BEopt 1 approach (Instantaneous)
The maintenance factor is only ever applied to the existing (pre-retrofit) option. The maintenance factor used is the instantaneous value given the option’s age, and is used in the actual DOE2/E+ simulation. This instantaneous value is used in the derated display value.
Problems: The maintenance factor for the existing option does not reflect the continued degradation over the remainder of its lifetime. Also, maintenance factors are not applied to new construction or post-retrofit options.
BEopt 2 approach (Time-averaged)
The BEopt 2 approach will fix the problems with the BEopt 1 approach without introducing any new capabilities. To do so, the BEopt 2 approach will:
1. For existing options, an average maintenance factor will be calculated based on the age and the remaining lifetime.
2. For post-retrofit options and new construction options, an average maintenance factor will be calculated based on the option’s lifetime (regardless of whether the option has remaining life beyond the analysis period).
3. Simulations will use these average maintenance factors (as before).
4. Derated display variables will reflect the average maintenance factor instead of the instantaneous value. Also, we will display different derated display values for, e.g., an existing SEER 13 AC (given its age/life) and the post-retrofit SEER 13 ACs (given their life).
Future approach? (Year-by-Year)
Ultimately, we may like to be able to display year-by-year energy and utility bill results reflecting the maintenance factors impact over time. We could do this by running simulations without any maintenance factor derates, and then post-process the end uses as appropriate, applying the instantaneous maintenance factor for the given year.
While we could then display the energy results for a given year given its year-specific instantaneous maintenance factor, we would not want to simply use these year-by-year results to calculate, e.g., source energy savings or average energy use because this result will be sensitive to the length of the analysis period. At the end of the analysis period, you may have an option that only has, say, 5 years worth of maintenance factors applied despite having a lifetime of 20 years (thereby seeing less derating than would be observed from a long-term perspective.)
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Therefore, when calculating source energy savings or average energy results, we would want to include a residual energy value (akin to residual value for costing purposes) that accounts for the fact that there would be larger derates beyond the analysis period given the option’s remaining lifetime.
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The residual energy can be positive or negative depending on the number of remaining years on the equipment (at the end of the analysis period) relative to its lifetime. A residual utility bill value could likewise be calculated based on the utility bills that would have occurred during the option’s lifetime beyond the analysis period.
However, it is not simple to calculate the yearly utility bills associated with these energy results. This is because the utility bills are currently calculated in the simulation engine itself (we do this because it is faster than post-processing 8760 data for, e.g., time of use or real-time pricing rates). Since we are post-processing the energy results after the simulation has run, we have no way to get the corresponding utility bills.
One hacky solution would be to take the ratio of energy use (for a given fuel type) between the derated and non-derated cases, and then apply this ratio to the fuel type’s utility bills. But this really isn’t correct for time-of-use or tiered rates.
We would also need to ensure that we can obtain the appropriate end use for any post-processing that we do. For example, would there ever be an end use we need to post-process but are unable to get from the simulation engine? Also, I believe we have some (admittedly, edge case) situations where the energy use attributed to a given technology shows up in one end use for DOE2 and a different end use for E+ (crankcase heating related?).
Also, I haven’t thought through whether providing monthly energy use or utility bill results to the user would pose a problem.
