Notes on PowerWorld Runs

Some of the benefits of Grid West derive from the use of the PowerWorld transmission-usage model to estimate the economic benefits of redispatch in the consolidated and unconsolidated cases.  While there is likely to be a benefit from consolidating control areas in terms of usable transmission capacity, there is a serious question as to whether the valuation of that benefit is accomplished by the PowerWorld analyses performed by PacifiCorp and the Grid West team.

PowerWorld is recognized as a good model for measuring power flows from points of injection to points of withdrawal across the existing transmission system.  However, the transmission-flow component is only part of the redispatching analysis that the model is being drafted to perform.  As described below, the remaining analyses may be well beyond PowerWorld’s capabilities.  

The analysis takes 8 hours (now 7?) during the year to represent flows on the system in both heavy- and light-load hours.  There are four seasons and two diurnal conditions—on and off peak—to form eight categories.  The PowerWorld analysis assumes that the interchange schedules for those hours (as developed by WECC) are invariant across the West between the consolidated and unconsolidated cases.  It assumes, furthermore, that the “opportunity cost” of hydro does not change across those categories (I don’t think this is true, as we eventually used Dow Jones averages for each season).   For extrapolation to 8760 hours, the PacifiCorp and Grid West staff analysts assume that the single hour in a season/time-of-day pair applies to all the hours in that season/time-of-day pair.  

For the reasons cited below, the result is that the benefits are likely to be significantly overstated. The shortcomings of the model results occur in several areas:

Extrapolation of 7 or 8 Hours to Represent 8760 Hours

The analytical effort assumes that a one hour look at the system can be used to represent up to 1648 hours of the year—in this case, for a heavy-load-hour summer period.   That is, whatever happens in that one hour would be indicative of all other hours in that category, with no change in other schedules.

Two major difficulties are apparent from the results—the continual injections of power into hydro reservoirs for up to 1648 hours for a season/time-of-day category.  Alternatively, there is a continual withdrawal of power from reservoirs for the amount of time in a category.  If the model shows that BPA purchases power in the representative hour at an assumed “opportunity cost”, it will purchase that amount in all the hours of that period.  For example, in one run shown to the Risk / Reward group, BPA purchased 1500 MW of power and stored it in its reservoirs.  If that number is indicative, say, for 1648 hours, BPA would be putting almost 2.5 million MWh of electricity into its reservoirs in a seasonal category.  There is a significant unanswered question as to whether or not this can be done.  If not, then the analytical results would have to be discounted.  I don’t believe that we assume it will be stored – instead, we assume a hydro price that would warrant storage, and eventual “cashing in” of that water through sales to CA.  In that case, the water would be run through the river and reservoirs would be available for further storage.  But what we are really doing is assuming that the benefits are representative of what might be realized for GW in certain seasons – not that the system will be operated in exactly the same way every hour.

Continual withdrawals from hydro are even more problematic.  Under partial results shown to RnR members, BPA was selling power from its reservoirs—apparently in off-peak hours.  The daily withdrawal from reservoirs would have a severe impact on BPA’s ability to meet load, as perhaps hundreds of thousands of MWhs of energy is used up for redispatch in a seasonal category.  


In short, using a representative hour without looking at the consequence of the hour on cumulative hydro injections and withdrawals—on both reservoir levels and succeeding period power prices—is not likely to produce a reasonable result.  [The model does not calculate power prices, however, nor does it calculate the interchange results of changes in those power prices.]
Other Feasibility Issues

There are other issues related to hydro storage that cause the redispatch results to be overstated.  


First, the ability to store in reservoirs is dependent on hydroelectric conditions.  In heavy runoff periods in wet years and in the spring/summer, there may be no ability to store at all.  Any model results that rely on storage for those conditions is simply inapplicable.  In these cases, we would look at the low-cost hydro runs to estimate benefits.  

Second, if reservoirs are full and water is being reserved for use later in the year, there may be no ability to store—making inapplicable the PowerWorld results—even if power prices are high.  Thus, PowerWorld analytical results when reservoirs are being held high for later regional purposes, say after August 15th,  are likely to be significantly overstated.  

Third, water sold in the redispatch market from full reservoirs would have to be replaced.  The replacement costs are not included as a redispatching offset.  I disagree, as the opportunity cost reflects estimates of replacement costs.  

Fourth, if the system is having problems with minimum flows, such as in late summer, then additional releases may not be possible.  Once again, you model this with appropriate prices.  


Fifth, flows required to meet environmental needs may preclude use for other purposes.  This would be reflected in the min and max generation for dams.  It is impossible to predict where this will happen on any given year – I’ve tried to get PBL to do this.  This is something that should be explored and revised (the min and max numbers) for the next go-round.

Sixth, the 8 hours chosen to represent 8760 hours a year are based upon an assumption of water conditions that, based on the historical record, have significant variability.  How applicable the 7-hour results are to 8760 times 70 years is an open issue.  I don’t think there is a model out there that can predict this variability – that is why we have tried to capture average conditions.  The inability to precisely model hydro should not paralyze Bonneville from any action.

Seventh, it is not clear that the reservoir injections used in the analysis on any one day reflect other reservoir limitations.  That is, if the model assumption allows 1500 MWs to be added to a reservoir, but the limitation is 600 MW, then the result would not be accurate.  I believe this is reflected in the min and max generation limits on each unit.

In short, an adequate analysis would need to look at a minimum to the hydro conditions within a typical water year and across a range of water years.
Misapplied Opportunity Costs

The analysis is based upon an assumption of the opportunity cost of storing or using hydro.  [There are no market prices within PowerWorld.  Actually there are, we just aren’t using them]  The opportunity costs for the on-peak analyses is generally higher than for the off-peak opportunity costs for like seasons in the PowerWorld model.  While prices on-peak are generally higher than off-peak, the opportunity cost of holding or releasing water is just the reverse.  I would propose that the opportunity cost may be the same in on and off peak, given that opportunity costs are determined based on expected prices further out than 1 day.  Even if you are correct, then you can just switch around the results for the prices that were run and re-sum them.  

The cost for generating power in the off-peak period would be the missed opportunity to have it available for on-peak usage, which would normally be more valuable.  Similarly, the opportunity cost of  reserving power for off-peak generation would likely be low, because nighttime generation is generally less valuable than daytime generation.

In short, one would expect the analysis to use a higher opportunity cost during off-peak than on-peak periods—exactly the opposite of what was assumed.  Indeed, buying power off-peak for sale on-peak the next day is a common regional practice for hydro owners.  The partial results that PacifiCorp and Grid West staff have produced appear to show that BPA would be buying power on peak and selling it off-peak.

Impacts of Fixed Interchange Schedules

The assumptions of fixed interchange schedules derived from WECC’s eight representative hours further limits the analysis.  First, the interchange schedules and implied reservoir levels for the 8 hours reflect only one of the, say, 70 water years for those 8 hours.  [PowerWorld is unable to reflect reservoir conditions.]   A wetter or dryer water year for those 8 hours would produce very different interchange schedules.  I do agree that we need to collect better data – I believe that SSG-WI is working on this.  But we just don’t have this data – does that mean that we shouldn’t do any scoping analyses?

Second, the common practice of buying power in the off-peak hours for sale in the on-peak hours in the future can only be changed through the redispatch model, not from market purchases, because additional market purchases that take place today when reservoir capacity is available cannot be accommodated through the same invariant interchange schedule.  Thus, what appears to be a benefit of redispatch may not exist, because the hydro operator may already have used market purchases to accomplish what the analysis says will be a model result.  That is, the analysis benefit may already have been captured, but cannot be shown because of the fixed interchange schedule assumption.  I’m having trouble following this one.
