.
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Liquid Cooling
Energy Storage System:
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syste

considered. For CAES, in addi_

considered.

But in 2021, the investments financed a record .~
amount of capacity (19.8 GW) as a result of lower .
capital expenditures per MW. 3. Capital expenditure
(CAPEX) per MW has been decreasing over the
years for onshore and offshore wind. However,
inflationary pressures resulting from high energy
prices and disruption to global supply chains will
likely

?7?7? Levelized cost of storage from PSP remains
competitive at Rs. 4.8 1 per unit as against Rs.
11.64 per unit from BESS ??? Assuming
round-the-clock supply of RE, the landed cost from
PSP is ~Rs. 4.7 4 per unit as against Rs. 6. 59 per
Assuming a capex of Rs. 6.5 crore per MW which is
to be funded in a debt -equity ratio of 75:25,
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A quick summary of the key findings from
September's research is given below. September
summary. Balancing Mechanism revenues were a
key contributor to September's highest daily BESS
revenue since October 2023.; Despite having the

highest daily revenue in almost a year, September
was the fourth-highest revenue month of 2024 so
far.; Skip rates for ??7?

215kWh
CyclesLife

1) Total battery energy storage project costs
average ?580k/MW. 68% of battery project costs
range between ?400k/MW and ?700k/MW. When
exclusively considering two ??7?

-12-07 Updated BESS figures SHM PCG PCG 3
2020-12-10 Minor edits SHM PCG PCG CAPEX
Capital Expenditure CCGT Combined-Cycle Gas
Turbine CCS Carbon capture and storage DNI

Direct Normal Irradiance scale on a $/MW basis,

inflate to account for regional or remote cost factors,
etc).
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Future Years: In the 2022 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

|
\
|

L
ELLTL

sl

AL

on an assumption of approximately one cycle per
day. Therefore, a 4-hour device has an expected
Ty B capacity factor of 16.7% (4/24 = 0.167), and a
| i I | | 2-hour device has an expected ???

— Offsetting the potential for lower per MW revenues
g . is the possibility of another period of higher volatility
| this winter, as forecast in National Grid's recently

published Winter Outlook 2021 - Early View
— document, which combined with the commissioning
of a large number of new BESS projects within the

. |
" Company, many of them in Q1 2022, offers the
Rystad Energy BESS CAPEX Whitepaper. The
Y ey Battery Energy Storage System (BESS) market is
1 growing as the energy transition speeds up ??7?
§ 8 spotlight on the capex! The BESS market is

expected to grow more than ten times by the

decade's end. Understand the key parameters of

» : ‘ the costs of BESS projects better and dive into our
sensitivity analysis on
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Using the detailed NREL cost models for LIB, we
develop current costs for a 60-MW BESS with
storage durations of 2, 4, 6, 8, and 10 hours, shown
in terms of energy capacity ($/kWh) and power
capacity ($/kW) in Figure 1 and Figure 2 ???

?7?7? Based on REER auctions as per RD 960/2020,
with a period of 12 years PSH 100 MW PSH 200
MW BESS 2h BESS 4h 88.0 MEUR 59% of CAPEX
880 KEUR/MW 59 KEUR/MWh 98.7 KEUR/MW
6.6% of CAPEX 309.9 KEUR/MW 20.7% of CAPEX
136.4 EUR/MWh

Matt runs through what impacted battery energy
storage in Q1 of 2024 1) Battery revenues hit record
lows. The Modo GB BESS Index reported
?25,380/MW/year in Q1 2024 (excluding Capacity
Market revenues). Battery duration and Balancing
Mechanism registration status directed the chosen

optimization strategy for navigating the challenging
??7?
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We estimate that battery revenues must increase
further to ensure an investable rate of return on the
upfront Capex investment required - equivalent to
around ?600k/MW for a two-hour system. But what
level do revenues need to reach in the long-term for
a positive business case, and how do investors
manage the risks associated with these projects?

4 MWh BESS architecture Figure 3 shows the
chosen configuration of a utility-scale BESS. The
BESS is rated at 4 MWh storage energy, which
represents a typical front-of-the meter energy
storage system; higher power installations are
based on a modular architecture, which might
replicate the 4 MWh system design ??7? as per the
example below.

differences via in certain cases just a few cycles per
year or to build up longer-term reserves, batteries
can go through several cycles per day. Thus, the
roles of BESS and pumped hydro energy storage

are largely complementary, generally operating
most economically in the under ten-hour and over
___Fmen ten-hour duration spaces, respectively.
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BESS must have a minimum capacity of 10 MW and
a 3-hour duration to qualify. However, the proposal
for the second round requires a minimum of 30 MW
and higher prices for longer-duration assets (6
hours+). Under the program, participants can bid for
fixed cost recovery at 5% WACC while also subject
to a 90% profit return mechanism.

Grants for the capital expenditure or capex for the
battery energy storage systems (BESS) are set at
EUR 200,000 per MW. The maximum bid in the
auction can"t exceed EUR 145,000 per MW per
year. The Regulatory Authority for Waste, Energy
and Water (RAAEY) is expected to launch a call to
the third auction in the next few weeks.

The report adopts a two-pronged approach to
estimate the cost of Li-ion based MW scale battery
storage systems in India. The report takes the case
of solar projects in Nevada, which are coming online
in 2021, with 12-13% solar energy used to charge
the battery, and PPA prices in the range of

= T T $0.032-$0.037/kWh.
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The report adopts a two-pronged approach to
estimate the cost of Li-ion based MW scale battery
storage systems in India. The report takes the case
of solar projects in Nevada, which are coming online
in 2021, with 12 ???

Compared to 2022, the national laboratory says the
BESS costs will fall 47%, 32% and 16% by 2030 in
its low, mid and high cost projections, respectively.
By 2050, the costs could fall by 67%, 51% and 21%
in the three ???

Sargent & Lundy is one of the oldest and most
experienced full-service architect engineering firms
in the world. Founded in 1891, the firm is a global
leader in power and energy with expertise in grid
modernization, renewable energy, energy storage,
nuclear power, and fossil fuels.
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projections would create known redundancies (per
the second challenge listed above) and were
therefore excluded from this work. All cost values
were converted to 2020$ using the consumer

pricing index. In cases where the dollar year was
not specified, the dollar year was assumed to be the
same as the publication year.

Units using capacity above represent kW AC.. 2022
S = 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
with industry and historical data.Capacity factor is
estimated for 10 resource ???

215kWh

8,000+ Cycles Lifetime

The BESS comes online as The largest battery in
Australia to date is Neoen's 300 MW/450 MWh
Victoria Big Battery with its 6,000 battery modules
that sit in 218 battery units, and take up the

ﬂ
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Understanding the difference between these two

% units is key to comprehending the capabilities and
‘*”R Ik limitations of a BESS. 1. MW (Megawatts): This is a
it unit of power, which essentially measures the rate

at which energy is used or produced. In a BESS, the
MW rating typically refers to the maximum amount
of power that the system can deliver at any

. For a 60MW 4-hour battery, the
_ s g technology-innovation scenarios for utility-scale
l H% 1. 4 A BESS described above result in CAPEX reductions
p i , / of 18% (Conservative Scenario), 37% (Moderate

Scenario), and 52% (Advanced Scenario) between
- ??7?

The discovered tariff for BESS tenders has more
M . than halved from Rs 1,084,000 per MW per month
in August 2022 to Rs 381,000 per MW per month in
September 2024. Financial analysis from ICRA

estimates the current capital cost for BESS at
around $220-$230 per kWh, based on an average
battery cost of $140 per kWh in 2023.
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rating [MW] rate losses per day [years] end of life
cost [$/kwh] Thus, the BESS CAPEX includes,
apart from the investment cost, the replacement
cost. According to Table 6, the BESS capacity and
power obtained when the degradation is omitted is
7,6 times larger than the system obtained when
degradation is considered.

This broadly matches up with recent analysis by
BloombergNEF which found that BESS costs have
fallen 2% in the last six months, as well as
anecdotal evidence of reductions after spikes in
2022. Compared to 2022, the ???

literature, analyse and project future BESS cost
development. The objectives of this study are: Form
a compilation that can act as a first read literature
for anyone who wants to get insight in BESS and
wish to understand the basics of existing cost
models. Present mean values on LCOS for three
battery technologies based on several existing
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including all of the latest published projections

/F would create known redundancies (per the second
,'_; challenge listed above) and were therefore excluded
from this work. In some cases, our ???
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