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Figure 9: March 2014 CAISO load and net load profiles (MW)  

      

 

Figure 10 below provides a side-by-side comparison of the average August weekdays on the 
left versus weekends/holidays on the right.  August is an interesting time of analysis because 
CAISO often experiences its annual peak during this month.  Focusing on the blue load profile, 
both weekdays and weekends/holidays peak around 5:00 p.m.  The graphs do not have a 
pronounced “duck curve” due to high demand during the day, but still exhibit the steep ramp up 
towards the peak hour.  However, the red net load profile shows that after netting out the solar 
and wind generation, the actual peak occurs later at around 8:00 p.m.  There are similar 
patterns for other summer months when the renewable generation “shifts” the net load peak to 
later in the day.  Similar to March, the minimum net load for weekdays is 2,000 MW higher than 
weekends/holidays (20,000 MW versus 18,000 MW).  The weekday peak is 2,000 MW higher 
than weekends/holidays (31,000 MW versus 29,000 MW). 

 

Figure 10: August 2014 CAISO load and net load profiles (MW)  

    

5.1.1. Step 1 findings 

Table 2 provides the step 1 responses to the scope questions.  The CAISO’s analysis shows 
that the CAISO’s coincident peak varies by season, but largely does not vary by IOU, with the 
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exception of an hour delay for PG&E during the summer.  There were also large minimum and 
maximum demand differences between the weekdays and weekends/holidays; although the 
general shape of the curves remained the same.   

 

Table 2: Step 1 responses to scope questions 

 Questions Step 1 responses  
(Where the question is addressed) 

A Does the time of the CAISO’s 
coincident demand vary by season? 

Yes.  (Step1) 

B Does the time of the CAISO’s 
coincident peak coincide with each of 
the IOU’s peak demand? 

Yes.  (Step1) 

C Is there a noticeable difference 
between weekdays and 
weekends/holidays? 

Yes for Step 1.  (Steps 1 and 2) 

 

5.2. Step 2: comparing trends with projected data 

Step 1 analyzing historical data 
Step 2 comparing trends with projected data 
Step 3 comparing historical and projected analyses 
Step 4 develop TOU periods 

 

In step 2, CAISO tested the findings from step 1 by repeating the net load analysis with data for 
each projected year.  This step tests whether current trends persist to ensure a robust TOU 
period design.  CAISO selected year 2021 as a test year because California would have just 
reached the 33 percent renewable portfolio standard target in 2020, and the date is still 
relatively near-term so that TOU periods developed based on historical data could still be 
applicable.    

For demand data, the CAISO  began with the 2021 demand forecast from the California Energy 
Commission’s 2013 Integrated Energy Policy Report (2013 IEPR) under the “mid case scenario” 
and then updated with the 2014 report.16  The 2013 IEPR and 2014 IEPR update provide the 
monthly MW peak but does not provide a more granular load shape. For the load shape, CAISO 
relied on the minute-by-minute demand data used in the CPUC’s 2014 Long-term Procurement 

                                                           
16 California Energy Commission, 2013 Integrated Energy Policy Report, docket # 13-IEP-1 and California 
Energy Commission, 2014 Integrated Energy Policy Report Update, docket # 14-IEP-1. 
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Process for year 2024.17  The minute-by-minute 2024 data was scaled down to 2021 based on 
the fixed monthly ratio of 2021 to 2024 peak demand.  For example, if the January peak is 
30,000 MW in 2021 and 32,000 MW in 2024, then the fixed ratio for the month is 0.94 
(30,000 MW divided by 32,000 MW).  The CAISO then applied this ratio to every minute of the 
2024 January data to create a scaled 2021 load profile.  The CAISO calculated a ratio for every 
month and applied it to each minute within the month.  The Long-term Procurement Process 
also provided behind the meter solar generation for the entire state of California, which CAISO 
adjusted to the CAISO footprint and netted out of the load.18 

For wind and solar generation, the CAISO first started with the projected generation build-out in 
the CPUC’s renewable portfolio standard (RPS) Calculator, which has the quantity and capacity 
factor information for each new RPS project by year.  The CAISO developed minute-by-minute 
generation profiles for transmission-connected wind and solar for 2024.19 These generation 
profiles were not readily available for 2021.  To develop 2021 profiles, the CAISO first 
subtracted from the 2024 total installed capacity of wind and solar generation the incremental 
capacity with in-service dates after 2021.20 This yielded the total installed capacities of each 
resource in 2021 (i.e., 2024 total installed capacity minus new builds in-service after 2021 
through 2024).   

The CAISO scaled down the minute-by-minute 2024 data to 2021 based on the fixed monthly 
ratio of 2021 to 2024 installed capacity by resource.  For example, if the January solar installed 
capacity is 12,000 MW in 2021 and 15,000 MW in 2024, then the fixed ratio for the month is 
0.80 (12,000 MW divided by 15,000 MW).  The CAISO then applied this ratio to every minute of 
the 2024 January data to create a scaled 2021 solar generation profile.  The CAISO calculated 
a ratio for every month and applied it to each minute within the month per resource. 

Figure 11 below graphs the monthly load and net load profiles for weekdays over an averaged 
24 hours.  The monthly aggregation shows a wide range periods of peak and low demand, 
reflecting changes in temperature-driven demand and weather-driven renewable output.  

 

                                                           
17 California Public Utilities Commission, Order Instituting Rulemaking to Integrate and Refine 
Procurement Policies and Consider Long-Term Procurement Plans, Rulemaking 13-12-010. 
18 Behind the meter generation was not netted out of the historical analyses because they are already 
embedded in the load data. 
19 Phase I.A. Direct Testimony of Dr. Shucheng Liu on Behalf of the California Independent System 
Operator Corporation, Order Instituting Rulemaking to Integrate and Refine Procurement Policies and 
Consider Long-Term Procurement Plans, Rulemaking 13-12-010, page 5.   
20 There were no incremental wind generation builds between 2021 and 2024 so the data did not need to 
be scaled.   
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Figure 11: 2021 CAISO monthly load and net load profiles (MW) – weekdays 

 

 

Figure 12 below graphs the monthly load and net load profiles for weekends/holidays over an 
averaged 24 hours.  The patterns are similar to weekdays, but overall demand is much lower.   

Load Net Load
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Figure 12: 2021 CAISO monthly load and net load profiles (MW) – weekends/holidays 

 

 

Figure 13 below provides a side-by-side comparison of the average March weekdays on the left 
versus weekends/holidays on the right.  The figures show that oversupply conditions seen in 
March 2013 and 2014 continue into 2021.  Focusing on the red net load lines, both graphs have 
a “duck curve” shape, ramp up in the morning around 8:00 a.m., and peak around 9:00 p.m.  
However, the minimum weekday net load is about 12,000 MW; whereas, the weekend/holiday 
minimum demand significantly lower at 4,000 MW.  The reduction in peak demand is less 
dramatic.  The weekday peak averages 24,000 MW versus 22,000 MW on the 
weekends/holidays.  There are similar patterns for other spring months as well as fall months 
where demand is low and renewable generation remains strong. 

Load Net Load
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Figure 16: Comparison of 2014 and 2021 net load distribution (MW) – weekdays 

 

 

Figure 17: Comparison of 2014 and 2021 net load distribution (MW) – weekends/holidays 

 

 

The CAISO did not analyze retail price impacts or costs.  This TOU period analysis is limited to 
the operational needs of the system as reflected in the generation fleet’s capability to meet the 

Potential negative wholesale 
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net load.  Nonetheless, CAISO’s wholesale electricity prices reflect the balance of supply and 
demand where low prices signal an opportunity to use electricity because demand is low and/or 
supply is abundant.  The CAISO has noted that approximately 15,000 MW is the threshold 
where the system may experience negative prices.  This is highlighted in yellow in Figure 16 
and Figure 17. 

In concluding step 3, the CAISO finds that the trends observed in 2013 and 2014 are expected 
to become more pronounced in 2021 after California has reached the 33 percent renewable 
portfolio standard target.  In step 4, the CAISO used data for 2021 only to consider robust TOU 
periods that take into account future system conditions.  

5.4. Step 4: develop TOU periods 

Step 1 analyzing historical data 
Step 2 comparing trends with projected data 
Step 3 comparing historical and projected analyses 
Step 4 develop TOU periods 

 

The CAISO established the following parameters to limit the design of TOU periods so that the 
needs of the system are balanced with a simplified design to foster customer acceptance.21     

• Weekdays can be different than weekends 
• Time blocks can differ by up to 4 seasons 
• Maximum of 3 to 4 time blocks per day 
• Needs will be based on system needs and not geography 

As noted in step 1, there are differences between IOU footprint peaks that may need to be 
considered beyond this operational analysis.  However, for ease of analysis CAISO has 
purposely limited the complexity and variation of the proposed TOU periods.  As noted above, 
CAISO does not have any rate setting authority, and this paper does not opine on any aspect of 
rates that may be developed for the proposed TOU periods or whether the rates are acceptable 
to customers.   

Questions D through F are closely intertwined.  Whether each IOU needs a specific TOU 
period design may depend on the length of each peak or off-peak period.  If there is little 
variation between each IOU, a common TOU period design may be both efficient and effective.  
While there is seasonal variation, TOU period groupings may not follow the traditional winter, 
spring, summer, and fall definitions.   

                                                           
21 CAISO did not conduct any customer outreach or incorporate any analysis on customer acceptance to 
develop these periods.  Guidance was provided by CPUC energy staff and their rate setting experience. 
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Figure 18 and Figure 19 below disaggregate the annual net load distributions for 2021 into 
months for weekdays and weekends/holidays, respectively.  The box-and-whisker format 
remains the same except that the blue triangles showing the median demand is replaced by a 
blue curve for each month. 

 

Figure 18: 2021 monthly net load distribution with proposed TOU periods (MW) – 
weekdays 

 

Off-Peak Peak

Super PeakSuper Off-Peak
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Figure 19: 2021 monthly net load distribution with proposed TOU periods (MW) – 
weekends/holidays 

 

 

 

Superimposed on each month are the following proposed TOU periods:  

1. Super-peak – a period during which conservation or load-shifting is critical to the 
system.  The super-peak drives steep ramps on the CAISO system that are difficult to 
manage and may result in high wholesale electricity prices, especially during warm 
weather and on weekdays. 

2. Peak – a typical period of high demand that drives ramping need on a daily basis. 
3. Super off-peak – a period during which additional consumption is highly encouraged to 

avoid oversupply conditions that may result in persistent negative wholesale electricity 
prices22 and may cause a steeper ramp for the CAISO to manage later.   

4. Off-peak – all other periods.  

The CAISO identified July and August as having super peaks that drive steep ramping needs on 
weekday evenings.  Super peak periods are shown in red in Figure 18.  The difference between 
the median demand at 10:00 a.m. (HE 10) and the peak hour at 7:00 p.m. (HE 19) is 
18,000 MW in July and 17,000 MW in August.  The difference for September is slightly lower 
                                                           
22 Negative prices in the wholesale market are not considered to be negative or positive outcomes but do 
signal an opportunity for wholesale market participants to be paid to consume energy. 

9,000
12,000
15,000
18,000
21,000
24,000
27,000
30,000
33,000
36,000
39,000
42,000
45,000
48,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Net Load Distribution --- Jul 2021

9,000
12,000
15,000
18,000
21,000
24,000
27,000
30,000
33,000
36,000
39,000
42,000
45,000
48,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Net Load Distribution --- Aug 2021

Off-Peak Peak

Super PeakSuper Off-Peak



California ISO  CAISO TOU periods analysis 

 29 January 22, 2016 
 

than this amount, but no other month has this significant spread.  Between July and August, the 
super-peak period starts from 4:00 p.m. (HE 17) and lasts through to 9:00 p.m. (HE 21).  For 
weekends/holidays, the CAISO did not find the same significant spread between the net loads; 
so, it did not propose a super-peak period in any month for those days. 

The CAISO identified peak periods times for every month and for both weekdays and 
weekend/holidays because the CAISO expects them, and they occur regularly. Peak periods 
are shown in green on both Figure 18 and Figure 19.  The CAISO found that this generally 
occurred between 4:00 p.m. and 9:00 p.m. (HE 16 and HE 21).  Because July and August 
already have super-peak periods during this time, the peak is shifted back to noon to 4:00 p.m. 
(HE 12 to HE 16).  Conservation during this time would still be beneficial to the system and may 
reduce ramping requirement to reach the super peak period. 

On the other hand, super off-peak periods should incentivize use of abundant renewable 
generation typically when demand is below the 15,000 MW threshold, and wholesale electricity 
prices may be negative.  Super off-peak periods are shown in yellow on both Figure 18 and 
Figure 19.  For weekdays, CAISO found that the greatest likelihood of super off-peak periods 
are in March and April when spring loads are light, but renewable energy production is strong.  
Based on the data in Figure 18 one can argue that November should also have a super off-peak 
period.  However, in  balancing CAISO’s operational needs with the goal of achieving a simple 
and understandable TOU period design, the CAISO  limited the super off-peak periods to just 
two months in the same season.   

On the other hand, weekends/holidays are generally light load days and super off-peak periods 
exist for all months except in July and August.  Based on the data in Figure 19 one can argue 
that July should also have super off-peak periods.  In balancing the CAISO’s operational needs 
with the goal of a simple and understandable TOU period design, the CAISO proposed to 
consistently treat July in the same manner as August to avoid complexity.   

Lastly, all other periods are designated off-peak.  Off-peak periods are shown in blue on both 
Figure 18 and Figure 19. 

5.4.1. Step 4 findings 

Table 4 provides the complete responses to the scope questions.  Based on the analysis, the 
CAISO proposes a single CAISO-wide TOU period design, rather than differentiated periods for 
each IOU.  Most importantly, the CAISO found significant differences in net load patterns 
between weekdays and weekends/holidays to warrant different TOU periods designs that 
include a super peak period during July and August and super off-peak periods for most 
weekends/holidays. 
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Table 4: Step 4 responses to scope questions 

 Questions How the data addresses each question 
(Where the question is addressed) 

A Does the time of the CAISO’s 
coincident demand vary by season? 

Yes.  (Step1) 

B Does the time of the CAISO’s 
coincident peak coincide with each of 
the IOU’s peak demand? 

Yes.  (Step1) 

C Is there a noticeable difference 
between weekdays and 
weekends/holidays? 

Yes for Steps 1 and 2.  (Steps 1 and 2) 

D Is there a need for IOU-specific TOU 
periods? 

Likely no.  (Step 4) 

E Can all three IOUs establish 
common TOU periods based on the 
CAISO’s needs? 

Likely yes.  (Step 4) 

F Should TOU periods be grouped by 
months? 

Yes with an emphasis on months with 
significantly high peaks, significantly low 
demand and differentiation between 
weekdays and weekends/holidays.  (Step 4) 

 

6. Proposed TOU periods and next steps 

Figure 20 below is a graphical representation of the proposed TOU periods showing the super 
peak (in red), peak (in green), super off-peak (in yellow), and off-peak (in blue) for each month 
with weekdays on the left and weekends/holidays on the right.  The figure shows the periods 
based on the hour ending to correspond with previous figures but also shows the “hour starting” 
reflecting the time at which a proposed TOU period will start. 
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Figure 20: CAISO proposed weekday and weekend/holiday TOU periods 

 

 

The CAISO’s analysis proposes TOU periods that better address the balancing area needs over 
existing TOU rate periods.  The CAISO purposefully simplified the proposed periods to facilitate 
a dialogue and further study.  The CAISO will participate in the CPUC’s TOU period OIR. 

7. Backup data 

The CAISO has provided backup files for the data presented in this paper as well as for 2013, 
which was not shown as it is largely similar to 2014 data.  Four Microsoft Excel documents are 
zipped together into one file (~177 MB) can be accessed publically at: 
http://www.caiso.com/Documents/Jan22_2016ExplanationofDataAssumptionsandAnalyticalMet
hods-TOUPeriodBackup-R1512012.zip  
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Periods were simplified to provide a CAISO system-wide uniform approach and limit variation in peak and off-peak periods.  

http://www.caiso.com/Documents/Jan22_2016ExplanationofDataAssumptionsandAnalyticalMethods-TOUPeriodBackup-R1512012.zip
http://www.caiso.com/Documents/Jan22_2016ExplanationofDataAssumptionsandAnalyticalMethods-TOUPeriodBackup-R1512012.zip

