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Research Objectives

How does the highest-value PV+battery hybrid system vary by
location and over time?

How does the coupling type affect how the energy and
capacity values of select PV+battery hybrid systems evolve
over time in Texas, New York, and California?

How do the inverter loading ratio and battery size affect how
the energy and capacity values of PV+battery hybrid systems
evolve over time in the same locations?
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Methodology

Y e Optimize evolution of electric power sector Regional Energy Deployment
Optir:izztion: technologies through 2050 System (ReEDS) Model
Planning
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Optimization: production cost
Operations J

)} Cambium
e Compile hourly marginal energy and capacity prices

Data e Compile hourly PV generation profiles
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e Dispatch PV+battery systems against hourly prices to Revenue, Operation, and Device
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Results

Part 1: Architecture



Part 1 Configurations
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DC-Coupled AC-Coupled

Figures from Wood Mackenzie Power and Renewables

converter

60 MW, 4 hours

DC-coupled systems can be loosely or tightly coupled; loosely coupled systems can
charge from the grid, whereas tightly coupled systems cannot.
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The value premium of AC-coupled systems over DC-coupled systems depends

on the value of standalone PV systems.
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As the value of generation during daylight hours declines, more PV generation

is directed to the battery.
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When standalone PV provides little or no value, most of the PV generation is

directed to the battery.

NREL | 9



2020 2030

$10M
Capacity Value Rt 77 MW
@ = ] - | | || |
5 s B s0 Mw
S su
. $0M
The top black, horizontal S100
line represents the N SR i N
o c>
capacity value that the DC- 7z M ool R
o3 saM
coupled systems would i .
have if they had full oM
capacity credit. $10M
ER Y
o w
EEE; $6M -
The lower line represents g8
. o
the capacity value of the :20"”
M
battery alone Wlth fU” None AC Loose None AC Loose  Tight
- - bc Dc DC
capacity credit. Coupling Type Coupling Type
I Battery Capacity Value PV Capacity Value 5] Hybrid Capacity Value

NREL | 10




Capacity Value

When standalone PV has
relatively high capacity
value, the shared inverter
of the DC-coupled systems
limits their value.
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Capacity Value

When standalone PV has
negligible capacity value,
the hybrid systems’
capacity values are limited
to that of the battery.
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Benefit-to-Cost
Ratio (BCR)

Change in BCR Relative
to Standalone Systems
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Part 1 Conclusions

Among the configurations we modeled:

We did not find an optimal coupling type across the three
areas, especially in the near term.

We did not find synergies in the energy or capacity values of
hybrid systems compared to separate systems.

— In other words, none of the hybrid systems has a higher
value than the combined values of separate systems.

Over time, with increasing PV share, the coupling types
converge toward similar operation and value.
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Results

Part 2: Component Sizing



Part 2 Configurations

DC-Coupled
: Inverter Loading 1.4,1.6,1.8, 2.0, 2.2,
Ratios 2.4, 2.6
4 hours Battery-Inverter ~ 0.25
Ratios 0.5
0.75
1.0
Grid Charging Yes (loosely coupled)

Figure from Wood Mackenzie Power and Renewables
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Capacity Factor (%)
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Capacity Credit
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Part 2 Conclusions

* Alikely evolution of the design of PV+battery systems in the
medium- and long-term will be:
— Increasingly higher battery power capacities that will

provide a growing share of the coupled system’s capacity
value as PV capacity credit declines

— Increasingly higher ILRs, enabled by the presence of larger
batteries, that will further increase the coupled system’s
energy value

* Depends on how PV module costs decline in the future
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Part 1: Capacity Credit
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Part 2: Total Value
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Capacity Factor (%)

10

0

Part 2: Capacity Factor
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Unused PV Generation (%)

Unused PV Generation (%)

Part 2: Unused PV Generation
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Part 2: Unused PV Generation

New York, 240-MW PV, 25-MW Battery California, 240-MW PV, 100-MW Battery
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Part 2: Unused PV Generation
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Part 2: Unused PV Generation
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