APPENDIX C_revised

Long-term Model Improvements

The following model improvements have been identified to increase the accuracy of existing production costing model simulations.  The SSG-WI Modeling Improvements Group will be pursuing the potential solutions listed below.   

Modeling Hydro

Opportunity for improvement:  Hourly hydro generation is a fixed input to ABB’s optimized power flow program (OPF) and is simply netted against the hourly bus bar load at each dam site.  

Hydro inputs are determined in the following manner: 

Step 1.  BPA, BCH, WAPA, CEC and PacifiCorp provided monthly average hydro generation at all major hydro sites assuming high, medium and low water conditions.  BPA’s data was derived from “Hydsim”, a hydro regulation model that simulates the monthly average generation at all federal and Mid-Columbia hydro facilities for various water and load conditions and subject to system operating constraints.   

Step 2.  The monthly hydro generation at each dam site was shaped into hourly data using a peak shaving algorithm that operates within each dam’s minimum and maximum constraint limits to serve the WECC’s system-wide hourly load shape.      

This two-step approach tends to flex hydro operations beyond operating limits, and is for all practical purposes, is blind to transmission constraints.  In addition, this approach creates a “rigid” dispatch scenario that does not interact in a dynamic manner with hourly OPF transmission constraints and thermal unit dispatch.     

In addition, chain-linking models is time-consuming and prone to error because the analyst must exercise great care to ensure that Hydsim, the peak shaving algorithm and ABB’s MarketSimulator are consistent with regard to model assumptions, loads, thermal displacement markets and transmission constraints.  

Potential Solutions:

The existing approach can be improved upon by:

1) Resolving proprietary issues and replacing the peak shaving algorithm with outputs from BPA’s Hourly Operation System Simulator (HOSS).    

2) "Tuning" the peak shaving algorithm, e.g., adjusting the monthly maximum and minimum limits until the algorithm produces hourly generation shapes that more accurately reflect actual operations. 

Future improvements might also include:

Incorporating regional cascaded multi-dam hydro regulation logic directly into the OPF formulation and simulating hydro operations with historical unregulated inflow data or synthesizing inflows that are derived from the historical inflow records and correlated across space and time.  

Modeling Wind Generation Characteristics

Opportunity for improvement:  The temporal characteristics of the wind resource at geographically specific locations has been poorly documented, and can not be easily modeled as an hourly time series of the nature needed for this study.  Each hour of the year was treated as a random event, with no correlation to the changes in wind at nearby locations or during prior time intervals.  

Potential Solutions:

Gathering additional historical data on site specific temporal characteristics of the wind, as well as developing more sophisticated models to simulate the performance of wind plants on an hourly basis, which would provide a more meaningful understanding of the impact that a non-dispatchable resource can have upon transmission congestion.   

Modeling Uncertainty

Opportunity for improvement:  The October 2003 Transmission Planning Study incorporated uncertainty by simulating the least cost hourly operation of the Western Interconnection for 2008 and 2013 across a limited set of pre-configured scenarios for resources, loads, fuel prices and hydro inflows. 

While this approach can provide useful insights into the relative costs and benefits of alternative scenarios, it does not incorporate the effects of uncertainty into the internal decision making logic of the model.  As a result, prices and quantities exhibit much less volatility than one would observe from historical data.  That’s because our models optimize with perfect knowledge of the future, while planners and decision makers actually operate in a world of imperfect knowledge.  

However, one our models can be re-designed to approximate decision making under uncertainty.  One approach would be to base the OPF model’s internal decision making logic on expected value forecasts of future conditions rather than on a point estimate of the model’s actual end-state value.  

Said another way: In order to simulate resource allocation decisions within any single scenario we really need to know the distribution of possible future outcomes across all possible scenarios. An example of such a LMP distribution is shown below.  

A more thorough treatment of uncertainty would compute and incorporate these distributions into the internal decision making logic of our models.  This decision making logic would include everything from unit commitment, to annual maintenance scheduling, monthly reservoir management and long term resource and transmission acquisitions.   



Potential Solutions:

It would improve the usefulness of the current approach to: 

1) Simulate a limited set of scenarios that more adequately represent the range of future possibilities using Latin Hypercube techniques etc.

2) Create a limited set of scenarios that are based on consistent input data, e.g., heating and cooling loads that are correlated to snow-pack and hydro runoff.   

3) Streamline and automate the entire study process of running multiple scenarios, which includes everything from configuring scenarios through data analysis and report writing.  

However, these are quick fixes and of limited value.   A more useful approach may be to incorporate uncertainty directly into the decision logic of our models as discussed above and to employ Monte Carlo simulation within the overall optimization process.  However, these techniques may be beyond the capabilities of existing tools (see below: “Curse of Dimensionality”). Hence, we may want to investigate and consider other modeling techniques and formulations.       

Modeling New Resource Acquisitions

Opportunity for improvement:  Transmission and generation are both substitutes and complements. The economic factors and reliability issues that drive transmission acquisition decisions will also affect resource acquisition decisions, and vice versa, so both strategies should be developed in a consistent manner so as to not introduce a bias in study results.  

For example, it is extremely difficult to “manually” create a consistent set of resource and transmission acquisition scenarios for a multiple scenario study in which fuel prices, capital costs, hydro inflows and load growth trajectories are continually varying over time.    

Potential solutions:

Hardwiring new resource capacity is a viable option when analyzing only a few scenarios and when the simulation is limited to a single year.  However, this approach becomes unwieldy and probably infeasible when the study horizon spans more than a single year or if we adopt a Monte Carlo approach in simulating uncertainty.  A more practical solution may be to allow the model to acquire new resource capacity based on long run system economics, maintaining a minimum reliability standard and resource operating and supply curve data.   

Modeling Bus Bar Loads

Opportunity for improvement:  The existing methodology for estimating hourly bus bar loads is a complicated and arcane process that fails to capture the temporal and spatial variability we would actually expect to see over time horizons of up to 20 years.   In addition, no attempt is made to correlate bus bar load data to weather related hydro inflow and runoff data.  

The existing methodology is also inflexible in that it is ill-suited for studying specific “events” such as extreme heat wave or cold wave scenarios.  

And to complicate things further, historical load data is proprietary and access is usually restricted.

Potential solutions: 

Bus bar loads are an important part of the dispatch equation so it is important that these data be modeled with the same degree of precision used in modeling transmission flows and hydro-thermal dispatch.  Hence we may want to explore the possibility of:

1) Improving access to historical data. 

2) Utilizing historical hydro inflow data and bus bar loadings that are synthesized from chronologically consistent historical weather/temperature year data.  
3) Stochastically synthesizing hourly bus bar loads and hydro inflows such that they are correlated across space and time. 

Modeling Game Theory and Market Behavior
Opportunity for improvement:  Most existing models simulate perfect competition, which maximizes total social benefits.  However, in reality, prices can exhibit much greater price volatility when firms attempt to maximize profits by withholding generation.

Potential solutions: Develop a better understanding of how economic equilibrium concepts such as proposed by Cournot and Nash work and incorporate these features into future models.    

Modeling Marginal Losses

Opportunity for improvement:  Marginal losses can create large LMP differentials that, when ignored, lead to inefficient dispatch and resource siting decisions.

Potential solution:  Incorporate marginal loss methodologies within the OPF  formulation.  

Modeling Transmission and Generation Rights/Ownership 

Opportunity for improvement:  Most existing OPF models do not have the capability to disaggregate area and nodal costs and benefits to the level of the individual market participants who own or lease property rights to existing and new generation and transmission assets.  

This means decision makers are limited in their ability to answer one of the most important questions being asked, i.e., Who are the winners and losers and how much are they impacted by any given resource allocation or operating decision?
However, tracking the flow of dollars with this level of precision significantly increases data collection efforts, proprietary data issues, modeling complexity and run times.  

Potential solutions:  The most commonly used approach for assigning costs and benefits to individual market participants is to make after-the-fact allocations of area or nodal benefits based on simple approximations and rules of thumb.

However this approach often leads to inaccurate and misleading conclusions.  Hence, we may want to identify the technical requirements and weigh the costs against the benefits of adding an ownership “dimension” to OPF modeling.





Modeling:  The “Curse” of Dimensionality
Opportunity for improvement:  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.  

Potential solutions:  To overcome this challenge several techniques are commonly employed: 

1. Reducing or “equivalencing” the electrical grid into a simpler representation. This technique allows the analyst to aggregate transmission lines, nodes, loads, generators as well as ownership.

2. Reducing the number of future outcomes or scenarios to a manageable number that can be analyzed with existing software and computer processing capabilities. 

3. Aggregating time intervals into fewer periods or blocks.

However, these techniques invariably reduce the resolution or precision of the results and compromise our ability to answer the detailed questions decision makers are asking.  

Hence, we may need to conduct a thorough review of the underlying methodologies and formulations, especially with respect to their practical ability to handle the huge dimensionality of this problem.  
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Uncertainty in:


hourly thermal outages


hourly hydro outages


hourly transmission outages 


short and long term bus bar loadings 


short & long term fuel prices   


short & long term precip/runoff             


long term changes in grid topology


long term changes in resource acquisitions 


planned maintenance scheduling 


reliability criteria


strategic bidding behavior                                           








�PAGE \# "'Page: '#'�'"  ��  “Boom-Bust” usually refers to construnction cycles.  This needs clarification.





