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PV array is the ability of the former to shift solar generation to time periods with higher energy prices.
Sioshansi and Denholm (2010



(Southern California Edison) provides a time-variant retail rate that overstates the diurnal differences in
wholesale prices. As such, the energy storage in the hybrid energy systems that are built at the two locations
that are modeled are oversized slightly under retail pricing compared to the socially optimal design that
wholesale prices would yield. Moreover, the hybrid energy systems earn considerably higher profits under



2.2. Model Notation



2.3. Model Formulation

Our model is formulated as:

max CCξS +
∑

t∈T

rtP
N
t



provides a fixed capacity value, ξPV

https://www.irs.gov/pub/irs-wd/1308005.pdf


https://news.energysage.com/average-solar-panel-size-weight/


$210/kW inverter cost. In all cases, we assume that the battery

https://www.sce.com/residential/rates/sce-grandfathered-rate-plans


Table 4: Financial Cases That Are Examined in Section 4

Case Energy Prices Coupling ITC

Base Wholesale Flexible No
Retail Flexible Retail Flexible No
Wholesale Prorated Wholesale Prorated Prorated
Retail Prorated Retail Prorated Prorated
Wholesale Tight Wholesale Tight Yes
Retail Tight Retail Tight Yes

profits among the battery technologies that we consider, is built. The impact of using other energy storage
technologies is summarized in Section 5.2. The figure shows that solar output peaks in the middle of the day
but is not coincident with the peak in energy prices, which occur later in the evening. As such, the battery
is used to store most of the energy that is produced by the PV array, which is sold back to the power system





a vastly different manner in the Base and Retail Flexible Cases compar



Table 6: Optimal Configurations and Profits of Hybrid Energy Systems With VRB Energy Storage in Mojave

Configuration Annual Profit Operating Profit

Case Ī =



Table 7: Optimal Configurations, Profits, and Operations of Hybrid Energy Systems With VRB Energy Storage in Los Angeles
with Capacity Payments

Configuration Annual Profit Capacity Value

Case Ī = B̄P B̄E [$ thousand] of Battery [kW]

Base 33.0 7 14.1 31.4
Retail Flexible 33.0 10 19.8 31.4
Wholesale Prorated 74.6 1 5.9 30.6
Retail Prorated 74.6 1 4.4 30.6
Wholesale Tight 33.0 6 5.5 31.4
Retail Tight 33.0 6 4.1 31.4

5.2. Battery Technology

Table 8 summarizes the optimal configurations, profits, and operations of the hybrid energy systems that
are built in Los Angeles using different battery technologies (as well a



investor to size a hybrid energy system. However, our interest is in



cases with wholesale prices. Conversely, if one is conducting a detailed financial analysis of a potential hybrid
energy system, including such fees in the modeling is critical.

We neglect, also, the potential for the hybrid energy system to be co-located with a load. Depending
upon prevailing tariff designs and incentive mechanisms, co-located load can affect the optimal design and

https://www.cpuc.ca.gov/sgip/
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