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Barmack 

This is going to be a lengthy ramble into the world of grid-level power systems that began for me with 
a simple observation regarding renewable curtailment in the CAISO, and layer by layer the line of 
questions mushroomed into a comprehensive discussion about a number of different items. My earlier 
prediction that the CAISO renewable curtailment number would top 100,000 MWh in January, far 
outstripping previous years’ accumulations of the same, came to pass. As of Wednesday, total 
renewable curtailments clocked in at 122,622 MWh with more to come on Thursday and today. 
Moreover, in the last Burrito there was a presentation about how much energy storage would be 
needed to flatten the duck curve. And since then I have pondered this: Do rapidly expanding 
renewables curtailments and a blind lust for energy storage create a natural marriage? That’s where my 
inquiry began. 

My goal herein is to illuminate rather than confuse. True, it’s a lofty goal often attempted and rarely 
attained, but nonetheless I wanted to try again to explain how this single parameter, renewable 
curtailment, and a media hot topic, in this case energy storage, open up a can of worms. Therefore, to 
achieve my stated goal, I divide what follows into three parts. You can decide up front either to plod 
through the entire piece or pick and choose the elements of interest. Here is the mini-menu: 

1. Where are the renewable curtailments occurring … either locally in generation pockets 
or system-wide across the grid? 

2. Should transmission infrastructure be added to relieve the increasingly severe local 
congestion in renewable generation pockets and how will rising renewable portfolio 
standard (RPS) targets affect the answer? 

3. Can a business case be made for siting battery storage within these generation pockets? 

I can’t give you a definitive answer that a business case can be made for curing renewable curtailments 
with storage, although the industry ezines and popular media (mis)perception is that of course it can. 
They are answering the question without investigating the details, so of course stating the affirmative 
sounds simple, but it isn’t. So much of the answer depends on CAISO policies for storage that are 
currently in development, and one’s assumptions regarding the growth of behind-the-meter generation 
(notably rooftop solar), the composition of load-serving entities within the CAISO, and market 
participants’ appetite for risk. 

1) Where are the renewable curtailments occurring … either locally in generation 
pockets or systemwide across the grid? 
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During the low-load months of January, February, possibly March (depending on hydro conditions 
and the snowmelt runoff), November, and December the bulk of renewable curtailment emanates from 
local generation pockets. The CAISO clearly demarcates the curtailment types in its daily reports as can 
be seen in the table to the right. 

Figure 1 YTD Renewable Curtailments 

 

As you can easily observe, the local economic curtailments swamp the system total by a factor of ten-to-
one.  The meaning is that the scheduling coordinators for the renewables assets are making the 
economic decision to curtail production of selected generators rather than take an economic hit in 
either the day-ahead or real-time markets. I have been told that when the LMP reaches or approaches -
$15/MWh, then a decision must be made because that is the market price of a Renewable Energy Credit 
(REC). At that price, production of renewable energy and purchasing a REC become (almost) perfect 
substitutes. Even with negative LMPs the scheduling coordinator may opt to pay to generate if it is 
above -$15/MWh in order to meet RPS compliance targets.  Therefore, I believe the midday hourly 
congestion values must be fairly large and negative within certain renewable generation pockets given 
that system marginal energy costs (SMEC) are positive … typically in the $30/MWh to $40/MWh range. 
Certain nodes are no doubt getting hammered. Furthermore, there is enough curtailment in many 
intervals to pull down the real-time trading hub prices and SMEC in some intervals. In summary, the 
problem seems to be that developers have overbuilt stuff in concentrated places rather than the system 
being in chronic oversupply. 

During the hydro runoff months of March (partly), April, May, and part of June it is the aggregate 
system that experiences oversupply and therefore renewable curtailments can soar. That’s the time of 
year when the CAISO might have to pay neighboring balancing authorities to take the excess energy. 
However, during the peak load months of July through October, curtailments are less of an issue.  
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Figure 2 CAISO Monthly Renewables Curtailment 

 

Even though you’d expect to see an equal amount of local curtailment across the year, the CAISO has a 
counting rule oddity that if curtailments occur in SP rather than NP, the CAISO calls that “local” 
curtailment. Thus, there’s some unknown amount MWhs of local curtailment especially during the 
high-demand summer months that are more like “regional” curtailments as opposed to generation-
pocket congestion. 

That alone should be enough information to make your head spin, but there is more. 

2) Should transmission infrastructure be added to relieve the increasingly severe 
local congestion in renewable generation pockets and how will rising renewable 
portfolio standard (RPS) targets affect the answer? 

This is a tricky question. In fact, a national trade association called WIRES commissioned a study by 
ScottMadden Associates that was released two weeks ago to address the need for more transmission in 
support of higher demand for renewable energy. The 300-page report loaded with tables and charts 
was entitled, “Informing the Transmission Decision.” No one is going to read this weighty tome, but it 
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points to the very issue that I tripped over by ruminating about CAISO renewables curtailment. The 
upshot according the executive summary is that, “As more states, utilities, and other companies are 
mandating or committing to clean energy goals, it will not be possible to meet those targets without 
additional transmission. Similarly, the current transmission system will need expansion and hardening 
if it is to withstand, reduce, and recover quickly from high-impact events affecting the bulk power 
system.” Pushing aside the politicized issues around grid resiliency, the study touches on an essential 
point. That is, can states, utilities and private companies really achieve ever higher RPS targets without 
significantly expanding the transmission network? 

Now, I don’t expect the CAISO to expand transmission in a generation pocket to add renewable energy 
deliveries and reduce curtailments. The transmission infrastructure in place now was funded through 
project interconnection fees rather than adding to the pool of transmission assets included in the 
Transmission Access Charge (TAC). At least not for now. But what happens in the future when the RPS 
target gets to 60%, 70%, and higher? Also, there will be an inherent tension between adding 
transmission capability in California to relieve local congestion as opposed to adding long-line 
transmission elements to import renewable energy from any of the surrounding areas in the West. Per 
the study on its analysis of the California ISO, “The estimated demand for renewable resources in the 
CAISO region is expected to significantly outpace the forecast supply of renewables in the region, 
suggesting that future demand, at least in part, will need to be met by resources from outside the 
CAISO region.” Do you believe that the CAISO transmission planning process will continue to cast 
aside tons of in-state curtailed renewable energy and at the same time justify the added cost of 
importing more renewable sources from out-of-state? I don’t think so. 

3) Can a business case be made for siting battery storage within these 
generation pockets? 

The popular notion is that energy storage will absorb the renewable production that would otherwise 
be curtailed due to either local congestion or system oversupply depending on the time of year. In the 
last Burrito, Glen Casanova made the case that the investment required to store energy for delivery 
later in the average CAISO day in 2035, i.e., flattening of the duck curve, would cost an enormous 
amount of money without adding any additional energy to the grid. In fact, 10% of the energy used in 
charging batteries is lost.  But the success of storage operations will depend on how the stored energy is 
bid into the CAISO markets. 
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Figure 3 Batteries Trend 

 

Currently, battery asset owners and their respective scheduling coordinators are selling capacity into 
the grid through ancillary service (AS) markets. Every day and within each hour the current battery 
fleet charges and discharges energy in different 5-minute intervals to help the CAISO follow load and 
address ramping issues.  You do not observe intra-day energy arbitrage. 

Going forward, because most batteries are RA resources, whether they are used to flatten the duck 
curve will depend on whether using batteries in this fashion is consistent with the RA must-offer 
obligation.    It could be that charging in the belly of the duck and discharging along the neck of the 
duck is fully consistent with the reliability objectives of the RA program.  On the other hand, the 
CAISO has noted its concern that while the day-ahead market may be able to optimize a battery to 
charge and discharge in the “right” periods, batteries chasing transient real-time price spikes may 
discharge in a manner that leaves them insufficiently charged in critical  periods.  (This reminds me of a 
rehash of the CAISO’s original motto in 1998 – Reliability thru Markets. Things didn’t quite work out 
that way and the motto was short lived.) 

To address this problem, the CAISO has floated a few different proposals for constraining RA storage 
resources to day-ahead schedules. The extent to which storage is actually able to flatten the duck curve 
may depend on how these sorts of proposed rules evolve and are implemented. You can see that the 
problem gets thorny as more real-world considerations arise. 

My final musings include the following: stored energy that subject to an RA must-offer might not be 
taken fully by the CAISO every day. For example, its variable costs will include not only the cost of 
charging but wear and tear on batteries.. Further, there are conditions in which the energy used to 
charge batteries might be system energy rather than renewable energy. This is easily imaginable during 
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a consecutive string of cloudy winter days. All RA providers, including battery storage RA must be 
ready every day and under any weather conditions to render onto Caesar the things which are 
Caesar’s. 

I have a number of other mind-numbing questions that entertain the geeky mind of a power market 
prognosticator such as I. However, those will have to wait for another time. 


