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Abstract

California has invested billions of dollars to put the State on a path to 100% carbon-free electricity.
Curtailments of renewable energy are antithetical to State policy. More electric storage could
substantially reduce and eventually eliminate the need for curtailments. However, current electric
storage technologies cannot cost-effectively store all of the surplus solar and other types of variable
electricity being produced. As solar continues to grow at a rapid pace, near-term solutions are needed to
bridge the technology gap. Fortunately, cost-effective remedies exist today in the State’s water and
wastewater systems that can, when properly configured and operated, become virtual electric batteries.

Multiple water and wastewater utilities within SCE’s service area were interviewed to understand the
types of changes that would be needed to water sector infrastructure and operations in order to
leverage the flexibility inherent in water systems to increase or shed load when needed to maintain
electric reliability. The primary finding was that Flexible Electric Resources exist now in water and
wastewater systems and can be used to support electric reliability, but new programs are needed to
address barriers in existing programs that inhibit water sector participation. With solar PV projected to
more than double within 5 years, the search for water and wastewater electric reliability partners
should begin now with the aim of influencing the billions of dollars invested by the water sector in new
and retrofit infrastructure every year.

Keywords: electric reliability, over-generation, over-supply, under-generation, under-supply, carbon-
free energy, renewable energy, curtailments, electric storage, water storage, demand response, flexible
demand response, Flex DR, Flexible Electric Resources, solar, wind, pumped storage hydro, water,
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Preface

California’s phenomenal success in spurring development of clean, renewable energy resources
has created a situation in which electricity production sometimes exceeds real-time electric
demand. Battery energy storage has proven effective in helping to mitigate these so-called
periods of “over-generation”; however battery technologies are not yet able to store very large
quantities of electricity for long durations of time. Consequently, when over-generation causes
voltage instability, variable energy resources such as solar, wind, and as-delivered hydropower
may need to be curtailed.

The California Independent System Operator that manages 80% of the State’s high voltage
electric system recently advised that over-generation is growing much faster than forecasted.
Since grid-scale solar PV alone is expected to more than double within 5 years, additional
curtailments of carbon-free renewable resources are highly likely. Near-term solutions are
needed while electric storage research and development proceeds in parallel.

The water sector is the perfect electric reliability partner. Not only does water depend on
reliable electric service to meet its mission critical goals - water and wastewater utilities’ service
areas span hundreds of miles, usually contiguous with electric transmission and distribution
infrastructure. Itis not a coincidence that water and wastewater utilities’ service areas overlay
areas in which SCE’s electric distribution system is already at or near capacity — where there are
people and businesses that need electricity, those same people and businesses need water and
wastewater services. Importantly, water-related Flexible Electric Resources exist today and
there is a substantial opportunity to develop more Flexible Electric Resources by influencing the
billions of dollars in upgrades and expansions being invested by the water sector and the State
every year to build drought resilience.

Through case studies, meetings, and interviews with water and wastewater utilities, principles
for a Water Sector Electric Reliability Program were developed to leverage the flexibility
inherent in California’s water systems for near-term cost-effective electric reliability support.
Key to this program’s success is the recognition that California’s water sector is not merely an
electric customer - it is a natural and inevitable electric reliability partner with substantial
capabilities to provide over-generation mitigation as easily as it has historically provided relief
during periods of under-generation (aka “under-supply”). When design, development and
operations of water and wastewater systems are synchronized with the needs of the electric
grid, cost-effective benefits accrue to both water and electric ratepayers.
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store it, the CAISO has two primary options: increase demand or reduce supply. The grid
balancing challenge is made more complex by the fact that electric reliability is locational:
imbalances need to be solved at the locations on the grid at which they occur.

Figure ES-1. Projected Hourly Over- and Under-Generation during March 2023 (MWh)

Utility-scale (transmission level) solar PV is on a trajectory to more than double within 5
years. If all of the solar PV presently in queue for transmission interconnection is placed in-
service, solar PV could triple. Figure ES-1 shows that as solar PV capacity increases, solar
electricity plus “Minimum Generation” is expected to exceed real-time electric demand
(“Load”) during the middle of the day during some months, especially Spring when solar
production is high relative to electric demand.

“Minimum Generation” is the amount of electric generation resources that cannot be
dispatched — turned on or off — either because they are required to be operated
(“regulatory must-run”) or because they are needed for electric reliability purposes (e.g.,
natural gas turbines that provide emergency backup power, load following, and other
important grid balancing services).

Figure ES-1 shows that by March 2023, even the low solar PV forecast is likely to result in
over-generation from 8am to 6pm. This graph does not show the impact of other grid-level
renewable energy resources such as wind, nor “behind-the meter” (BTM) generation.
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impact, and the duration. The water utility can then deploy its portfolio of water and
energy resources and adjust its operations in a manner that provides the targeted
locational electric reliability result.

3. Develop a simple Partnership Agreement. A “Standard Offer” similar in structure to the
pre-approved regulatory agreements that were made available to “Qualifying Facilities”
under The Public Utility Regulatory Policies Act of 1978 (PURPA)* would be helpful in
facilitating a near-term dialogue about the types of electric reliability services a Water/
Wastewater Partner can provide now and in the future.

California’s “Standard Offers” expedited contracting and development of qualified
renewable energy generation facilities by creating a “checklist” type of agreement with pre-
approved “standard” terms and conditions, but with the ability to self-select some terms
(e.g., the type of project — fixed or as-delivered capacity; the basis of compensation — fixed
or variable, short- or long-run avoided cost, nominal dollars or levelized; etc.).* Similarly:

e Term sheets documenting the level, types, and locations of electric reliability support
that will be provided by individual water and wastewater utilities to electric utilities
could be simply documented and appended to a Water Sector “Standard Offer” for
Flexible Electric Resources.

e The term sheet could provide a list of different compensation options for the proposed
electric reliability services that the Water/Wastewater Partner could self-select.

Through case studies, meetings, and interviews with water and wastewater utilities, the
foregoing principles for a Water Sector Electric Reliability Program were developed with the
aim of leveraging the flexibility in California’s water systems to provide near-term, cost-
effective electric reliability support. Expedience is needed to influence the billions of dollars
being expended by water and wastewater utilities today for upgrades and expansions that build
drought resilience while meeting load growth. When design, development, and operations of
water and wastewater systems are synchronized with the needs of the electric grid, cost-
effective benefits accrue to both water and electric ratepayers.

There is no “one size fits all” — each water and wastewater utility has a unique mix of resources,
infrastructure, and service area characteristics (demand, topography, hydrology/climate) that
need to be considered when providing electric reliability services. Ideally, each
Water/Wastewater Partner will identify synergistic opportunities that enable it to provide
electric reliability support while concurrently increasing the reliability of its own systems and
services. A “win-win” will assure that electric reliability becomes fully integrated into the new
Water “BAU”.
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| The Challenge

SCE’s Over-generation Pilot Project

Goal

Continue building knowledge and understanding about water sector opportunities for
developing flexible resources that enhance grid reliability and mitigate both regional and
local distribution over-generation impacts. For purposes of this report, “water sector”
includes water and wastewater utilities, agricultural water purveyors, groundwater bankers,
wholesale water suppliers, and other types of water purveyors and water service providers,
both publicly and investor-owned.

Objectives

Identify strategies for California’s water sector to increase flexibility in their systems
and operations where beneficial for mitigation of electric voltage instability, physical
and economic curtailments of renewable electric resources, and other undesired
impacts of over-generation.

Develop analytical models and tools to assist the water sector in identifying and
evaluating opportunities to provide over-generation mitigation support.

Evaluate the costs/benefits of water sector over-generation opportunities from the
perspectives of the water sector and their ratepayers, SCE and its ratepayers, and the
State.

Develop a proposed framework, rate model, and tariff for providing incentives to water
sector entities to mitigate over-generation.

Approach

Leverage prior work and existing relationships, resources, and assets to achieve the
project goals and objectives as efficiently and cost-effectively as possible.

Obtain input and insights from leading water and wastewater utilities that have already
commenced identifying and evaluating strategies for minimizing energy costs and risks
in the anticipated new electric markets.

Capture stakeholders’ insights in case studies that document best-in-class over-
generation mitigation programs, projects, and practices.

Convert data and information about water sector opportunities for mitigating over-
generation into training materials, analytical and predictive models, and other tools
that can help water and wastewater utilities increase their flexible load capabilities.

October 25, 2019
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Background and Context

On September 19, 2013, the California Public Utilities Commission (CPUC) opened Rulemaking
No. 13-09-011 “To Enhance the Role of Demand Response in Meeting the State’s Resource
Planning Needs and Operational Requirements” (R.13-09-011). One activity conducted under
this rulemaking was review and approval of the State’s electric investor-owned utilities’ (IOUs)
proposed Demand Response Programs which include new demand response research activities
to meet the future grid needs envisioned by the State.

OnJune 9, 2016, the CPUC issued Decision 16-06-029 approving SCE’s proposed pilot to
evaluate the potential of pumped water storage as a means of addressing periods of over-
supply (over-generation) on California’s electric grid.

For purposes of this project, “water sector” includes water and wastewater utilities, agricultural
water purveyors, groundwater bankers, wholesale water suppliers, and other types of water
purveyors and water service providers, both publicly and investor-owned.

Phase 1

The Pilot commenced with establishing a baseline understanding of “over-generation” and the
potential role of the water sector in providing over-generation mitigation and related types of
electric reliability support.

Summary of Phase 1 Findings

1. Over-generation is real, and it will increase substantially Over-generation
over the next 5 years. Over-generation due to surplus occurs at times and
variable energy resources, especially solar photovoltaics (PV) in places where real-
and wind, has been observed since 2015. California time electric supplies

exceed real-time
electric demand,
causing electric
system instability.

policymakers and regulators have been tracking the rate of
growth in over-generation events and impacts which, due to
insufficient battery energy storage, requires intervention
from the California Independent System Operator (CAISO)
that is charged with managing 80% of California’s wholesale
electric grid. “Intervention” resulted in “curtailments™:
turning off some of the State’s valuable clean and renewable energy resources, mostly
utility-scale solar PV, during some hours. Given the State’s commitment to achieving a
portfolio of 100% carbon free and renewable electric resources by the year 2045,
curtailments are antithetical to State policy.

2. California’s water sector has unique opportunities to provide over-generation mitigation
and related electric reliability services. It has long been known that water and wastewater
utilities have the unique ability to substantially change the quantity, time, and location of
their electric use. Many water and wastewater utilities routinely minimize use of electricity
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during summer on-peak (high electric price) periods. The same types of changes to water
and wastewater systems and operations that enable avoiding high cost summer on-peak
electricity can be readily adapted to increase electric use during periods of over-generation,
provided there is sufficient financial compensation and any potential risks to mission-critical
operations can be appropriately mitigated.

3. The water sector is interested in participating in design of an over-generation mitigation
and “Flexible Demand Response” program. \Water and wastewater utilities that
participated in Phase 1 of this Pilot Project stated that they could do more Demand
Response and expressed a desire to participate in designing a “Flexible Demand Response”
program tailored to the special needs and capabilities of the water sector.

The results of the Phase 1 opportunity assessment were documented on May 7, 2019 in a
report: “Water Sector Over-Generation Mitigation and Flexible Demand Response”. The
Phase 1 report is available for download.?.

Phase 2

Phase 2 was structured to build upon the Phase 1 findings through meetings, site visits,
interviews, and workshops with a variety of water and wastewater utilities.

Goal

Advance development of an SCE Flexible Electric Resources Program that helps the water sector
and other SCE customers develop Flexible Electric Resources that can support electric reliability
at both the transmission and distribution system levels.

Objectives

1. Identify strategies for water and wastewater utilities to increase flexibility in their systems
and operations where beneficial for mitigation of electric instability, physical and economic
curtailments of renewable electric resources, and other electric reliability challenges at both
the transmission and distribution system levels.

2. Evaluate the costs/benefits of water sector Flexible Electric Resources opportunities from
the perspectives of water and wastewater utilities and their ratepayers, SCE and its
ratepayers, and the State.

3. Develop a proposed framework for engaging the assistance of the water sector in providing
electric reliability support through development and provision of Flexible Electric Resources.

1 The Phase 1 report can be accessed on Water Energy Innovations website via the below link:
https://www.waterenergyinnovations.com/wp-content/uploads/2019/05/20190507-FINAL-Overgen-T1-Assess-

HIGH RES.pdf.
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Time is of the Essence

The Phase 1 report showed that as of March 25, 2019, 23,832 MW of new utility-scale solar
photovoltaic (PV) generation had applied for transmission interconnection with the CAISO
between the five year period 2019-2023. Of that amount, projects totaling 8,933 MW (37.5%)
had already executed transmission interconnection agreements.?

Over the 6 month period following the Phase 1 report, the queue for new utility-scale solar PV
increased by 6.8%, to 25,458 MW as of October 8, 2019. Of that amount, 10,682 MW (41%)
have now executed transmission interconnection agreements.?

Figure 1. Potential Range of Over-generation by March 2023 [High and Low Solar PV Projections]

Note: Utility-scale (transmission level) solar PV is on a trajectory to more than double within 5
years. If all of the solar PV presently in queue for transmission interconnection is placed in-
service, solar PV could triple. Figure 1 shows that as solar PV capacity increases, solar electricity
plus “Minimum Generation” is expected to exceed real-time electric demand (Load) during the

2 Source: CAISO data about the number and capacity of projects requesting generation interconnection as of
March 25, 2019.

3 “A streamlined process for interconnecting generating facilities.” CAISO website:
http://www.caiso.com/planning/Pages/Generatorinterconnection/Default.aspx. ISO Generator Interconnection
Queue, Excel spreadsheet, “Active” Projects only. Data downloaded on September 27, 2019.
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middle of the day. [“Minimum Generation” is the amount of other electric generation resources
that cannot be dispatched — turned on or off — either because they are required to be operated
(“regulatory must-run”) or because they are needed for electric reliability purposes (e.g., natural
gas turbines that provide emergency backup power, load following, and other important grid
balancing services).]

Figure 1 on the preceding page shows that by March 2023, even the low solar PV forecast is
likely to result in over-generation from 8am to 6pm. This graph does not show the impact of
other grid-level renewable energy resources or “behind-the meter” (BTM) Solar.

Note that utility-scale solar PV is just one part of the equation. Over-generation also has a
distribution system counterpart: mini-duck curves created by distribution level variable energy
resources (primarily solar PV), most of which is “behind-the-meter” (BTM) customer-side
electric generation. Figure 2 below shows that as of April 4, 2019, the CEC expected BTM solar
PV capacity alone to exceed 12,000 MW by 2022.

Figure 2. Projected 2020 BTM Solar PV Capacity and Production*

4 Estimated BTM Solar PV Capacity was projected by Load Serving Entities (LSEs); estimated BTM Solar PV
Production was projected by the California Energy Commission (CEC). Source: Loutan, Clyde, Hong Zhou, and
Amber Motley. “Flexible Capacity Needs and Availability Assessment Hours Technical Study for 2020.” California
Independent System Operator (CAISO) presentation. April 4, 2019.
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On April 4, 2019, the CAISO reported that its “Duck” (Net Load) was four years ahead of
schedule due to under-forecasting rooftop (BTM) solar PV (see Figure 3 below).

Figure 3. CAISO Duck is 4 Years Ahead of Schedule®

Significant quantities of flexible capacity will be needed in 2020 to effectively integrate high
volumes of both transmission- and distribution-level variable energy resources, most of which is
solar PV. Figure 4 below shows the monthly amount of flexible resources that the CAISO
estimates will be needed by 2020 by type of resource (Base, Peak, and Super-Peak).

Figure 4. Preliminary System-Wide Flexible Capacity Monthly Calculation by Category for 2020°

5 Loutan, Clyde, Hong Zhou, and Amber Motley. “Flexible Capacity Needs and Availability Assessment Hours
Technical Study for 2020.” California Independent System Operator (CAISO) presentation. April 4, 2019.

6 “Flexible Capacity Needs Assessment for 2020.” California Independent System Operator (CAISO) presentation.
May 15, 2019.
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CAISO Flexible Capacity Categories

Base Flexibility: Operational needs determined by the magnitude of the largest three-hour secondary
net load ramp

Peak Flexibility: Operational need determined by the difference between 95 percent of the maximum
three-hour net load ramp and the largest three-hour secondary net load ramp

Super-Peak Flexibility: Operational need determined by five percent of the maximum three-hour net
load ramp of the month

Source: Loutan, Clyde, Hong Zhou, and Amber Motley. “Flexible Capacity Needs and Availability Assessment Hours
Technical Study for 2020.” California Independent System Operator (CAISO). May 15, 2019.

Solar and Wind Energy Curtailments

Table 1 below and Figure 5 on the next page show the amount of solar and wind energy
curtailed by the CAISO during 2015-2019. (Note that curtailments during 2019 cover the period
through July 31, 2019.)

Table 1. Quantity of Solar and Wind Curtailments (MWh) [2015-2019]"

Year Solar Wind Total Curtailments
2015 137,182 50,588 187,770
2016 228,418 73,744 302,162
2017 345,545 33,873 379,418
2018 432,357 28,686 461,043
2019 671,220 32,971 704,191

Clearly, curtailments during 2019 have increased substantially, especially solar. The gap
between electric supplies and demand will continue to grow as more utility-scale renewable
generation such as solar and wind are brought on-line to meet California’s ambitious goal of
100% carbon-free energy by 2045.

" Compiled from California Independent System Operator (CAISO) historical wind and solar production and
curtailment data through July 31, 2019 in the California Independent System Operator. “Managing Oversupply.”
CAISO website: http://www.caiso.com/informed/Pages/ManagingOversupply.aspx.
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Renewable Energy Curtailments (2015-2019)*
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Figure 5. Annual Solar and Wind Energy Curtailments (2015-2019)8

The largest curtailments during 2019 occurred during May. This is a substantial change from
prior years wherein curtailments have been highest during spring months, especially February
and March. Figure 6 below shows the quantity of renewable energy curtailments by month
during CY2019 (as of September 30, 2019).

Figure 6. Monthly Renewable Energy Curtailments During CY2019 (as of September 30, 2019)°

8 Compiled from California Independent System Operator (CAISO) historical wind and solar production and
curtailment data through July 31, 2019 in the California Independent System Operator. “Managing Oversupply.”
CAISO website: http://www.caiso.com/