What are base year costs for utility-scé

BESS model accounts for major component:
(BOS) needed for the installation.

Do battery costs scale with energy capacity?

and energy. %5

Why do we use units of $/kWh?

We use the units of $/kWh because that is the most common way that battery system costs have been
expressed in published material to date. The $/kWh costs we report can be converted to $/kW costs simply
by multiplying by the duration (e.g.,a $300/kWh,4-hour battery would have a power capacity cost of
$1200/kW).

How much does a 4 hour battery system cost?

Figure ES-2 shows the overall capital cost for a 4-hour battery system based on those projections, with
storage costs of $245/kWh, $326/kWh, and $403/kWh in 2030 and $159/kWh, $226/kWh, and $348/kWh in
2050.

How many GW of battery storage capacity are there in the world?

Strong growth occurred for utility-scale battery projects,behind-the-meter batteries,mini-grids and solar home
systems for electricity access,adding a total of 42 GWof battery storage capacity globally.

Are battery storage costs based on long-term planning models?

Battery storage costs have evolved rapidly over the past several years, necessitating an update to storage
cost projections used in long-term planning models and other activities. This work documents the
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development of these projections, which are based on recent publications of storage costs.

The projections are developed from an analysis of
recent publications that include utility-scale storage
costs. The suite of publications demonstrates wide
variation in projected cost reductions for battery
storage over time. low, mid, and high cost
projections. Projected storage costs are $245/kWh,
$326/kWh, and $403/kWh in 2030 and $159

— Cost Projections for Utility-Scale Battery Storage:
= 2020 Update. Golden, CO: National Renewable

Energy Laboratory. with storage costs of
$144/kWh, $208/kWh, and $293/kWh in 2030 and
$88/kWh, $156/kWh, and $219/kWh in 2050. (per
e the second challenge listed above) and were
therefore excluded from this work. All cost values

were converted

2L LLLLL

Units using capacity above represent kW AC.. 2022
ATB data for utility-scale solar photovoltaics (PV)
are shown above, with a Base Year of 2020. The
Base Year estimates rely on modeled capital
expenditures (CAPEX) and operation and
maintenance (O& M) cost estimates benchmarked
T - with industry and historical data.Capacity factor is
E] i1 | : estimated for 10 resource ??7?

Loy
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This guide delves deep into the nuances of battery
cost per kWh, providing insights that are pivotal for
consumers, businesses, and policymakers alike.
Key Takeaways. Section: Takeaway: Large-Scale
Storage Solutions: For utility-scale renewable
energy projects, the cost per kWh of battery storage
is a pivotal factor. Lower costs enable more

BESS Cost Analysis: Breaking Down Costs Per
kWh. To better understand BESS costs, it's useful
to look at the cost per kilowatt-hour (kWh) stored.
As of recent data, the average cost of a BESS is
approximately $400-$600 per kWh. Here's a simple
breakdown: Battery Cost per kwWh: $300 - $400;
BoS Cost per kWh: $50 - $150; Installation Cost per

Even in the Stated Policies Scenario (STEPS),
which is based on today's policy settings, the total
upfront costs of utility-scale battery storage projects
??7? including the battery plus installation, ???
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The ultimate role of large scale battery storage in
future energy markets will depend on its economic
potential ??? and that is changing on a daily basis.
Elon Musk offered South Australia large scale
batteries at just $250 per kWh. Falling battery costs
continue a trend identified in a study by Bj?rn
Nykvist & M?ns Nilsson in March 2015

jil

Mracrnee E IS Lithium-ion battery prices have declined from USD 1
e 400 per kilowatt-hour in 2010 to less than USD 140
” : per kilowatt-hour in 2023, one of the fastest cost
declines of any energy technology ever, as a result

of progress in research and ???

High cost: Utility scale battery storage systems still
have a high total cost of ownership (TCO), O& M
(Operation & Maintenance), average capital cost for
utility scale battery storage systems in the United
States for 2019 was estimated to be $375 per
kilowatt-hour (kWh). A projected decrease in price is
expected, with an estimated reduction
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Energy storage system costs stay above $300/kWh
for a turnkey four-hour duration system. In 2022,
rising raw material and component prices led to the
first increase in energy storage system costs since
BNEF started its ??7?

Utility-scale Battery Energy Storage System (BESS)
capital prices are projected to fall to below
$500/kWh by 2021 [2] as shown in Figure 2. Figure
2 Projected Utility Scale Battery Storage Capital
Prices [2]Figure 2 Utility-scale Battery Energy
Storage Systems (BESSs) are no longer "fringe"
technologies as

For the standalone systems, a constant
per-energy-unit battery price of $209/kilowatt-hour
(KWh) is assumed, with the system costs vary from
$380/kWh (4-hour duration system) to $895/kWh
(0.5-hour duration system). The battery cost
accounts for 55% of total system cost in the 4-hour
system, but only 23% in the 0.5-hour system.
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In this work we describe the development of cost
and performance projections for utility-scale
lithium-ion battery systems, with a focus on 4-hour
duration systems. The projections are ???

E/P is battery energy to power ratio and is
synonymous with storage duration in hours. Battery
pack cost: $252/kWh: Battery pack only (Bloomberg
New Energy Finance (BNEF), 2019) Battery-based
inverter cost: $488/kW: Assumes a bidirectional

Y 4 inverter (Bloomberg New Energy Finance (BNEF),

215kWh

\ i 2019), converted from $/kWh for 5 kW/14 kWh
! | system: Supply
g i}

The average energy capacity cost of utility-scale
battery storage in the United States has rapidly
decreased from $2,152 per kilowatthour (kWh) in
2015 to $625/kWh in 2018. Battery storage systems
store electricity ???

=
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also saw AU$4.9 billion (US$3.2 billion) in new
financial commitments for utility-scale energy

storage and hybrid projects with storage, an
increase from AU$1.9 billion (US$1.2 billion) in
2022. Q2 2023 alone saw storage investment break

-
‘i

\

the billion-dollar mark, a large portion of which is
attributable to the Waratah project.

E/P is battery energy to power ratio and is
synonymous with storage duration in hours. Battery
U " ;.‘ pack cost: $252/kWh: Battery pack only :
l A O Battery-based inverter cost: $167/kWh: Assumes a

— bidirectional inverter, converted from $/kWh for 5
?27?7?

FTM applications comprise battery storage systems
in electric power systems, such as utility-scale
generation and energy storage facilities, as well as
transmission and distribution lines. These

installations, typically larger than 10
megawatt-hours (MWh), are expected to grow
around 29% annually for the rest of this decade,
reaching 450 to 620 ??7?
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The average energy capacity cost of utility-scale
battery storage in the United States has rapidly
decreased from $2,152 per kilowatthour (kWh) in
2015 to $625/kWh in 2018. Battery storage systems
store electricity produced by generators or pulled
directly from the electric power grid and redistribute
the power later as needed.

UTILITY-SCALE BATTERIES This brief provides an
overview of utility-scale stationary battery storage
systems -also referred to as front-of-the-meter,
large-scale or grid-scale battery storage- and their
role in integrating a greater share of VRE in the
system by providing the flexibility needed. The brief
highlights some examples of large-scale

The ramp up of battery storage projects in Japan
continues apace, aided by growing subsidy avenues

|

Y

and rising volumes on various electricity markets,
from spot to balancing to capacity. As of May 2023,
about 1.1 GW of supply has been contracted for

ik

I

grid-scale storage batteries nationwide, with
contracts for an additional 12 GW under
consideration, according to ???
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These battery costs are close to our assumptions

[ ] e for battery pack costs for residential BESS at low
i
storage durations and for utility-scale battery costs
. | : for utility-scale BESS at long durations. The

underlying battery costs in Feldman et al. come
from (Bloomberg New Energy Finance (BNEF),
i 2019a) and should be consistent with battery cost
“' ! ‘ -‘ assumptions for the residential and ???

Units using capacity above represent kW AC.. 2024
ATB data for utility-scale solar photovoltaics (PV)
are shown above, with a base year of 2022. The
Base Year estimates rely on modeled capital
expenditures (CAPEX) and operation and
maintenance (O& M) cost estimates benchmarked
with industry and historical data.Capacity factor is
estimated for 10 resource ??7?

Small-scale lithium-ion residential battery systems in

- - \ the German market suggest that between 2014 and
' . fw { 1 2020, battery energy storage systems (BESS)
T —— \ prices fell by 71%, to USD 776/kWh. With their rapid
J/ cost declines, the role of BESS for stationary and
transport applications is gaining prominence, but
,,,,,,,,,,,,,,,,,,,,,, 0 - other technologies exist, including pumped hydro,
‘ flywheels, and thermal ???
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Costs for A Residential Electricity Storage Battery
Per kWh The cost of residential electricity storage
unit varies widely, depending on the solar battery
provider. In the past, lead batteries specially
developed for solar power storage were used. You
don"t have to buy this amount of electricity from the

public utility. At a price of 30

Days of operation per year 365 365 Levelized Cost
of Storage Rs/kWh 9.5 14.9 Construction time 3-4
years 8-10 years Land requirement ~2-5 Acres/MW
(Assuming ~300 m net head) Battery Storage
Co-located with Solar Stand-alone 1 MW / 4 MWh 1
MW / 4 MWh $122/kWh $134/kWh 20 (replacement
of battery pack considered) 20 (replacement of
battery pack

For solar-plus-storage, the MMP benchmark for
residential systems grew 6% year-on-year to
US$38,295 while utility-scale costs grew 11% to a
benchmark of US$195 million. Commercial was
US$1.44 million. Within solar-plus-storage, the MMP
benchmark is 13-15% higher than the MSP for all
three segments.
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Estimating the Storage Cost In "Estimating the Cost
of Grid Scale Lithium -lon Battery Storage in India "
By Lawrence Berkeley National Laboratory (LBNL
2020) the study estimates costs for utility-scale
lithium-ion battery systems through 2030 in India
based on recent U.S. power -purchase agreement
(PPA)

We calculate the median cost of a system at $9100,
the median capital cost per usable KWh at $1800
and the median cost per delivered KWh of electricity
at $0.39. We think the cost is falling at

Future Years: In the 2023 ATB, the FOM costs and
the VOM costs remain constant at the values listed
above for all scenarios.. Capacity Factor. The cost
and performance of the battery systems are based

on an assumption of approximately one cycle per
day. Therefore, a 4-hour device has an expected

Eﬂ‘ , capacity factor of 16.7% (4/24 = 0.167), and a
11 BEEEE ’ 2-hour device has an expected ???
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