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Batteries and load control devices can increase the value of distributed solar photovoltaics (PV) from
multiple perspectives end-user, utility, and social. This review paper summarizes the end-user
economics of battery and load control technologies that increase the value of PV by controlling and
temporally shifting PV output, an approach referred to as “solar plus.” Solar plus can increase on-site
PV use. The literature shows that these values justify the incremental costs of solar plus devices for a
wide variety of technologies, geographies, and customer load profiles, especially for customers in three
rate structure contexts: where PV is sold to the grid at a lower value than the customer’s retail rate, in
time-of-use rates where peak periods do not coincide with PV output, and in demand charge rates where
load peaks do not coincide with PV output. Rate structure and policy reform may be necessary to ensure

that increasing solar plus deployment provides both end-user and system-level benefits.
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INTRODUCTION

Grid-connected solar photovoltaic (PV) output can either be
consumed on-site or exported to grid. Self-use may be
instantaneous or by storing and discharging PV output through
energy storage system. Energy storage systems include
batteries and load control devices that use the inherent storage
capabilities of certain home appliances to store PV output. A
lack of low-cost energy storage options has limited the ability
of customers to self-use PV output (1-5). Further, PV export
compensation in most major markets reduces customer
incentives to invest in technologies to increase self-use (2), (6—
8). Both of these paradigms are eroding due to falling battery
costs (9-11), the emergence of low-cost load control devices
(12—-16), and falling compensation rates for grid export (6),
(17). These trends suggest that future PV systems will be
increasingly integrated with batteries and load control devices
that optimize PV system through increased self-use. The term
“solar plus” refers to technological applications that increase
the value of PV by controlling and temporally shifting PV
output, as shown in Fig. 1. In this discourse, we explore the
end-user economics of solar plus applications in residential
buildings. Solar plus systems comprise of an open-ended list
of battery and load control technologies.

*Corresponding author: Magnanil Goswami
CL Educate Ltd, A-45, Mohan Cooperative Industrial Area, Near
Mohan Estate Metro Station, New Delhi 110044, India.

Batteries may be stationary, such as a wall-mounted lithium-
ion battery, or mobile in an electric vehicle (EV). Load control
refers to devices that add control capabilities to home
appliances. Any deferrable customer load can theoretically be
controlled to increase self-use. Water heating and air
conditioning (AC) are illustrative examples of deferrable
loads. With a “smart” domestic water heater (DWH) upgrade,
the electric unit in an electric DWH can be configured to pre-
heat water with PV output then defer, as much as possible, re-
heating water after sunset. Similarly, smart thermostats can be
configured to pre-cool a home with PV output then defer, as
much as possible, re-cooling the home after sunset. In both
cases, the end-user reduces grid use costs by deferring loads
until PV output is available. Other examples of deferrable
loads include heat pumps, dishwashers, washing machines,
dryers, refrigerators, and freezers. Devices with thermal
storage capabilities such as DWH, AC, and heat pumps have
the potential to significantly increase self-use, while other
home appliances have relatively modest potential impacts (18),
(19). Three trends contribute to the rise of solar plus. First,
battery costs are falling, bringing both stationary and EV
storage within financial reach for more customers (9-11), (20—
22). Second, customers have increasing access to low-cost,
practical load control devices (13), (16). Recent developments
in machine-to-machine communication, the near ubiquity of
smart phones, and falling costs have driven a proliferation of load
control products and increasing adoption (15), (16), (23-25).
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Fig. 1. The solar plus home [1]

Third, grid export compensation rates are falling in major PV
markets around the world, incentivizing customer investments
in solar plus technologies (26—30). Other retail rate reforms
incentivize solar plus by increasing the value of arbitraged PV
output, such as time-of-use (TOU) rates and demand charges
(5), (6), (31-35). The technical ability of solar plus to increase
self-use is reviewed in (4). A logical follow-up question is
whether and under what circumstances increased self-use
provides enough end-user value to sustain a scalable solar plus
market. Apart from meeting the primary objective of
summarizing residential end-user economics of solar plus, the
factors that drive the solar plus value proposition is explored
by answering the following key concerns:

» What are the incremental end-user benefits of solar
plus, relative to standalone PV?

» What are the incremental end-user costs of solar plus?
What are the economics of solar plus for end-users?

» How do technology costs affect the economics of solar
plus? How do customer electricity rate structures affect
the end-user economics of solar plus?

» How do customer load profiles affect the end-user
economics of solar plus?

End user value of solar plus: Solar plus devices convert
variable PV into a partially-dispatchable resource.
Dispatchability may improve the end-user value of PV
whenever that value varies over time (36), (37). The residential
end-user value of PV output varies over time if (a) the
customer’s retail electricity rate is higher than the grid export
compensation rate, (b) the customer is on a terms of use
(TOU) volumetric rate schedule, or (c) the customer is on a
demand charge ($/kW) rate schedule. If self-use is more
valuable than grid export, then the value of solar increases
with the volume of self-use (2), (3), (6), (8), (19), (33), (38).
Further, if the value of self-use varies over time in a TOU or
demand charge rate structure, then the value of solar increases
with the correlation between PV output use and peak-price
periods (5), (6), (31), (32). Solar plus devices can increase
self-use in two ways. First, solar plus devices can re-shape
customer load profiles so that more load is “pulled” into PV
output periods. Second, some solar plus devices
(predominantly batteries) can be charged with PV output and
discharged to meet customer loads outside of the PV output
period, effectively “pushing” PV output into later time periods.
Fig. 2 illustrates a load pull scenario for a customer between 5
pm-10 pm in a peak pricing period based on the TOU
structure. Fig. 3 illustrates an output push scenario. The battery
can be configured to charge with excess PV output, increasing
self-use and reducing grid exports. The battery is then
discharged after the PV output period to reduce the customer’s
peak demand. The key difference between load pull in Fig. 2
and output push in Fig. 3 is that the customer’s load profile is
not necessarily re-shaped in the latter. Solar plus systems with
multiple battery and load control devices can simultaneously
offer load pull and output push capabilities to maximize PV
end-user value in terms of electricity cost reduction. This
article focuses on the value of load pull and output push in
solar plus systems. However solar plus devices can provide
additional values independent from PV output (39). Batteries
and load control devices can be configured to perform TOU
arbitrage (13), (16), (39).
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Fig. 2. Load pull: re-shaping customer load profiles with solar plus devices. (A) Some PV output is exported to the grid and
unavailable to reduce the customer’s PM peak. (B) Load control devices “pull” the customer’s PM peak into the PV output period,
reducing grid exports and reducing the customer’s grid use during peak pricing hours. (C) Comparison of grid use
in the two scenarios
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Fig. 3. Output push: charging and discharging batteries with PV output. (A) Some PV output is exported to the grid and unavailable
to meet the customer’s PM peak. (B) A battery charges with PV output, reducing grid exports. The battery is then discharged to
meet the customer’s PM peak, reducing on-peak electricity use (if applicable). (C) Comparison of grid use in the two scenarios
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For instance, a smart DWH can be programmed to pre-heat
water overnight when TOU rates tend to be lower, ensuring a
low-cost hot water supply for the morning peak. Similarly,
batteries can charge with off-peak grid electricity then
discharge to reduce grid use during peak hours. Some solar
plus batteries, may also provide fewer tangible benefits such as
backup power (39-41).

Costs of solar plus

Battery Costs: Battery costs are often normalized by power
($/kW) and energy ($/kWh) capacity for comparison purposes.
The appropriate metric depends on the application of the
battery and optimal sizing. Customer load profiles with high
peaks may require higher power capacity (kW) but may not
require a deep discharge (kWh). Customers with relatively flat
load profiles may require deeper discharges (kWh) relative to
power capacity (kW). As a result, customer load profiles with
high peaks may generally aim to minimize costs relative to
power capacity ($/kW), while flat load customers may aim to
minimize costs relative to energy capacity ($/kWh) (42), (43).
The useful lifetime of batteries, generally measured in the
number of expected useful cycles and depth-of-discharge for
lithium-ion chemistry, must also be accounted for in cost
comparisons across different technologies. For instance, lead-
acid batteries are generally lower cost than lithium-ion
batteries, however lithium-ion battery lifetimes are on the
order of two to three times longer than lead-acid batteries (44),
(45). Technological progress to improve the useful lifetime of
battery chemistries has been slow (46), (47). Lithium-ion has
emerged as the most practical current technology with suitable
performance characteristics for a variety of applications,
including energy management in grid-connected and off-grid
buildings (44), (45), (48).

Numerous studies report battery costs for residential energy
storage systems, typically for lithium-ion systems, the most
common technology for residential storage. Several studies
assume battery hardware costs of €500/kWh (LJ$600/kWh).2
(7), (8), (38). Most studies use installed costs, meaning the
final cost paid for the installed system including non-hardware
costs like installation labor. Installed costs do not necessarily
correlate with hardware costs. Indeed, battery hardware costs
fell by about 50% per year from 2014 to 2016 (22), while
installed costs remained relatively stable (49). Fares and
Webber (2) cite a range of $700—1800/kWh for installed costs.
Lorenzi and Silva (5) assume a total installed battery cost of
$5185 for a 6.4 kWh system, or roughly $810/kWh. Linssen et
al. (44) wuse a higher installed cost of €1000/kWh

(~$1200/kWh). Finally, Ardani et al. (43) estimate an
installed cost of $8559 for a 3 kW/6 kWh system, or about
$1427/kWh. Battery cost assumptions are difficult to compare
across studies, as different studies use different approaches and
system size assumptions. Nonetheless the literature generally
suggests a range on the order of $700-1500/kWh for current
installed battery costs. These hardware costs do not account
for the round-trip efficiency losses that occur from the multiple
direct to alternating current conversions involved in battery
storage. Several studies have explored levelized cost metrics to
account for round-trip efficiency losses and other use-phase
factors that affect battery costs (50—54). One study includes
balance of system costs such as energy management systems
and fire suppression (55), while others include non-hardware
cost parameters related to financing and operations when
calculating the levelized cost of storage (56). Increasingly,

non-hardware costs related to installation and regulatory
compliance are being included in cost benchmarking
methodologies (57), which can lead to higher reported system
prices compared to technology providers. Battery costs have
fallen significantly in recent years (22) and are projected to
continue to decline on the order of 5% per year (10), (23).
Given projections for 5% annual reductions in PV system
prices (58), installed prices for PV plus battery systems should
decline at a similar rate.

Load Control Costs: Load control devices leverage home
appliances that most residential customers already own (13),
(16). The incremental costs of load control are therefore small
relative to batteries (14), (16), (24), (25), (59). Incremental
costs entail hardware added to the home appliances and any
software needed to configure the system. For instance, a smart
thermostat can convert the home’s thermal mass into an energy
storage system without replacing the existing heating and AC
infrastructure. The incremental cost is the cost of the
thermostat hardware and installation, which is on the order of
hundreds rather than thousands of dollars (14), (24), (295).
However, for DWH and space heating, the hardware cost will
be higher for customers that use gas rather than electricity for
water and space heating, given that customers must electrify
these loads in order to leverage solar plus. Load control device
consumer prices have declined over time (23), though not as
quickly as projected by industry experts (24). Strother and
Lawrence (23) project annual price declines for various load
control devices ranging from 3.5%/year for smart thermostats
to 7%/year for smart plugs from 2016 to 2026. Table 1
summarizes load control cost estimates from various literature.

Economic analysis: Economic analysis of solar plus evaluates
whether the incremental lifetime value of solar plus devices
justifies the incremental lifetime costs. The six metrics used
for solar plus economic analysis are summarized in Table 2.
Simple cost savings comparison is the most common
approach, possibly due to the relatively easy interpretation of
the results. The levelized cost of electricity (LCOE) is rarely
used in the literature, perhaps due to the added complexity of
calculating annual output with energy storage and load control.
Several studies have developed metrics for the levelized cost
of storage that could be extended to estimate LCOE in the
context of solar plus (50-54). All of the metrics identified in
Table 2 require some estimate of complex and uncertain cost
savings. To quantify these cost savings, the economic analysis
must establish (1) the type of solar plus devices, (2) the size of
solar plus devices, (3) how those devices are operated with
respect to the load and the utility tariff under consideration,
and (4) the lifecycle performance of those devices. These
factors affect both capital and operating cost, as well as the
ability to offset utility costs. Balance of these four items is
critical to establishing the cost-effectiveness of any solar plus
configuration.

All studies use models with empirical or simulated customer
load profiles to estimate potential cost savings based on
customer rate structures. The basic approach is to model
customer electricity costs at each time step in a study period,
ensuring that the customer load is met while enabling the
model to choose what device(s) are meeting the load. Models
vary in terms of what technologies are considered, how
technical operating constraints are modeled, customer rate
structures considered, etc., but their analytic approach
generally falls into three categories: simultaneous optimization
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Table 1. Load control device cost assumptions

Assumptions

Study Cost
Dyson etal. [60] AC: $225
DWH: $200

Electric dryer: $500

EV charging: $100

Heat pump water heater:
$300-400

DWH: $200

Smart plug: $65

Thermostat: $247

AC: $200

DWH: $250

DWH: $700 (£500)

Iwafune etal. [31]

Lorenzi etal. [5]
Kemper etal. [14]

O’Shaughnessy etal.[6]

Parra etal. [61]

Costs for AC and electric dryer reflect incremental costs for smart device upgrades,
DWH represents capital and installation costs, EV charging cost reflects costs of
hardware and software controls for remotely-controlled charging

Incremental cost of communication control function device, including installation

Incremental cost of controller
Incremental product costs

Incremental product costs, cost of DWH assumes additional cost for mixing valve to
prevent scalding
Market price of DWH controller

Table 2. Economic metrics used in solar plus studies

Metric Description Objective
Cost savings Present value of lifetime electricity cost savings. Maximize
Internal rate of return (IRR) Discount rate at which the investment becomes economical. Maximize
Levelized cost of electricity (LCOE) Levelized annual electricity and capital costs divided by system output ($/kWh). Minimize
Net present value (NPV) Present value of lifetime electricity cost savings less system capital costs. Maximize
Simple payback time Time period after which the investment yields economic returns (does not consider cost of ~ Minimize
money).
Total cost of ownership (TCO) Present value of electricity and system capital costs. Minimize

Table 3. Summary of solar plus research methodologies

Approach Description

Simultaneous optimization of system type, size,
operation
Optimal system control considering a range of system
configurations/sizes

are evaluated.
Heuristic or algorithmic controls while considering a
range of system configurations/sizes

Typically formulated as mixed-integer linear programs for computational tractability while
considering decision variables on both system size and dispatch.

Approaches to optimal control include: linear programming, non-linear programming, dynamic
programming. Some studies evaluate impact of forecast uncertainty. Often shorter time horizons

A focus on algorithmic or real-time control approaches. Can include testing on actual hardware.

of system sizing and operation, optimized control evaluated
over a range of system sizes/types/configurations, or heuristic
controls evaluated over a range of system sizes/
types/configurations; summarized in Table 3. In terms of
lifecycle performance, typical PV degradation rates are on the
order of 0.5-1% per year (66), yielding useful lifetimes for PV
systems of around 20 years accounting for degradation (7), (8),
(61). Useful lifetimes and lifecycle performance for batteries
and load control devices vary based on technology and cycling
frequency (4), (5), (38), (46), (61), (67). Battery lifetimes are
commonly assumed on the order of 10 to 15 years (2), (5),
(31), though specific duty cycles, maintained states of charge,
and temperature may extend or reduce estimated lifetimes
(38), (65), (68). Some studies account for battery degradation
and battery replacement costs within the study period (6), (8),
(17), (61), (63), (69). Operation and maintenance costs are
marginal relative to capital costs for solar plus devices (6-8),
(17), (38), (69).

Empirical data

Role of Technology Costs: Luthander et al. (4) found that
batteries increase PV self-use by 13-24 percentage points
while load control strategies increase self-use by 2-15
percentage points. Batteries are more flexible than load
control, capable of charging and discharging PV output to
meet any electrical load in the home. However, the increased
flexibility of batteries comes at a premium; full installation
cost of batteries is currently in the order of thousands of
dollars, while load control devices are increasingly available in
the order of hundreds of dollars per device. The cost
advantages of load control dominate the technological
advantages of batteries at current battery costs. Several studies

find that load control devices are cost-effective in solar plus
systems whereas batteries are not (5), (31), (61), (64), (65),
(74), (75). Batteries may only currently be cost-effective in
limited cases, such as customers with residential demand
charges (6), (35), (38). Battery hardware costs are falling (9—
11), (20), (21), (48), (61) and should continue to decline (9),
(10), (20), (21), (49), though falling hardware costs do not
necessarily translate to falling installed costs. Kittner et al.
(20) find that residential PV plus battery storage could be cost-
competitive by as early as 2020, especially with policy support
for battery research and development. Fares and Webber (2)
found that installed battery costs would need to fall to below
$100/kWh to be economically viable. Similarly, Quoilin et al.
(17) find that costs would need to fall below €214/kWh
(0$260/kWh),4 and Johann and Madlener (75) find that costs

would need to fall below €300/kW (~$370/kW) to be
economically viable. Schmidt et al. (9) project that installed
residential battery costs could fall to about $520/ kWh if 1
TWh of cumulative capacity is installed by 2030, well above
the cost-effectiveness thresholds from the literature. In Fig. 4,
we illustrate a range of projected potential battery costs based
on current battery cost estimates and assumed annual cost
reductions of 5% per year, consistent with projections in (10).
Under these assumptions, battery costs do not reach the cost-
effectiveness thresholds estimated in the literature by 2030.
Even allowing for more rapid cost reductions, batteries may
only be cost-effective under a limited range of scenarios for
the foreseeable future. Despite these results, consumers are
increasingly interested in and adopting residential battery
systems (57), (76), (77). The apparent disparity between the
relatively weak economics of and high demand for batteries
stems partly from incentives that improve the cost-
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Fig. 4. Current battery cost estimates, projected cost range, and cost-effectiveness thresholds from the literature. *Based on 5%/year
reduction. **Normalized estimates presented in [43], based on 3 kW/6 kWh system. ***Based on study’s 2030 learning-based cost
projection, assuming 1 TWh of cumulative capacity

effectiveness of batteries (49), (77). But the disparity may also
indicate that solar plus analyses do not accurately account for
the co-benefits of batteries, especially backup power. Co-
benefits such as backup power reduce the effective costs of
solar plus devices, such that solar plus economic analyses
which do not include economic benefits for energy resiliency
may yield results that do not accord with real customer
behavior. As costs for stationary batteries fall, so do the costs
of EVs (9), (11). EV owners can increase PV self-use and the
value of PV systems by synchronizing EV charging with PV
output periods (38), (78-80). Indeed, EV owners generally
face incentives to coordinate EV charging with PV output in
order to reduce charging costs (81), (82). Further, EV owners
may be able to use bidirectional chargers to store PV output in
the EV battery and use the PV output later in the day (38),
(80), (83-85). Hence EVs can provide both load pull
(synchronized charging) and output push (bidirectional
charging) values to end users. These potential values are
significant: a typical EV battery has a storage capacity on the
order of 30 kWh (78), far larger than conventional stationary
battery models. Increasing EV adoption could result in a
growing role for EVs in solar plus applications.

Role of Rate Structures: For the purposes of this section, rate
structure refers to the full suite of PV customer electricity
payments and revenues, including volumetric rates ($/kWh),
demand charges ($/kW), and grid export compensation
($/kWh). The customer’s volumetric rate determines the value
of PV self-use. The grid export rate determines the value of
excess PV output delivered to the grid. The magnitude of these
values and the proportion of self-used PV output determine the
overall value of the PV system. The incremental value of solar
plus is proportional to the difference between the customer’s
volumetric rate and the grid export rate. This general assertion
is borne out across many studies (2), (3), (6), (8), (19), (26),
(31), (33), (38), (63). In a sensitivity analysis, O’Shaughnessy
et al. (6) show that solar plus improves system NPV in a case
study in Hawaii by about 3% at full retail rate net metering,
but that solar plus improves system NPV by about 53% when
the gap between the customer’s retail rate and grid export rate
increases to $0.20/ kWh. Fares and Webber (2) demonstrate a
similar relationship for the incremental value of solar plus in a
series of case studies in Fig. 5. Beck et al. (7) find similar
results, but show that the incremental value of solar plus does

not necessarily correlate with solar plus deployment when grid
export compensation is very low. In their study, optimal solar
plus capacity increases as feed-in tariffs fall from 100% of the
retail rate to 30% of retail, given the increasing value of self-
use under lower feed-in tariff rates. At feed-in tariffs below
30% of the retail rate, the value of self-use continues to
increase, but the overall value of PV is relatively low due to
the low value of exported output. The optimal PV system size
is so diminished at low feed-in tariff rates that there is less PV
output to store and shift through solar plus devices. As a result,
the value of solar plus exhibits a non-monotonic relationship,
initially increasing then decreasing in relation to the feed-in
tariff rate.
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Fig. 5. Relationship between retail-export gap - difference in
$/kWh between volumetric rate and grid-export rate - and the
incremental value of solar plus relative to standalone PV ($NPV)

These results imply that the future trajectory of solar plus
deployment depends on national and sub-national policies for
grid export compensation. Grid export compensation rates are
falling by policy design in major PV markets around the globe
(26-30). These reductions in grid export compensation
increase the value of self-use relative to grid export and signal
increasing incentives for solar plus technologies. In TOU rate
structures, solar plus can provide additional value through
arbitrage between peak- and off-peak grid electricity use (5),
(6), (31-34), (62), (63). Solar plus devices perform this
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arbitrage by pushing PV output into the on-peak period or
pulling on-peak load under the PV output curve or into off-
peak periods. The highest arbitrage value is achieved by
shifting PV output to reduce on-peak electricity use.
Therefore, the value of solar plus is higher under rate
structures where the peak rate period occurs outside of the
peak PV output period (6). Demand charges ($/kW) can
significantly reduce the PV wvalue proposition (6), (87).
Standalone PV is largely ineffective at reducing demand
charges for typical residential customers with late afternoon or
early evening demand peaks, and the variability of a
standalone PV system may limit the ability to mitigate demand
charges in general. In addition, customers on demand charge
schedules generally pay lower volumetric rates, further
undermining the PV value proposition. Solar plus offers
significant incremental value for customers on demand charge
schedules (6), (35), (38), (63). Customers can use solar plus
devices to temporally shift PV output into peak use periods to
reduce peak demand and demand charges. Alternatively,
customers can use the same devices to shift grid electricity and
smooth their load profile to achieve the same result. Demand
charges are currently uncommon for residential rate schedules
though common for commercial customers. To summarize the
findings of this section, the role of rate structure in
determining the value of solar plus can be expressed in three
relationships:

» The value of solar plus is higher for customers with
lower grid export rates, all else equal, up to a critically
low export rate beyond which PV adoption becomes
economically unattractive.

» The value of solar plus is higher for customers on TOU
rates where the peak period does not coincide with PV
output, all else equal.

» The value of solar plus is higher for customers that pay
demand charges, especially if peak demand occurs
outside of the PV output period, all else equal.

Role of Customer Load Profiles: Total quantity of electricity
demand positively correlates with the value of solar plus and
optimal solar plus capacity (6-8), (26), (31), (38). Customers
with larger electricity demands tend to install larger PV
systems, which results in more PV output available for storage
and load shifting. Further, TOU or demand charge customers
with larger demands have increased opportunities for load
shifting of grid electricity. Electric heating and EV ownership
can therefore significantly increase the value of solar plus
systems, even if heating and EV charge/discharge cycles are
not configured to optimize PV self-use (26), (38). The shape of
customer load profiles determines incentives for load shifting
and the value of potential arbitrage opportunities. All else
equal, customers with a higher proportion of demand occurring
outside of PV output hours face greater incentives to invest in
solar plus to implement load shifting. For TOU customers, the
coincidence of load profiles with TOU schedules further
influences the value of solar plus. Climate dictates the optimal
selection of solar plus technologies by determining the types of
loads shifted by solar plus devices: warm climates result in
more cooling load control capacity (AC), while cool climates
result in more heating load control capacity. Iwafune et al.
(31) analyzes heat pumps. O’Shaughnessy et al. (6) includes
smart AC and DWH but no space heating. Regional selection
of solar plus candidate technologies reflects underlying
assumptions on which technology could actually fit in a
particular geography.

Conclusion

A growing body of literature demonstrates the value of PV
integration with batteries and load control, the approach
referred to as “solar plus.” Solar plus provides value by using
batteries and load control devices to increase PV self-use or
temporally shift that use to provide end-user benefits. Solar
plus can increase the value of residential PV systems, increase
end-user electricity bill savings in a variety of rate structures,
and may provide system-level benefits. The literature
demonstrates several key factors that determine the economics
of solar plus:

» Low-cost load control options are generally more cost-
effective than higher-cost batteries, though batteries
may be deployed in the near term because of co-
benefits such as backup power.

> Rate structures determine the end-user value of solar
plus.

» Customers using more electricity above PV output
periods face higher incentives to invest in solar plus.
Falling technology costs, the increasing availability of
load control devices, and falling grid export rates all
suggest that PV systems will be increasingly integrated
with batteries and load control systems. Rate structure
and policy reforms may be necessary to ensure that
increasing solar plus deployment provides both end-
user and system-level benefits.
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