1. Introduction
The Lake Elsinore Advanced Pumped Storage (LEAPS) project is an energy generation and storage project. It
is designed to help stabilize electric infrastructure and maximize the use of all forms of renewable energy. With
generating capacity up to 500 MW, this storage can provide vital “load balancing” to California’s electricity
system Grid by dispatching energy quickly during peak usage and storing unused energy at low-demand times.
This load balancing helps prevent power outages. It will also help ensure maximum use of renewable energy
resources that would otherwise have to be curtailed in low demand conditions.
ZGlobal performed a life cycle economics and reliability study for the LEAPS project. Consistent with the
California ISO’s (ISO) Supplemental Sensitivity Analysis: Benefits Analysis of Large Energy Storage 1. Both
studies confirm the numerous benefits of adding 500 MW of pumped storage in Southern California. These
services will not only enhance grid reliability but can also reduce overall costs to California ratepayers as
further described below.

2. Project Overview
The LEAPS proposed carbon free project will be comprised of a 500 MW advanced pumped storage facility,
with two new twenty-seven-mile 500 kV interconnecting transmission lines, two new 500 kV substations, three
new 500/230 kV transformers, three new phase shifting transformers, and one new 10-mile 230 kV
transmission line. One 500 kV line will interconnect with the transmission network of SCE and the other will
interconnect with the transmission network of SDG&E.
These facilities would be located approximately midway between Los Angeles and San Diego at Lake Elsinore,
California. Lake Elsinore, which is the largest natural lake in southern California, will serve as the lower
reservoir for the proposed facility. The Decker Canyon reservoir, which is to be constructed above the crest of
the Elsinore mountains, will serve as the upper storage reservoir of the LEAPS project. The Decker Canyon
reservoir will be approximately 9,500 feet southwest of Lake Elsinore at an elevation of approximately 2,792
feet above mean sea level.
The facilities would have an installed discharging capacity of approximately 500 MW and a variable pumping
capacity of 600 MW provided by two single-stage reversible pump-turbine units operating under an average
net head of approximately 1,484 feet. The total energy storage available will be approximately 6,000 MWh per
day, potentially allowing for 10 hours of discharge of the stored energy at the full discharge capacity of 500
MW. The corresponding charging/pumping requirement will be 12 hours at the full plant pumping capacity of
600 MW, with additional required pumping occurring on Saturday and/or Sunday if a weekly cycle is used.
The pump-turbine and motor-generating units and associated mechanical and electrical equipment will be
located below ground, immediately adjacent to Lake Elsinore, at the foot of the Elsinore mountains. Stored
energy will be released and transformed underground to 500 kV and transmitted to the surface by way of oilfilled cables along the side of the elevator shaft. The LEAPS project would be interconnected to the grid at
separate interconnections with SCE and SDGE. A single-line electrical diagram is shown in Figure 1.

3. Project Merits
The Governor’s Executive Order B-30-15 commits California to reduce its greenhouse gas emissions 40 percent
below 1990 levels by 2030.
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The ISO letter to the California Public Utility Commissioners dated July 15, 2015 2 noting the importance of
Pump Storage stating, “In the Commission’s current LTPP, the ISO has identified over-generation and ramping
concerns with increased renewable generation”. Further, “To meet these growing needs, the ISO and the
Commission must be prepared to implement solutions which allow a reliable operation of the highly dynamic
grid. Energy Storage, with its unique ability to both consume excess renewable energy and to quickly inject
clean energy back onto the grid to meet ramping and peak demand needs, has the potential to be the
cornerstone of the new electric network. Pumped Storage, in particular, can be constructed at a large scale with
characteristics that are necessary to meet our grid’s over-generation and ramping needs”.

4. Project Benefits to California Consumers
In addition to the social and local economic benefits, LEAPS would provide California a multitude of grid
benefits, from enabling reliable renewable portfolio integration to enhancing grid resiliency and reliability.
LEAPS would be an electric storage resource with the ability to both charge and discharge electricity and
provide transmission and a variety of grid support services to the ISO. These services include reactive power
(i.e., VAR) support, load and resource balancing services (i.e., regulation-up and regulation-down services),
flexible capacity for moment-to-moment load following service, spinning reserve service, black start service,
and several additional grid support services. The LEAPS project would be able to switch from providing one
service to another almost instantaneously.
4.1 Reduction in Energy, Emission and Capacity Costs to Consumers
As demonstrated in the ZGlobal studies, the LEAPS availability has the potential to decrease the overall
energy, emissions and capacity costs to consumers. The ISO analysis also quantified the annual benefit
in terms of reducing energy costs to consumers ranging between $66 and $72 million annually.
4.2 Reduction Overgeneration Costs
The LEAPS project would manage over-supply/over-generation caused by the energy production
profiles of California’s renewable portfolio. Specifically, the pumped storage component of LEAPS will
store renewable during hours of oversupply and release the stored energy during hours of under
supply. For example, LEAPS can use wind energy generated at night by pumping the water to the upper
reservoir. During peak demand, LEAPS will release the stored energy. This will reduce the excess
generation that would otherwise be curtailed at a cost to ratepayers that could be as high as $150/MWh.
The ISO’s analysis determined that LEAPS has the potential to reduce energy curtailments on the 1st
year of operation between 545 and 894 GWh for a savings of between $11.6 and $20.4 million in
curtailment costs annually. However, LEAPS can store up to 2,100 GWH or up to four time more that
estimated need on the 1st year of operation.
4.3 Cost Reduction for Consumers and Meeting the State Energy Goals
The LEAPS project would reduce the amount of solar or wind capacity overbuild needed to meet the
50% RPS target. For example, the ISO study3 determined an additional 1,619 MW of solar or 1,211 MW
of wind will be needed in 2026 to achieve the 50% RPS goal. After adding the 500 MW pumped storage
facility in Southern California, however, the ISO’s study showed that this RPS requirement would be
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reduced from 1,619 MW to 1,296 MW in the high solar penetration case, and from 1,211 MW to 1,023
MW in the high wind penetration case. Therefore, the net reduction of RPS nameplate capacity is 323
MW of solar or 188 MW of wind respectively, which is 20% less solar generation and 15.5% less wind
generation to achieve the same RPS target. The ZGlobal study calculated an RPS annual cost reduction
or cost savings to consumers ranged from $33 and $25 million respectively.
4.4 Reduction in Flexible cost
The LEAPS project was designed to be highly flexible. The variable speed technology utilized by the
project would provide an incredible ability to move hundreds of stored MW’s in minutes both in the
generation and pump modes. The flexibility is a valuable reliability service and displaces reliance on the
grid and can respond rapidly to continuously changing grid conditions. The pumped storage is widely
accepted as a mature technology with proven effectiveness. The same ISO study indicates the benefits
of this flexibility is estimated to range from $55.7 to $57.4 million annually in reduction of flexibility
cost to consumers.
4.5 Enhances Grid Resiliency and Reliability
The LEAPS project comprises a combination of transmission lines (wires), reversible pumps, phase
shifting transformers, substations and other equipment. LEAPS and its associated equipment resulted
in calculated reliability and avoided cost benefits of $30 million annually.
4.6 Improves Frequency Response after disturbances
LEAPS would have the ability to markedly reduce the magnitude of frequency excursions and the
number of oscillations following large disturbances (such as the loss of a 500 kV line.) Studies
performed by ZGlobal demonstrate as high as a 26% improvement in frequency excursions and as
high as 12 seconds improvement for stabilization time.
4.7 Provides Voltage Regulation Capability
The LEAPS project would provide voltage regulation capability for operators to manage high and low
voltages on the grid.
4.8 Provides Inertial Response
The LEAPS project would provide over 200 MW of stored inertia to the ISO grid during an outage.
Hydro generators have massive prime movers which have a lot of inertia. Hence, when a contingency
occurs, and the frequency varies, the turbines will not speed up or slow down rapidly like other
generators. They continue to provide stability to the system following disturbances.
4.9 Re-route energy flow via PSTs across Southern California
The LEAPS project would be able to re-route or increase power flow by changing the power angle
and damp power oscillations using its PSTs. Also, its 37 miles of transmission lines provides a new
path for delivering stored energy into the load pocket, thus moving stored energy from Los Angeles
to San Diego and vice versa.
4.10 Provides Black Start Capability
The LEAPS project would provide black start capability when a major disturbance occurs, such as the
September 8, 2011 blackout and restore electricity instantaneously.

4

5. Local Economic Impact
The LEAPS project will have the following direct and indirect impact on the local economy. During Construction,
the LEAPS project is estimated to produce 15,741 jobs and generate $1.5741 billion into the local economy.
Post construction, the LEAPS project is estimated to produce 285 permanent jobs and pump $36 million
annually into the local economy.
In summary, given that the estimated cost of LEAPS is approximately $2 billion. The ZGlobal studies outline the
economic and reliability benefits of LEAPS over a 50 years life span – the project is clearly in favor of the
consumers. The levelized cost benefits are calculated to range between $5.9 billion under the high solar
penetration case to $3.08 billion under the high wind penetration4. The LEAPS levelized project cost is
calculated to equal to $3.08 billion. Thus, the levelized benefit to cost ratio ranged from 1.76:1 to 1.59:1.

Figure 1. LEAPS Project Conceptual Single Line Diagram
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Figure 2. LEAPS Project Conceptual Pumped Storage: Water Based Battery
Source: http://leapshydro.com
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