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EXECUTIVE SUMMARY   

Power outages in August 2020 led the California Public Utilities Commission (Commission) 

to open a proceeding to consider actions in preparation for potential extreme weather in 

the summers of 2022 and 2023. The resulting Decision D.21 -12 -015 (the Decision ) 

adopted a range of supply -  and demand -side measures to address this issue, including 

two dynamic rate pilots to be implemented during a three -year period from 2022 through 

2024. The Decision required mid - term and final evaluations of each pilot. This doc ument 

represents the mid - term evaluation of Valley Clean Energyôs (VCEôs) agricultural pumping 

dynamic rate pilot  (AgFIT, or the Pilot).  

The objective of the AgFIT Pilot was to test the interest and ability of agricultural 

customers in VCEôs service territory to respond to hourly price signals. The primary 

question was whether they would choose to respond when provided a CalFUSE -based 

hourl y price signal supported by well pump automation and customer support.  

The Decision contains the following requirements for the evaluations:  

1.  The response of agricultural loads to prices.  

2.  The monthly bill impacts of the pilot dynamic rate in comparison to a 

customerôs otherwise applicable tariff (OAT). 

3.  An evaluation of the recovery of generation and resource adequacy (RA) costs 

for customers on the pilot tariff.  

4.  An evaluation of the recovery of delivery costs for customers on the pilot tariff.  

Pricing and Billing Method s 

The dynamic prices consist of two components: a generation rate component 

corresponding to the services provided by VCE; and a distribution rate component for the 

services provided by PG&E. The Pilot pricing methodology was changed on May 1, 2023. 

In the evaluation, we refer to the first pricing method as AgFIT 1.0 and the second 

method as AgFIT 2.0. A final decision on the pricing method for the Pilotôs third growing 

season (in 2024) has not been made as of this writing. The primary difference between 

the AgFIT 1.0 and 2.0 pricing methods is the means of obtaining OAT  levels of revenues:  

¶ AgFIT 1.0 uses a fixed -quantity subscription priced at OAT levels;  

¶ AgFIT 2.0 replaces the fixed -quantity subscription with an adder to the dynamic 

prices , calculated such that the average dynamic price is equal to the average 

seasonal OAT price paid by customers on the rate schedule.  

In addition, a t the same AgFIT 2.0 was implemented, the method used to recover non -

marginal generation costs was changed in a manner that reduced intra -day price 

variability.  

According to the Decision, the shadow bill approach was adopted ñto address PG&Eôs and 

CLECAôs objections about the revenue neutrality of the VCE Pilot rate.ò Under this 
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method, the customer continues to pay for its current usage at the OAT rates (e.g., 

Schedule AGC), which did not require changes to PG&Eôs billing systems for the Pilot. For 

each month  and service account (pump), the difference between the OAT bill and the 

AgFIT (shadow) bill is recorded. At the end of the year, the monthly credits or debits are 

added up for each service account to determine whether a credit is paid to the customer. 

For any given service account, the customer is eligible to receive a credit  if the sum of 

the shadow bills is less than the sum of the OAT bills. In contrast, if the sum of the 

shadow bills is greater than the sum of the OAT bills, the customer is not responsible for 

paying an additional amount beyond their OAT bills for that service account.  

Participant Summary  

The customers enrolled in the Pilot thus far are a mix of small, medium, and large 

agricultural customers that employ irrigation pumps to water different types of crops. The 

Pilot does not have a limit on the number of customers if  the aggregate peak load of Pilot 

customers does not exceed 5 MW. Most enrolled Pilot customers have multiple pumps 

(service accounts). There were two customers with a combined total of 17 pumps in 

September 2022. By September 2023, the enrollment count increased to five customers  

with a combined total of 33 pumps.  The aggregate peak load of Pilot customers was 1.84 

MW in  August 2023 .   

Key Findings  

¶ Automation technology helps agricultural pumping customers respond to all price 

signals.  The technology includes the MyPolaris interface that allows Pilot participants 

to schedule pump usage for up to a week in advance, transacting at the dynamic 

price tenders at the time of scheduling. Based on customer interviews and the 

quantitative evidence, the automation technology introduced in AgFIT (along with the 

Pilotôs customer education and engagement efforts) enables participants to respond to 

price signals in a way they had not previously done. We have a limited sample of data 

indicating  automation -enabled  TOU response prior to the introduction of dynamic 

pricing, and additional evidence of respo nse to dynamic prices in one form or another. 

There is more to be learned about the best pricing method to combine with the 

automation to elicit the most (and most economically beneficial) load response from 

agricultural pumping customers.  

¶ It has been difficult to find an appropriate method for anchoring AgFIT bills to OAT 

revenue recovery levels.  Under AgFIT 1.0, subscription s pricing was used to ensure 

that OAT -level revenues were recovered for the customerôs historical load profile. In 

theory this method works well and has been applied elsewhere, but the unpredictable 

loads of agricultural pumping customers presented challeng es. AgFIT 2.0 attempted 

to solve this problem by adopting a one -part pricing method that removed the 

subscription pr icing element and in exchange adjusted the dynamic prices to reflect 

OAT price levels. However, this change traded one problem for another closely related 

problem: selecting the OAT price level to be used for the price adjustment.  

¶ Pilot participants reduced their share of usage during the peak pricing period (5 to 8 

p.m.) relative to pre - Pilot levels. Two of the five participants reduced the share by 

half, while another two reduced the peak share to nearly zero. In some of these 

cases, the peak share reduction was accompanied by significant reductions in overall 
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usage, which may reflect a change in overall pumping needs rather than a Pilot 

response.  

¶ There is  mixed  evidence that the Pilot customers responded to dynamic price 

differences across days . Under AgFIT 1.0, one of the two customers responded 

differently to the set of high -priced days compared to a similar set of low -priced days , 

while the other customer appeared to respond to the average daily price profile rather 

than the prices specific to each day . Under AgFIT 2.0, one of the five active 

customers responded differently on the high -price days, while three of the five 

customers responded to th e daily average price profile (i.e., using less during hours 

that tended to have the highest prices, but not necessarily differentiating across days 

with different price levels). Because the subscription was removed at the same time 

the method used to recover non -marginal generation costs was changed , it is difficult 

to determine how each change affected customer response.  Additional pilot 

experience and customer interviews will provide information on the extent to which 

customers have operational constrain ts (e.g., a pump that needs to run 24/7 to meet 

irrigation needs) that take priority over responding to dynamic prices . 

¶ While the dynamic prices appear to provide incentives to reduce both customer bills 

and VCE capacity cost s, t here is a disconnect between the dynamic prices paid to 

customers and the marginal energy  costs for VCE.  That is, b ecause VCEôs CAISO 

settlement is based on PG&Eôs load profile, using dynamic pricing to induce customers 

to use less during the costliest hours is unlikely to result in corresponding  energy cost  

savings for VCE. The revenue and cost implications of this disconnect are probably not 

signif icant during a small pilot program but may present issues as dynamic pricing 

scales to higher participation levels.   

¶ While on AgFIT, the customer pays its current OAT bill and will receive a credit each 

year if the sum of its OAT bills is greater than the sum of its shadow ( Pilot) bills. 

However, those OAT bills may be higher than their pre -Pilot OAT bills if they stop 

managing their billed demand and instead focus on the dynamic prices. Therefore, the 

presence or absence of an AgFIT credit is not necessarily indicative of whether the 

customer benefited from Pilot participation. In addition, the shadow bill credit 

methodology gives Pilot participants a strong incentive to continue to respond to OAT 

price signals (e.g., demand charges).  
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1  INTRODUCTION AND PURPOSE OF THE STUDY  

Power outages in August 2020 led the California Public Utilities Commission ( Commission ) 

to open a proceeding to consider actions in preparation for potential extreme weather in 

the summers of 2022 and 2023. The resulting Decision D. 21 -12 -015 (the Decision) 

adopted a range of supply -  and demand -side measures  to address this issue , including 

two dynamic rate pilots to be implemented during a three -year period from 2022 through 

2024. The Decision required mid - term and final evaluations of each pilot. This doc ument 

represents the mid - term evaluation of Valley Clean Energyôs (VCEôs) agricultural pumping 

dynamic rate pilot  (AgFIT, or the Pilot). 1  

The agricultural sector accounts for 18 percent of VCEôs total annual load and 16 percent 

of its peak demand  ( i.e., 35 MW out of 215 MW of peak demand) .2 The Pilot allows VCE 

to enroll agricultural pumping customers up to a 5 MW aggregated peak load cap, 

enabling up to 15 percent of its agricultural load to shift in response to changing market 

conditions.  

The objective of the AgFIT Pilot was to test the interest and ability of agricultural 

customers in VCEôs service territory to respond to hourly price signals. The primary 

question was whether they would choose to respond when provided a CalFUSE -based 

hourl y price signal supported by well pump automation and customer support.  

The core element of the Pilot is to present participants with dynamic prices to assist in 

meeting the following goals:  

¶ Reduce grid infrastructure costs and greenhouse gas emissions.  

¶ Improve reliability and integration of renewables.  

¶ Facilitate greater integration and fair compensation of distributed energy 

resources. 3  

The Decision states that the Pilot ñprovides an opportunity to assess the potential of a 

dynamic retail rate approach to incentivizing load shift ò and that ñ[i]f loads do respond to 

the dynamic prices, then the Pilot will have achieved the intended purpose of shifting load 

to enhance system reliability. ò4  

 
1 The other dynamic pricing pilot  approved in the Decision  is being implemented by Southern 

California Edison.  
2 Opening Prepared Testimony of Gordon Samuel on Behalf of Valley Clean Energy, Rulemaking 20 -

11 -003, September 1, 2021, p. 1.  
3 CPUC Decision 21 -12 -015, p. 86.  
4 CPUC Decision 21 -12 -015, p . 91.  
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The Decision contains the following requirements for the evaluations 5:  

1.  The response of agricultural loads to prices.  

2.  The monthly bill impacts of the pilot dynamic rate in comparison to a 

customerôs otherwise applicable tariff (OAT). 

3.  An evaluation of the recovery of generation and resource adequacy (RA) costs 

for customers on the pilot tariff.  

4.  An evaluation of the recovery of delivery costs for customers on the pilot tariff.  

The report is organized as follows. Section 2 contains a description of the Pilot ; Section 3 

contains our evaluation of customer load response; Section 4 contains the Pilot and OAT 

bill comparisons; Section 5 discusses Pilot cost recovery issues; Section 6 contains  our 

summary of participant and stakeholder comments on the Pilot; and Section 7 provides a 

summary and conclusions.   

2  DESCRIPTION OF THE DYNAMIC PRICING PILOT  

AgFIT has three key design elements in place to accomplish its goals:  

1.  Dynamic price signals that incentivize behavioral and/or automated demand 

response to provide operational benefits and customer bill savings.  

2.  Automation incentives for remote control of irrigation systems.  

3.  Targeted marketing, education, and outreach (ME&O) and customer support.  

In this section, we describe how dynamic prices were implemented in AgFIT, how the 

pricing method has changed over the course of the Pilot, and the shadow bill 

methodology. We then illustrate the prices observed to date and present information 

about the Pi lot participants.   

2.1  Pricing Method Description  

The dynamic prices consist of two components: a generation rate component 

corresponding to the services provided by VCE; and a distribution rate component for the 

services provided by PG&E. VCE selected TeMix as the vendor to provide its proprietary 

cloud -hosted TeMix Platform Ê that operates 24/7 to support the six steps of the CalFUSE 

framework itemized in Figure 1 below. 6 

 
5 CPUC Decision 21 -12 -015 , p. 94. There is a fifth requirement, as follows: ñIn the case that VCE 

incorporates binding forecast projections, the evaluation should also include an assessment of this 
element.ò However, VCE implemented ñbinding forecast projectionsò for all Pilot customers (i.e., 
there was no control group of customers presented with price forecasts with no opportunity to lock 
them in) , so this requirement is met through the analysis of the response of agricultural loads to 
prices.  
6 The figure is taken from page 6 of the June 22, 2022 Energy Division white paper entitled 

ñAdvanced Strategies for Demand Flexibility Management and Customer DER Compensationò. 
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Figure 1 : CalFUSE Framework  

 

A key input to the TeMix  distribution rate component is week -ahead hourly circuit load 

forecasts, which are provided by PG&E through a third -party vendor, while week -ahead 

generation price forecasts are provided by a different third -party vendor.  

The integration and automation of pumping loads with the Pilot price signal s is through 

the equipment and related data integration provider (Automation Service Provider, or 

ASP) via its proprietary software. The ASP that was selected by VCE is Polaris.  

The pilot was funded in June 2022 and launched on August 1, 2022. 7 Starting in May 

2023, the Pilot pricing method  was changed from a two -part design to a one -part design, 

and subscription, shadow billing and transactive responsibilities are now performed by 

Polaris. The first phase of the AgFIT Pilot with a subscription  priced at OAT rate levels  and 

dynamic prices  reflecting marginal costs is referred to as AgFIT 1.0 (August 2022 through 

April 2023) ;  and the second phase with no subscription and dynamic prices scaled to OAT 

rate levels  is referred to as AgFIT 2.0 (beginning May 1, 2023).  A final de cision on the 

pricing method for the Pilotôs third growing season has not been made as of this writing. 

AgFIT 1.0 Pricing  

When the Pilot became active in August 2022, a two -part pricing method was employed. 

The customer  is provided a subscription , which is a fixed quantity of energy per hour 

priced at OAT rates. The subscription hourly quantities (kWh) are based on the 

customerôs usage in the same month of the previous year (2021) .   

The subscription price was developed by applying an escalation factor to the previous 

yearôs (2021 )  OAT bill. The escalation factors were fixed within a rate schedule and 

month based on class -average changes in bills across years. An alternative method 

(employed by SCE in its dynamic rate pilot) would have been to price the subscription by 

 
7 It is our understanding that it was an intense effort by the CPUC, VCE, PG&E, Polaris, and TeMix 

starting in early 2022, to get the pilot approved, funded, contracted, and to standup all the teams 
to manage, deploy, configure, test, and securely operate 24/7 the multiple software platfor ms, 

cloud computing systems, pump controls, and interfaces to existing CAISO, near real - time 
metering, monthly billing data, and circuit forecasting and to recruit, train, and support customers 
to participate in the pilot.  
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billing each customerôs historical usage at current OAT rates. This would have done a 

better job of aligning the effect of rate changes with the customerôs specific usage profile 

but would have required more time and data to implement. Therefore PG&E opted  to use 

the simpler escalation method to allow the Pilot to proceed at an earlier date.  

The subscription component of the bill serves two purposes. First, it reduces the 

customerôs bill volatility due to dynamic prices, with the customer only paying (or being 

paid) those prices for usage that deviates from their subscription quantity .8 In the 

extreme, a customer who uses exactly its subscription quantity during an hour will not 

pay the dynamic price at all. This risk mitigation can be especially important during 

extended periods of high dynamic prices . In addition to shielding some or all of a 

customerôs usage from high prices, it also provid es an opportunity for the customer to  

sell back some of its subscription  at the locational dynamic prices , thus  releasing energy 

for those who value it more.  

Second, the subscription  provides a means of linking the overall bill level to the OAT (and 

the revenue requirement assumed when the OAT  for each rate class  was established) , 

thus preserving any rate class pricing differences . Because dynamic prices are intended 

to reflect the utilityôs retail locational marginal cost, in theory the deviations of the bill 

from the OAT -based subscription level should be matched by the avoided costs associated 

with the price response.  However, a  utilityôs average cost ( total revenue requirement  

divided by total load)  is almost always greater than the  marginal cost . Thus, the Pilot 

cannot simply  charge the marginal costs  for all usage ;  it requires  a mechanism  to collect 

the  non - marginal  ñmissing moneyò to  meet the revenue requirement , at least 

approximately. The subscription  charges accomplish that.  The dynamic price s in A gFIT 

1.0  recover some non - marginal costs  using scarcity pricing in which  more of the costs  are 

recovered when net loads 9 or the net load ramp is high and less when they are low.  The 

rest of the non - marginal costs such as public purpose charges and transmission charges 

are recovered in a flat adder.  

In a simple two -part pricing rate, the customer pays for deviations from their subscription 

quantity  at hourly prices that reflect market conditions. 10  This is reflected in the simplified 

bill calculation for month m  below (where i indexes all hours  during the month):  

Two - part Pricing  Bill m  = Si {( PSub
i x QSub

i) + PDyn
i x ( QObs

i ï QSub
i)}  

 
8 In contrast, under a ñone-partò real- time pricing program, the customer pays the hourly price for 

all of its usage in the hour.  
9 Net load is the CAISO load less the solar plus wind generation. Net load ramp is a positive 

difference between the net load for the hour and the net load three hours earlier.  
10  These prices can be guaranteed up  to six  days ahead, day -ahead , hour -ahead, or only known 

after the fact.  
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Table 1 : Variables in a Two - Part Pricing  Bill Calculation  

Variable  Description  

PSub
i Subscription price during time interval i in $/kWh  

QSub
i Subscription quantity during time interval i in kWh  

PDyn
i Dynamic price during time interval i in $/kWh  

QObs
i Observed (metered) usage during time interval i in kWh  

 

The settlement process is illustrated in  Figure 2 below, which is taken from the Energy 

Divisionôs ñAdvanced Strategies for Demand Flexibility Management and Customer DER 

Compensationò white paper. 11  In the figure, the ñCalFUSE rateò is synonymous with the 

dynamic settlement price used in AgFIT.  

Figure 2 : Example Showing the Subscription as a Hedging Product  

 

In addition to the elements described above, t he Pilot offers additional opportunities for 

customers to lock in the prices paid for scheduled load (or received for subscription 

amounts  that will be unused) up to six days ahead of time. Specifically, each day the 

customer is presented with six  days of hourly dynamic ñtender prices ò. The customer can 

choose to schedule a pump to run or not run for any hour in that six -day window. Once 

scheduled, the difference between the customerôs current position (i.e., the sum of 

customerôs subscription quantity  in t hat hour and previous transactions for that hour) and 

the usage scheduled  for that hour is purchased or sold  in a transaction  at the dynamic 

 
11  ñAdvanced Strategies for Demand Flexibility Management and Customer DER Compensationò 

Energy Division White Paper , page 67 : ED-White -Paper -Advanced -Strategies - for -Demand -
Flexibility -Management -June -2022.pdf (dret -ca.com)  

https://www.dret-ca.com/wp-content/uploads/2022/11/ED-White-Paper-Advanced-Strategies-for-Demand-Flexibility-Management-June-2022.pdf
https://www.dret-ca.com/wp-content/uploads/2022/11/ED-White-Paper-Advanced-Strategies-for-Demand-Flexibility-Management-June-2022.pdf
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tender price. The price and quantity are fixed and guaranteed  by the tran saction . T he 

transaction s are essentially  adjustment s to the customer ôs ñforward contractò (i.e., the 

energy that has been pre -purchased ) priced at the dynamic tender prices.  

The final settlement for any given hour reflects the following three components:  

¶ The subscription quantity  purchased at subscription prices;  

¶ Purchases or sales of fixed quantities of energy  at dynamic tender prices; and  

¶ The purchase or sale of the difference between the customerôs metered net load 

and the net transacted quantity  at ex -post prices.  

The dynamic tender prices are set to recover the marginal energy costs, which reflect 

CAISO locational marginal prices (LMPs) ;  long - run generation capacity marginal costs ;  

long - run distribution capacity marginal costs ;  and other non - marginal revenue 

components and policy costs currently included in the tariffed retail rate s.  

AgFIT 2.0 Pricing  

The AgFIT 2.0 pricing method replaces the  two -part  pricing method described above with 

a one - part method that uses only dynamic tenders. While the customer does not 

purchase a subscription at OAT -based prices, the 2.0 pricing method link s overall Pilot 

price levels to OAT levels by  shifting  the prices of the dynamic tenders from the TeMix 

Platform Ê up or down so the average matches an  OAT average price. In addition, the 

customers are allowed to purchase fixed quantities of electricity  at these binding dynam ic 

adjusted tenders up to  seven days in advance ; t his feature is similar to AgFIT 1.0 pricing.  

The extension of the tenders from six to seven days in advance is unrelated to AgFIT 2.0.  

Under the AgFIT 2.0 ñone-partò pricing program, the customer pays the day- ahead hourly 

price for all of its usage in the hour unless the customer purchases two to seven days 

ahead at the forward adjusted dynamic prices. Any difference between the net sum o f the 

forward transactions and the actual meter reading is automatically transacted at the day -

ahead price.  

The AgFIT 2.0 dynamic prices are adjusted by comparing the weekly average dynamic 

prices (i.e., the upcoming 168 hourly prices that would have served as the dynamic prices 

under AgFIT 1.0) to the seasonal average price paid per kWh for the customerôs OAT. The 

OAT value is calculated at the rate schedule level and therefore could differ from the 

AgFIT customerôs historical or current average OAT price. The AgFIT 2.0 rate adjustment 

is constant across all hours of the week, equal to the difference between th e average OAT 

price and the average of the (unadjusted) dynamic prices. The averaging is conducted 

daily.       

Another change to the pricing methodology occurred at the same time AgFIT 2.0 was 

implemented. Specifically, non - marginal generation costs that had been recovered using 

a dynamic scarcity price were changed to be recovered on a flat cents/kWh basis. This 

change is unrelated to the other methodolog ical  changes  but has the effect of reduc ing  

the potential for customers to benefit from shifting usage by lowering intra - day price 

differences.  
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Table 2 summarizes the differences between the AgFIT 1.0 and 2.0 pricing methods. The 

primary difference is the removal of the fixed -quantity subscription in AgFIT 2.0 and the 

resulting need to implement an alternative method to recover embedded costs (the flat 

adder).  

Table 2 : Comparison of AgFIT 1.0 and 2.0  

Characteristic  AgFIT 1.0  AgFIT 2.0  

Has a subscription?  Yes No 

Basis for OAT - level 

Revenue  

Fixed -quantity subscription 

priced at customerôs 

historical OAT with an 

escalator  

Flat  $/kWh adder to 

dynamic prices based on 

the rate  schedule ôs 

seasonal average price paid 

per kWh  

Ability to transact for fixed 

quantities at a guaranteed 

dynamic price? 12   

Yes, up to 6 days ahead  Yes, up to 7 days ahead  

Recovery of non - marginal 

generation costs 13  
Dynamic  and Flat  $/kWh  Flat $/kWh  

 

Shadow Bill  Credit Method  

According to the Decision, the shadow bill approach was adopted ñto address PG&Eôs and 

CLECAôs objections about the revenue neutrality of the VCE Pilot rate.ò14  Under this 

method, the customer continues to pay for its current usage at the OAT rates (e.g., 

Schedule  AGC), which did not require changes to PG&Eôs billing systems for the Pilot. For 

each month and  service account (pump), the difference between the OAT bill and the 

AgFIT (shadow) bill is recorded. At the end of the year, the monthly credits or debits are 

added up for each service account to determine whether a credit is paid to the customer. 

For any  given service account, the customer is eligible to receive a credit if the sum of 

the shadow bills is less than the sum of the OAT bills. In contrast, if the sum of the 

shadow bills is greater than the sum of the OAT bills, the customer is not responsible for 

paying an additional amount beyond their OAT bills for that service account.  

The equation below shows the calculation of the dynamic bill credit for service account s 

during months m .  

Dynamic Pilot Credit s = MAX{ Sm ( OAT Bill s,m  ï Shadow  Bill s,m ), 0}  

 
12  The change allowing customers to transact seven days ahead instead of six occurred at the time 

AgFIT 2.0 pricing was adopted but is not otherwise related to the removal of fixed -quantity 
subscription pricing.   
13  This change occurred at the time AgFIT 2.0 pricing was adopted but is not otherwise related to 

the removal of the subscription.   
14  CPUC Decision 21 -12 -015, p.  91.  
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In the equation, MAX is the maximum function, Sm  is the summation function, ñOAT 

Bill s,mò is service account sôs bill on their OAT using metered usage during month m , and 

ñShadow Bills,mò is service account sôs shadow bill during month m .  

Note that service accounts belonging to a customer are treated distinctly for these 

calculations. That is, a customer could earn a credit for one service account that is not 

offset by a debit for another.  

It is important to understand the shadow bill credit method as we discuss customer load 

and bill impacts during  the Pilot. While a purported benefit of AgFIT pricing is that 

customers no longer need to consider the OAT demand charges 15 , customers who 

increase their billed demand will pay the higher OAT bill associated with that change as 

they would have prior to the Pilot. At the end of a year , they will be eligible for a credit if 

their total shadow bills were less than the total OAT bills. This methodology may lead 

participants to view the Pilot negatively in real time (i.e., because they pay higher OAT 

bills relative to pre - Pilot months even as they are responding to dynamic prices). Perhaps 

more importantly, if the Pilot pricing method does not present the customer with 

sufficient opportunities to save each month (e.g., due to a lack of dynamic price 

variation), th e customer could end up paying more by having ignored the OAT price 

signals.  

Conversely, a customer who reduces their OAT bill relative to pre - Pilot levels by 

responding to dynamic prices may not receive a shadow bill credit even though 

responding to the Pilot prices benefited them. For example , if dynamic prices are 

consistently high during the peak pricing period, the customer may decrease its OAT 

billed demand by responding to dynamic prices which could result in reducing the OAT bill 

to a level lower than the shadow bill. 16  This is important to keep in mind when we 

examine bill impacts in Section 4. A customer who does not receive a Pilot credit still may 

have saved money relative to pre -Pilot levels.  

 

 
15  VCEôs web page promoting AgFIT lists the following among the program benefits: ñThere are no 

penalties, no demand charges, and no clawbacks. ò https://valleycleanenergy.org/programs/a -
flexible - irrigation -pilot -program - for -agriculture/   
16  The customer could have responded to the OAT prices to reduce their bills by the same amount.  

But perhaps the customer would be more engaged with prices during the pilot -  their savings are 
due to paying attention more than to the dynamic prices or shado w billing process.  

https://valleycleanenergy.org/programs/a-flexible-irrigation-pilot-program-for-agriculture/
https://valleycleanenergy.org/programs/a-flexible-irrigation-pilot-program-for-agriculture/
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2.2  Observed Dynamic Prices  

Figure 3 illustrates the average hourly ñlast rateò (the day- ahead  dynamic tender price) 

by month since the beginning of the Pilot. 17  The vertical yellow line designates the change 

from the AgFIT 1.0 to 2.0 pricing method . The AgFIT 2.0 prices tended to have higher 

ñtroughsò and lower peaks compared to the AgFIT 1.0 prices. The shift from dynamic to 

flat recovery of non - marginal generation costs described in Section 2.1 is a contributing 

factor to the change in the daily price profile. AgFIT 2.0 prices are also shifted to reflect 

average OAT price levels, which is not a feature of AgFIT 1.0 prices.  

Figure 3 : Average Hourly Day - Ahead  Dynamic Prices  by Month  

 

Figure 4 shows t he hourly distribution of day -ahead  dynamic tender prices for AgFIT 2.0 

(May -Sep tember  2023). Each hour contains a box -whisker plot of the prices. 18  As 

expected, prices increase during evening hours. The variance on the upper bound is also 

largest during the early evening hours , peaking from 6 to 8 p.m.  The morning hours 

exhibit lower prices and a reduced range relative to the evening hours.  

 
17  The higher average prices during December 2022 reflect much higher CAISO prices as a result of 

high natural gas prices used for generation. This had no significant effect on the pilot because of 
the very low pump usage during December.  
18  A box -whisker plot illustrates different elements regarding the distribution of prices. The shaded 

box area represents prices that fall within the 25 th  and 75 th  percentile of observations (i.e., the 
interquartile range) . The horizontal line within the box indicates the median price . The ñwhiskersò 

represent the lower and upper bounds  of prices that are not considered outliers  ï i.e., not more 
than 1.5 times the interquartile range away from the upper and lower bounds of the interquartile 
range.  
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Figure 4 : Distribution of Hourly Day - Ahead  Dynamic Prices, May - Sep 2023  

 

 

Figure 5 compares the distribution of hourly day -ahead  dynamic tender prices between 

August 2022, which employed AgFIT 1.0 pricing, and August 2023, which employed 

AgFIT 2.0 pricing.  The August 2023 AgFIT 2.0 prices are higher than August 2022 AgFIT 

1.0 prices during the morning hours but lower during evening hours. The overall result is 

less intra -day price variation under AgFIT 2.0 , resulting in a lower peak to off - peak period 

price differential  relative to AgFIT 1.0 . While the pricing method changed across the two 

periods, other factors also affected the price level and pattern. For example , the CAISO 

locational marginal prices (LMP) that serve as an input to the AgFIT prices were g enerally 

lower in 2023 than 2022 , with lower price differentials .  Figure 6 illustrates the distribution 

of CAISO LMPs for August 2022 and 2023. 19  (Please note the change in the y -axis scale 

relative to Figure 5 when making comparisons.)  

Figure 5 : Distribution of Hourly Day - Ahead  Dynamic  Prices,  

August 2022 vs 2023  

 

 

 
19  Specifically, t he figure summarizes hourly real - time market prices for the Aggregated Pricing 

Node PGAE.  
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Figure 6 : Distribution of Hourly CAISO LMPs, August 2022 vs 2023  

 

 

Figure 7 provides the distribution of day -ahead  dynamic tender prices for three seasons 

(based on the seasonal usage pattern for the Pilot customers shown in Figure 10 )  and 

separately for AgFIT 1.0 and 2.0 .20  For each season and pricing method, the table 

contains  the percentage of day - ahead  prices that are in each pricing ñbinò.21  For example, 

28 percent  of the Shoulder period day - ahead  prices are less than $0.15 / kWh . As 

expected, the AgFIT 1.0 Summer period has a greater proportion of price s in the higher 

price bins  than the other AgFIT 1.0 seasons . Nevertheless, the Shoulder and Winter 

periods  also contain price s that spike to more than $0.50/kWh (about 6% for the 

Shoulder and Winter period).  Comparing the Summer AgFIT 1.0 and AgFIT 2.0 price 

distributions  shows that AgFIT 1.0 ha d a greater proportion of prices that spike above 

$0.50/kWh , while also having a greater proportion of prices below  $0.25 /kWh . This 

illustrates the much greater price variation in AgFIT 1.0 prices compared to 2.0.  

 
20  Summer is May through September, Shoulder is April and October, and Winter is November 

through March.  
21  The Summer period is May through September; therefore, the period  represented in the table  is 

August and  September 2022 for AgFIT 1.0 (due to the pilot start date) and May through September 
for AgFIT 2.0.  
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Figure 7 : Distribution of Day - Ahead Dynamic Prices  

 
 
While the discussion above focuses on day-ahead dynamic prices, customers were 
provided dynamic price tenders up to seven days ahead of time. It may be instructive to 
illustrate how the tenders for the highest priced hours changed over time. Figure 8  
shows the tenders across notice levels for five high-priced hours during AgFIT 2.0.22  Four 
of the five days exhibited a large increase in the tender price between the second and 
first day-ahead notice levels; the fifth day showed a more gradual progression across 
notice levels. A potential cause of the increase in the tenders in the day-ahead values is 
that the two-day and longer notice levels rely on third-party forecasts of CAISO prices, 
while the day-ahead prices reflect CAISO transactions. 

 

 
22  The figure shows prices for one of the circuits with Pilot participants. Only one hour per date (the 

highest -priced hour) was included in the figure. The seventh day of notice is excluded from the 
figure because that notice level was not consistently available in the data provided.  
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Figure 8 : Price Evolution for Select Days  in 2023  

 
 
A potential implication of the figure is that customers who planned pump activity two or 
more days in advance (and did not revisit their decision later) may not have been aware 
of when prices were at their highest.  

2.3  Participant  Summary  

The customers enrolled in the Pilot thus far are a mix of small, medium, and large 

agricultural customers that employ irrigation pumps to water different types of crops . The 

Pilot does not have a limit on the number of customers if  the aggregate peak load of Pilot 

customers does not exceed 5 MW. Most enrolled Pilot customers have multiple pumps 

(service accounts). Figure 9 depicts the number of customers and pumps enrolled in the 

Pilot. There were two customers with a combined total of 17 pumps in September 2022. 

By September 2023, t he enrollment count increased to five customers with a combined 

total of 33 pumps.    
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Figure 9 : Enrollment Customer and Pump Counts  

 

Table 3 provides characteristic s information for each enrolled Pilot customer, including 

their start date, number of pumps, and usage.  Note that we have anonymized the 

customer names in the interest of confidentiality. Of the two customers enrolled in both 

August 2022 and 2023, one customer increased the number of pumps in the Pilot while 

the other customer remained constant . The average kWh per pump indicates that usage 

was generally higher in August 2023 versus August 2022. The total Pilot demand grew 

from 602 kW to 1,840 kW between August 2022 and 2023. 23   

Table 3 : Pilot Customer Characteristics  

Customer Start Date24  

August 2022 August 2023 

N  
Pumps 

Avg. 
kWh 
per 

Pump kW 
N  

Pumps 

Avg. 
kWh 
per 

Pump kW 

C-001 7/31/2022 9 17.2 333.6 15 32.4 913.3 

C-002 7/31/2022 8 18.7 338.1 8 21.6 351.2 

C-003 11/11/2022 n/a n/a n/a 7 24.2 596.9 

C-004 7/27/2023 n/a n/a n/a 1 31.5 145.4 

C-005 5/27/2023 n/a n/a n/a 2 7.8 99.6 

Total 17 17.9 602 33 26.5 1,840 

 

 
23  The demand kW value indicates the monthly non -coincident peak (NCP) for each customer as 

well as for the Pilot total. Therefore, the sum of NCP kW values will not equal the Pilot total value. 
As of December 2023, VCE reports the aggregate enrolled load for these customers as 2.284 MW. 
This is based on a Peak Load Under Management (PLUM) methodology, calculated as the average 
load of each pump after removing hours when the pump is not running. T he PLUM values can 
change over time.  
24  For customers C -001 and C -002, some of the pumps had a start date of 8/15/2022.  
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Agricultural pumping loads vary by season.  Figure 10  depicts the average usage per 

pump for each month. 25  Energy use ramps up during May, is comparatively high from 

June through August, and then declines during September. April and October appear to 

be shoulder periods whe n relatively little pumping is employed. Customer energy use is 

minimal from November through March .  

Figure 10 : Program Average Monthly Usage by Pump  

 
Figure 11  through Figure 15  illustrate  the variation in hourly pumping demands  across 

customers. Specifically, the figures show the average August 2023 weekday and weekend 

load profiles per pump for each customer. These figures help establish a reference point 

when comparing how loads change with respect to various Pilot prices as well as how 

pumping demands could be modeled in a regression analysis. For example, customer 

C-003  (Figure 13 ) does not have  significantly different load profiles between weekdays 

and weekends. In addition , many of the customers have reduced usage during peak 

hours (HE 18 -20) which limits the ability to reduce loads further when prices increase.  

Figure 11 : Average Hourly Usage, August 2023, C - 001  

 

 
25  Because t he composition of customers changes over time , the average usage per pump between 

months is not directly comparable in this figure.   
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Figure 12 : Average Hourly Usage, August 2023, C - 002  

 

 

Figure 13 : Average Hourly Usage, August 2023, C- 003     

 

Figure 14 : Average Hourly Usage, August 2023, C- 004  
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Figure 15 : Average Hourly Usage, August 2023, C- 005  

 

3  EVALUATION OF LOAD RESPONSIVENESS  

3.1  Overview of Methodologies and Results  

In this section, we evaluate whether and how customers changed their usage while on 

the Pilot. Several methods are employed, including:  

¶ Comparisons of pre -Pilot and Pilot loads;  

¶ Comparisons of Pilot usage on high -  and low -priced days; and  

¶ Statistical analyses of changes in usage in response to dynamic prices.  

The latter two analyses are carried out separately for AgFIT 1.0 and AgFIT 2.0 prices. The 

analyses are limited to months when Pilot customers have demand for pumping (August 

and September 2022 for AgFIT 1.0; and May through September for AgFIT 2.0) .   

The findings indicate the following:  

¶ Comparisons of pre -Pilot to Pilot hourly usage profiles provide evidence of 

changes in typical customer usage patterns once automation is introduced, with 

the response occurring under both TOU and dynamic pricing.  

¶ Comparisons of usage profiles on high -  and low -priced days provide mixed  

evidence of larger price response on higher -priced days. Under AgFIT 1.0, one of 

the two participating customers showed a larger usage reduction during the 

highest -priced hours. During AgFIT 2.0, one of the five participating customers 

appeared to provide  additional usage reductions during the highest -priced hours.  

¶ The statistical analyses, which examine customer responses to Pilot dynamic 

prices, find that one of the two customers enrolled during AgFIT 1.0 responded to 
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dynamic prices. During AgFIT 2.0, three of the five participating customers 

responded to daily average price profiles but only one of th ose  responded to the 

specific prices on a given day (i.e., responding more on a higher -priced day) .   

Note that one should be cautious in making inferences from comparing usage across 

years because there are external factors between growing seasons that cause usage 

changes. For example, a customer may change the crop type between growing seasons 

and have d ifferent pumping demands as a result.  

3.2  Pre - Pilot  Versus Pilot Usage Comparisons  

In this section, we compare participantsô pre-Pilot usage with usage after joining AgFIT. 

These simple comparisons can provide insight into how usage patterns may have 

changed in response to joining the Pilot.  

Two Pilot customers, C -001 and C -002, had automation technology installed on pumps 

that were on Time - of -Use (TOU) pricing before being introduced to dynamic pricing. 26  

This allowed us to compare how usage changed between technology and price regimes; 

first with no automation technology but TOU prices, second with automation technology 

and TOU prices, and third with automation technology but now with dynamic prices. The 

automation technology was installed in July 2022 while dynamic pricing went into effect 

in August 2022 for these customersô pumps. Therefore, the month of July between the 

years 2021 through 2023 can be used to compare usage under the different technology 

and price regimes. Again, it is important to note that other factors can affect usage levels 

and patterns across years, including variations in the planted crops and differences in 

hydrological conditions.  

Table 4 summarizes the total usage (expressed as average daily kWh) and the share of 

usage during the TOU peak period (5 to 8 p.m.). As described above, the results for 

customers C -001 and C - 002 reflect no automation with TOU pricing in 2021, automation 

with TOU pricing in 2022, and automation with AgFIT 2.0 dynamic pricing in 2023. For 

the other customers, the 2022 values represent pre -Pilot usage with no automation and 

TOU pricing, while the 2023 values reflect outcomes with automation and AgFIT 2.0 

dynamic pric ing. The table shows that the share of usage during the peak period is lower 

once automation is introduced, with or without AgFIT pricing.  For customers C -003, 

C-004, and C - 005, the share of peak usage may have been affected by an overall lower 

demand for pumping in 2023 versus 2022, as indicated by the lower Daily kWh values in 

2022.  

 
26  There were eleven pumps between the two customers that fall into this category.  
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Table 4 : July Average Daily Load and Percentage of Load in the  

Peak TOU Period, by Year  

Customer 
2021 2022 2023 

Daily kWh 
% Peak 

(5-8 p.m.) 
Daily kWh 

% Peak 
(5-8 p.m.) 

Daily kWh 
% Peak 

(5-8 p.m.) 

C-001 1,060 12.1% 833 1.4% 818 6.3% 

C-002 535 12.2% 606 7.7% 553 8.9% 

C-003 N/A N/A 1,484 5.2% 712 2.4% 

C-004 N/A N/A 3,167 12.1% 1,374 1.0% 

C-005 N/A N/A 374 7.8% 163 0.6% 

 
Figure 16  illustrates the average hourly usage for the C -001 pumps that had automated 

technology installed before receiving dynamic prices. July usage is shown for the years 

2021 through 2023. The 2021 usage (blue line) remained relatively flat throughout the 

day a nd therefore did not include a reduction during the TOU peak period (HE 18 -20). 

The 2022 usage (orange line) represents usage when the customerôs pumps had 

automation technology but were still under TOU pricing. There is a noticeable decrease in 

2022 usage  during the peak TOU period relative to 2021. The comparison between 2021 

without technology and 2022 with technology is suggestive that the automation 

technology helped the customer respond to the TOU peak period. The 2023 usage (green 

line) represents wh en the customerôs pumps had automation technology and faced AgFIT 

2.0 pricing. Compared to 2022, the usage in 2023 illustrates a wider reduction around 

and after the TOU peak period, though at a lower magnitude. The 2023 usage pattern 

aligns with the AgFIT  2.0 price pattern (see Figure 4). 27  Therefore, the automation 

technology appears to also have helped the customer respond to dynamic prices.  

 
27  From Figure 4, the highest average prices occurred about an hour later than the 5 -8 p.m. Ag 

peak period (the highest prices were HE 19 -21, e.g., 6 -9 PM). Likewise, the usage reductions under 

AgFIT 2.0 pricing were shifted later in the day compared to the TOU -based redu ctions. Aggregate 
decreases below the mid -day ñbaselineò (i.e., total reductions over all hours from 2 p.m. to 
midnight) were also greater under AgFIT 2.0 than under TOU rates.  
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Figure 16 : Automation and Pricing Regime Usage, C - 001  

 

Figure 17  contains the same July comparisons for C -002ôs qualifying pumps. The 2021 

usage without technology is relatively flat with no reduction during the TOU peak period. 

In contrast, the introduction of  automation technology under TOU prices, reflected in the 

orange 2022 line, shows a reduction during the TOU peak period. The usage in 2023, 

when the customer faced AgFIT 2.0 prices, also exhibits a reduction during the TOU peak 

period but is again later, spread out in the surrounding hours, and greater in overall 

magnitude. The comparison between usage under the different technology and price 

regimes is suggestive that the automation technology was useful to enable load response 

to both TOU and dynamic p ricing.  

Figure 17 : Automation and Pricing Regime Usage, C - 002  

 

The remaining customers were not enrolled in AgFIT during the Summer 2022 months 

but did have some pumps enrolled during the Summer 2023 months. Figure 18  through 
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Figure 20  display the per -pump average hourly pre -Pilot usage in July 2022 (orange line) 

and Pilot usage in July 2023 (green line) for each customer. 28  Figure 18  illustrates the 

average July pre -Pilot  and Pilot usage for customer C -003. The pre - Pilot usage is higher 

than Pilot usage in all hours; however, overall differences in usage between years can be 

driven by external factors unrelated to the Pilot (e.g., crop rotation, water supply). Pre -

Pilot  and Pilot usage both include a significant reduction during the TOU peak period, with 

a moderate increase during the low -priced mid -day period. The 2023 reduction is wider 

than 2022 as load decreases slightly before and after the TOU peak period. The mo derate 

response both mid -day and before and after the peak is suggestive of a response to the 

AgFIT 2.0 Pilot prices.  

Figure 18 : Pre - Pilot vs. Pilot  Usage, July 2022 & 2023, C - 003  

 

Figure 19  illustrates the average July pre -Pilot  and Pilot usage for customer C -004. The 

2023 Pilot usage is lower than 2022 usage for all hours. The hourly shape is significantly 

different between years as 2022 usage is relatively flat while the 2023 usage has 

relatively little pumping during the middl e of the day (when, as shown in Figure 4, 

dynamic prices are actually the lowest). The lower usage in 2023 could be in response to 

dynamic prices considering that usage goes to zero during the peak hours, but the mid -

day reduction does not fit that explanation. It seems likely that the differenc es between 

years are attributable to other factors affecting pumping demands between seasons.  

 
28  The average usage is shown for only pumps that exist in both periods. This prevents comparing 

usage between different sets of pumps.   
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Figure 19 : Pre - Pilot vs. Pilot  Usage, July 2022 & 2023, C - 004  

 

Figure 20  illustrates the average July pre -Pilot  and Pilot usage for customer C -005. The 

hourly usage pattern in 2023 is very different from that of 2022, with usage highest mid -

day when dynamic prices are lowest and dropping to nearly zero starting in hour -ending 

17. C -005 is the only customer that not  only reduced load significantly over the peak but 

took advantage of the lowest prices in the middle of the day.  

Figure 20 : Pre - Pilot  vs . Pilot Usage, July 2022 & 2023, C - 005  

 

Taken together, these comparisons provide evidence of changes in typical customer 

usage patterns once automation is introduced, with the response occurring under both 

TOU and dynamic pricing.  
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3.3  Comparisons by Price Day Types  

In this section we discuss results from compari sons between usage on high -price days 

and a set of low -price  comparison days. The analysis is completed for the August and  

September 2022 period when AgFIT 1.0 was in place and then separately for the May 

through September 2023 period when AgFIT 2.0 prices were in place.  

The set of low -price comparison days is intended to serve as a counterfactual and 

indicate what the customer loads would have been if the dynamic prices had not 

increased. Importantly, the two set s of days should be somewhat close to each other in 

time because the demand for pumping varies over the season. This comparison can 

illustrate the extent to which customer behavior changes across price day types.  

3.3.1  AgFIT 1.0  

Figure  21  depicts  daily  average and maximum  day -ahead  dynamic tender prices from 

August and  September 2022 , which provides the basis for our selection of high -  and low -

price days to include in the comparisons . The blue bars represent the average daily price 

while the red dots represent a maximum price for each  date. The orange bars mark the 

days that have the highest average prices during this period, September 6 -8. Usage on 

high -priced  days is compared with similar days that have relatively lower prices. The 

selected comparison group of low -priced days, August 23 -25, are depicted by the green  

bars. Both the selected high -  and low -priced days cover Tuesday through Thursday. 29  The 

days in later September were not selected as comparison days because customer usage 

was declining during this period as the growing season was coming to an end. As will be 

shown in the customer -specific hourly figures below, the two day types tend to have 

similar prices during the overnight and morning hours. The higher prices are limited to 

afternoon and evening hours.  

 
29  While pumps may operate on any day of the week, limiting our comparisons to the same 

weekdays helps control for any factors that may change by day of week. For example, a customer 
primarily scheduling usage during the weekend may affect the typical amount  of notice at which the 
customer transacts by day of week.  
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Figure  21 : AgFIT 1.0 Daily Prices  and Selected Comparison Days , 

 Aug ï Sep 2022  

 
 

Next,  we compare the usage between the high -  and low -priced days  for each customer . 

Figure 22  and Figure 23  illustrate the average hourly prices and usage by day type for 

the two customers enrolled when AgFIT 1.0 pricing was in effect:  customers  C-001  and 

C-002 , respectively. Each figure has a top and bottom panel. The top panel provides the 

average  day -ahead  dynamic tender  prices. By design, the high -price day (dashed green 

line) has higher prices than the low -price day (solid green line). The higher prices are 

centered around 4 to 10  p.m. (HE 17- 22 ). The lower panel in each figure illustrates the 

average customer usage on the selected high -  (dashed blue line) and low -priced days  

(solid blue line) .  

Figure 22  appears to show sizeable demand response by customer C-001  on the high -

price days. That is, their usage is lower than it is on the low - price comparison days during 

the same hours in which prices are higher. On similar low -priced days, usage remains 

around 15 kWh/hr during the peak hours.  
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Figure 22 : AgFIT 1.0 High vs Low Price Day s, C- 001   

 

Figure 23  shows that customer C-002  didnôt vary its response to AgFIT 1.0 prices on the 

selected high -  and low -priced days . That is, they reduced usage during hours that tend to 

have higher prices, but the response didnôt differ between the high -  and low -price days. 

This indicates a response more akin to TOU demand response, in that they responded to 

typical price differences but not the date -specific prices that reflected current system 

conditions.   
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Figure 23 :  AgFIT 1.0 High vs Low Price Day s, C- 002  

 

3.3.2  AgFIT 2.0  

Figure 24  depicts daily average and maximum day -ahead  dynamic tender prices from 

July through September 2023  when AgFIT 2.0 pric ing methods  were in effect . The blue 

bars represent the average price while the red dots represent a maximum price for each 

date. The orange bars mark the days that have the highest average prices during this 

period, August 14 -17. Usage on high -priced days is compared with similar days that have 

relatively low prices. The selected low -priced comparison days, August 7 -10, are depicted 

by the green bars. Both the selected high -  and low -priced days cover Monday  through 

Thursday  and are only  a week apart .  
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Figure 24 :  AgFIT 2.0 Daily Prices  and Selected Comparison Days , 

 Jul ï Sep 2023  

 
 

We use these dates to compare usage on high -  and low -priced days for each customer 

under AgFIT 2.0. Figure 27  through Figure 29  illustrate the average hourly day -ahead  

dynamic tender prices and usage by day type for the five customers enrolled during the 

period. As with the AgFIT 1.0 figures above, e ach figure has a top and bottom panel. The 

top panel provides the average day - ahead  prices  while the bottom panel shows the 

corresponding average hourly loads .  

Figure 25  illustrates the average usage for customer C-001 on the selected high -  and 

low - priced days during AgFIT 2.0. The average hourly usage is similar between the two 

day types, indicating that the customer did not respond differently to the higher dynamic 

prices. While there isnôt load response under the select days for AgFIT 2.0, customer 

C-001  did exhibit load response under AgFIT 1.0. When interviewed by Polaris, the 

customer indicated that some crops require constant watering while others do not. In 

addition, the high -price days under AgFIT 2.0 (Aug. 14 -17) were three weeks earlier than 

the h igh -price days under AgFIT 1.0 (Sep. 6 -8). This could explain the m ore constant 

pumping usage observed under AgFIT 2.0 at different price levels.  






















































