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To mitigate climate change, there is an urgent need
to transition the energy sector toward low-carbon
technologies [1, 2] where electrical energy storage
plays a key role to integrate more low-carbon
resources and ensure electric grid reliability [[3], [4],
[5]].Previous papers have demonstrated that deep
decarbonization of the electricity system would
require the ???

current and near-future costs for energy storage
systems (Doll, 2021; Lee & Tian, 2021). Note that
since data for this report was obtained in the year
2021, the comparison charts have the year 2021 for
current costs. In addition, the energy storage
industry includes many new categories of
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To get a sense of this speed of change, the
lower-bound (or the "fast" scenario) is running in line
with BNEF's Net Zero scenario. The faster S-curve
scenario exceeds it. Exhibit 5: A reinforcing
feedback loop between battery quality, cost and
market size

Indicative CO2 storage cost curve for the United
States, offshore - Chart and data by the
International Energy Agency. World total energy
supply by IEA region, 1971-2018 Open. IEA
regional share of total energy supply, 1973 GDP
and CO2 emissions in Southeast Asia in the Stated
Policies and Announced Pledges Scenarios,
2010-2050 Open
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?7?7? Low cost at low storage duration ratings ??7?
Cost is highly sensitive to duration rating ???
Geologic H 2 and natural gas ??? Cost is
independent of storage duration rating ???
Competitive at all duration ratings in future scenario
?7?7? Ethanol: Higher cost than H 2 and NG due to
low CF 24h (1d) 48h (2d) 72h (3d) 96h (4d) 120h
(5d) 144h (6d
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Effects of Deep Reductions in Energy Storage
Costs on Highly Reliable Wind and Solar Electricity
Systems 2018). The wind turbine's power curve is
calculated as a cubic function of wind speed if the
wind speed is between 3 and 15 m/s and a Across
these scenarios, the least-cost VRE/storage
systems are governed by a fundamental trade-off

1 Introduction. The wide use of fossil energy has
resulted in global warming and severe
environmental pollution [].Plug-in electric vehicles
(PEVs) have incomparable advantage over
fuel-powered vehicles in environmental protection
and sustainable development [2, 3].With the
development and popularisation of PEVS, a
large-scale of PEVs will be connected to the ???

The most flexible storage cost supply curves have
been developed by Dooley The role of CCS in
future energy scenarios has been analysed by
industrial and academic sources. agreement
reached during COP21 invites the
Intergovernmental Panel on Climate Change to

..... "provide a special report in 2018 on the impacts of
! FFEALE = global warming of 1.5
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Based on expected-cost curves, the most likely
forms of energy storage will include pumped hydro,
batteries, compressed air and molten salt (coupled
with solar power generation). Under the three
scenarios, storage capacity requirements for energy
security and reliability as a proportion of total
generating capacity (GW) in the NEM in 2030

This option is not the most favored scenario
because energy producers will not benefit from this
curtailed electricity and in many cases they will lose
the cost Levelized cost of energy storage (LCOS)
curves for several regions in the United States.
Download Renew Sustain Energy Rev, 94 (2018),
pp. 804-821. View PDF View article View in

transport and storage cost curve for use in RIO
energy systems model. 1.1 The most prospective
CO 2 storage basins selected based on practicable
storage capacity (sustainable annual injection rates)
estimates after Teletzke et al. (2018) [1]. 1.2
Notional capacity-cost curve for CO 2 transport and
storage established using expert judgement
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Energy system modeling is highly relevant to
support policymakers in defining strategies to
achieve the European Green Deal targets towards
carbon neutrality in 2050. Therefore, marginal CO 2
abatement cost curves are widely used in climate
policy to assess the relationship between total cost
changes and CO 2 emission reductions. Various
methods exist ???

?7?7? With decreasing energy storage costs and

— . .
s B increased penetration of ??? The load curves
VRIS reflect weather conditions from 2018 and are
iy owgesten assumed to be the same in 2030 Transmission
EE— Planning Scenarios with Battery Assumptions
.- Summary. 19. Scenario. Base Case.

«*

Energy Storage Technology and Cost
Characterization Report July 2019 K Mongird V
Fotedar V Viswanathan V Koritarov P Balducci B
Hadjerioua Parameter 2018 2025 2018 2025 2018
2025 2018 2025 2018 2025 2018 2025 Capital Cost
??? Energy Capacity ($/kwWh) 400-1,000 (300-675)
223-323 (156-203) 120-291 (102-247) 520-1,000
(364-630) 265-265 (179-199
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Air Cooling
Energy Storage System

In recent years, analytical tools and approaches to
model the costs and benefits of energy storage
have proliferated in parallel with the rapid growth in
the energy storage market. Some analytical tools
focus on the technologies themselves, with methods
for projecting future energy storage technology
costs and different cost metrics used to compare
storage system designs. Other ??7?

Energy is essential in our daily lives to increase
human development, which leads to economic
growth and productivity. In recent national
development plans and policies, humerous nations
have prioritized sustainable energy storage. To
promote sustainable energy use, energy storage
systems are being deployed to store excess energy
generated from renewable ???

NOTICE This work was authored by the National
Renewable Energy Laboratory, operated by Alliance
for Sustainable Energy, LLC, for the U.S.
Department of Energy (DOE) under Contract No.
DE -AC36-08G028308.
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— , The New Energy Outlook presents BloombergNEF's

| & long-term energy and climate scenarios for the
§\\i

APPLICATION SCENARIOS

- since its inception in May 2018 to identify and
1 deliberate on key thematic areas. 1.3 Global
Scenario on Grid-scale Energy Storage.. 16 2. Case

transition to a low-carbon economy. Anchored in
real-world sector and country transitions, it provides

an independent set of credible scenarios covering
electricity, industry, buildings and transport, and the
key drivers shaping these sectors until 2050.

studies on Energy Storage Systems Covering
Electricity Technology-wise energy storage cost
estimates .. 15 Figure 5: Battery technology-wise
cost ranges

In a scenario in Germany with congested
transmission grids, H?rtel et al. introduce storage
technologies to reduce curtailment and they find that
only recovering the 2016 and 2025 curtailed energy
amounts does not cover the ???
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Energy Storage Grand Challenge Energy Storage
Market Report 2020 December 2020 Projected
global Li-ion deployment in XEVs by vehicle class
for IEA STEPS scenario (Ebus: electric bus; LDVs:
light-duty vehicles; MD/HDVs: medium - and
heavy-duty vehicles) 14 Potential for future battery
technology cost reductions 19 Figure . 2018 global

NOTICE This work was authored by the National
Renewable Energy Laboratory, operated by Alliance
for Sustainable Energy, LLC, for the U.S.
Department of Energy (DOE) under Contract No.
DE-AC36-08G028308.

The red curve differs from the low-cost scenario
only in that the degradation rate is increased to 1%
per year with a corresponding 20-year lifetime. et
al., "U.S. Solar PV System and Energy Storage
Cost Benchmark," NREL/TP "Cost-Reduction
Roadmap for Residential Solar PV 2017-2030,"
NREL/TP-6A20-70748 (2018). Molten-salt tower
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Recent years have seen significant growth of
- electric vehicles and extensive development of
energy storage technologies. This Review evaluates

‘ the potential of a series of promising batteries and
N
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