
 

1  

 

California Agricultural Demand Response 

By John Benson 

November 2021 

1. Introduction 
California has the most productive economy in the U.S. In fact were California a country, 
it would have the fifth most productive economy in the world.1 One of our most 
productive sectors is agriculture. But we also have issues with climate change that 
cause frequent droughts. Although we also have a very well-developed water resource 
system, California Department of Water Resources,2 with many reservoirs and 
aqueducts, it is currently being stretched to the limit by these droughts.  

When our water resource system cannot supply the water that farmers need, they tap 
their groundwater, and this too is becoming overextended. Even-though California’s 
Legislature passed a bill that would better manage groundwater depletion a few years 
ago, it really hasn’t had a chance to change the status quo yet. This represents a big 
problem. 

As with many problems, this one also comes with an opportunity. This one is for the 
electric grid. Groundwater pumping has a strong potential for demand response. By 
creating incentives for farmers that implement demand response, the state will help them 
offset some of the expenses that will result from implementing better groundwater 
management practices. 

This paper has four subjects: (1) current California agricultural production, (2) 
agricultural demand response systems, (3) water management techniques, and (4) 
some systems that will implement the second and third subjects. 

2. Current California Ag Production 
California's agricultural abundance includes more than 400 commodities. Over a third of 
the country's vegetables and two-thirds of the country's fruits and nuts are grown in 
California. California's top-10 valued commodities for the 2020 crop year are: 

Dairy Products, Milk — $7.47 billion Lettuce — $2.28 billion 

Almonds — $5.62 billion Strawberries — $1.99 billion 

Grapes — 4.48 billion Tomatoes — $1.20 billion 

Pistachios — $2.87 billion Floriculture — $967 million 

Cattle and Calves — $2.74 billion Walnuts — $958 million 

In 2020 California's farms and ranches received $49.1 billion in cash receipts for their 
output. California agricultural exports totaled $21.7 billion in 2019. Top commodities for 
export included almonds, pistachios, dairy and dairy products, wine and walnuts. 3 

                                                 
1 Matthew A. Winkler, Bloomberg, “California Defies Doom With No. 1 U.S. Economy,” June 14, 2021, 

https://www.bloomberg.com/opinion/articles/2021-06-14/california-defies-doom-with-no-1-u-s-economy  
2 https://water.ca.gov/  
3 California Department of Food and Agriculture, “California Agricultural Production Statistics,” 

https://www.cdfa.ca.gov/Statistics/  

https://www.bloomberg.com/opinion/articles/2021-06-14/california-defies-doom-with-no-1-u-s-economy
https://water.ca.gov/
https://www.cdfa.ca.gov/Statistics/
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3. Demand Response & Water Management 
Globally and within the United States, the cost of energy associated with crop irrigation 
is increasing as growers convert to higher pressure systems and pump more 
groundwater from greater depths as water tables continue to drop. Additionally, parts of 
the electric grid are under a significant or increasing amounts of strain due to elevated 
demand and ambitious Renewable Portfolio Standard (RPS) targets. Consequences of 
increased reliance on groundwater pumping extends beyond the energy implications and 
can results in irreparable environmental damages. Those consequences include aquifer 
contamination by seawater intrusion or depletion beyond the point of recharge, land 
subsidence, infrastructure damage, and harm to groundwater-dependent ecosystems. 4 

3.1. Demand Response 
To meet state decarbonization goals by 2045, California must integrate more renewable 
energy while addressing the gaps between when energy is produced and when it is 
used. Energy storage is an effective but expensive solution so policy makers are seeking 
to shift energy demand to the times when renewable generation is abundant and build 
resources that can respond to variable conditions, such as the supply-demand 
imbalance experienced in the August 2020 grid emergencies that led to urgent calls for 
conservation and rolling blackouts.5 

Electricity use for irrigation pumping by the agriculture sector represents a significant 
share of California’s electrical use (about 7 percent) and exhibits characteristics that, on 
their face, are compatible with demand response (programs that pay energy users for 
occasional curtailment of energy usage when the supply of electricity is insufficient to 
reliably meet demand or is very expensive) and load shift (frequent adjustments to 
operating schedules to adapt demand to supply). Yet, while leading researchers in 
demand response at Lawrence Berkeley National Labs estimated in 2015 that the sector 
could contribute 1.1 gigawatts (GW) of load flexibility in 2020, agricultural pumping is 
underrepresented in current programs with only 16 percent of that potential participating 
in demand response. Lawrence Berkeley National Laboratory further assessed in 2020 
that “sufficient load flexibility exists in California today to utilize much of the surplus 
renewable energy that would otherwise be curtailed, and substantially reduce flexible 
generation needs, for a lower cost than installing behind the meter battery storage” and 
estimated that irrigation pumping can provide 850 gigawatt-hours (GWh), which is 13 
percent of that flexible load. 

The growing challenge of integrating more renewable generation and the potential for 
irrigation pumping to address it meet the agriculture sector at an opportune moment. 
Farmers are beginning to adopt technology at scale for remote management of irrigation. 
The implementation of well-designed flexible demand programs and markets can ensure 
that irrigation management systems incorporate grid-responsive capabilities.  

Irrigation is not very sensitive to the time-of-day when pumping is done. This makes it an 
attractive target for demand response, Even if the farm in question in question has 

                                                 
4 Arian Aghajanzadeh and Peter Therkelsen, Lawrence Berkeley National Laboratory, “Agricultural 

Demand Response for Decarbonizing the Electricity Grid,” February, 2019, https://eta-

publications.lbl.gov/sites/default/files/agriculturedr_aghajanzadeh.pdf  
5 California Energy Commission, “Technologies and Strategies for Agricultural Load Management to Meet 

Decarbonization Goals, Final Report,” Oct 2021, https://www.energy.ca.gov/sites/default/files/2021-

10/CEC-500-2021-044.pdf  

https://eta-publications.lbl.gov/sites/default/files/agriculturedr_aghajanzadeh.pdf
https://eta-publications.lbl.gov/sites/default/files/agriculturedr_aghajanzadeh.pdf
https://www.energy.ca.gov/sites/default/files/2021-10/CEC-500-2021-044.pdf
https://www.energy.ca.gov/sites/default/files/2021-10/CEC-500-2021-044.pdf
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renewable generation (most likely a combination of solar and biogas or biomass-
powered combustion generation), it can use utility power in the morning when it is least 
expensive, and become a supplier during the afternoon to evening peak demand period.  

Thus the best method to minimize the net energy cost for the farm is to use energy-
price-driven demand response, where an automation system looks at the current and 
likely future energy prices and uses this information to optimize energy use. 

With the potential identified and an apparent qualitative fit with the attributes of 
agricultural energy users that had been documented, the researchers needed to adapt 
the approach to address the key questions of the project and conform to the constraints 
of budget and schedule. 

To achieve the research goals, the model needed to be simplified to maximize the 
likelihood that agricultural energy users would respond to the transactive energy (TE) 
signals in a meaningful way and focus on the key benefits that were hypothesized. 

Author’s Note: “TE signals” are Reference 5’s term for signals that result from demand-
responsive electric energy pricing. 

Specific time frame – one of the attractive features of TE is the ability to purchase 
energy in a time frame that aligns with the energy user’s operational decisions. Within 
TE, this is flexible with tenders offered and transactions executed at any time on a 
continuum. For this project, the researchers wanted to test the ability of agricultural 
energy users to respond to price signals that align with the growers typical weekly 
planning cycle and structured the pilot to provide that. 

The figure below results from a simulation of demand response during the above pilot. 
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Note that “Rate” in the above figure the real-time electric energy (kwh) rate (right side of 
chart). 

In section 4 we will look at systems that implement the above strategy. 

3.2. Water Management 
There is little doubt that (1) water is required for agriculture, and (2) in most areas of 
California, with worsening droughts, this water must come from either an external 
irrigation system or groundwater. However this does not necessarily mean that 
groundwater depletion is inevitable. In fact the State of California have put policies in 
place that mandate that farmers (and others) do a better job of managing water 
resources to assure groundwater is not depleted. The first subsection below covers this 
government program. 

3.2.1. The Sustainable Groundwater Management Act 

The title of this subsection, abbreviated SGMA, which is pronounced “sigma,” was 
passed in 2014, and set forth a statewide framework to help protect groundwater 
resources over the long-term. SGMA is comprised from a three-bill legislative package, 
including AB 1739 (Dickinson), SB 1168 (Pavley), and SB 1319 (Pavley), and 
subsequent statewide Regulations. In signing SGMA, then-Governor Jerry Brown 
emphasized that “groundwater management in California is best accomplished locally.”6 

In understanding SGMA, readers might go through the link in reference 6 and watch the 
video on this page. This is also explained below. 

In keeping with the above statement from Governor Brown, the provisions of SGMA will 
mainly be implemented and enforces by local Groundwater Sustainability Agencies. 

SGMA established a new structure for managing California’s groundwater resources at 
the local level by local agencies. SGMA required Groundwater Sustainability Agencies 
(GSAs) to form in the State’s high- and medium-priority basins and sub-basins by June 
30, 2017. Over 260 GSAs in over 140 basins were formed by SGMA’s initial planning 
milestone. However, as SGMA continues to be implemented and the priorities and 
boundaries of some basins change, new GSAs will be formed, and existing GSAs may 
want to reorganize, consolidate, or withdraw from managing in all or part of a basin. All 
GSA formation notifications are managed on DWR’s SGMA Portal.7 

For basins that received a new high- or medium-priority designation in 2019, local 
agencies overlying those basins will have two years from the date of reprioritization to 
either establish a GSA or submit an Alternative plan. The Water Code states that a GSA 
shall have five years from the date of reprioritization to be managed under a 
Groundwater Sustainability Plan (GSP). The planning deadline for California’s first round 
of GSPs is January 31, 2020, for basins subject to critical conditions of overdraft, and 
January 31, 2022, for all other high- and medium-priority basins… 

Rather than going into the gory details regarding GSAs and their operation, I will send 
you through the link in reference 7 below. 

                                                 
6 California Department of Water Resources (DWR), “Sustainable Groundwater Management Act 

(SGMA),” https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management  
7 DWR, “Groundwater Sustainability Agencies,” https://water.ca.gov/Programs/Groundwater-

Management/SGMA-Groundwater-Management/Groundwater-Sustainable-Agencies  

https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainable-Agencies
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainable-Agencies
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After much searching, I finally found a SGMA schedule (on Wikipedia, of course) I have 
repeated this below, followed an explanatory note. 

When Who What 

31-Jan-15 
Department of Water Resources 
(DWR) 

Categorize and prioritize basins as high, medium, low, or very low. 

1-Jan-16 DWR 
Adopt regulations for basin boundary adjustments and accept 
adjustment requests from local agencies. 

1-Apr-16 
Local water agencies or 
watermasters in adjudicated areas 

Submit final judgment /order / decree and required report to DWR 
(report annually thereafter). 

1-Jun-16 DWR 
Adopt regulations for evaluating adequacy of Groundwater 
Sustainability Plans (GSPs) and Groundwater Sustainability Agency 
(GSA) coordination agreements 

31-Dec-16 DWR 
Publish report estimating water available for groundwater 
replenishment 

1-Jan-17 DWR Publish groundwater sustainability best management practices 

By June 30, 2017 Local agencies Establish GSAs 

After July 1, 2017 
State Water Resources Control 
Board (SWRCB) 

Designate basins as probationary where GSAs have not been 
formed 

After July 1, 2017 
Groundwater users in probationary 
basins 

Adopt GSPs and begin managing basins under GSPs 

31-Jan-20 
GSAs in other medium- and high- 
priority basins 

File annual groundwater extraction report with SWRCB by 
December 15 each year 

After January 31, 
2022 

SWRCB 
Designate basins as probationary where GSPs have not been 
adopted in other medium- and high-priority basins 

After January 31, 
2025 

SWRCB 
Designate basins as probationary where GSPs are inadequate or 
not being implemented, and extractions result in significant 
depletions of interconnected surface waters 

After January 31, 
2040 

GSAs (in medium- and high-priority 
basins in critical overdraft) 

Achieve groundwater sustainability goals (DWR may grant two five-
year extensions upon a showing of good cause) 

After January 31, 
2042 

GSAs (in other medium- and high-
priority basins) 

Achieve groundwater sustainability goals (DWR may grant two five-
year extensions upon a showing of good cause) 

The approval of Proposition 1, the Water Quality, Supply, and Infrastructure 
Improvement Act (2014), guaranteed $900 million in funding for the development of a 
Groundwater Sustainability Program.8 

3.2.2. Other Water Management Actions 

Like most resources managed in California, agricultural water use has a basis in our 
regulations. For water, this is: the state’s Water Code, more specifically, Division 6. 
Conservation, Development, and Utilization of State Water Resources [10000 - 12999]. 
This also has a Guide Book (albeit a draft of the latest version), specifically A Guidebook 
to Assist Agricultural Water Suppliers to Prepare a 2020 Agricultural Water Management 
Plan.9 

Buried in this guidebook is a series of recommendations for agricultural water use. Also 
there are several sections that explain the terms and processes used in discussing 
agricultural water management, in section 3 of this document (Agricultural Water 

                                                 
8 Wikipedia Article on Sustainable Groundwater Management Act, 

https://en.wikipedia.org/wiki/Sustainable_Groundwater_Management_Act  
9 https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Water-Use-And-

Efficiency/Agricultural-Water-Use-Efficiency/Files/Draft-2020-AWMP-Guidebook.pdf  

https://en.wikipedia.org/wiki/California_State_Water_Resources_Control_Board
https://en.wikipedia.org/wiki/California_State_Water_Resources_Control_Board
https://en.wikipedia.org/wiki/Sustainable_Groundwater_Management_Act
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Water-Use-And-Efficiency/Agricultural-Water-Use-Efficiency/Files/Draft-2020-AWMP-Guidebook.pdf
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Water-Use-And-Efficiency/Agricultural-Water-Use-Efficiency/Files/Draft-2020-AWMP-Guidebook.pdf
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Management Plan Preparation Guidance), Subsection H, starting on page 100. This 
information might be useful for anyone that needs to delve deeply into this subject. 
However the following section (4, Efficient Water Management Practices Information) is 
where we will find the methods to increase the efficiency of water use, a.k.a. Efficient 
Water Management Practices (EWMP). The following recommendations are included 
(starting on page 115): 

Facilitate Alternate Land Use: “Facilitation of alternative land use for lands with 
exceptionally high water duties or whose irrigation contributes to significant problems, 
including problem drainage“ (Water Code §10608.48 (c)(1)). 

Alternative land uses could include switching to a less water-intensive commodity, land 
fallowing, or other less intensive water use function. Water supplier can facilitate 
alternative land uses by offering financial incentives, education, assistance in helping 
apply for grants or loans, or other methods. 

Facilitate Use of Recycled Water:  “Facilitation of use of available recycled water that 
otherwise would not be used beneficially, meets health and safety criteria, and does not 
harm crops or soils. The use of recycled urban wastewater can be an important element 
in overall water management” (§10608.48 (c)(2)). 

The water supplier can facilitate use of recycled water by infrastructure improvements to 
receive and deliver recycled water, participation in a recycled water program or plan, or 
other activities. 

Facilitate Financing of On-Farm Irrigation Systems: “Facilitate the financing of capital 
improvements for on-farm irrigation systems” (Water Code §10608.48 (c)(3)). 

The water supplier can facilitate financing capital improvements for on-farm irrigation 
systems by providing financial assistance or by providing technical assistance to land 
owners to help them apply for financial assistance programs... 

Author’s Notes: I believe the above improvements are specifically for delivery efficiency 
improvements.  

Note that following methods are from other sources. 

High-Efficiency Irrigation with Basic Monitoring: There are four main types of 
irrigation: surface (flood and furrow); sprinkler; drip (including low-volume micro-
sprinkler); and subsurface. Surface methods generally lose the most water to 
evaporation, and have been declining in popularity for several decades as efficient drip 
systems take their place.  The drought provides more urgency for this transition, and 
farmers interested in switching technologies can take advantage of grants from SWEEP, 
the state’s State Water Efficiency Enhancement Program.10 

However, even when using a high-efficiency system, a farmer needs to know how much 
water to apply in order to accurately meet crop demand.  A large percentage of 
California farmers make irrigation decisions based on CIMIS, the (California Irrigation 
Management Information System).11  CIMIS uses about 200 weather stations around the 
state to calculate “reference evapotranspiration”: water lost from a well-watered grass 

                                                 
10 Andrew McElrone, U.S. Department of Agriculture, Feb 21, 2017, 

https://www.usda.gov/media/blog/2016/05/26/california-farmers-count-every-drop-efficient-irrigation-

technologies  
11 CIMIS, https://cimis.water.ca.gov/  

https://www.usda.gov/media/blog/2016/05/26/california-farmers-count-every-drop-efficient-irrigation-technologies
https://www.usda.gov/media/blog/2016/05/26/california-farmers-count-every-drop-efficient-irrigation-technologies
https://cimis.water.ca.gov/
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field under current local conditions. Farmers then multiply this number by a “crop 
coefficient” for a rough estimate of their actual water demand. 

Author’s note: Evapotranspiration is the process by which water is transferred from the 
land to the atmosphere by evaporation from the soil and other surfaces and by 
transpiration from plants. 

Even better is to measure the actual evapotranspiration in an individual farm field – but, 
until recently, that required equipment that was too costly for most producers. A new, 
cheaper sensor technology called surface renewal, developed jointly by ARS and UC 
Davis, performs real-time… measurements on the spot.  Results so far from California 
fields show that surface renewal can provide a more detailed and accurate picture of 
crop water demand – potentially saving much-needed water for other uses. 

Author’s note: ARS is the USDA Agricultural Research Service. 

Measuring & Modeling Water Use: In this arid state, producers are exploring new ways 
to use water more efficiently. Drip irrigation, in particular, continues to gain ground. “The 
switch to drip has also increased productivity greatly,” says Peter Bostrom with the 
California Department of Water Resources. “Processing tomatoes, for example, have 
seen tremendous yield increases with the change. We’re looking to see if there are other 
crops where drip can be applied as well. The majority of the orchards now going in are 
using it just because of the ability to be much more precise.”12 

At the University of California, Davis, Daniele Zaccaria, agricultural water management 
specialist in Cooperative Extension, believes the most reliable water conservation tool is 
precision irrigation scheduling based on reliable information on evapotranspiration (ETo 
from CIMIS or Spatial CIMIS) and updated 
values of crop coefficients (Kc). The 
different research institutions in California 
are working diligently to continuously 
update this information for growers. 

A recent development by UC in this arena 
is … Surface Renewal. See figure and 
caption to the right. 

Bottom line is technologies are getting 
more and more sophisticated and easier 
to use, so growers are implementing them 
much more, says Bostrom. 

Zaccaria offers a word of caution: 
Commercial vendors are selling a lot of 
water conservation solutions and 
technologies to growers, but the products’ reliability and accuracy needs to be tested 
and validated under controlled conditions prior to effective deployment at farms. 

As for covering the cost of growers’ water improvements, irrigation modernization 
programs (NRCS-EQIP; CDFA-SWEEP) are being funded by federal (USDA-NRCS) and 

                                                 
12 Lisa Heacox, CropLife, “Technology Vital In California Water Management,” March 7, 2017, 

https://www.croplife.com/management/technology-vital-in-california-water-management/  

https://www.croplife.com/management/technology-vital-in-california-water-management/
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state (CDFA) agencies to encourage producers to pursue water savings, energy savings 
and reduction of greenhouse gas emissions in agricultural production. 

4. Ag Demand Response Projects 
Polaris Energy Services… announced today that the California Energy Commission 
approved a $2.9 million agreement for Polaris to deploy irrigation automation systems 
that are responsive to the power grid at subsidized or no cost to farmers.13 

The myPOLARIS web and mobile apps enable agricultural energy users to minimize 
energy costs and access incentives and revenue from the grid by responding to price 
signals and demand response events using Polaris' Pump Automation Controller (PAC) 
and other leading irrigation control systems. In the wake of the 2020 Heat Storm, the 
CEC tapped Polaris to develop a follow-on project to its EPIC study, "Technologies and 
Strategies for Agricultural Load Management to Meet Decarbonization Goals," because 
of its demonstrated success in shifting irrigation pumping load from peak hours. 

Author’s Note: The final report for the above referenced CEC Project is linked in 
reference 5. 

Commissioners were enthusiastic about the leading role that irrigation pumping can play 
in managing California's grid. Commissioner Andrew McAllister said, "Water pumping is 
really the perfect manageable load because ... you can really provide the service you 
need ... and there's a lot of water pumping throughout the state, so I think ... this will 
have a big impact."  Commissioner Siva Gunda added, "I watched a couple of 
testimonies from the [previous] project participants. I'm just incredibly thrilled with the 
opportunity here as ... there's close to a gigawatt of opportunity in Load Flex here. There 
was a huge load shift last year [in Polaris' prior CEC project] during critical net peak 
hours, which is becoming harder and harder for California." 

                                                 
13 Energy Central, “California Energy Commission (CEC) Awards $2.9 Million to Polaris Energy Services 

for Grid Responsive Irrigation Automation,” Oct 6, 2021, https://energycentral.com/news/california-energy-

commission-cec-awards-29-million-polaris-energy-services-grid-

responsive?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_10_07  

https://energycentral.com/news/california-energy-commission-cec-awards-29-million-polaris-energy-services-grid-responsive?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_10_07
https://energycentral.com/news/california-energy-commission-cec-awards-29-million-polaris-energy-services-grid-responsive?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_10_07
https://energycentral.com/news/california-energy-commission-cec-awards-29-million-polaris-energy-services-grid-responsive?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_10_07

