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RENEWABLES + STORAGE MAKING ECONOMIC SENSE

Storage alone is competitive 
with gas peaker plants.

What ”storage” is selling?
Gas 

Peaker
(Lazard)              

Gas 
Combined Cycle 

(Lazard)              



LITHIUM-ION BATTERIES
Revolutionary batteries serving transportation and the grid

LIBs are not one thing. Understanding the 
chemistries can help in purchasing and 
operations.

LIBs are still getting better bit by bit.
Grid is benefiting from transportation battery 
enthusiasm.



LIB COMPETITOR: FLOW CELLS
Commercially available and subject of research to make cheaper, safer, longer lasting

Power restricted by Li+ transport rate in 
electrodes and electrolyte

Energy restricted by Li+ storage capacity 
of electrodes

Reaction 
interface

Power limited by area of reaction interface between 
anolyte and catholyte 

Energy limited by volume of anolyte and catholyte 
tanks



INCREASING RENEWABLES CALLS FOR LONGER DURATION 
STORAGE
Here LIBs meet more competition (some non-electrochemical)

Li et al., Joule, 1(2), 306 (2017)

Li-ion limit

Intra-day

Multi-day

Albertus et al., Joule, 4, 1 (2020)



MORE INFORMATION ANL works across the battery value chain

ACCESS (Argonne Collaborative Center for 
Energy Storage Science)
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Energy storage is an integral part of modern society. A contem-
porary example is the lithium (Li)-ion battery, which enabled the
launch of the personal electronics revolution in 1991 and the first
commercial electric vehicles in 2010. Most recently, Li-ion batteries
have expanded into the electricity grid to firm variable renewable
generation, increasing the efficiency and effectiveness of trans-
mission and distribution. Important applications continue to
emerge including decarbonization of heavy-duty vehicles, rail,
maritime shipping, and aviation and the growth of renewable
electricity and storage on the grid. This perspective compares
energy storage needs and priorities in 2010 with those now and
those emerging over the next few decades. The diversity of
demands for energy storage requires a diversity of purpose-built
batteries designed to meet disparate applications. Advances in the
frontier of battery research to achieve transformative performance
spanning energy and power density, capacity, charge/discharge
times, cost, lifetime, and safety are highlighted, along with strategic
research refinements made by the Joint Center for Energy Storage
Research (JCESR) and the broader community to accommodate the
changing storage needs and priorities. Innovative experimental
tools with higher spatial and temporal resolution, in situ and
operando characterization, first-principles simulation, high through-
put computation, machine learning, and artificial intelligence work
collectively to reveal the origins of the electrochemical phenomena
that enable new means of energy storage. This knowledge allows a
constructionist approach to materials, chemistries, and architec-
tures, where each atom or molecule plays a prescribed role in
realizing batteries with unique performance profiles suitable for
emergent demands.

energy storage | Joint Center for Energy Storage Research | batteries |
transportation | grid

The global energy system has experienced dramatic changes
since 2010. Rapid decreases in the cost of wind and solar

power generation and an even steeper decline in the cost of
electricity storage (Fig. 1) have made renewable power plants
increasingly competitive with conventional fossil alternatives.
The emergence of electric vehicles promises to disrupt the tra-
ditional dependence on petrochemicals and to potentially
transform personal mobility. The advent of distributed energy
resources including rooftop solar, demand management, and

behind-the-meter storage is changing the character of the
transmission and distribution grid. Perhaps most important in
the long run, the increasing urgency of decarbonization to avoid
the most serious consequences of climate change is affecting all
aspects of society spanning energy, healthcare, and agriculture.
Such profound changes in the established expectations and op-
erating norms of the transportation and grid sectors dramatically
alter their future trajectories and, consequently, the research and
development frontiers of the technologies that enable those
pathways.

The Energy Storage Landscape Since 2010
In 2010 the cost of lithium (Li)-ion battery packs, the state of the
art in electrochemical energy storage, was about $1,100/kWh (2),
too high to be competitive with internal combustion engines for
vehicles or diesel generators and gas turbines for the grid. In-
stead, focus was on developing Li-ion batteries to support the
growth of personal electronics, which require relatively small
storage capacities in limited volume and weight formats. High
energy density was the primary performance requirement for a
personally carriable device, with cost, charging time, and lifetime
distant followers. Early electric vehicles, such as the Nissan Leaf
introduced in Japan and the United States in 2010, began to
change battery performance expectations, with capacity (for
driving range), cost (for competitiveness), and charging time (for

This paper results from the Arthur M. Sackler Colloquium of the National Academy of
Sciences, “Status and Challenges in Decarbonizing our Energy Landscape,” held October
10–12, 2018, at the Arnold and Mabel Beckman Center of the National Academies of
Sciences and Engineering in Irvine, CA. NAS colloquia began in 1991 and have been
published in PNAS since 1995. From February 2001 through May 2019 colloquia were
supported by a generous gift from The Dame Jillian and Dr. Arthur M. Sackler Foundation
for the Arts, Sciences, & Humanities, in memory of Dame Sackler’s husband, Arthur M.
Sackler. The complete program and video recordings of most presentations are available
on the NAS website at http://www.nasonline.org/decarbonizing.

Author contributions: L.T., F.R.B., N.P.B., G.C., L.C., Y.-M.C., N.T.H., B.J.I., S.D.M., J.S.M.,
K.T.M., L.F.N., K.A.P., D.J.S., K.X., K.R.Z., V.S., and G.W.C. designed research; and L.T.,
F.R.B., and G.W.C. wrote the paper.

The authors declare no competing interest.

This article is a PNAS Direct Submission.

Published under the PNAS license.
1To whom correspondence may be addressed. Email: brushett@mit.edu.

First published June 8, 2020.

12550–12557 | PNAS | June 9, 2020 | vol. 117 | no. 23 www.pnas.org/cgi/doi/10.1073/pnas.1821672117

D
ow

nl
oa

de
d 

at
 U

N
IV

E
R

S
IT

Y
 O

F 
IL

LI
N

O
IS

 o
n 

Ju
ne

 1
0,

 2
02

0 

Trahey, et al, 
PNAS, 117(23), 
2020, 12550.

System-Level 
Analysis

Material 
Discovery

Characterize 
Chemistry

Electrode 
and Cells

Material 
Process R&D 
and Scale-Up

Large Format 
Devices

Cell 
Diagnostics 

and Modeling

Recycling

BATTERY
RESEARCH

AT ARGONNE

Standardized 
Testing


