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Summary of Recommendations
1. The Joint IOUs propose to not include asset life impacts (either cost or benefit) 
2. Wear and Tear and Thermal Degradation are two modes of failure that DER can impact, either positively (increasing asset life) or negatively (decreasing asset life)
3. Characterizing how DER interact with the physical mechanisms of wear and tear and thermal degradation is highly complex.
4. Recent work suggests that these impacts depend on many factors, are directionally ambiguous (i.e. can be positive or negative), and are small (especially so for already-lightly-loaded equipment).
5. Asset life impacts, as defined here, are distinct from avoided O&M or distribution capacity deferral, despite earlier work on distribution capacity deferral that involved evaluations of equipment thermal thresholds.
6. The Joint IOUs will continue to explore asset life impacts of DER, both positive and negative, and provide any findings that may warrant revisiting the issue in the future.

Introduction and Background
The June 2017 Assigned Commissioner Ruling includes Item 12: “Explore asset life extension/reduction value provided by DERs” in its list of Group 3 (i.e. lowest priority) items for the LNBA working group to explore. Item 12 is included in a list of items whose “value proposition is speculative and potentially low; working group should only address these issues if time permits.”

The September 2017 DRP Track 1 Commission Decision; however, points to asset life extensions as a long-term LNBA refinement which could provide possible DER benefit that is not based on capital investment deferral. Based on this comment, it is appropriate for the WG to discuss this topic.

Distribution assets are removed from service for a variety of reasons:
1. Failure
· Manufacturing defects
· Environmental factors (e.g. corrosion, UV damage)
· Specific incidents (e.g. damaged by an impact)
· Wear and tear (moving parts are only designed for so many operations)
· Thermal Degradation (heat wave causes overloads and thermal break down) 
2. Obsolescence
· Old design no longer considered safe or functional for current needs (e.g., live front equipment no longer considered safe)
3. Redeployment 
· Transformers that are not at end-of-life that are replaced as part of a capacity upgrade are usually kept in stock and redeployed. (Note this is not a change in asset life, but an opportunity to defer installation of a new asset which is already captured in LNBA under the “distribution capacity” component.)

Wear and tear and thermal degradation are the only failure modes where DER could potentially have an impact, either positive (extending life) or negative (shortening life); hence DERs could only impact life for a subset of assets which are removed from service due to these modes of failure. While the physical bases for these two modes of failure are relatively well understood, the specific DER impacts are not fully characterized today.

The physical basis for wear and tear is fairly straightforward: devices that move, such as switches, wear down with each operation and eventually need to be replaced – hopefully not before they reach the cumulative number of operations that they’re designed for. DERs’ impact on the number of switching operations was examined in a 2015 California Solar Initiative funded study[footnoteRef:2] which found that increased penetration of distribution-connected solar PV would likely cause an increase in Load Tap Changer (LTC) operations. This effect was found to increase expected LTC operations across five sample feeders, but with significant variability: sometimes causing hundreds of additional operations per day, and sometimes causing just a few increased operations. Another 2015 study of eight generic feeders by U.C. Berkeley researchers[footnoteRef:3] found that PV had minor effects on in-line voltage regulator tap operations, with a minimal decline at lower penetrations and a more significant increase at higher penetrations. Voltage Regulators are typically designed to adjust their taps (switch) relative to load, therefore larger variability in loads downstream regulators will typically result in more operations.  [2:  Available here: http://calsolarresearch.ca.gov/images/stories/documents/Sol3_funded_proj_docs/UCSD/CSIRDD-Sol3_UCSD_TapOpsReduction_20151120.pdf 
 ]  [3:  Available here: https://arxiv.org/pdf/1506.06643.pdf ] 


The physical basis for thermal degradation is fairly well characterized for distribution transformers: prolonged exposure to high oil temperature (exacerbated by oil contamination with oxygen and/or water) causes paper insulation used in transformer windings to break down. A simplified model is used to develop a functional relationship between transformer life and oil temperature in the IEEE C57.154 “Standard for the Design, Testing, and Application of the Liquid Immersed Distribution, Power, and Regulating Transformers Using High-Temperature Insulation Systems and Operating and Elevated Temperatures” which is represented below for two different cooling oils. 

[image: ]
Note the logarithmic scale: for example consider a mineral oil filled transformer designed to have a 40 year life when under the design conditions of a constant hot spot temperature of 110C. If actually exposed to a constant hot spot temperature of 120C (10C above its intended temperature), a 5C reduction to 115C increases expected life from 15 to 24 years. If that same transformer is exposed to constant hot spot temperature of 100C (10C below its intended temperature), a 5C reduction to 95C increases expected life from 114 to 197 years. This suggests that the notion of lengthening expected life for transformers that are lightly loaded is dubious; other factors will surely require this transformer to be removed from service before 200 years are elapsed. Even if a transformer were in service for 100s of years, the present value of a life extension at this time scale would be de minimis due to discounting.[footnoteRef:4] [4:  For example, a future benefit discounted at 7% for 100 years is reduced by over 99.8%] 


Oil temperature is a function of loading level and duration as well as ambient weather conditions, and in theory DER can have an effect on oil temperature by changing the level and duration of loading on transformers; however this effect is complex given the interactions between oil temperature and the underlying load profile, the DER profile and the ambient weather conditions. The U.C. Berkeley study mentioned above also investigated PV effects on transformer asset life, finding that aging was generally unaffected by PV penetration, except for a few transformers that experienced a significant decrease in life due to overloads caused by backflow at moderate and high penetrations; however these devices would, in reality, have been replaced with a larger transformer. 

Other recent work by EPRI[footnoteRef:5], that is broadly focused on DER distribution capacity benefit does attempt to evaluate impact of load profile adjustments on oil temperature, finding that overall effects on life are fairly small (measured in hours), are more significant when peak load hours can be targeted, and that effects diminish with increased PV due to limited overlap with peak hours. SCE is currently undertaking a study with EPRI that will evaluate the effect of energy storage on asset life and should be available by the end of the year.  [5:  Available Here: http://cired.net/publications/cired2015/papers/CIRED2015_1527_final.pdf ] 


Discussion
Asset life impacts of DER are often confused with Operations and Maintenance (O&M) and also with distribution capacity investment deferral.

DER asset life impacts, as described above, reduce or the likelihood of failure due to wear and tear or thermal degradation. In contrast, operations and maintenance tasks are routine servicing and testing of those same assets, including functional testing/exercising/inspecting of devices (e.g. switches, breakers, transformers, voltage regulators substation backup power supplies and fire suppression systems) and repairing or replacing devices (e.g. repositioning poles, guys, anchors, or cross arms, replacing broken insulators, and managing vegetation). The Joint IOUs do not believe that O&M activities can be reduced in frequency due to DERs, rather these activities are a necessary part of maintaining a functioning grid and are often driven compliance with laws governing electric utilities, such as California’s General Order 95 to insure public safety.

Similarly, it is important to distinguish between asset life impacts and distribution capacity upgrade deferrals that are already captured in LNBA. Distribution planners endeavor to anticipate and avoid loading conditions which will exceed the conditions that a distribution asset is designed to withstand (i.e. conditions which exceed its normal and emergency ratings), the same conditions which would reduce the life of the asset. Planners typically seek to anticipate likely load growth that a transformer might experience such that the asset is sized so that it is not expected to experience any loading that shortens its normal lifetime or incur losses to point where a larger transformer would have been more cost effective. 

If it ultimately a transformer does need to be removed from service due to load growth, it can be redeployed at a new location assuming it is still fit for service.[footnoteRef:6] Distribution deferrals target such planned investments to upgrade distribution capacity. Earlier work in the 1990s[footnoteRef:7] tended to describe such DER capacity upgrade deferrals with analyses that used projected transformer oil temperature (derived using a load growth forecast) as the metric to determine when an asset was overloaded and needed to be upgraded rather than the conventional metric of asset loading. Either way, the effect is that an expected overload is pushed into the future to delay a capacity upgrade investment. [6:  Note that when an asset is replaced, if it is not obsolete or damaged, it is typically kept in stock and re-deployed.]  [7:  Other LNBA WG participants have referenced a 1993 study of a 0.5 MW PV system deferring a PG&E transformer upgrade (available here: https://pscdocs.utah.gov/electric/13docs/13035184/259136ExBEmailCommHopkins7-29-2014.pdf). This paper uses a distribution planning standard based on transformer oil temperature exceeding a certain level to determine how many years the transformer upgrade is deferred. Projected oil temperature is a distribution planning metric used previously by distribution planners at PG&E that was considered more precise than comparing peak load to rated capacity of the transformer at the time, but this paper still fundamentally evaluates a distribution capacity upgrade deferral. That is, a planning metric and threshold level is used to determine how many years into the future the expected overload can be delayed based on a load growth forecast. An analogy could be deferring an engine rebuild for a car. A typical metric one would use to estimate long the rebuild can be avoided might be based on the year in which it is expected to reach 100,000 miles, while a more precise estimate might be based derived from engine compression test results. Either way, the fundamental benefit being achieved is the same.] 


By virtue of the distribution system planning process and criteria, most assets should be exposed to conditions which are considerably below those that would cause damage. For most assets, therefore, marginal increases or decreases to asset loading are not material. As described earlier, other modes of failure or obsolescence will require asset replacement far before thermal degradation comes into play for assets that are exposed to normal conditions, and discounting would significantly diminish any benefit regardless.

Generally, assets are rated with a normal capacity rating and a higher emergency rating that can be sustained temporarily (i.e. for a limited number of hours) before significant thermal degradation affects the asset life. There are instances, however, when an asset IS exposed to those circumstances that cause loading to exceed the asset’s design conditions. This can occur because load increases occurred which were not forecasted with sufficient time to develop and implement a solution or because of rare extreme weather conditions that exceed current system planning criteria.[footnoteRef:8] Under such conditions, increases or decreases to loading can have a material impact on asset life if they align with the timing of these excessive loads. As discussed earlier, current research connecting DER to mitigating such conditions is inconclusive. [8:  For example, PG&E uses load forecasts based on 90th percentile weather conditions, which allows for a 1-in-10 chance that a given year will have weather that causes load to exceed the forecast, even if the load 90th percentile load forecast is perfect.] 


Conclusion and Next Steps
Based on the available material, the Joint IOUs propose that asset life impacts of DERs not be incorporated into LNBA at this time. As noted above, current research suggests that DERs’ impacts on asset life – as distinguished from O&M and distribution capacity deferrals – are minor and ambiguous (i.e. could either increase or decrease asset life depending on the specific conditions). The Joint IOUs acknowledge that this is an active area of study, including current work with EPRI at SCE, and intend to provide further information if and when such information suggests that this topic needs to be revisited.
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