Workshop  Agenda

Day 1 – September 14 - Economic Valuation of Transmission Additions – what we currently do 

1) Overview of market simulation tools

a. What these tools do and why we need them

b. Overview of available programs (GE-MAPS, ABB Market Simulator, Gridview, PROMOD, SDDP, PLEXOS, etc)

c. Simple three node example

d. Demonstration on a complex network using Power World

2) Load forecast data and load modeling

a. Data required: Monthly peak load, monthly energy, and hourly load shape

b. Calculation of hourly loads: development of hourly load forecast for the area and distribution to buses based on powerflow distribution. 

3) Modeling of transmission network and constraints

a. Full network modeling

b. Are transport models inadequate?

c. Paths

d. Nomograms

e. Modeling lower voltage limitations

f. What do we mean by “security constrained”?
g. Phase shifter and DC line control actions

4) Modeling of thermal generation

a. Variable O&M costs

b. Average heat rate versus average heat rate curve and marginal heat rate curve

c. Unit commitment, start-up costs, ramp rate

d. Annual maintenance scheduling

5) Program Outputs

a. Changes in production costs

b. LMP prices and shadow prices

c. Generation dispatches and capacity factors

d. Transmission loadings and limit identification

6) Identifying benefits

a. Benefits to load from changes in LMP prices

b. Benefits to generation from changes in LMP prices (consumer owned and merchant generation)

c. Benefits to transmission rights holders in changes in congestion revenues

d. Example of benefit calculation from a societal and individual entity’s

Perspective.

e. The effect of contracts on benefits

1. Generation contracts

2. Transmission contracts

7) Benefit Tests

a. Societal – Overall reduction in production and capital cost

b. Participant – From the perspective of the entity funding the transmission project and its users 

c. Should generation revenue be included (competitive revenues and market power revenues)

8) Assessing the ability of new transmission to mitigate market power

a. Bid adders 

b. Residual supply index (RSI) models

c. Game theory models

d. The effect of generation contracts on market power

e. The effect of transmission contracts on market power

Localized market power (i.e., a generator on the San Francisco peninsula)

9) Interpreting the results of the TOPS studies

Overview of Example Case Study  

Day 2 – Transmission Oriented Market Simulation Programs – what we may need to do in the future.

Transmission Oriented Market Simulation Programs – opportunities for improvement

10) Modeling Uncertainty:  Our models do a poor job of reflecting the price volatility that results when resources are sub-optimally acquired, scheduled and dispatched.  The traditional approach for dealing with uncertainty is to analyze alternative scenarios that assume a range of possible future conditions for loads, hydro, fuel prices, etc. and to weight those outcomes by their probability of occurrence.  However, this technique fails to simulate the real world uncertainties associated with the key decision variables that affect the many allocation decisions planners and system operators must make on a routine basis; in particular, the decision variables that affect the longer term allocation decisions, e.g., resource acquisitions, hydro storage, annual maintenance and unit commitment.  These decisions are based on “forecasts” of the decision variables – forecasts that lack perfect foresight.  Simply stated, our models fail to over or under build, misallocate hydro storage, sub-optimally schedule annual maintenance or under-commit generation and as a result our models may not be producing realistic swings in prices. What are the major decision variables that affect these longer-term decisions?  How would one go about simulating a forecast of these decision variables?  How would one use this information to make more realistic decisions within our models? What are the technical challenges?     

11) Resource expansion-modeling:  Transmission expansion decisions affect resource acquisition decisions and vice-a-versa.  The traditional approach for dealing with resource expansion is to analyze system operations under a variety of alternative resource acquisition strategies.  However, deciding where to build, how much to build and what to build can dominate the economics of a transmission study and leave the analyst in the unenviable position of not being able to compare the reliability benefits afforded by each expansion scenario.  Should our transmission models have the capability to simulate resource expansion or should we continue to rely on scenario analysis?  However, incorporating system expansion logic in our models is not a simple task. System expansion decisions are, in reality, long-term, location dependent decisions that are based on long run “forecasts” of key decision variables, e.g., long-term load growth, fuel prices, capital costs, maintenance costs, locational marginal prices and projected capacity factors.   Could these streams of forecasted LMPs and capacity factors be computed dynamically and made available to the model’s internal acquisition logic?  How would the resource adequacy criteria be incorporated into the system expansion logic?  Would a probabilistic LOLP or LOLE reliability criteria be practical?  Given the complexity of the problem should we even try to simulate resource expansion?  

12) Modeling Bus Bar Loads:  The existing methodology for estimating hourly bus bar loads is a complicated and arcane process that fails to capture the normal temporal and spatial variability of bus bar loads or the extreme conditions we might expect to see over time horizons of up to 20 years.  Do we need to formally integrate bus-level forecasting with system-level load forecasting?  In addition, no attempt is made to correlate bus bar load data to weather related hydro inflow, runoff and wind data.  How can bus bar modeling methodology be improved?

13) Market Simulation and Market Power Analysis:  Most existing models simulate perfect competition, which maximizes total social benefits. In reality, prices can exhibit much greater price volatility when firms attempt to maximize profits by withholding generation.  What do we mean by the term Nash-Cournot?  Why is it important to model behavioral effects?  How does one go about modeling strategic bidding behavior?  Is there a computationally efficient way to identify locational market power potential and to estimate the economic effect it has on the market?

14) Modeling Transmission:  Can transport algorithms do the job?  The AC power flow is the most accurate, yet it is complex, requires significant computational resources, and sometimes fails to converge.  The DC power flow captures the flow-based effects on limiting capacity in the network and can be used to calculate LMPs and congestion.  However, the DC power flow neglects voltage and reactive power flow constraints and the effects these constraints have on congestion, market power and energy prices.  What do we mean by “security constrained dispatch”?  Is the data available to model an AC power-flow?  

15) Modeling Hydro and Wind:  In SSG-WI’s most recent transmission expansion studies hydro and wind operation was hardwired and made insensitive to changes in bus bar loads, locational marginal prices and weather conditions.  Hydro and wind generation is a variable and localized phenomenon that can significantly affect the frequency and duration with which congestion and localized market power can occur.  Does it really make sense to optimize the hourly operation of every thermal unit in WECC while simply hardwiring the operation of every hydro site?  A more realistic approach would dynamically simulate random water, the longer-term storage decisions and hourly operation of a cascaded hydro system across a wide range of operating conditions. What are the technical challenges?  

16) Modeling Marginal Losses:  Marginal losses can create large LMP differentials that, when ignored, lead to inefficient dispatch and resource siting decisions.  How can marginal loss methodologies be incorporated within the OPF formulation?

17) Modeling Transmission-Generation Rights/Ownership and Existing Contracts:  One of the fundamental questions being asked of transmission planners is: “Who benefits and who pays for RTOs and transmission expansion projects”?  Do we need to do a better job of tracking these costs and benefits? With respect to property rights how detailed does the modeling need to be? 

18) Modeling: The “Curse” of Dimensionality:  Some existing modeling algorithms may be challenged by the huge dimensionality of the problem of simultaneously modeling large nodal networks of thermal generators, hydro plants, loads, transmission elements and storage reservoirs and their ownership, with hourly detail over periods of up to twenty years while representing all of the uncertain variables across many possible future scenarios.  Why is dimensionality such a problem?  Is LP the only approach?  Are there other ways to reach an equilibrium solution that minimize this troublesome problem?   
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