 

MAPS has the capability to simulate market performance on the basis of both marginal 

costs of production information and unit-specific bid price data provided by the user of the 

model.  Under a functional and competitive market, suppliers’ bid prices should be the primary 
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driver of the FNM’s bus-specific nodal prices, notwithstanding the effects of generator and 

system constraints, customers’ demand and other factors.  Because of the lack of a well-

established history of actual bidding behavior relative to CAISO’s proposed nodal pricing 

platform, there is nothing to draw upon for developing supplier bid-price curves that would be 

considered representative of post-MD02 seller bidding scenarios.24

In theory, as a market comes close to a state of perfect competition, each generator’s bid 

price approaches its marginal cost of production (i.e., the producer’s marginal cost curve).  

Therefore, when CAISO’s forward markets become perfectly competitive, the incremented costs 

of production of the units on the margin at any point in time should determine the resultant nodal 

prices at that same point in time subject to the prevailing marginal losses and transmission 

constraints.

   

25

ii. Exclusion of Market Stresses 

  Since the MAPS database already contains the information needed to calculate any 

generator’s marginal cost of production, the perfect-competition assumption easily allows for the 

simulation of future nodal prices in CAISO’s LMP-based forward markets.  In other words, the 

assumption circumvents the problem of having to develop bid curves in the absence of useful 

historical information.  The perfect competition approach also produces the lowest possible 

ensemble of nodal prices for any specific set of system conditions and market circumstances over 

an extended period of time.  These nodal prices can provide a baseline projection of the impacts 

of LMP-based settlements on customers using energy purchased under zonal-contracts.  Any 

manifestation of market imperfections (e.g., uncertainties, gaming and the exercise of market 

power) would likely increase the baseline projections. 

The excluded market stresses are: 

• Natural Gas price volatilities and sustained high prices; 

• Low hydroelectric generation conditions; 

• Prolonged generation and transmission outages; and 

                                                      
24 Borrowing from the experiences of U.S. regions with established LMP-based markets does not work because: (1) 
the market environment and system characteristics of California differ substantially from those of the other regions, 
and (2) seller bids are not available due to their proprietary nature. 
25 According to price theory, in a perfectly competitive market sellers will bid at their marginal costs of production. 
(See George J. Stigler, “The Theory of Price”, 3rd Edition, 1966.) 
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• Demand spikes and sustained high load-growth rates 

Each of these factors can significantly influence nodal prices.  By excluding the listed 

stresses from the evaluation of LMP-settlement impacts, the results of the study provide an 

assessment of the risks attributable solely to CAISO’s proposed LMP-based settlement regime.  

The implications of this approach with respect to the study’s findings are discussed qualitatively 

in Chapter V. 

Setting aside the influence of market stresses on the LMP-based settlement regime 

substantially reduced the study’s data requirements and computational effort.  The effects on 

nodal prices of the listed stress factors coupled with market imperfections such as market power 

abuse could, however, result in LMP-based settlement cost impacts that are significantly greater 

than the estimates presented in this report. 

iii. Study Period 

The scope of the study has been limited to identifying and assessing the risks of LMP-

based settlements on zonal-contracts over the period 2006 - 2011.  CAISO projects to be in a 

position to implement the last phase of the Amended MD02 Proposal market overhaul in 2005, 

including the actual application of the FNM software tools, and the computation and use of nodal 

prices to settle DA, HA and RT transactions.  Because LMP implementation may not be 

completed until late in 2005, the start of study period is January 1, 2006.26

iv.  Data Scope Management 

  The end of the study 

period is December 31, 2011, which coincides with the expiration of the majority of the 

megawatts under state contracts.   

The voluminous amount of data generated from a MAPS simulation of hourly bus-

specific prices for an entire control area necessitated that four measures be adopted to limit the 

amount of data used in the analysis presented in this report. 

1. MAPS simulations were limited to a single time series of nodal prices for each study 

scenario.27

                                                      
26 CAISO Statement before the Federal Energy Regulatory Commission Technical Conference, San Francisco, 
California, November 6, 2003. 

  No attempt was made to simulate separately for the DA, HA, or RT markets.  

27 CAISO intends to install a DA, HA and RT market but indicated willingness to drop the HA market if needed. 
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This approach amounts to assuming that the total volumes of HA and RT transactions 

would be sufficiently small to regard them as inconsequential for the purposes of this 

study.  It is commonly accepted that more than 95 percent of customers’ loads should be 

settled in the DA markets in well-behaved systems. 

2. The MAPS simulations were conducted to generate bus-specific prices for every other 

hour for the years 2006, 2008 and 2010.  For the intervening hours and for 2007, 2009, 

and 2011, nodal prices were estimated using data interpolation and extrapolation 

techniques. 

3. Observation and analysis of nodal prices was limited to 212 buses.  

The last measure of data economization was necessary since the number of nodes that 

MAPS associates with California utilities exceeds 3,000.28

• Only generating buses were chosen (to facilitate identifying the geographic locations); 

  The 212 buses used in the study were 

selected from more than 900 generating nodes in California and bordering areas in Arizona, 

Mexico, Nevada, and Oregon in the following manner: 

• Multi-unit plants were represented by a single unit’s bus; 

• The selected sites were geographically widespread; and 

• Bus selection was mostly confined to generating units in the service territories of the 

three California IOUs. 

Appendix B contains a list of the 212 nodes used in the study. 

As indicated by the information presented in Appendix B, a few of the chosen buses 

reside outside of CAISO’s control area.  Specifically, a number of the selected nodes belong to 

transmission systems that are not participating members of CAISO.  The study incorporated 

peripheral nodes for two reasons.  First, buses at the interface between CAISO and neighboring 

control areas can be scheduling points for energy delivered into CAISO.  Second, even if the 

selected nodes were to be excluded as external scheduling buses, they still provide useful 

indicators of future area patterns of nodal prices.  Furthermore, there is the possibility of 

expansion of CAISO’s territory within the study’s time frame. 

                                                      
28 MAPS’ WECC grid representation encompasses more than 13,000 buses. 
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3. Modeling Assumptions and Input Data 

The load shapes and growth patterns that were used in the investigation are those 

originally provided as part of the MAPS database.  Table IV-1-A presents the area-specific 

forecasted annual peak-demands (in MW) used in the study.  The exhibited values reflect a 

variety of plausible local load growth-rates throughout the WECC Interconnection as evidenced 

by Table IV-1-B. 

Specific major elements of the MAPS database that were updated and augmented include 

the following. 

• Segregating California into four separate control areas - CAISO, Sacramento Municipal 

Utilities District (SMUD), Imperial Irrigation District (IID), and Los Angeles Department 

of Water and Power (LADWP) 

• Updating the RMR designations according to CAISO’s 2003 Local Reliability Plans 

• Updating generation addition and retirement dates - Table IV-2 shows the annual total 

installed capacity assumed to be available by WECC service area.  The displayed 

information represents the MAPS data with modifications based on the latest CEC 

projections for unit retirements and installation dates.  The values shown in the table 

reflect only the units physically existing within the geographic boundaries of each 

indicated service area.29

• Adopting the CEC’s latest baseline natural gas price forecast and accounting for existing 

locational gas-price differentials within and outside of California (See Table IV-3) 

 

• Verifying and updating transmission path ratings and upgrades in California and 

bordering areas using WECC 2003 Path Rating Catalogue (PRC) and CAISO’s 

transmission planning study reports.  The assumed transmission upgrades include Path 15 

and Path 26 upgrades and Path 45.  Table IV-4 lists the resultant transmission path ratings 

                                                      
29 For example, the SCE figures do not include the utility’s shares in any plant located outside of its service territory, 
such as the Palo Verde units, the Hoover Dam, or the Qualifying Facility generation in PG&E’s service area.  Table 
IV-2 also shows the WECC-wide reserve margins implied by the capacity estimates and the load forecast provided 
in Table IV-1-A. 
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that were adopted for California and neighboring areas transmission ties for the purpose 

of this study. 

B. Zonal-Contract Seller Response to LMP-Based Settlements  

Exhibit IV-1 outlines the market dynamics within which a profit- maximizing seller with 

a zonal-contract might attempt to take advantage of differences between nodal prices posted by 

CAISO.30

• Sellers would attempt to reliably locate the lowest-priced nodes for the DA market; 

  In summary, a seller’s potential response to LMP-based settlements of zonal-contract 

transactions was simulated by assuming: 

• Each seller would schedule its inter-SC trades at what it believes to be the lowest-price 

buses to deliver its energy supply obligations under its zonal-contract(s); and 

• Market power would not be used to create congestion, raise prices at injection buses or 

lower prices at inter-SC trading (delivery) nodes. 

C. Zonal-Contract Buyer Response to LMP-Based Settlements  

In Exhibit IV-1 the dotted link between the boxes labeled “Consumers’ FCF & FCC 

Costs” and “Utility Generation & Load Schedules” indicates a potential feedback process that 

might affect the ultimate impacts of LMP-based settlements on the function and viability of 

zonal-contracts.  Assuming the LSEs, including utilities, experience significant FCF and FCC 

costs, this feedback process would lead to the following outcomes: 

                                                      
30 Note that the Amended MD02 Proposal does not limit the amount of inter-SC energy that could be scheduled at 
any bus, since such inter-SC trades are purely financial transactions. 
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Table IV-1-A: Assumed Peak Demand Forecast, MW 

Area 2004 2005 2006 2007 2008 2009 2010 

 Arizona 16,610 17,173 17,643 18,173 18,722 19,253 19,775 

 Nevada 7,539 7,771 7,952 8,149 8,362 8,562 8,772 

 AZ/NV 24,149 24,944 25,595 26,322 27,083 27,815 28,547 

 New Mexico 4,495 4,625 4,735 4,849 4,970 5,086 5,205 

 AZ/NV/NM 28,644 29,570 30,330 31,171 32,054 32,902 33,752 

 BC 11,240 11,585 11,870 12,193 12,510 12,787 13,067 

 Alberta 8,683 8,949 9,169 9,419 9,664 9,878 10,094 

 Northwest 35,572 35,972 36,398 35,588 36,414 36,922 37,287 

 Mexico 2,015 2,135 2,244 2,369 2,475 2,610 2,735 

 Rocky Mts 15,908 16,214 16,530 16,794 17,106 17,450 17,761 

 PG&E 17,957 18,226 18,490 18,770 19,095 19,372 19,665 

 N. Cal Munies 4,998 5,089 5,165 5,239 5,325 5,422 5,527 

 North California 22,955 23,315 23,655 24,009 24,420 24,794 25,192 

 CDWR 1,984 1,984 1,984 1,984 1,984 1,984 1,984 

 SCE   20,622 20,982 21,358 21,712 22,039 22,371 22,730 

 SCE + Others 22,567 22,968 23,381 23,764 24,122 24,481 24,868 

 SDG&E 3,893 3,980 4,065 4,131 4,223 4,287 4,344 

 CAISO 51,400 52,247 53,085 53,889 54,749 55,546 56,388 

 LADWP 5,602 5,700 5,802 5,898 5,987 6,077 6,175 

 S. CA Munies 6,496 6,607 6,722 6,828 6,926 7,028 7,141 

 IID 791 812 833 854 875 895 915 

 California 58,687 59,666 60,640 61,571 62,551 63,469 64,444 

 Total WECC 160,748 164,092 167,182 169,105 172,773 176,019 179,140 
Source: GE MAPS Database, GE Power Systems, February 2003 
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Table IV-1-B: Assumed Annual Peak Demand Growth Rates  

Area 2004 2005 2006 2007 2008 2009 2010 

 Arizona 3.19% 3.39% 2.74% 3.00% 3.02% 2.84% 2.71% 

 Nevada 3.85% 3.08% 2.32% 2.48% 2.61% 2.40% 2.45% 

 AZ/NV 3.39% 3.29% 2.61% 2.84% 2.89% 2.70% 2.63% 

 New Mexico 3.92% 2.91% 2.37% 2.41% 2.50% 2.34% 2.33% 

 AZ/NV/NM 3.48% 3.23% 2.57% 2.77% 2.83% 2.65% 2.59% 

 BC 1.89% 3.07% 2.46% 2.72% 2.60% 2.22% 2.19% 

 Alberta 1.89% 3.07% 2.46% 2.72% 2.60% 2.22% 2.19% 

 Northwest 2.22% 1.12% 1.18% -2.22% 2.32% 1.39% 0.99% 

 Mexico 5.99% 6.00% 5.10% 5.56% 4.47% 5.45% 4.78% 

 Rocky Mts 2.04% 1.92% 1.95% 1.60% 1.86% 2.01% 1.78% 

 PG&E 1.60% 1.50% 1.45% 1.51% 1.73% 1.45% 1.52% 

 N. Cal Munies 1.84% 1.81% 1.49% 1.43% 1.65% 1.82% 1.94% 

 North California 1.66% 1.57% 1.46% 1.49% 1.71% 1.53% 1.61% 

 CDWR 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

 SCE 1.78% 1.75% 1.79% 1.66% 1.51% 1.50% 1.60% 

 SCE + Others 1.81% 1.77% 1.80% 1.64% 1.51% 1.49% 1.58% 

 SDG&E 2.29% 2.23% 2.14% 1.62% 2.23% 1.52% 1.33% 

 CAISO 1.70% 1.65% 1.60% 1.51% 1.60% 1.46% 1.52% 

 LADWP 1.78% 1.75% 1.79% 1.66% 1.51% 1.50% 1.60% 

 S. CA Munies 1.74% 1.71% 1.74% 1.58% 1.44% 1.47% 1.60% 

 IID 2.73% 2.65% 2.59% 2.52% 2.46% 2.29% 2.23% 

 California 1.72% 1.67% 1.63% 1.53% 1.59% 1.47% 1.54% 

 Total WECC 2.25% 2.08% 1.88% 1.15% 2.17% 1.88% 1.77% 
 Source: Derived from Table IV-1-A 
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Table IV-2: Installed Generating Capacity, MW 

Area 2004 2005 2006 2007 2008 2009 2010 

 Arizona 28,912 28,772 29,597 29,597 29,597 29,597 29,597 

 Nevada 5,960 6,530 6,530 6,530 6,530 6,530 6,530 

 AZ/NV 34,872 35,302 36,127 36,127 36,127 36,127 36,127 

 New Mexico 4,109 4,109 4,109 4,109 4,109 4,109 4,109 

 AZ/NV/NM 38,981 39,411 40,236 40,236 40,236 40,236 40,236 

 BC 13,680 13,890 13,890 14,128 14,578 14,878 15,028 

 Alberta 10,663 11,786 11,786 11,786 11,786 11,929 11,420 

 Northwest 49,630 49,904 49,904 49,890 49,890 50,540 51,465 

 Mexico 3,246 3,246 3,246 3,246 3,246 3,246 3,246 

 Rocky Mts 21,129 21,922 21,922 21,922 21,922 21,922 21,922 

 PG&E 28,677 28,511 29,096 29,096 29,096 29,096 29,096 

 N. Cal Munies 2,876 2,876 3,622 3,622 3,622 3,622 3,622 

 North California 31,553 31,387 32,718 32,718 32,718 32,718 32,718 

 CDWR 1,891 1,891 1,891 1,891 1,891 1,891 1,891 

 SCE 19,937 19,937 19,937 19,937 19,937 19,937 19,937 

 SCE + Others 20,179 20,179 20,179 20,179 20,179 20,179 20,179 

 SDG&E 2,587 2,587 3,097 3,097 2,607 2,607 3,131 

 CAISO 56,210 56,044 57,885 57,885 57,395 57,395 57,919 

 LADWP 6,338 7,229 7,621 7,621 7,621 7,621 7,621 

 S. CA Munies 7,026 7,917 8,309 8,309 8,309 8,309 8,309 

 IID 930 930 1,230 1,230 1,230 1,230 1,230 

 California 64,165 64,890 67,423 67,423 66,933 66,933 67,457 

 WECC MW 199,495 203,050 206,408 208,632 208,592 209,685 210,776 

WECC Reserve             
Margins 24% 24% 23% 23% 21% 19% 18% 

Source: GE MAPS Database, GE Power Systems, February 2003, updated with California Energy 
Commission's latest information on plant construction and retirement schedules. 
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Table IV-3:  Base Case Natural Gas Fuel Prices, Dollars per MCF 

Fuel Name 2004 2006 2008 2010 2012 

 Alberta 3.93 3.55 3.85 4.14 4.46 

 British Columbia 4.17 3.86 4.20 4.55 4.92 

 Colorado 4.48 3.97 4.26 4.55 4.87 

 Cool Water 4.65 4.17 4.53 4.92 5.36 

 Kern River 4.63 4.14 4.49 4.88 5.31 

 Kings Gate 3.73 3.35 3.64 3.93 4.25 

 Malin 4.13 3.79 4.12 4.45 4.82 

 Mojave Pipeline 4.85 4.46 4.87 5.26 5.69 

 Montana 4.48 3.97 4.31 4.61 4.95 

 No. Arizona 4.41 4.00 4.39 4.74 5.13 

 No. Nevada 4.96 4.69 5.07 5.45 5.87 

 No. New Mexico 4.43 4.03 4.42 4.77 5.17 

 NW Coastal 4.28 3.98 4.34 4.70 5.10 

 Otay Mesa 4.76 4.38 4.80 5.19 5.63 

 PG&E 4.55 4.30 4.66 5.01 5.42 

 PNW 4.87 4.60 4.98 5.36 5.78 

 Rosarito 4.82 4.42 4.82 5.21 5.65 

 So. Calif. Producers 4.46 4.25 4.68 5.07 5.51 

 So. Calif. Gas 4.68 4.30 4.76 5.20 5.61 

 SDG&E 4.68 4.31 4.77 5.21 5.61 

 So. Arizona 4.53 4.19 4.62 5.00 5.41 

 So. Nevada 4.93 4.48 4.86 5.25 5.68 

 So. New Mexico 4.55 4.22 4.65 5.03 5.45 

 Stansfield 3.90 3.54 3.85 4.17 4.51 

 TEOR 4.65 4.17 4.53 4.93 5.36 

 Utah 4.43 4.08 4.37 4.67 5.00 

Source: California Energy Commission Staff, September 2003 
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Table IV-4:  California and Neighboring Areas Transmission Path Constraints  
WECC Path Rating, MW Rating, MW 

No. Description Direction Summer Winter Direction Summer Winter 

15 Midway-Los Banos North- 
South 3,265 3,265 South- 

North 5,400 5,400 

21 Arizona-California East- 
West 5,700 5,700 West- 

East Unrated Unrated 

24 PG&E – SPP/ N. 
CA & NV 

East- 
West 150 150 West- 

East 160 160 

25 PacifiCorp/PG&E 
Interconnection 

North- 
South 80 100 South- 

North 30 30 

26 North–South Calif. North- 
South 3,000 3,000 South- 

North 2,400 2,400 

41 Sylmar – SCE North- 
South 1,200 1,200 South- 

North 1,200 1,200 

42 IID – SCE East- 
West 600 600 West- 

East Unrated Unrated 

43 North of San 
Onofre 

North- 
South Unrated Unrated South- 

North 2,440 2,440 

44 South of San 
Onofre 

North- 
South 2,200 2,200 South- 

North Unrated Unrated 

45 SDG&E – CFE North- 
South 800 800 South- 

North 800 800 

46 West of Colorado 
River (WOR) 

East- 
West 10,118 10,118 West- 

East 10,118 10,118 

49 East of Colorado 
River (EOR) 

East- 
West 7,550 7,550 West- 

East Unrated Unrated 

52 Silver Peak – 
Control 55 kV 

East- 
West 17 17 West- 

East 17 17 

58 Eldorado – Mead 
230 kV Lines 

East- 
West 1,140 1,140 West- 

East 1,140 1,140 

59 
WALC Blythe 161 

kV Sub – SCE 
Blythe 161 kV Sub 

East- 
West 218 218 West- 

East Unrated Unrated 

60 Inyo – Control 115 
kV Tie 

East- 
West 56 56 West- 

East 56 56 

61 Lugo – Victorville 
500 kV Line 

North- 
South 2,400 2,400 South- 

North 900 900 

62 
Eldorado–

McCullough 500 
kV Line 

North- 
South 2,598 2,598 South- 

North 2,598 2,598 

65 Pacific DC Intertie North- 
South 3,100 3,100 South- 

North 3,100 3,100 

66 COI North- 
South 4,800 4,800 South- 

North 3,675 3,675 

76 Alturas Project North- 
South 300 300 South- 

North 300 300 

Source: Western Electricity Coordinating Council Path Rating Catalogue, 2003 
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Exhibit IV-1:  Zonal Contracts Market Interactions Post LMP-Settlement 
Process Implementation 
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1. The LSE would adjust the scheduling of its supply portfolio in favor of resources with 

pre-determined and fixed delivery points that could be adequately hedged; 

2. Zonal-contracts with floating delivery-buses would be utilized less and less; 

3. Zonal-contract buyers and ultimately consumers would continue to pay for stranded 

capacity, or sell abandoned energy at suboptimal prices; and 

4. The energy associated with stranded zonal-contract capacity would have to be 

replaced by LSE purchases in CAISO’s forward markets or through other means. 

D. Estimating Impacts of LMP-Based Settlement of Zonal-Contract Transactions 

The potential FCF revenues that a seller could realize, and the potential FCC costs that a 

buyer could be exposed to under CAISO’s proposed LMP-based settlement process would 

depend on the locations of the seller’s injection and delivery buses.  The approach used for this 

study is to estimate LMP impacts from a portfolio-scenario perspective rather than on the basis 

of contract-specific assessments.  This task required identifying alternative delivery areas and the 

proper reference prices for computing sellers’ FCF revenues and buyers’ FCC costs. 

1. Defining Delivery Areas  

In this study, sellers’ FCF profits and buyers’ FCC costs were estimated for three 

geographic areas: 

• CAISO-wide: The entire CAISO control area, plus peripheral and satellite generator 

buses in municipal and other jurisdictions, and in Arizona, Mexico, Nevada and 

Oregon; 

• Northern California: Roughly PG&E’s service territory plus peripheral generator 

buses in municipal and other jurisdictions, and in Southern Oregon;31

• Southern California: A combination of SCE’s and SDG&E’s service territories along 

with peripheral and satellite generator buses in Southern California, Arizona, Nevada 

and Mexico. 

 and 

                                                      
31 Namely, the Klamath Falls project; see Appendix B. 
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For the CAISO-wide scenario the 212 generator nodes chosen for the study were divided 

into two groups of 106 buses each.  For any hour, the highest priced 106 buses during that same 

hour (out of the 212 nodes selected for the study) are identified as injection nodes.  The 

remaining 106 nodes whose prices at any hour would not exceed the lowest injection-bus price 

were identified as delivery buses. 

The rationale for identifying the higher-priced half of the set of nodes chosen for the 

study as injection buses is based on three assumptions: 

• Any transaction involving a floating point-of-delivery is binary in nature, i.e., it requires 

two locations for execution: one for injection and a second for delivery.  Hence, the 

natural division of the sample buses is two equally sized pools to accommodate the 

required contemporaneous trading activities. 

• If a zonal-contract seller encounters periods when injection buses of some of its 

resource(s) acquire low or negative nodal prices, such seller could have ample 

opportunity to switch to available alternatives whose injection points are expected to be 

assigned high nodal prices. 

• If a seller cannot avoid using a source of generation located at the projected lowest-

priced bus, such seller would inject and deliver its obligation energy at that very same 

bus.  This strategy eliminates the seller’s risk of paying financial congestion costs.  

Whenever a seller’s injection and delivery nodes coincide, there would be no buyer 

exposure to FCF costs. 

A representative set of injection and delivery nodes was also created for the Northern 

California scenario.  This set consists of 108 Northern California buses (a subset of the 212 sites 

selected for the study).  Of the rest of the nodes, 108 buses, located in and around Southern 

California, were assigned to the Southern California scenario.  Using the approach applied for 

the CAISO-wide scenario, each regional set was then divided into two groups of injection and 

delivery nodes: 54 and 51 bus pairs for Northern and Southern California, respectively.32

                                                      
32 A bus was taken out of each of the Northern and Southern California lists to enable the pairing of the rest. 
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The lists of injection and delivery buses for both zones as well as CAISO as a whole may 

change from hour to hour.  However, for the portfolio-type of analysis adopted for this study, the 

exact identities of the nodes are not as important as the price signals they convey.   

The average of the contemporaneous prices assigned to the member nodes of the set of 

injection buses identified for each hour served as the basis for estimating the hourly reference 

prices at which zonal-contract sellers would inject (sell) the equivalent of their contract energy 

obligations into the CAISO pool (i.e., the DA and HA markets). 

2. Delivery Bus Scenarios 

For delivery buses, there are two defining LMP-impacts scenarios: seller-indifferent and 

seller-preferred deliveries.  The first scenario represents a situation where each seller would 

randomly select delivery buses for each hour from the set of expected low-price nodes available 

to it.  For this scenario, the hourly reference delivery-bus price is simply the average of all the 

contemporaneous prices assigned to the member nodes of the set of low-price buses identified 

for each hour.   

The seller-preferred scenario assumes that every seller would be able to reliably identify 

the lowest-price bus for each hour.  In this case, the lowest of the contemporaneous nodal prices 

assigned to the member nodes of the set of delivery buses identified for each hour provides the 

hourly reference delivery-bus prices.  In both scenarios, the reference delivery-bus gives the 

price at which sellers might attempt to purchase the equivalent of their contract energy 

obligations from the CAISO markets for subsequent handing off to the client LSE.   

Computing the reference delivery price as the average of the prices at several nodes 

(rather than the lowest-price bus) reflects the situation where either the average seller would be 

indifferent to the location of the delivery bus or unwilling to bet on the same bus as the lowest-

price node, or where a mechanism, or market rules limiting scheduling at a single node are 

enforced.  The latter implies that CAISO is willing and able to impose contract-path limitations 

on the amount of power that can be conveyed from injection nodes to delivery buses.33

                                                      
33 The idea of capping inter-SC trading at a node by the physical ratings of the paths leading to it was briefly and 
informally discussed by several parties to the debate about the incompatibility of LMP-based settlement processes 
with zonal-contracts. 

  A 

contract-path approach is incompatible with the LMP-based market design and operation 
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approach.  Additionally, carefully orchestrated multilateral trades might be able to work around 

this solution. 

3.  

The hourly per-MW rate at which a supplier under the above assumptions would derive 

FCF revenues would be equal to the difference between the injection and delivery bus prices at 

each hour over the life of the contract.   

Calculating FCF Revenues 

 Total FCF exposures are derived by multiplying the MW assumed to be delivered every 

hour by the corresponding hourly FCF rates.  Equations (1) and (2) of Exhibit IV-2 provide the 

formulas for computing the low and high FCF rates.  Equation (5) shows how to evaluate the 

maximum income that a rational seller could derive by injecting at the highest-price injection bus 

and delivering at the lowest price one. 

4. Calculating FCC Costs 

Financial congestion charges would be incurred under a nodal pricing system whenever: 

(1) FCF profits are generated,34

(2) An effective mechanism for mitigating associated congestion costs is not available. 

 and  

Potential FCC cost exposures were estimated using the same approach applied for 

determining FCF revenues.  However, the mathematical formulation is different.  The hourly 

per-MW rate at which a buyer would be exposed to FCC costs would be equal to the difference 

between the zonal load-price that CAISO plans to charge to loads on a service-area basis and the 

nodal price assigned to the delivery bus.  If the delivery-bus price were greater than the zonal 

load-price, there would be no FCC costs.  If the zonal load-price were higher than the delivery 

price, the buyer would face FCC exposure. 

The CAISO-wide, zonal load-price was assumed to be equal to the average of all nodal 

prices used in this study. 35

                                                      
34 If a seller cannot generate FCF income from LMP-based settlements, it would likely hand-off its product at the 
injection bus(es) it uses.  Under such circumstances, FCC costs would be partially, and at times, completely avoided. 

   The Northern California zonal load-price is the average of all nodal 

35 The method to be used to compute zonal load-prices and the definition of the load zones have not been finalized.  
CAISO has proposed to calculate a zonal load-price as the weighted average of the nodal prices of all take out nodes 
in the load zone.  Because this study uses generation nodes as a proxy for the load nodes, it may underestimate the 
actual incidence and costs of congestion. 
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prices assigned to Northern California, and the Southern California zonal load price is the 

average of all nodal prices assigned to Southern California. 

E. The Base Case and Alternate Scenarios: 

On the basis of the foregoing discussion, the Base Case adopted for the study consists of: 

• A perfect competition assumption; 

• Exclusion of sporadic market stresses (e.g., low hydro conditions); 

• The load, generation, transmission and fuel price assumptions stated earlier; 

• Three scenarios of zonal delivery domains:  CAISO-wide, and Northern and Southern 
California; 

• Injection-bus reference prices are represented by the average of the upper 50-
percentile nodal prices for each zone; 

• Seller-preferred deliveries at the lowest nodal price in each zone; and 

• Exclusion of marginal losses in the determination of nodal prices. 

Two variations on the Base Case formed the basis for the study’s sensitivity analyses: 

• Full marginal losses area incorporated into the determination of nodal prices; and 

• The use of alternative injection-bus reference prices. 

In addition to these two sensitivity scenarios, the efficacy of limiting inter-SC trades to price 

hubs was also explored. 

Full marginal losses were accounted for in the computation of nodal prices by using an 

advanced version of the MAPS software.  (All other assumptions remained the same as in the 

Base Case.)  Because this is a new capability for MAPS, the analysis is presented as a sensitivity 

case.  The CAISO, however, does intend to implement its LMP-based settlements using full 

marginal losses. 
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The alternative injection-bus reference price scenario examined in this study uses the 

average of the nodal prices at all of the generating buses of each zone.  Other alternatives 

considered for calculating the injection-bus price included using the highest nodal price in the 

zone and the average of the lower 50-percentile of a zone’s nodal prices.  These were rejected as 

being infeasible and economically implausible. 

Restricting deliveries to price hubs was also evaluated as a separate scenario because it 

represents a solution to the counter-flows dilemma.  Note that this case also represents a broader 

version of the indifferent-seller scenario.  (The hub-prices investigated are the average of all 

nodal prices in a zone.  The reference delivery price for the indifferent-seller scenario is the 

average of the lower 50-percentile of a zone’s nodal prices.) 
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Exhibit IV-2: Mathematical Formulation of the Financial Congestion and Counter-Flow   
Risks of LMP-Based Settlements 
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$/MWh h,Hour at  rate flowcounter financial Maximum      MFCF
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V.  Results and Discussion  

This chapter presents the projected results of simulating CAISO’s nodal pricing for 

forward and real-time markets operation and congestion management, including an assessment 

of the risks of using the resultant nodal prices for the settlement of energy sales under floating 

point–of-delivery zonal-contracts.  The discussion starts with a review of the simulated nodal 

prices.  Results for the Base Case scenarios are then presented and discussed in detail.  This is 

followed by sensitivity analyses to assess the impacts of incorporating marginal losses in the 

determination of nodal prices and the consequences of changing the injection-bus reference 

prices.  The chapter concludes with a qualitative assessment of the effects of certain market 

stresses on the study’s findings. 

A. Simulated Nodal Price Patterns 

Figure V-1-A shows the duration curve of the hourly maximum nodal prices projected for 

2008 (i.e., the highest hourly price among the contemporaneous nodal prices assigned to the 212 

buses selected for the study).  Because the chosen buses cover most of the state, the displayed 

pattern should approximate the maximum nodal price curve for the CAISO control area.  The 

results indicate that 2008 nodal prices would exceed $90 per MWh for approximately 1 percent 

of the time.  This pattern is a reflection of the perfect competition assumption.   

The duration curve exhibited in Figure V-1-B represents injection-bus prices for 2008.  

Each point on the curve was derived from the average of the upper 50-percentile values of the 

nodal prices simulated for one hour. 

Figure V-1-C shows the nodal price duration curve of the lowest of the 106 hand-off bus 

prices observed for each hour simulated in 2008.  Hand-off bus prices fall below $20 for 

approximately 20 percent of the time.  A comparison of Figures V-1-B and V-1-C reveals that 

the difference between the hourly average injection-bus prices and the hourly minimum hand-off 

bus prices exceeds $5 for 50 percent of the time. 
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Figure V-1-A: Duration Curve of CAISO's 2008 Hourly  

Maximum Nodal Prices
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Figure V-1-B: Duration Curve of CAISO's 2008 Hourly Average 
Injection-Bus Prices
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Figure V-1-C: Duration Curve of CAISO's 2008 Hourly
 Minimum Hand-off Bus Prices
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Figure V-1-D shows a duration curve of hourly average hand-off prices for 2008.  

Averaging prices at candidate delivery buses masks the occurrence of low nodal prices as 

depicted in Figure V-1-C.  Taking the average of the prices at potential hand-off buses is the 

equivalent of creating a price-hub for inter-SC trades and represents one option for mitigating the 

financial risks of LMP-based settlement on the zonal-contracts. 

 

 

 

 

 

 

 
 
 
 
 

B. Base Case Results:  

The Base Case analysis covers of the LMP impact projections for three distinct 

geographic domains: CAISO-wide, Northern California, and Southern California. 

1. Potential Impacts of Nodal LMP-Settlements on Floating Point-of-Delivery Contracts 

The analysis focuses more on the impacts of the seller-preferred delivery scenario for the 

following reasons: 

• From a risk analysis perspective, seller-preferred deliveries produce higher impacts, 

which are indicative of the level of potential exposure of zonal-contract buyers. 

Figure V-1-D: Duration Curve of CAISO's 2008 Hourly
 Average Hand-off Bus Prices
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• The results displayed in Figure V-1-C may actually understate how low nodal prices 

can be.  Recent information released by CAISO indicates a common prevalence of 

negative-price buses in California’s grid.36

• Using the average of the low-priced nodes as the reference delivery-bus price is 

tantamount to forcing all sellers to conduct their inter-SC trades at a single hub.  

 

Figure V-1-E shows the rate duration curve for maximum FCF income in dollars per 

MWh in 2008 if the seller were able to select the highest-price bus and lowest-price bus in 

CAISO’s control area, to respectively, inject and deliver its zonal-contract energy obligations for 

each hour of that year.  A seller could potentially realize profits, beyond its zonal-contract 

earnings, of approximately $10 per MWh for at least 20 percent of the time by simply buying 

energy from the CAISO market at the bus with the lowest nodal price and selling (injecting) at 

the bus with the highest nodal price.  Figure V-1-F provides similar information but with the 

seller’s injection prices pegged at the average of all injection prices in the CAISO control area 

for every hour of 2008.  Comparing the two curves shows that FCF revenues resulting from 

valuing the energy sold in CAISO’s forward markets at prices set by the hourly highest-price 

injection bus are not significantly greater than the revenues associated with using the average of 

all injection-bus prices.  This result is a reflection of the study’s perfect competition assumption.  

Figure V-1-F provides a more realistic representation of potential FCF rates for the market 

conditions underlying the Base Case.  Unless otherwise noted, all potential FCF impacts are 

referenced, from here on, to the hourly averages of injection-bus prices rather than the hourly 

maximums.  

Table V-1-A provides the Base Case estimates of the impacts of implementing LMP-

based settlement if sellers were be able to identify the lowest-price bus anywhere within the 

CAISO control area for delivering their energy obligations.  Tables V-1-B and V-1-C exhibit 

similar information for situations where the sellers’ points-of-delivery are limited to Northern 

and Southern California, respectively.  

                                                      
36 See Exhibit III-7 for an example of CAISO estimated negative nodal prices. 
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Figure V-1-E: Duration Curve of CAISO's 2008 Hourly
 Maximum Rates of Financial Counter-Flows 

 (Unconstrained Inter-SC Trading)
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Floating Point Deliveries within CAISO-Wide Control Area 

If zonal-contracts were interpreted to allow delivery anywhere in CAISO’s control area, 

buyers’ exposure to FCF costs would be approximately $271 million for 1,000 MW of zonal-

contract power purchased over the period 2006 – 2011.  (See Table V-1-A.)  The cumulative 

FCF costs for 5,000 MW over the period 2006 - 2011 could exceed $1.3 billion.   

Table V-1-A indicates a comparable level of FCC exposure.  A 1,000 MW of zonal 

contract energy deliveries at the lowest-price node could incur $238 million of cumulative FCC 

costs over the period 2006-2011.  The estimate for 5,000 MW is nearly $1.2 billion.  Since 

sellers may not specify their points-of-delivery before CAISO’s DA scheduling deadline, and 

because CAISO’s proposed rules for using CRRs are expected to require much earlier 

specification of the sources and sinks of the relevant transmission transactions, it is assumed that 

FCC costs would not be hedgeable.  However, some portions of the FCC costs may be rebated to 

ratepayers as credit against LSE transmission revenue requirements.37

On a daily and hourly basis, adding the FCC costs to the cost of the zonal-contract will 

alter the LSEs’ economic unit commitment and dispatch decision process.  Adding FCF charges 

would further exacerbate this effect.  However, a portion of the FCC expenses could be rebated 

back to ratepayers as credits against owed transmission revenue requirements.  Since some of the 

FCC revenues collected by CAISO are likely to be used to shore up CRR deficits in a manner 

that is unknown at present, and because any remaining FCC moneys may not be credited to the 

ratepayers who paid them originally, there is no credible method for estimating the FCC 

exposure in the long run.

 

38

Using the information shown in Table V-1-A, the combined CAISO-wide costs of LMP-

based settlement of 5,000 MW of floating point-of-delivery contracts should be between 1.4 and 

2.5 billion dollars over the period 2006-2011.  This is equivalent to a cost adder of $5.2 - $9.7 

per MWh for a 7x24 zonal contract service. 

  Therefore, the total risk that buyers face is likely to be a value 

between the FCF estimates and the sum of the FCF and FCC values. 

                                                      
37 Such rebate mechanism is not part of the Amended MD02 Proposal. 
38 Cost shifting between utilities is going to be very difficult to avoid. 
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Table V-1-A:  CAISO-Wide Potential LMP-Impacts 
Matrix for Floating Point-of-Delivery 

Base Case Scenario, Million $ 

 
Financial Counter-

Flow Profitss 
Financial Congestion 

Charges 
MW 2006 
1,000 41 35 
2,000 83 71 
3,000 124 106 
4,000 165 141 
5,000 206 176 

 2008 
1,000 41 35 
2,000 82 70 
3,000 122 105 
4,000 163 140 
5,000 204 175 

 2010 
1,000 49 44 
2,000 99 88 
3,000 148 133 
4,000 198 177 
5,000 247 221 

 2006 through 2011 
1,000 271 238 
2,000 543 477 
3,000 814 715 
4,000 1,086 953 
5,000 1,357 1,191 
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Table V-1-B:  Northern California Potential LMP-
Impacts Matrix for Floating Point-of-Delivery 

Base Case Scenario, Million $ 

  
Financial Counter-

Flow Profits 
Financial Congestion 

Charges 
MW 2006 
1,000 15 13 
2,000 30 26 
3,000 46 40 
4,000 61 53 
5,000 76 66 

 2008 
1,000 12 10 
2,000 24 21 
3,000 37 31 
4,000 49 41 
5,000 61 51 

 2010 
1,000 13 12 
2,000 27 24 
3,000 40 35 
4,000 54 47 
5,000 67 59 

 2006 through 2011 
1,000 82 71 
2,000 163 141 
3,000 245 212 
4,000 326 282 
5,000 408 353 
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Table V-1-C:  Southern California Potential LMP-
Impacts Matrix for Floating Point-of-Delivery 

Base Case Scenario, Million $ 

 
Financial Counter-

Flow Profits 
Financial Congestion 

Charges 
MW 2006 
1,000 27 24 
2,000 55 48 
3,000 82 73 
4,000 110 97 
5,000 137 121 

 2008 
1,000 37 32 
2,000 73 65 
3,000 110 97 
4,000 146 130 
5,000 183 162 

 2010 
1,000 46 42 
2,000 92 84 
3,000 138 125 
4,000 185 167 
5,000 231 209 

 2006 through 2011 
1,000 234 211 
2,000 469 421 
3,000 703 632 
4,000 938 842 
5,000 1,172 1,053 
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Floating Point Deliveries Limited to Northern California 

FCF profits from floating point-of-delivery in Northern California would be considerably 

less than for CAISO-wide and Southern California unrestricted inter-SC trades.  For example, in 

2008, CAISO-wide FCF impacts are projected to be more than three times larger than those in 

Northern California.  (Compare 2008 estimates in Table V-1-A and V-1-B.)  Figures V-2-A, V-

2-B and V-2-C illustrate that such differences are due to the expected disparity between the FCF 

rates for Northern California versus the rates for CAISO and Southern California.  

According to Figure V-2-B, Northern California’s FCF exposures would be less than $4 

per MWh for most of 2008.  CAISO’s and Southern California’s costs are projected to exceed 

$15 per MWh quite frequently.  (See Figures V-2-A and V-2-C.)  California’s 2008 nodal prices 

would rarely exceed $90 per MWh in the perfectly competitive environment of the Base Case. 

(See Figure V-1-A.)  This suggests that low nodal prices are apparently a primary driver of the 

high FCF revenues in Southern California and the CAISO control area.  This phenomenon is not 

as strong in Northern California. 

Although the projected exposure of Northern California’s ratepayers to the potential 

impacts of LMP-based settlements is comparatively low, it is by no means insignificant.  Table 

V-1-B shows that the combined FCF and FCC risk for 1,000 MW of floating point-of-delivery 

purchases would surpass $150 million over the period 2006 – 2011.  The total exposure 

associated with 5,000 MW of floating point-of-delivery zonal-contracts would be approximately 

between 410 and 760 million dollars for 2006 – 2011.39

Floating Deliveries Limited to Southern California 

  According to Table V-1-B, more than 

half of this amount would go to sellers as FCF profits, a net transfer from ratepayers of nearly 

410 million dollars.  In the real world, where markets are imperfect, the exposure could be much 

higher. 

The projected pattern of FCF and FCC costs for floating point deliveries in Southern 

California parallels what was observed for the CAISO-wide scenario both in terms of magnitude 

and frequency.  (The hourly profiles of the FCF profits displayed in Figures V-2-A and V-2-C 

                                                      
39 There are indications of the existence of several non-state contracts with zonal delivery arrangements. 
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Figure V-2-A:  CAISO-Wide Potential 2008 Hourly Rates of Financial 
Counter-Flows--Floating Point-of-Delivery
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Figure V-2-C:  Southern California Potential 2008 Hourly Rates of 
Financial Counter-Flows--Floating Point-of-Delivery
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Figure V-2-B:  Northern California Potential 2008 Hourly Rates of 
Financial Counter-Flows--Floating Point-of-Delivery
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representing, respectively, CAISO’s control area and Southern California, are nearly identical).  

The total dollar impacts are also close.  For example, LMP-based settlement of 1,000 MW of 

Southern California zonal-contracts interpreted to allow for floating-point delivery are projected 

to cost, in 2006, $27 million to pay for seller FCF profits versus $41 million on a CAISO-wide 

basis.  The same can also be said about the FCC exposures: for instance, trading of 3,000 MW 

are projected to cost approximately $632 and $715 million over the period 2006 – 2011 for 

respectively Southern California and CAISO deliveries.  (See Tables V-1-A and V-1-C.)  These 

similarities are due to the relatively small nodal price differentials projected for Northern 

California compared to Southern California.  The driving force behind the high costs projected 

for Southern California is a persistence of low bus prices.   

 

C. Sensitivity Analysis Scenarios 

There are numerous factors that could influence the LMP-based settlement impact 

projections developed for the Base Case analysis.  The list includes, but is not limited to:40

1. Using alternative injection-bus reference prices 

  

2. Inclusion of marginal losses in the determination of nodal prices 

3. The use of price caps and floors 

4. Proper emulation of CAISO’s future Full Network Model 

5. Accounting for binding constraints on local transmission elements 

6. Effects of imperfect markets 

7. High natural gas prices 

8. Hydroelectric generation availability 

9. Load growth uncertainties 

The first two factors listed were examined quantitatively in detail because of their 

significance and relative ease of assessment.  The third and fourth items represent unresolved 

market design and FNM software specification issues.  The fifth factor is likely to have a more 
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significant influence on estimated FCF and FCC impacts.  To examine the impact of constraints 

on lower voltage transmission lines will require independent verification of the ratings which can 

be provided by either the transmission owning utilities or the CAISO.  The rest of the list 

involves impacts that can be quantified through the use of many more scenarios.  The sensitivity 

analyses presented in this section are limited to the first two factors in the list.  The remaining 

items are discussed qualitatively in Section E. 

1. The Effects of Using Alternative Injection-Bus Reference Prices 

Because the sources of the sellers’ generation are unknown, it could be argued that the 

logical choice of the reference injection-bus price should be the average of the prices at all buses 

of the study’s sample nodes.  Such an assumption leads to lower injection nodal prices and 

consequently lower FCF impacts on consumers.  If FCF exposure is defined as the difference 

between the average of the nodal prices assigned to all the buses in a zone and the lowest nodal 

price of the same zone, then the resulting FCF estimate will be equal to the numbers shown in 

the FCC columns of Tables V-1-A through V-1-C.  Under this scenario, the potential impacts of 

LMP-based settlement on zonal-contracts would still be significant.  According to Tables V-1-A 

through V-1-C, the estimated 2006 – 2011 FCF and FCC risks for the low-impacts scenarios 

(without accounting for marginal losses) are as follows: 

• FCF and FCC costs could each exceed $350 million, ($700 million total) for 5,000 MW 

of energy delivered in Northern California. 

• CAISO-wide deliveries of 1,000 MW would incur $238 million of FCF costs and the 

same amount for FCC costs.  These estimates increase to nearly 1.2 billion dollars for 

5,000 MW of similarly situated contracts. 

• The FCF and FCC exposures for 1,000 MW of Southern California deliveries would each 

exceed $210 million.  The FCF and FCC risks for 5,000 MW of Southern California 

deliveries could surpass $1.0 billion each. 

2. The Effects of Incorporating Marginal Losses into Nodal Prices 

                                                                                                                                                                           
40 For example, potential changes in reliability must-run requirements may have to be accounted for. 
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The Base Case scenarios were re-evaluated to assess the effects of incorporating full 

marginal losses in the simulation of future nodal prices using a newly developed version of the 

MAPS model.41

• Using the average of the top 50-percentile of generator nodal prices as the hourly 

reference prices for injection buses, the FCF and FCC impacts resulting from seller-

chosen points of deliveries of 1,000 MWs in Southern California over the period 2006 – 

2011 could be as much as 920 and 827 million dollars, respectively.  Delivering 5,000 

MWs under the same conditions would expose buyers to approximately 4.6 and 4.1 

billion dollars of FCF and FCC impacts, respectively.  Using the average of all nodal 

prices as the reference injection-price lowers the 2006 – 2011 FCF impacts to the values 

assessed for the FCC; i.e., approximately 0.83 and 4.1 billion dollars for 1,000 and 5,000 

MWs of Southern California deliveries.  Accounting for marginal losses has increased the 

FCF and FCC impacts by more than four times (relative to the Base Case). 

  The results attained indicate a marked risk increase over the Base Case: (See 

Tables V-2-A, V-2-B and V-2-C) 

• Unlike the Base Case without marginal losses, the impacts for energy delivered in 

Northern California are comparable to Southern California: approximately 5.1 and 4.6 

billion dollars of FCF and FCC costs, respectively, for 5,000 MW of delivered energy 

(using the average of the top 50-percentile of nodal prices as the reference injection 

price).  Taking the average of all nodal prices reduces the FCF exposure to the value 

estimated for the FCC risk: 4.6 billion dollars per 5,000 MWs of Northern California 

zonal deliveries.  Incorporating marginal losses in the estimation of nodal prices increases 

the Northern California risks by more than 10 times (relative to the Base Case). 

• Projections for zonal contracts that could be interpreted to permit sellers to deliver 

anywhere in the CAISO market territory show risks comparable to those of Northern and 

Southern California. 

• The marked increase in the projected impacts by accounting for marginal losses is 

indicative of the following: 

                                                      
41 Because the marginal losses simulation capability is a newly developed feature, we are reporting this case as a 
sensitivity scenario. 
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o Remote generation connected to California’s high load centers via long 

transmission lines translates into large marginal losses; 

o Marginal losses affect nodal prices year around (24 X 7), resulting in large 

cumulative impacts over time; and 

o Marginal losses can interact synergistically with congestion to produce higher 

locational differentials between nodal prices. 

The greater influence of marginal losses in Northern California on increasing FCF and FCC 

impacts is due to the preponderance of low voltage transmission lines and ties in PG&E’s 

system.  (Losses on low voltage elements are greater than those for high-voltage assets.)  In 

contrast, SCE’s transmission network is largely limited to 115 kV circuits. 
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Table V-2-A:  CAISO-Wide Potential LMP-Impacts 
Matrix with Floating Point-of-Delivery 

Marginal Loss Scenario, Million $ 

  
Financial Counter-

Flow Profits 
Financial Congestion 

Charges 
MW 2006 
1,000  142 128 
2,000  285 255 
3,000  427 383 
4,000  570 511 
5,000  712 638 

  2008 
1,000  167 148 
2,000  334 296 
3,000  501 444 
4,000  667 592 
5,000  834 740 

  2010 
1,000  190 167 
2,000  380 333 
3,000  570 500 
4,000  759 667 
5,000 949 833 

  2006 through 2011 
1,000  1,033 913 
2,000  2,067 1,827 
3,000  3,100 2,740 
4,000  4,134 3,654 
5,000 5,167 4,567 
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Table V-2-B:  Northern California Potential LMP-
Impacts Matrix with Floating Point-of-Delivery 

Marginal Loss Scenario, Million $ 

  
Financial Counter-

Flow Profits 
Financial Congestion 

Charges 
MW 2006 
1,000  140 127 
2,000  280 254 
3,000  420 381 
4,000  560 508 
5,000  699 635 

  2008 
1,000  166 150 
2,000  331 300 
3,000  497 449 
4,000  663 599 
5,000  828 749 

  2010 
1,000  188 169 
2,000  376 339 
3,000  564 508 
4,000  753 678 
5,000 941 847 

  2006 through 2011 
1,000  1,023 924 
2,000  2,045 1,847 
3,000  3,068 2,771 
4,000  4,091 3,695 
5,000 5,113 4,618 
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Table V-3-C:  Southern California Potential LMP-
Impacts Matrix with Floating Point-of-Delivery 

Marginal Loss Scenario, Million $ 

  
Financial Counter-

Flow Profits 
Financial Congestion 

Charges 
MW 2006 
1,000  127 116 
2,000  255 232 
3,000  382 348 
4,000  509 463 
5,000  637 579 

  2008 
1,000  149 134 
2,000  297 268 
3,000  446 402 
4,000  594 536 
5,000  743 670 

  2010 
1,000  169 151 
2,000  337 301 
3,000  506 452 
4,000  675 603 
5,000  844 754 

  2006 through 2011 
1,000  920 827 
2,000  1,840 1,654 
3,000  2,760 2,480 
4,000  3,680 3,307 
5,000  4,600 4,134 
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D. Impacts of Nodal LMP-Settlement with Price-Hub Delivery 

CAISO’s Amended MD02 Proposal contemplates establishing trading or price hubs for 

conducting inter-SC trades.  Confining inter-SC trades to such pre-determined price hubs is one 

means of mitigating the potential impacts of LMP-based settlements on the zonal-contracts.  It 

could lessen the exposure of ratepayers to significant additional costs in two ways: 

1. By reducing potential FCF profits to sellers; and  

2. By facilitating CRR hedging of FCC cost 

The efficacy of using trading hubs as a means of limiting ratepayer exposure was 

examined by first assuming that such hubs could be established on both a CAISO-wide basis as 

well as for Northern and Southern California.42  It was further assumed that the reference price at 

each hub would be the hourly average of the contemporaneous nodal prices of all buses assigned 

to the hub.43

The effects of this approach on the risks of nodal settlement on zonal-contracts are: 

   

• Hourly FCF profits to sellers would be equal to the difference at each hour between 

(1) the average of the nodal prices assigned to the injection buses representing the 

area under consideration (e.g., Northern California) and (2) the average of the nodal 

prices assigned to all the buses in that same area;44

• FCC costs would be eliminated altogether if the geographic domain of the hub 

coincides exactly with the load pricing zone to which the hub is assigned. 

 and 

FCC costs would be eliminated because the average hub-price at which the buyer (i.e., 

the LSE) would take title to the energy delivered by the seller and deposit it into the CAISO 

market and the zonal load-price at which CAISO would charge the LSE for energy take-outs are 

virtually identical.  Although in reality some residual amounts of FCC might remain, the 

                                                      
42 Private (third party) hubs have been suggested as well. 
43 Other hub pricing formulations include defining the reference price as the average of the nodal prices at only 
candidate delivery buses. 
44 See Chapter IV for the mathematical formulation of this statement. 
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availability of a pre-defined hub for inter-SC trades could facilitate mitigation of virtually all 

congestion charges.45

Table V-3 provides the estimate of FCF profits assuming the use of price hubs for inter-

SC trades for each of the three geographic domains considered in the study assuming marginal 

losses are ignorable.  Based on the results shown in Table V-3, the following can be concluded: 

 

• Restricting delivery to price hubs could reduce FCF profits substantially.  For zonal-

contracts that permit CAISO-wide floating point-of-delivery, the expected reduction 

would be more than 80 percent.  (Compare Tables V-1-A and V-3.)  For Northern 

California, the reduction could exceed 86 percent.  (See Tables V-1-B and V-3.)  For 

Southern California, use of price hubs for settlements would lower FCF costs by 

approximately 89 percent.  (Compare Table V-1-C with V-3.)  

• In general, the effectiveness of a hub in mitigating FCF and FCC impacts will depend 

on the extent to which the hub’s geographic domain matches the pricing zone it 

resides in. 

• Use of price-hubs will not eliminate FCF risks.  Table V-3 shows that ratepayers 

would remain exposed to more than $160 million if 5,000 MW of CAISO-wide 

floating point-of-delivery contracts were subjected to LMP-based settlements over the 

period 2006 – 2011.  The corresponding estimates for the Northern and Southern 

California scenarios are $55 and $120 million, respectively.  Residual hub-related 

FCF risks are bound to be much larger if one takes into account the effects of 

marginal losses 

                                                      
45 Henceforth, FCC impacts will not be considered further in this section. 



           Rumla, Inc. 

 

201108191006 -77-  

 

 

 

Table V-3: Potential Financial Counter-Flow Impacts Matrix with Price-
Hub Delivery 

Base Case Scenario, Million $ 

  
CAISO-Wide 

Delivery Contracts 
Northern California 
Delivery Contracts 

Southern California 
Delivery Contracts 

MW 2006 
1,000  6 2 3 
2,000  12 4 6 
3,000  18 6 10 
4,000  24 8 13 
5,000  30 10 16 

  2008 
1,000  6 2 4 
2,000  11 4 8 
3,000  17 6 12 
4,000  23 8 16 
5,000  28 10 20 

  2010 
1,000  5 2 4 
2,000  10 3 9 
3,000  16 5 13 
4,000  21 7 17 

5,000  26 8 22 
  2006 through 2011 

1,000  33 11 24 
2,000  66 22 48 
3,000  99 33 72 
4,000  133 44 96 

5,000  166 55 120 
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Figures V-3-A, V-3-B and V-3-C display calculated hourly FCF rates for 2008 with inter-

SC trades restricted to a single price hub for the CAISO-wide, Northern California, and Southern 

California delivery scenarios, respectively, and assuming marginal losses do not affect settlement 

outcomes.  Comparing the exhibited profiles with those of Figures V-2-A, V-2-B and V-2-C 

shows that price hubs would moderate but not eliminate FCF spikes.  Counter-flow profits to 

sellers of more than $5 per MWh would persist in Southern California even with the use of a 

single price-hub for inter-SC trades. 

E. Study Limitations 

There are several factors, which can influence nodal prices, and consequently FCF profits 

and FCC costs, that have not been quantified in this study.  Table V-4 identifies four of the more 

familiar factors, and provides brief qualitative indications of how each is likely to affect LMP-

based settlements.  The combined effects of the four parameters listed in the table could 

adversely impact the function and value of zonal-contracts and result in significant additional 

cost risks to ratepayers beyond the levels quantified in this report. 

There is a multitude of other considerations not addressed in Table V-4 that should have 

a significant influence on nodal prices, including: 

 

• Accounting for local transmission constraints; 

• The effects if potential transmission investments; 

• The enforcement of price caps and floors; 

• Proper emulation of CAISO’S future Full Network Model functions; and 

• Market boundary limitations. 
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Figure V-3-B:  Northern California Potential 2008 Hourly Rates of 
Financial Counter-Flows--Price-Hub Delivery Only
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Figure V-3-C:  Southern California Potential 2008 Hourly Rates of 
Financial Counter-Flows--Price-Hub Delivery Only
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Figure V-3-A:  CAISO-Wide Potential 2008 Hourly Rates of 
Financial Counter-Flows--Price-Hub Delivery Only
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Table V-4:  LMP-Settlement Impacts Sensitivity Matrix for Untested  
Nodal Price Drivers 

Parameter 
Affected 

High Gas 
Prices 

Low-Hydro 
Conditions 

High Load 
Growth 

Market 
Imperfections 

Injection-Bus 
Prices 

Highly 
sensitive 
increases 

Increase; 
highly 

sensitive in N. 
California 

Increase Highly sensitive 
increases 

Delivery-Bus 
Prices 

Unknown; 
highly 

sensitive 
Unknown Unknown May decrease 

Zonal Load-
Prices Increases 

Increase; very 
sensitive in N. 

California 

Increase; 
sensitive in 

N. California 
Increase 

Financial 
Counter-Flows 

(FCF) 

Highly 
sensitive 
increases 

Increase; very 
sensitive in N. 

California 

Increase; very 
sensitive in 

N. California 

Highly sensitive 
FCF increase 

Financial 
Congestion 

Charges (FCC) 

Sensitive FCC 
increases FCC increase FCC increase FCC increase 

Overall Effect 
on LMP 
Impacts 

Highly 
sensitive 
increases 

Probably 
sensitive 
increases 

Increase High Increase 

 

1. 

The discrepancy between Northern California and Southern California is in large part due 

to the greater incidence of low nodal prices in the Southern California zone.  The report’s 

assessment of the impacts associated with energy delivered in Northern California is based on 

monitoring and enforcing only the thermal and stability transmission ratings identified in the 

WECC Path Rating Catalogues (PRC).  The rated paths are predominantly of the high voltage 

variety and are typically limited to system interfaces.  Because of lack of independent and 

reliable information on the ratings of the transmission links, paths and interfaces not covered in 

Accounting for Local Transmission Constraints: 
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the PRC, many of the internal transmission constraints were left unbinding.  Since more of the 

PRC ratings pertain to ties and interfaces in Southern California than in Northern California, 

fewer transfer limits were enforced in the latter area, resulting in lower estimates of FCF and 

FCC impacts for the northern half of the State.  Invoking more of the known constraints in 

Northern California should increase projected FCF and FCC exposures for this zone.  This 

prognosis is further supported by the fact that CAISO’s operation of the grid extends down to 69-

kV in Northern California (unlike in the SCE service area where it is limited to the 230-kV 

elements); resulting in increased likelihood of encountering more congestion and higher 

marginal loss locational differentials.  A supplement to this report is being prepared for 

evaluating the impacts in Northern California of enforcing internal transmission limits. 

2. Potential Transmission Investments

Additional investments in transmission infrastructure development can significantly alter 

prospects for large nodal price differentials.  However, transmission project upgrades and 

additions – beyond those identified in the report – may not be realized until most of the state 

contracts have expired. 

: 

3. 

Until very recently (and largely due to the emerging debate about the zonal contracts), 

regulators and market designers have limited their attention to devising price caps to limit market 

power abuses.  For the case at hand, both the lows and the highs in price behavior pose serious 

risks for zonal contracts buyers.  Proposed price floors and caps can be easily evaluated if the 

need arises. 

Price Cap and Floors: 

4. 

According to the Amended MD02 Proposal, CAISO would use the FNM to compute 

forward-market nodal prices.  Specifying and applying the FNM involves identifying and setting 

several parameters that govern the results of the security-constrained unit commitment and 

dispatching to be performed, including the bus-specific prices to be used in the settlement 

process.  Such simulation control parameters include but are not limited to system versus utility 

Proper Emulation of the Functions of CAISO’s Future Full Network Model: 



           Rumla, Inc. 

 

201108191006 -82-  

service area unit commitment and dispatch priority, unit commitment run options, and treatment 

of must-run facilities.  The impacts of these control parameters on CAISO’s nodal prices and 

consequently on the utilities’ exposure to FCF and FCC costs are unknown.   

5. 

As a part of its Amended MD02 Proposal, CAISO intends to limit FNM simulation 

domain to the California grid.

Market Boundary Limitations: 

46

• Excluding California’s ties with the rest of the Western Interconnection will eliminate 

loop-flows on a theoretical level.  This increases the differences between forward market 

dispatches and RT operation.  The heightened differences must be compensated for by 

further constraining the full network model’s representation of the grid for DA and HA 

forecasting and planning.  Increasing system constraints is more likely to add to, rather 

than reduce, locational nodal-price differentials. 

  It is not clear how significant the effects on the results of the 

study would be if MAPS simulated an electrically isolated California market as opposed to 

accounting for the electrical and economic ties between the state and its neighbors.  However, 

using a reduced representation of the western grid would likely result in increased locational 

nodal-price disparities for such an isolated system.  This prognosis is based on two 

considerations: 

• California in general and Southern California in particular, are capacity poor relative to 

neighboring systems.  It should noted that the observed increases in the frequency and 

magnitudes of contemporaneous nodal price differentials in Southern California over the 

study’s time window correlates well with an observed decline in Southern California 

reserve margins based on generation that is physically located within Southern 

California. 

In view of the above and considering the unaccounted for effects of the price drivers 

discussed in Table V-4, it is doubtful whether CAISO’s proposed, reduced, full network model 

representation of the California grid could result in a downward influence on the estimated FCF 

and FCC impacts to levels that would alter the findings of this study.
                                                      
46 There are indications that CAISO may abandon this approach in favor of California-WECC integrated FNM 
simulations. 
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APPENDIX A: 

GE MAPS Input Data 

 

Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

General  Fuel Data 
Inflation Patterns 

Coal, Gas, Oil, Nuclear, Other 

Input Load Modeling Options 
Area Load 
Month-to-Year Ratios  

Data Annual Peak Load Data 
Monthly Allocation Ratios 

Load Modifier Hourly Modifier: 
Identification 
Company Ownership 
Area Ownership 
Ratings 
Costs 
Shape Relation 
Penetration 

Installation/Retirement Dates 
Maintenance Scheduling Plant 

Capacity 
Number of units per plant 
Weekly Operating Schedules 
Energy Charge 

 Pondage Modifier: 
Identification 
Company Ownership 
Ratings 
Costs 
Scheduling 
Availability 

Number of units per plant 
Install/Retirement Dates 
Ownership Percent 
Min/Max MW Ratings 
Energy Charge 
Scheduling/Priority 

 Priority List List of Load Modifiers in Order of 
Priority 

Thermal Unit Data Identification Install/Retire Dates 
Ownership 

 Jointly-Owned Units Percent Ownership 
 Combined Cycles Plant  Unit type 

Min/Max MBTU per Hour 
 Ratings Maximum MW  

Continuous MW 
Fuel Input, Min Power 
Heat Rate Performance  

 Power Points MW 
Forced Outage Rate 
Incremental Heat Rate/Bid Prices 
Fuel Type, Usage, Pricing 

 Fuel Data Type 
Start-up Energy 
Time-Constant Exponent 
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Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

 Fuel Pricing $ Per MBTU 
Primary Fuel Inflation 

Rates/Heating Value 
 Fixed Maintenance 

Deration Schedule 
Unit Name 
Weekly Maintenance Schedule 

 O&M Costs Variable O&M $/MWH 
Fixed O&M $/KW/YR 
$ Per Fired Hour 

 Commitments Must Run 
Min Down-Time 
Penalty Factor 

 Emission Rates Emission Name 
Power Points Emission Rates  

 Emissions Data Emission Name 
Removal Efficiency 
Removal Cost $/Ton 
Trading Cost 

 Holding Company Percent Ownership 
 Commitment Dispatch 

Options 
Unit Name 
Options 

 Fixed Unavailability Unit Name 
Beginning & Ending Weekly 

Times 
 Unavailability Pattern Unit Name 

Beginning & Ending Times 
 Unit Random Outage 

Intervals 
Effective Year 
Unit Name 
Outage Intervals 

 Seasonal Ratings Unit name 
Max & Continuous 

Summer/Winter Ratings 
Fuel Input Min Power 
Heat-Rate Performance Factor 

 Commitment Priority  Date/Priority Order 
Energy Storage Identification Install/Retire Dates 

Number of Units 
 Ownership Percent Ownership 
 Ratings Spinning Reserve 

Maximum Generator/Pumping 
Capability 

 Energy Cycle Efficiency 
Min/Max Tank Storage 
Starting/Ending Tank Storage 

 Miscellaneous Commitment Option 
Tank Refill Policy 
Cost Adjustments 
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Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

 Scheduling Effective Date/Company Names 
 Commitment Priority Effective Date/Unit Name 
 Options Spinning Reserve Credit Base 
Commitment/Dispatch Options Order 

Sort by Full Load 
Variable O&M 
Startup Costs 
Peaking Commitment Logic 

 Transmission Modeling 
Options 

Scheduling Option 
Pool/System Constraint Option 

 Dispatch Options Stochastic Control Logic Speed 
Maximum # of Fuel Passes 

 Company to Company 
Transactions 

Date 
Selling Company/Buying 

Company 
Transaction Cost Threshold 

 Commitment Zones Date/Zone Number 
Beginning & Ending Time 

MW Flow Options Linear/Quadratic Losses 
Multipliers 

Tolerances 
 GSF Read Dates Times to Read Generation Shift 

Factors 
 Hourly PAR Schedules Phase Angle Regulator Schedules 
Maintenance 
Scheduling 

Options Run Options 
Loads for Maintenance Schedule 

Area 
Maintenance Load Model 
Random Outage Selection 

 Unit Maintenance 
Options 

Maintenance Schedule Override 
Automatic Maintenance Cycle 
Maintenance Window Start/Stop 

Dates 
 Planned Outage Rate Cycles for Each Year 
 Weekly Maintenance Cycles for Each Year 
 Fixed Maintenance 

Periods/Modifiers 
Plant & Unit Name 
Start & Stop Times 

 Maintenance Load 
Annual Peak/Ratios 

Area/Company/Pool Name 
Weak/Annual Peak Load (MW) & 

Ratios 
 Maintenance Fixed 

Capacity Modifier 
Area/Company/Pool Name 
Fixed Capacity Modifier 

Transfer Limit Data Area Interface 
Identification 

Interface Name 
Origin/Destination Area Names 
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Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

 Area Interface Limits Interface Name 
Positive & Negative Direct Tie 

Limits (MW) 
 Variable Tie Set Hours Tie Set Number 

First & Last Times 
Transfer Limit Data 

(Concluded) 
Voltage & Stability 

Options 
Interface or Tie Identification 
Summer & Winter Direction 

Ratings (MW) 
Operating Reserve 
Data 

Calculations Area/Company/Pool Name 
Calculation Option 
Per Unit of Hourly Load 
Fixed MW Adder 
Per Unit of Largest Committed 

Unit 
 Unit Options Unit Name/Per Unit of: 

  Continuous Rating 
  Max Rating for Spinning Reserve 
  Max Rating for Quick Start 

Reserve 
External Contracts Identification Name 

Type 
Pool Ownership 
Dispatch Option 

 Options Allocation Option 
Base Cost ($/MWH) 
Economic Cost to Displace 

($/MWH) 
 Unavailability Contract Name 

Beginning & Last Times 
 Average Base Cost Unit 

List 
Unit names from which an 

Average $/MWH Cost will be 
Determined 

 Economy Contract 
Pricing 

Contract Name 
Effective Date 
Cost Modifier 

 Plant Lock Outs Plant Name 
Last Dispatch 

 Area Dispatch Area Name 
Part of External Contract Dispatch 

 Unit List Effective Date 
Contract Name 
Unit List 

 Sales Logic Error 
Checking 

Effective Date 
Sale Logic Error Tolerance 

 Maximum Price Contract Name 
Maximum Transaction Cost  
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Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

 Pricing Options Contract Name 
Minimum Threshold Cost 

 Prescheduled Energy 
Contracts 1 

Pondage or Modifier Name 
Previous Costs 
Current Year Fossil Fuel Cost 
Previous 2 Years’ Fossil Fuel Cost 

External Contracts 
(Concluded) 

Prescheduled Energy 
Contracts 2 

Unit Name in Pricing 
Average Heat Rate of Unit 

(BTU/KWH) 
Current Year Unit Cost 
Previous 2 Years’ Unit Costs 

Margin Program Data Options Area Name 
Calculating Options 

 Print Options Hourly and Weekly Output 
Options 

 Hourly Cost Options Costing Options for Each Hour in 
Week 

Emissions Data Options Calculate Emissions 
Include Trading Cost as Actual 

Cost 
 Fuel  Fuel Name 

Emission Name 
Emission Rate (lbs/unit of fuel) 

Transmission Input 
Data 

Constraints to be 
Monitored 

To & From Circuit Number 
Identification Label 
Maximum & Minimum Loads for 

Summer & Winter 
AC Power Flow  (ACPF) Names 

 Non-Conforming Loads ACPF Bus Names & Areas 
ACPF Load Schedule 
Non-Conforming MW 
Conforming MW 

 Load Jointly Owned at 
One AC Power Flow 

ACPF Bus Name 
From & To Areas 
Reassigned Load 
Non-Conforming 
Load at Bus 

 Buses for Spot Price 
Evaluations 

Bus Name 
ACPF Area 
Control-Variable Name 

 Buses Jointly Owned 
w/outside Companies 

ACPF Bus Location & Area 
Generation MW Varying 

 HVDC Circuit 
Terminals 

    Line 

High-Voltage DC Line 
Piecewise-Linear MW Model 
Bus ACPF Area & Ownership 
Cost of Use ($/MWH) 
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Table A-1:  Primary MAPS Input Data by Category 
Category Packet Sample Specifics 

 Phase Angle Regulator Phase Angle Regulator (PAR) 
Name 

MAPS-Limits for Flow, Degrees 
& Penalty 

 Summer & Winter Line 
Ratings 

Circuit and Bus Name 
Summer & Winter Long Term and 

Short Term Emergency 
Ratings 

ACPF Line Rating 
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APPENDIX B: 

Generator Buses Selected for Analysis 

Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

Arizona-Nevada AZPS  Arlington Valley 
  Palo Verde 
  Sempra Mesquite 
 NEVP  Copper Mountain 
  El Dorado Energy Center 
CAISO ANHM  Anaheim GT 
 BURB  Magnolia (BURB) 
 CDWR Bottle Rock 
  East Hyatt 
  Mojave Siphon Power 
  San Luis (Gianelli) 
 GLEN  Grayson 
 MID   Woodland 
 MWD   Etiwanda Hy 
  Foothill Feeder 
  Red Mountain 
  San Dimas 
  Sepulveda Canyon 
 NCPA  Alameda Combustion Turbines 
  Redding Power 
  Roseville Combustion Turbine 
 PASA  Broadway (PASA) 
 PG&E Aera San Ardo Cogen Facility 
  Altamont Gas Recovery 
  Arcadian Renewable Power Co 
  Arco Fee A Cogen 
  Avenal (Duke Energy) 
  Benicia Refinery Cogen 
  Burney Facility 
  Burney Forest Products 
  Ca Peaker (ENESYS) 
  Ca Peaker (Sipain) Wolfskill 
  Ca Peaker (Westend) 
  Ca Peaker Iv (Ess) 
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Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

CAISO PG&E Calpeak Panoche 
(Continued) (Continued) Cardinal Cogen 
  Caribou 2 

  Central Valley Generating C 
  Chicago Park 
  Chowchilla Peaker 
  Crockett Cogen 

  Desabla 
  Diablo Canyon 
  Drum 2 
  Dutch Flat 2 
  El Dorado (PG&E) 

  Elk Hills Power Project 
  Feather River Plant 2 
  Folsom 
  Fort Bragg Western Wood Products 
  Fresno Cogeneration Partner 
  Fresno Medical Center Plant 
  Gates Peaker 

  Gilroy (CPN) 
  Gilroy Energy Co. 
  Haas 
  Hanford 
  Hat Creek 2 
  Helms  
  Henrietta 
  High Sierra 
  Humboldt Bay 
  Jawbone Canyon 
  JRW Assoc. L/P 
  Kern Canyon 
  King City 
  Kings River 
  Kingsburg Cogeneration 
  Lambie/Solano County Peaker 
  Los Banos Peaker 2 (CW) 
  Los Esteros 
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Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

CAISO PG&E Los Medanos Energy Center 
(Continued) (Continued) Lost Hills Cogeneration Pla 
  McSwain 
  Mendota Biomass Power Limit 
  Metcalf Energy Center 
  Morro Bay 
  Moss Landing 
  Moss Landing 
  New Melones 
  Newcastle (PG&E) 
  O’Neill 
  Oakland (Duenpo) 
  Olsen Power Partners 
  Oroville Cogeneration L/P 
  Oxbow (PCWA) 
  Panoche 
  Pastoria Power Project 
  Pit River No. 7 
  Pittsburg 
  Port Of Sacramento Peaker 

  Port Of Stockton 
  Potrero 
  Quincy Facility 

  Red Bluff Peaker 
  Redding Power 
  Richmond Cogeneration Project 
  Ridgewood/Byron Power Partners 
  Rio Bravo Fresno 
  Rio Bravo Hydroelectric Project 
  San Francisco Refinery 
  San Joaquin Cogen 
  San Jose Cogeneration 
  Shasta 
  Small Thermal Lump 
  Sunnyside Cogeneration Partners 
  Sunrise Power Project 
  Susanville Facility 
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Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

CAISO PG&E Sutter Power Plant 
(Continued) (Concluded) Tesla Power Project 
  The Geysers 
  Tracy Project 
  Trinity 
  Turlock 
  Vaca-Dixon Peaker 
  Victory Garden I 
  Wadham Energy Limited Partners 
  Watsonville Cogeneration Pa 
  Wheelabrator Shasta 
  Yuba City Cogeneration Part 
 RVSD  Green Power I 
  San Gorgonio (Mountainview) 
 SCE   Ace Cogeneration Plant 
  Aes Placerita Incorported 
  Alamitos 
  Alliance Century Peaker 
  Alliance Drews Peaker 
  Altech Energy Ltd Iii 
  Arco Placerita Cogen 
  Arco Wilmington Calciner 
  Artesia Project 
  Biogen Power Inc 
  Bishop Creek 3 
  Bishop Creek 4 
  Blythe Energy Power Plant P 
  Cabazon Resource Recovery P 
  Cabazon Wind Farm 
  California Peakers 
  Carpinteria 
  Carson Cogeneration Co. 
  Container Corp Of America 
  Cool Water 1 
  Cool Water 3 
  Corona – O’Brien Biogas 

  Coyote Canyon Steam Plant 
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Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

CAISO SCE Delano Energy Co. Incorp. 
(Continued) (Continued) El Segundo Refinery 
  Etiwanda 
  Federal Cogeneration Plant 
  Flowind Tehachapi 
  Fullerton 
  Hanford Energy Park 
  High Desert 
  Huntington Beach 
  Indigo Energy Facility 
  Kern River Cogeneration  
  Lancaster  
  Long Beach 
  Long Beach 
  Mecca Plant 
  Mesa Wind Developers 
  Midway Sunset Cogeneration 
  Mojave 18 
  Mojave Cogeneration Co. 
  Ontario Cogeneration Inc 
  Ormond Beach 
  Oxnard Power Station 
  Penrose 
  Puente Hills Energy Recover 
  Redondo Beach 
  Rhone-Poulenc Dominguez Pla 
  Riverside Canal Power Co (A 
  Salton Sea Unit #4 
  San Bernardino (Focal) 
  San Gabriel Cogeneration 
  San Gorgonio Farms Wind 
  San Gorgonio Windplant 
  San Onofre 
  SCTI/ Power Pak 
  Second Imperial Geothermal 
  SEGS II 

  Swanmill Windfarm 
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Table B-1:  List of Generator Buses Selected for Analysis 
Area  Company Generator Bus 

CAISO SCE Tehachapi Windplant 
(Concluded) (Concluded) Toyon 
  Viking Windfarm Ii 
  Watson Cogeneration Co. 
  Wheelabrator Norwalk Energy 
  Wintec Limited 
 SDGE  Calpeak Border 
  Calpeak El Cajon 
  Calpeak Enterprise #7 Project 
  El Cajon 
  Encina 
  Escondido 
  Kearny (NRG) 
  Larkspur Energy Facility 
  Miramar 
  Miramar Landfill 
  Mission Peaker 
  Naval Station Energy Facility 
  North Island Energy Facility 
  NTC/MCRD Energy Facility 
  Otay Mesa 
  Palomar (Sempra) 
  Patio Test Cell Solar Turbine 
  Prima Deshecha Landfill 
  South Bay 
 SNCL Gianera 
  Grizzly Powerhouse 
 TID Don Pedro 
 VERN  Vernon (Vern) 
Northwest Region PACNW Klamath Falls 

 



           Rumla, Inc. 

 

201108191006 -95-  

APPENDIX C: 

Resume 

Mohamed M. El-Gasseir, Ph.D. 
Principal 

Dr. El-Gasseir is the founder and principal of Rumla, Inc.  Dr. El-Gasseir’s areas of expertise 
include: 

 Market analysis, simulation and stochastic (market-clearing) price forecasting for risk 
management and due diligence applications in restructured environments 

 Design and evaluation of competitive (bid-based) procurement of wholesale power 

 Contract design and negotiation support for purchase power and/or sale 

 Developing market-based mechanisms for bilateral trading of price-induced load 
reduction commitments 

 Assessing ISO/RTO functions, services and products, and associated budgeting and 
administrative charge practices 

 Expert testimony on power industry restructuring, institutional changes, retail 
competition, bulk power transactions, generation, transmission and distribution planning, 
and technology assessment 

 Integrated (generation and T&D) cost effectiveness studies of alternative generation 
investments in central power plants, distributed resources and DSM options 

 Probabilistic risk assessment applications 

Dr. El-Gasseir holds a Ph.D. degree in Energy and Resources from the University of California, 
at Berkeley where he also lectured on power engineering.  His work was published in Science 
Magazine and Public Utilities Fortnightly.  He lectured in numerous power industry forums on 
topics ranging from price spikes to transmission planning.  

Representative Experience 

 Due diligence analysis of the financial risks facing a proposed power project investment in an 
unstable market environment on behalf of a major lender 

 Assessment of wholesale and retail markets for distributed gas-fired generators 

 Audit of electric power trading and risk management practices (including gas procurement 
hedging) for a major public utility 

 Evaluated fuel (gas) procurement and risk management practices of utilities 

 Advising a major Midwestern transmission owner on the valuation of its transmission assets 
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 Developed alternative cross-donut (EHV) transmission expansion plans for the Western 
Interconnection region as part of an initiative sponsored by the Western Governors 
Association 

 Conducted a performance audit on post-restructuring purchase power practices of Pacific Gas 
and Electric Power Company for the California Public Utilities Commission (CPUC) 
(testimony before the CPUC) 

 Designed audit methodology of California Investor-Owned Utilities (IOUs) transactions with 
the California Power Exchange for the purpose of verifying direct access credit payments to 
energy service providers 

 Evaluated IOU-proposed transmission loss factor estimation techniques based on the ISO’s 
Generator Meter Multipliers methodology (testimony before the CPUC) 

 Assessed the impacts of ISO-proposed changes to congestion management methods and 
procedures on future market clearing prices for a major regional power marketer 

 Designed a novel market-based mechanism for bilateral trading of price-induced load 
reduction commitments for a major U.S. utility 

 Examined the transmission and distribution systems outage records of more than 20 U.S. 
utilities and assessed the value-of-service implications of mitigating future outages in these 
systems 

 Developed auction strategies and rules for procuring wholesale Standard Offer service to 
meet customer-load obligations of New England investor-owned utilities (testimony support) 

 Design of C/C++ based software package for daily tracking and statistical analysis of 
California Power Exchange market clearing prices 

 Assessment of ISO administrative charge tariff design and unbundling practices 

 Contract language development for 500 to 1,000 million dollars procurement of replacement 
power to meet post divestment needs of investor-owned utilities. 

 Developed and applied a forecasting methodology to project (transmission-constrained) bus-
level and zonal post-restructuring wholesale power market prices for the WSCC area 
(sponsored by a consortium of power marketers, industrial customers and utilities) 

 Review the risk management practices of a gas/electric utility 

 Evaluated alternative pricing structures for energy commodities and wheeling services on 
behalf of California industrial direct access customers 

 Evaluated the system reliability impacts of the generation divestment plans of a major U.S. 
utility and the consequences of the impacts on contract-reliability requirements for 
replacement power purchases 

 Designed auctions for the procurement of wholesale Standard Offer service to meet 
customer-load obligations of an investor-owned utility (testimony support)  

 Formulated and evaluated alternative functional and operational separation strategies to 
facilitate developing transitional (phase-in) plans for transmission owners of a major 
Canadian utility 



           Rumla, Inc. 

 

201108191006 -97-  

 Assisted state regulators in formulating workable deregulation/restructuring policy principles  

 Evaluation of competitive bids for wholesale power supply 

 Evaluated the plans of a municipal utility for phasing in direct access services, restructuring 
retail rates and divestment of its generating facilities assets  

 Supported the re-negotiation of the Columbia River Down-Stream Benefits contract 

 Developed contract language for standard utility offers in a competitive bidding arena for 
qualifying facility projects (testimony before the California Public Utilities Commission) 

 Contributed to policy decisions on key provisions of regional transmission tariffs in 
California, New England and Canada (e.g., load-based vs. functional access fees and 
incremental vs. average transmission loss compensation) 

 Analyzed and evaluated contract performance of major utilities involved in a long-term 
multi-lateral contractual complex for the sale, exchange and banking of electricity (litigation 
support) 

 Assessed adequacy of modeling techniques for a changing regulatory and business 
environment 

 Forecasted transmission and distribution transfer capability and future congestion in WSCC, 
ECAR, PJM, and SERC regions 

 Created economic assessment techniques for integrating transmission and distribution 
investments with distributed generation acquisitions 

 Assessed utility retail market share erosion due to on-site generation 

 Estimated average and marginal real and reactive power losses over transmissions and 
distribution circuits and substations 

 Evaluated U.S.-Canada Free Trade Agreement impacts on power trade 

 Designed rules and regulations for utility purchases of independently generated power  

 Assessed reliability/reserve margin needs of Arizona, California, Michigan, New England, 
New Jersey, Nevada, New Mexico and Texas utilities 

 Developed and applied a methodology for evaluating the benefits of the Pay-As-You-Drive 
(PAYD) auto insurance system (testimony before California Energy Commission) 

Selected Publications, Reports and Workshops 

 “The Role of Transmission Pricing & Management in Precipitating the Current Crisis in 
California 
& Prospects for Reform”, Transmission Grid Expansion and System Reliability Conference 
II:  Focus on Pricing, May 24, 2001, Denver, Colorado 

 “California’s State Takeover of Transmission Assets”, Transmission Grid Expansion and 
System Reliability Conference I:  Focus on Regulation, May 21, 2001, Denver, Colorado 
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 "The Problems of Modeling Transient Energy Markets", Electricity Market Pricing 
Conference, Vail, Colorado, August9-10, 1999 

 “Transmission Development in the U.S. and Implications for Canadian Providers”, 
Electricity ‘99 Conference, Canadian Electric Assoc., Vancouver, BC, March 29, 1999 

  “Working with Transmission Loading Relief (TLR) to Prevent Future Supply Problems and 
Relieve Congestion on the Grid", Infocast Workshop Conference on Congestion 
Management, Washington, D.C., March 25, 1999 

 “Analyzing the Potential for Price Spikes", Infocast Workshop Conference on Congestion 
Management, Washington, D.C., March 25-26, 1999 

 “Implications of ‘Super’ ISOs for the Business Strategies of Power Market Players”, Infocast 
Conference on Congestion Pricing & Tariffs, Washington DC, September, 1998 

 “System Operation Models for an Open Market: A Framework and Case Study”, presented at 
the Annual Brazil Utilities Conference, Brazil, May 1998 

 “Atlantic City Electric Company Audit of Stranded Costs: Final Report”, with Barrington-
Wellesley Group, prepared for New Jersey Board of Public Utilities Docket No. 
EO97979456, December 1997 

 “Access Fee Consolidation Proposal for the Western Interconnection”, presented at Western 
Regional Transmission Association, Salt Lack City, July 1997 

 “Distributed Technologies Characterization And Assessment Phase Two Report: Assessing 
Local Area Integrated Planning Of Distributed Generation, Storage And Demand Side 
Management Investments For Deferring Planned Distribution System Upgrades”, prepared 
for Detroit Edison Company, December 1995 

 “Dispatchable Distributed Generation Characterization And Assessment For Long Island 
Lighting Company”, prepared for the Long Island Lighting Company, November 1995 

 “DISTRIBUTED GENERATION: Implications for Restructuring the Electric Power 
Industry”, Public Utilities Fortnightly, June 15, 1995 

 “Distributed Generation Characterization and Assessment for San Diego Gas & Electric”, 
prepared for the Electric Power Research Institute (EPRI), October 1994 

 “Distributed Resources Assessment in the Service Territory of Anza Electric Cooperative”, 
prepared for the Electric Power Research Institute (EPRI), October 1994 

 “Distributed Generation Assessment for Azienda energetica municipale of the City of 
Milan—Phase I: Siting and Technology Screening for High Value Applications”, prepared 
for the Electric Power Research Institute (EPRI), October 1994 

 “Distributed Generation Utility Case Studies” Lessons Learned and Research Needs”, 
presented at the EPRI Research Results and Utility Experience—Distributed Utility 
Valuation conference in Baltimore, MD, March 1994 

 “Distributed Generation Assessment Guidelines—A Market-Based Framework for 
Evaluating High-Value Applications”, prepared for the Electric Power Research Institute, 
December 1993 
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 “Distributed Generation Assessment, Evaluation, and Practice Program—Dis-Gen Practice”, 
prepared for the Electric Power Research Institute (EPRI), November, 1993 

 “Assessment of the Benefits of Distributed Fuel Cell Generators in the Service Areas of 
Central & South West Services, Inc.”, prepared for the Electric Power Research Institute 
(EPRI), October 1993 

 “Carbonate Fuel Cells and Diesels as Distributed Generation Resources—Economic 
Assessment of Application Case Studies at Oglethorpe Power Corporation”.”, prepared for 
the Electric Power Research Institute (EPRI), October 1993 

 “Distributed Generations: Assessing High-Value Utility Applications”, presented at EPRI 
conference New Orleans, Louisiana, September 1992 

 “Molten Carbonate Fuel Cells as Distributed-Generation Resources: Case studies for the Los 
Angeles Department of Water and Power”, prepared for Electric Power Research Institute 
(EPRI), May 1992 

 “Recent Developments Affecting Canadian Energy Exports to California and Other U.S. 
Markets”, presented at the North American Electric Power Generation Demand for Canadian 
Natural Gas in the 1990s Conference, November 1991 

 "Need Assessment of the Tondu Cogeneration Facility", Independent Power Corporation, 
Testimony before the Michigan Public Service Commission, December 23, 1986 

 "Long-Term Projections of Avoided Energy Costs" for Pacific Gas and Electric Co., IPC, 
Prepared for Combustion Engineering Inc., December 12, 1986 

 "Analysis of the Cost Competitiveness of Coal-Fired Electric Generation Vs. Purchase 
Power" for the Arizona Electric Power Cooperative, IPC, November 1986 

 "Brief of the Nevada Mining Association, Before the Public Service Commission of 
Nevada", Docket No. 86-701, October 23, 1986 

 "Supplemental Testimony of IPC on behalf of the Nevada Mining Association, before Public 
Service Commission of Nevada", Docket # 86-701, Sept. 22, 1986 

 "Testimony of IPC on behalf of The Nevada Mining Association, Before the Public Service 
Commission of Nevada", Docket No. 86-701, September 10, 1986 

 "Pacific Gas and Electric System Operation Characteristics and Effects on Geothermal Steam 
Prices and Revenues", IPC, Prepared for Graham & James, July 22, 1986 

 "Baseline Projections of Avoided Energy Costs and Incremental Energy Rates for 
California's Investor Owned Utilities", prepared for Pacific Lighting Energy Systems, June 
17, 1986 

 "General Assessment of Trends in Cogeneration Fuel Prices, Avoided Costs and Retail 
Electric Rates of the Pacific Gas and Electric Company 1986-2000", prepared for Chevron 
USA, April 11, 1986 

 "Projection of the Likely Range of Incremental Energy Rates and Avoided Energy Costs of 
Pacific Gas and Electric Co.", prepared for Signal Capital Corporation, Oct. 22, 1985 
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 "Projected Prices for Pacific Gas & Electric Company Geothermal Steam at the Geysers 
1986-2000", Independent Power Corp., for Kidder, Peabody & Company, Oct. 18, 1985 

 "Initial Assessment of the Avoided Energy Costs of Pacific Gas and Electric Company and 
Southern California Edison", for Power Systems Engineering, Inc., Sept. 10, 1985 

 "Review of Calif. Utility Fuel Price Forecasts", for Signal Capital Corp., Sept. 5, 1985 

 "Projected Prices for Pacific Gas & Electric Co. Geothermal Steam at the Geysers 1986-
1995", IPC, Prepared for Chevron Resources Company, August 29, 1985 

 "Desk-Top Computer Modeling for Electric Utilities; A Survey of Hardware/Software 
Compatibility", SERA Report No. 85-190, January 1985 

 "Tension Leg Inservice Non-Destructive Examination System Phase II Reliability Study:  
Reliability and System Effectiveness Assessment", Final Report to Sigma Research 
Inc./Conoco U.K. Ltd., SERA No. 84-181, November 1984 

 "Review of Centaur G Prime Reliability Analyses for the Radioisotope Thermo-electric 
Generator (RTG) Safety Study for the Galileo and International Solar Polar Space Mission:  
Addendum to Review of Shuttle/Centaur Failure Probability Estimates for Space Nuclear 
Mission Applications", Report for Teledyne Energy Systems, Inc./Air Force Weapons 
Laboratory, SERA No. 84-146, September 1984 

 "Review and Analysis of the Nevada Power Company 1984-2004 Resource Planning 
Submittal" Report to the Public Service Commission of Nevada and the Nevada Office of 
Consumers' Advocate, SERA No. 84-155, August 1984 

 “Review and Evaluation of the Sierra Pacific Power Company 1984-2004 Resource Planning 
Submittal”, Report to the Public Service Commission of Nevada and the Nevada Office of 
Consumers' Advocate, SERA No. 84-152, August 1984 

 "Analysis in Support of Assessment of BPA's Short Term Rates and Load Balances", Report 
to Southern California Edison, SERA No. 84-126, March 1984 

 "Electric Utility Demand Forecasting and Resource Planning in Nevada:  A Review of State-
of-the-Art Methods and Recommendations for Regulatory Oversight", SERA No. 83-103, 
December 1983 

 "The Legislative and Contractual Framework for Power Transactions in the Pacific 
Northwest", Report to Southern California Edison Co., SERA No. 83-91, Sept.  1983 

 "An Analysis of the WPPSS 3 Delay Decision by the Bonneville Power Administration", 
Report to the Southern California Edison Company, SERA No. 83-85, August 1983 

 "Feasibility Study of a Wood-Fired Electric Power Plant", Report to Shearson/American 
Express, SERA No. 83-79, August 1983 

 "On the Bonneville Power Administration 1983 Proposed Wholesale Power Rates", Report to 
Southern California Edison company, SERA No. 83-67, July 1983 

 "Pacific Northwest Electric Power Planning:  Limitations & Opportunities”, Report to 
Southern California Edison Company, SERA No. 83-51, May 1983 
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 "Energy and the Fate of Ecosystems", the report of the Ecosystem Impacts Resource Group 
of the Risk/Impact Panel of the Committee on Nuclear and Alternative Energy Systems, 
National Research Council (National Academy Press, Washington, D.C., 1980) 

 Book Review: Water in Synthetic Fuel Production, The Technology and Alternatives, R. F. 
Probstein and H. Gold, Water Resources Bulletin, V. 15, No. 5, pp. 1477-1478, October 1979 

 Harte, J. and M. El-Gasseir, Energy and Water, Science 199:  623-624, Feb. 10, 1978 
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Principal Areas of Professional Expertise 

 Model design and implementation for the evaluation of competitive (bid-based) procurement/sale of 
wholesale power generation. 

 Emission inventory development including source identification, activity data collection, emission 
factor and documentation. 

 Evaluation of commodity prices and transmission congestion in restructured electricity markets 

 Design and implementation of large-scale databases for regional market-clearing prices 

 Analysis of administrative charge budgets and tariffs of operating U.S. ISOs and the California Power 
Exchange 

 Development and coordination of emission inventory and sources modeling for air quality assessment 
and control strategies evaluation (covering ozone, visibility and acid deposition) 

 Characterization of chemical composition of alternative fuels and evaluation of the effects of fuel 
additives on the chemical composition and reactivity of base fuels 

 

Representative Experience 

 Designed an algorithm for downloading and analyzing California Power Exchange Day-Ahead hourly 
loads and market-clearing prices 

 Surveyed U.S. ISO grid management/administrative charges structures and underlying revenue 
requirements 

 Applied GE MAPS (Multi-Area Production Simulation) software to examine the effects of 
restructuring (including California) and merger/acquisition projects on market clearing prices and 
transmission congestion in the WSCC and ECAR regions 

 Conducted mark-to-market assessments of competitive standard offer service contracts 

 Performed peer review of the emission inventory development and processing procedures established 
and in use by the Texas Commission on Environmental Quality (formerly known as the Texas Natural 
Resources Conservation Commission) for electrical generating units (EGU) and other stationary 
sources of air pollutants. 

 Conducted bottom-up inventory development of point and area emission sources in the Douglas, 
Arizona/ Aqua Prieta, Sonora Mexico area.  Pollutants of interest included ozone precursors, 
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particulate matter and oxides of sulfur.  The resulting NEI-formatted emissions data was processed 
for input to a grid-based air quality model. 

 Conducted bottom-up inventory development of point and area emission sources for the Tucson, 
Arizona air basin. Pollutants of interest included ozone precursors and particulate matter.  The 
resulting NEI-formatted emissions data were processed for input to the air quality model 
SMOGMAP. 

 Constructed a California-wide database for generating facilities operating characteristics and marginal 
cost determinants 

• Design and development of an MS Windows-based application known as EDBsys (Emissions 
Database System).  EDBsys consists of a chemical composition database and processing units, which 
prepare air-borne emissions data for regulatory analysis.  Rumla, Inc. has recently developed this 
software package for the Fuels Regulations & Emissions Technology Division of the Chevron 
Products Company. 

 Forecasted near and long-term gas and electricity commodity prices (monthly and annually for gas 
and hourly through multi-year periods for electricity) 

 Monitored meetings and activities of California's ISO and Power Exchange committees and the 
Scheduling Coordinator's Users Group 

 Analyzed costs associated with proposed emission control alternatives in support of the revised 1997 
National Ambient Air Quality Standards 

 Reviewed past, current, and future emissions levels of methane and other gases.  Recommendations 
for revisions to projection methodology were identified and documented 

 Air quality analysis for major oil company involving on-call expertise associated with air emission 
inventory development 

 Cost analysis of proposed emission control alternatives in support of the revised 1997 National 
Ambient Air Quality Standards 

 Reviewed past, current and future emission levels of methane and other gases and recommended 
revisions to the projection methodology used 

 Extensively prepared the emissions input to atmospheric chemistry models including the Urban 
Airshed Model (UAM-V) and the Regulatory Modeling System for Aerosol Deposition (REMSAD) 

 Developed the particulate matter air emissions inventory for the Maricopa County PM10 Non-
attainment Area, addressing all components including point, stationary, on-road and non-road mobile, 
and biogenic sources 

 Participated on the Ozone Transport Assessment Group (OTAG) Biogenic Ad Hoc committee created 
to review and critique technical aspects of the different versions of EPA’s Biogenic Emission 
Inventory System (BEIS) 

 Managed the development of an ozone precursors emissions inventory from specified source 
categories for the Houston/Galveston and Beaumont/Port Arthur Non-attainment areas as well as 
development of an emissions inventory from oil production related activities and other sources in the 
central and western outer continental shelf areas of the Gulf of Mexico 

 Developed a statewide marine pleasure craft inventory for the California Air Resources Board; 
inventory development included extensive survey activities and addressed spatial and temporal 
information as well as quantifying emissions 
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 Assisted in the development and processing of emissions for air quality modeling in various European 
cities and Taiwan 

 Designed and implemented the initial EPA UAM Emissions Preprocessor System and the current 
version known as EPS 2.0 

 Under contract with the United Nations and the World Health Organization, designed and 
implemented an expert database management system to facilitate the development of bottom-up 
emission inventories in developing countries 

 Enhanced and documented the visibility model, VISCREEN, for the National Parks Systems 

 Enhanced a model (TRFCONV) for estimating on-road mobile emissions based on a transportation 
model link output for Phoenix, Arizona and Las Vegas, Nevada 

 

Academic Background 

 BS in applied mathematics, California State University, Sonoma, 1980 
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