
BATTERIES
ENABLING THE NEXT JUMP TOWARDS SUSTAINABILITY

Although base battery technology is over 200 years old, it was not until 30 years
ago with the invention of the lithium ion (Li-ion) battery that the technology
reached a tipping point to where today nearly all of us carry a Li-ion battery in our
pockets. As we have come to grips with the crisis arising from our reliance on fossil
fuels and global warming, battery investment and research increased substantially,
especially over the past decade. Due to battery technology advancements and the
increasing need to move away from fossil fuel dependence, we now find ourselves
on the brink of yet another tipping point. Once we move beyond this point, we will
be ushered into a new age of battery reliance which will enable us to leap to novel
modes of energy storage and physical mobility that are truly more sustainable.

Approximately 80% of Li-ion demand comes from, and will continue to come from,
Electric Vehicles (EVs) as both regulatory incentives and market drivers will rapidly
increase penetration of EVs from the 4% market share they held in 2020 to >20%
of the market by 2030. As innovations reduce costs and improve battery
performance, and as the demand for new mobility solutions grows, the EV Li-ion
market is expected to grow from ~$25B in 2020 to ~$250B in 2030 (~26%
CAGR). Since EV’s are the primary driver of the battery industry, this paper discusses
the specific technological improvements that will be used in EV batteries over the
next decade. We at Crescent Cove are excited about the investment opportunities
that these developments in the EV and Li-ion market will offer, and we wanted to
share with you an overview of the improvements that are coming and identify some
of the companies that are developing these technologies.

Photo of an EV Chassis Showing Battery Packs and Major Components (1)
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1. The battery market is on the verge of a major inflection point which will propel
the market to grow 10x over the next decade to >$250B in 2030

2. The primary drivers of this inflection are:

a. The rapid increase in demand for EV vehicles to reduce reliance on fossil
fuels used in internal combustion engines (ICE)

b. Technological advancements that are driving cost reductions for Li-ion
batteries to parity with ICE by 2025

3. Breaking down the technological advancements shows a path and timeline
which can structure an investment strategy in the sector. In our opinion, too
much attention and valuation is being placed on the 3rd major advancement –
the move to solid-state Li-ion batteries, which is not set to become viable for
10 years and carries the most technology risk. Advancements in 1) silicon
anodes over the next 1 to 3 years and 2) advanced cathodes over the next
3 to 7 years provide attractive high growth opportunities for investment that
have been overlooked.

At its basic components, the electric battery is still based on technology that was
invented in 1796 by Alessandro Volta. In his experiments, Volta created a battery by
placing silver and zinc electrodes at two ends of containers that separated the
electrodes by electrolyte fluids. The fluid facilitated an electric current that
continuously flows from one electrode towards the other. Batteries still operate in
much the same way – electrons flow from one electrode to the other through an
electrolyte fluid. However, the basic battery is limited, as over time the electric
source runs out leaving a cell that needs to be disposed of or replaced.

In the early 1990s, the invention of rechargeable Li-ion batteries provided a
breakthrough that removed the need for constant battery replacement. In Li-ion
batteries, positively charged lithium ions move through the electrolyte liquid from
one electrode, called the anode, to the other electrode, called the cathode. Upon
charging, the negative and positive electrodes reverse and the positively charged
ions flow from the cathode back to the anode. There is also a separator between the
anode and the cathode that regulates the flow of ions between the anode and the
cathode and prevents short circuiting.

BATTERIES

EXECUTIVE SUMMARY

2

JULY 2021

INDUSTRY OVERVIEW



INDUSTRY OVERVIEW
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These batteries dramatically increased the number of recharging cycles available
before the battery ceases to provide enough power over a reasonable amount of
time and they quickly found their way into consumer products such as camcorders,
smartphones and wearable devices and are ubiquitous today.

Aside from electronic portable devices, the primary uses of batteries are for
stationary applications, such as power grid backup, and for transportation
applications, such as battery Electric Vehicles (EVs). In electricity grids, batteries
provide a storage solution that can fill the intermittent gaps when wind or solar
generation are not available. Demand for this type of storage is expected to
increase steadily. However, EV demand is expected to grow exponentially over the
next two decades, and due to the sheer number of units required EVs, will be the
primary growth driver for battery demand.

According to Cairn Energy Research Advisors, global Li-ion battery capacity will
grow by 11x from 184 GWh in 2020 to >2 TWh by 2030, which represents a
27% CAGR over the next 10 years (see Exhibit 1 below). In terms of TAM, BofA
Research calculates that the global EV battery market alone is expected to grow to
$114B in 2025 (34% CAGR from 2020 to 2025) and to $247B in 2030. (2) This
represents battery EVs growing from <4% of total vehicles in 2020 to 23%
penetration in 2030. As you can see by the effect of the orange bar in Exhibit 1, it
is the EV market that will dominate battery market growth over the next decade.

Exhibit 1: Global Li-ion Battery Energy Capacity Forecast (3)
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INDUSTRY OVERVIEW
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4.    2021 Storage Symposium Downstream Download: The Time Has Come, BofA Global Research, January 21, 2021
5.    The Battery is Ready to Power the World, The Wall Street Journal, February 5, 2021

Battery costs will be the key for these market forecasts to come to fruition. As shown
in Exhibit 2 below, Cairn Energy forecasts that the weighted average cost per
kilowatt hour (kWh) will decline from $136/kWh in 2020 to $120/kWh in 2021
and will reach the $100/kWh barrier around 2025. Based on our conversations with
industry sources, there is a high probability that the kWh will get to $85/kWh to
$90/kWh. The $100/kWh for batteries is a major inflection point at which most
experts think BEVs will become competitive with internal combustion engine (ICE)
vehicles, reducing the needs for government subsidies and incentives to make up
the difference.

Exhibit 2 also shows that roughly 80% of the Li-ion battery cost is from the bill of
materials, making these forecasts highly dependent on the underlying price of raw
materials such as lithium, nickel, manganese, and cobalt. Longer term, price
decreases will depend greatly on substituting new materials such as silicon into the
battery design and reducing the amounts of expensive raw materials. The overall
cost declines to date have been driven by improvements in supply chain efficiency,
economies of scale in manufacturing costs, lower materials processing costs, and
compressed margins across the entire supply chain.

Currently, only a few companies build automotive scale Li-ion batteries and nearly
65% of Li-ion batteries are manufactured in China. (5) The main barrier to entry in Li-
ion battery manufacturing is capital expenditures as facilities cost between $50-
100mm per GWh of annual production.
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Exhibit 2: Li-ion EV Battery Cell Pricing Forecast (4)



Sources:
6.    The Future of Energy Storage, Sila Nanotechnologies, September 2, 2020
7.    SNE Research, Bloomberg Intelligence, 11/24/20 

It is estimated that $75B to $150B of investment will be required between 2020 to
2030 for expansion to 2,000 GWh of capacity, but this investment estimate may be
conservative if some of the technology innovations described below are delayed. (6)
Current production of EV batteries is dominated by CATL, LG, Panasonic, Samsung
SDI, BYD, SK Innovations. See Exhibit 3 below for an illustration of the 6 largest
providers and their current market share.

To understand the technological evolution that is to come it is important to
comprehend how the components of a Li-ion battery work and are constructed. The
basic parts of the Li-ion battery cell are:

1) Anode
2) Cathode
3) Electrolyte solution
4) Separator
5) Casing

Exhibit 4 on the next page shows a basic diagram of the parts of a Li-ion battery.
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Exhibit 3: Global Automotive Battery 
Share (%) (7)

THE LITHIUM-ION BATTERY

Several newcomers to the field such
as Farasis and Northvolt are included
in the “Others” section of Exhibit 3.
Although these companies dominate
the current Li-ion market, this paper
focuses on smaller private pure play
technology companies which
inherently have higher growth
potential that the established
manufacturers.



Sources:
8.    ScienceDirect – Lithium-Ion Battery overview page
9.    The Future of Energy Storage, Sila Nanotechnologies, September 2, 2020
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THE LITHIUM-ION BATTERY

Exhibit 4: Schematic of the structure and working mechanism of lithium 
metal oxide battery (8)

Exhibit 5: Cross section of a typical cylindrical Li-ion cell shows how the 
electrodes are layered and then wound (9)

Anodes receive and send back the lithium ions, whereas the cathode is the original
source of the ions. The electrolyte solution is the substance through which the ions
flow back and forth between the electrodes. The separator provides a barrier that
regulates the flow of ions and prevents a direct short circuit between the electrodes
which would destroy the battery. The casing encapsulates the cell and protects the
internal parts. Exhibit 5 shows how these parts look within a complex cylindrical Li-
ion battery cell which relies on multiple layers to increase energy density.



The individual costs of these components drive the total cost of the battery and is an
important component to consider when looking at research and development
initiatives. Exhibit 6 below shows that 43% of the costs lie within the cathode,
followed by general assembly, the anode, and the separator. Although the cathode
makes up the largest cost, near term major advancements lie within the anode,
which we will describe more fully below. It is likely that the anode and cathode costs
will start declining to eventually represent between 55%-60% of overall pack cost.

Once a battery cell if manufactured, it is then combined into a group of cells that
connect together into a unit called a “module.” Next, several modules are
connected into a “pack” which typically also includes a battery management
system (BMS), device connections, and thermal controls.

As described above, the next decade is expected to bring advancements in battery
technology that not only lower the cost to parity with ICE, but then below that cost
of ICE which will make battery powered mobility less expensive than current modes
of fossil fuel transportation. Most of the upcoming technology improvements can be
broken down into the respective components that are specifically being improved,
which will be described in further detail in the sections below.

THE LITHIUM-ION BATTERY
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Exhibit 6: EV Battery Cell Material Cost Analysis (10)

Sources:
10.    Global EV Battery Thematic Research (H/A): Who makes the EV battery in 2021: A year of very strong 

growth for zero-emission, BofA Global Research, 01/18/21

FUTURE DEVELOPMENTS



The major advancements to come over the next decade are expected to be in the
anode, then the cathode, and then from converting the electrolyte solution from a
liquid to a solid, popularly known as “solid-state technology.” Breakthrough
developments of the “separator”, which sits between the cathode and the anode,
are also expected to play crucial roles in these advancements. Looking at the
specific timeframes for these advancements, near term developments over the next
1 to 3 years will focus on the introduction of silicon into the anode electrode. This
will be followed over the next ~3-7 years by the step-function advances in material
content in cathodes. Finally, it is expected that solid-state technology could be
available for mass production around the 2030 timeframe. In addition, over the
course of the decade, companies will constantly improve and reduce costs for
electrolyte solutions, separators, battery pack construction and finally, battery
cell construction.

This paper is broken into sections in which we briefly describe and identify
companies working on the following specific component improvements:

1) Silicon Anode Solutions (expected present through 2024)

2) Advanced Cathode Materials (~2024-2028)

3) Solid-State Battery Solutions (~2030)

We also look at some of the expected improvements from and companies working
over the course of the decade on:

4) Electrolyte and Separator Improvements

5) Battery Pack Enhancements

6) Battery Cell Construction

Much of the public equity markets are focused on companies developing 3) Solid-
State Batteries, a technology which has the longest development timeline (10
years) and carries a high degree of technology risk. It is probably worthwhile
noting that solid-state batteries development has been in progress for the more
than a decade. Although there are prototype solid-state batteries that hold some
promise, most experts deem them uneconomical due to onerous manufacturing
requirements. In our opinion, the highest growth rate from the EV adoption
perspective is likely to come over the next 3 to 7 years driven by regulatory efforts
and advances made in cost reductions. A notable regulation is the California Air
Resources Board Advanced Clean Trucks (ACT) rule which will accelerate the first
wave of zero-emission trucks in the state of California.

FUTURE DEVELOPMENTS
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Therefore, we believe some of the interesting investment opportunities may
reside within the anode and cathode developers who are going to dramatically
alter battery technologies over the next 3 to 7 years and will benefit from the higher
growth inflection from the EV adoption curve. These investments would also
remove some of the technology and timing risk inherent in investments in solid-
state technology developers.

Today most anodes consist of carbon-based graphite and synthetic graphite
compounds. However, conventional graphite anodes for Li-ion batteries are
approaching their performance limits, and a compelling alternative is to combine
the graphite with silicon and optimally move to a 100% silicon anode. Many Li-ion
batteries already put a small amount (~5-10%) of silicon in the graphite anode which
gives a small boost to performance in form of energy density, improves fast
charging performance, generates less heat, and postpones cell aging.

However, going over 5-10% silicon destroys the cycle life of the battery. Silicon goes
through a large volume contraction and expansion during charge cycling and
increasing the amount of silicon in the anode over 10% puts too much pressure on
the internal parts of the battery leading to physical catastrophic failure.

FUTURE DEVELOPMENTS
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1. SILICON ANODE SOLUTIONS
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potential-alternatives-for-clean-energy



The advantage of silicon over carbon-based graphite, despite the volume
challenge, comes down to chemistry – a single silicon atom can store 4 lithium
atoms, whereas it takes 6 carbon atoms to store a single lithium atom. Exhibit 7
shows the major improvements from silicon due to power density improvement,
and it also illustrates the volume challenge.

1. SILICON ANODE SOLUTIONS
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Sources:
12.    The Future of Energy Storage, Sila Nanotechnologies, September 2, 2020 

Exhibit 7: Comparison Table of 
Graphite and Silicon Anodes (12)

Silicon’s volume expands by 3x when it
reacts with the lithium during charging, and
then contracts by the same amount on
discharge (vs. 7% expansion and reduction for
graphite), so the engineering challenge is
either to reduce or contain the swelling. Many
of the companies listed below are trying to find
materials or substrates that remove or contain
the swelling qualities of the silicon during the
charge / discharge process. Although the
silicon anode does not reduce the cost of the
battery as much as improvements in the
cathode, silicon anode technologies are ready
to be introduced to the market and will roll out
rapidly over the next 1 to 3 years, which can
present a compelling near-term investment
opportunity.

Examples of Silicon Anode companies:

Sila Nanotechnologies – Alameda based startup has created silicon dominant
anodes that drop into existing battery manufacturing processes to replace
graphite entirely. Sila has engineered a particle that allows the swelling and
contraction of silicon to happen inside the particle itself while keeping the
electrolyte outside of the particle. Sila has raised $875mm to date after a
$590mm Series F in January 2021 which valued the company at $3.3B. Investors
include Bessemer, Coatue, T. Rowe Price, and Daimler.

Enovix – Fremont, CA based private company founded in 2007. Enovix has
created a patented 3D Silicon Cell Architecture, and which uses stainless steel to
compress silicon anodes reducing their expansion and contraction considerably.
In February 2021, Enovix announced a merger with the Rodgers Silicon Valley
Acquisition Corp SPAC which valued the enterprise at 1.1B or 1.4x $800mm
2025E Revenue. The merger is expected to close in July 2021.



Examples of Silicon Anode companies (continued):

1. SILICON ANODE SOLUTIONS
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Enevate – Irvine, CA based private company founded in 2005. Enevate licenses
advanced silicon dominant Li-ion battery technology for EVs. They also have
advanced electrolytes and cell design, and they claim they can achieve 5-minute
charging, 1000 Wh/L, and 350 Wh/kg energy density. As a license company, they
have signed technology deals with many key OEMs and battery manufacturers
such as Nissan-Renault and LG Chem. The company has raised $193mm to date
including a $81mm Series E round in February 2021 that was led by Fidelity.
Other investors include Renault-Nissan-Mitsubishi (Alliance Ventures), LG Chem,
Samsung Venture, Draper Fisher Jurvetson, Sumitomo, and Lenovo.

Nexeon – UK based (Imperial College, London) battery materials and licensing
company that offers a unique silicon anode technology. Nexeon’s next
generation anode will contain up to 80% silicon and their current offering with
10% silicon is in the final stages of customer qualification. They have raised
£70mm, with the most recent round of £30mm closing in May 2016 and are
backed by Woodford Investment Management, Invesco, Imperial Innovations,
and Wacker Chemie.

Black Diamond Structures – This Austin, TX based startup founded in 2014 uses
“Molecular Rebar” carbon nanotubes to boost the performance of silicon-based
anodes. The technology untangles and aligns the silicon which allows for higher
silicon content, stronger mechanical and thermal resistance, and more durable
cycling. The company is majority owned by SABIC.

Group14 Technologies – Founded in 2015, this Washington based startup that
has created a technology called “Scaffold Prime” to create silicon-carbon
nanocomposites as anode materials. The company has raised $35mm in total
funding over 3 rounds, most recent of which was a December 2020 $17mm
Series B round led by SK Materials. Other backers include OVP Venture Partners,
Showa Denko, Cabot Corporation, BASF Venture Capital, and Amperex
Technologies.

Battrion – Swiss based spin-off from the Swiss Federal Institute of Technology’s
(ETH Zurich) nanoelectronics lab that was founded in 2015. The private company
has developed an improvement in the manufacturing process that aligns
graphite flakes in the anode electrode thereby improving the path that the ions
can take (reducing tortuosity).



Examples of Silicon Anode companies (continued):

Cathode materials are the source of lithium ions for a battery cell and is the most
expensive component of the battery. Over the past 10 years advances in cathode
materials have been the primary driver to increases in battery density and lower
costs. Companies working on cathode improvements expect to launch major
improvements over the next 3 to 7 years. These improvements to the most
expensive part of the battery cell will lower EV battery costs to parity with and
eventually lower than the costs for internal combustion engines. The cost advantage
should spur additional demand and lead to an exponential move higher in sales,
and therefore represents a very compelling investment opportunity.

But first, to understand these material changes we will give a little
background on cathode technologies and chemistry. For automotive
applications there are 2 subtypes of Li-ion battery cells that are classified
based on the cathode technology they utilize. Specifically, they are:

1) “Energy Cells” - Higher voltage, higher capacity cells that use nickel rich
lithium nickel cobalt aluminum oxide (NCA) or lithium nickel cobalt
manganese oxide (NCM), and

2) “Power Cells” - Lower voltage, potentially lower capacity cells which use
lithium iron phosphate (LFP).

1. SILICON ANODE SOLUTIONS
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Leyden-Jar Technologies – Founded in 2017, this Dutch company deposits
silicon directly on copper foil removing the capital-intensive coating process for
other silicon anode developers. Their 100% silicon anodes are porous which
allows for the silicon swelling to stay inside the structure of the anode. The
company has raised EUR6mm to date.

2. ADVANCED CATHODES



Although some note that Energy Cells are ~25% cheaper than Power Cells on a
$/kWh basis, others have different experiences and find that LFP to be as
inexpensive as NCM on a $/kWh basis. Power Cells have much better durability
(they can go through 5,000 charge discharge cycles), have faster charging times,
and are cheaper on a per unit cost basis despite the lower density. In the past,
nickel-based Energy Cells had been the choice for developed market EV
manufacturers, while Chinese and emerging market EV makers have been
predominantly using LFP based Power Cells. LFP Power Cells are also often used in
larger vehicles such as electric buses as those vehicle do not have as many volume
constraints as small passenger vehicles.

Cobalt is expensive, is supply constrained, and primarily comes from the Republic of
Congo, which is an ethically challenging source. As a result, manufacturers have
been reducing cobalt in the batteries by switching their cathode chemical mix to
include a higher ratio of the non-cobalt metals. For instance, manufacturers are
switching from NCM 111 cells to High-Ni cells designated at NCM 811 (the numbers
represent the ratios of the metals, i.e.: an 811 cathode has 8 parts nickel, 1 part
cobalt, 1 part manganese). These chemical switches reduce the overall cobalt in the
battery cell, create better density, and lower cost per kWh. The offset is that the
reduction in cobalt requires an increase in nickel.

Overall, in the near future, we strongly believe LFP will continue to make progress in
market share gain for few reasons: 1) no need for cobalt, 2) safer chemistry, which
translates to less thermal issues, and 3) at the battery pack level it can compete with
NCA and NCM chemistry density. Exhibit 8 on the next page shows the expected
increasing demand for the higher nickel and NCA cathode types through 2030. It
also shows the expected increases in LFP batteries as emerging market vehicles
ramp higher.

Between NCM/NCA and LFP, the advantages of battery end-of-life recycling value
for NCM/NCA is a key advantage but based on our channel checks, it is likely the
recycling value may move closer to parity.

2. ADVANCED CATHODES
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Longer term, to make a significant jump in cathode efficiency, manufacturers will
need to switch cathode materials in a manner similar to the graphite to silicon switch
being made in anodes. Currently, the two leading candidates for the future cathode
switch are 1) metal fluoride-based cathodes, such as iron fluoride or copper
fluoride, and 2) sulfur-based cathodes, but others could certainly emerge as well.
Researchers are also looking into creating better crystalline structures within NCM
cathodes which will create more efficient routes for the lithium ions to follow.
Additionally, energy density improvements in LFP Power Cells may advance to the
point that it spurs adoption in developed market EVs. Ultimately, it is thought that
these major cathode advancements, along with the adoption of silicon anodes,
could improve Li-ion batteries to a achieve a 10,000 full cycle life (~1mm miles
for the EV) and reduce the cost to $50/kWh. Since the cathode is the most
expensive component of the battery, these improvements are expected to bring
battery cost to ICE parity within the next 3 to 7 years.
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Exhibit 8: Cathode Material Demand by Cathode Type (13)

Sources:
13. Global EV Battery Thematic Research (H/A): Who makes the EV battery in 2021: A year of very strong 

growth for zero-emission, BofA Global Research, 01/18/21
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Examples of Advanced Cathode companies:

2. ADVANCED CATHODES

15

JULY 2021BATTERIES

Freyr – Norwegian based battery manufacturer that touts “semi-solid” electrode
technology to lower material cost and increase energy density. In January 2021,
the Alussa Energy Acquisition SPAC announced their intention to purchase Freyr
for $530mm ($1.4B market cap) and the transaction is expected to close in Q2
2021.

Umicore – Belgian based mining company that provides cathode materials such
as cobalt oxide and nickel sulfate predominantly for LCO and NMC applications
(consumer electronics). They are the prominent supplier to LG Chem and
Samsung SDI. The company is listed on the Brussels stock exchange under ticker
<UMI>, has a >$15B Enterprise Value, and generated ~$4B revenue in 2020.

EnPower – EnPower is a Phoenix, AZ based startup that was founded in 2014.
EnPower uses advanced multilayered electrode architecture to create anodes
and cathodes that can withstand dramatically increased charging rates while
mitigating dangerous reactions by creating multi-layer electrodes. The multi-
layer electrode hampers lithium plating and dendrite formation thereby allowing
for faster charge times. They claim that pouch cells using their multilayer
manufacturing technology generate 70% higher power with 3x faster charging
than current batteries.

Lionano – This Woburn, MA based company was founded in 2013 by a group of
Cornell PhDs and MBAs and has developed novel cathode materials that allow
for an advanced electrode based on “drop-in” technology. The company raised
$17mm in February 2021 and has raised ~$50mm in total. Investors include NXT
Ventures, Helios Investment Partners, and WAVE Equity Partners.

Our Next Energy (ONE) – Detroit, Michigan based battery manufacturer
founded in 2020 by Mujeeb Ijaz, who led Apple’s Energy Storage initiatives and
was Senior Director of Apple Special Projects. Prior was founder and CTO of
A123 Automotive and before, lead systems engineer for battery at Ford.

eJoule – Fremont, CA based private startup with both Chinese and Taiwan
operations. eJoule is helping to produce higher capacity cathodes through a
manufacturing process improvement called “Dynamic Crystallization Process”
(DCP). DCP allows for continuous (vs. batch) manufacturing, reduces defects, and
enables more precise control over the cathode performance. Founded in 2013
the company has raised $33mm to date.



Examples of Advanced Cathode companies (continued):

Solid-state batteries have been garnering considerable attention as the next
potential breakthrough technology for EV batteries. In a solid-state battery, the
electrolyte liquid solution is replaced by a solid material. Solid-state batteries are
forecast to increase energy density by 50%, decrease charging time, and extend
the overall life of the battery. The solid-state structure allows for replacing the
graphite or silicon anode with lithium metal, and solid-state batteries are often
referred to as “lithium metal anode” batteries.

2. ADVANCED CATHODES
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Nano One Materials – Vancouver based company that has streamlined the
process to produce cathode materials. Nano One’s technology is called the “One
Pot Process” that removes the need for multiple uses of a kiln and results in
coated single crystal particles that better withstand cracking and degradation
from battery assembly and repeated charging. The better durability increases the
lifespan of the batteries. The company listed on the on the Canadian exchange in
2020 under ticker <NANO> and has a >CAD$400mmmarket cap.

Nanoramic – Founded in 2016, this Boston based company that has developed a
non-binder electrode technology which can be used for both the anode and the
cathode. They also have developed an ultra-capacitor which can be used for
many energy storage solutions. They have raised $39mm to date and is backed
by Marubun Corporation, NGK Spark Plub, and WindSail Capital.

OXIS Energy – UK based startup that is developing a sulfur-based cathode. They
are in pilot mode but expect to increase to full scale production in their
manufacturing plants located in the UK and Brazil over the next few years. They
have also announced they are working towards a solid-state battery using the
sulfur technology. They have raised £3.8mm to date and are backed by
Confrapar, Oxford Technology Management, and Aerotec.

3. SOLID-STATE BATTERY SOLUTIONS



The diagram in Exhibit 9 below illustrates the structure, projected space saving,
and density improvement from the solid-state cell architecture. Exhibit 10 shows
some of the performance improvements that are expected from the solid-state
technology proposed by QuantumScape, a leading company in the solid-state
development space. In addition to performance improvements, the removal of the
flammable electrolyte solution will improve battery safety.

Several large automotive OEMs have been pushing the efforts in the solid-state
battery space. Toyota is leading and has stated they aim to get commercial
production facilities built by 2022 or 2023. Volkswagen has invested in
QuantumScape, which plans to launch production in 2024 with capacity goals of
91GWh by 2028. Nissan has plans to launch production by 2028.

3. SOLID-STATE BATTERY SOLUTIONS
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Exhibit 9: Solid-state batteries aim to pack more power into a smaller space (14)

Sources:
14. A Smaller, More Powerful Battery Begins to Charge Devices, WSJ, March 15, 2020
15.    What’ Next V: Energy density advance: Cathodes, anodes, all solid-state batteries and more, Goldman 

Sachs Equity Research, 20 February 2021 

Exhibit 10: Comparison of lithium-ion battery and QuantumScape’s solid-
state lithium battery in a luxury performance vehicle (15)



Many challenges remain to bringing this technology to market. Current production
practices for solid-state manufacturing require super-clean and super-dry rooms
similar to those used in manufacturing semiconductors. These processes cost much
more than current manufacturing processes for Li-ion batteries and are cost
prohibitive for automotive applications. In addition, most solid-state batteries are
based on sulfide chemicals which produce toxic hydrogen sulfide gas when they
react with water in the atmosphere. This presents a challenge not only in the
manufacturing process, but also for cell safety when they are implemented in
vehicles, especially if the cell seal becomes compromised. But the most pressing
challenge stems from lithium dendrites. Any slight deformation on the electrode
film covering the anode or the cathode leads to the building of up of lithium spikes,
or dendrites, that can grow to the point that they pierce the separator. Once the
separator is pierced the cell short circuits which then leads to catastrophic thermal
runaway and fire. Due to these technological and cost factors, most experts do not
expect to see solid-state batteries ready for mass production until the 2030
timeframe. For these reasons, it is our view that anode and cathode developers
present a more compelling investment opportunity since they will be developed
sooner than solid-state batteries and they carry less technology risk.

3. SOLID-STATE BATTERY SOLUTIONS
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Examples of Solid-State Battery companies:

QuantumScape – Founded in 2011 and spun out of Stanford by Jagdeep Singh,
and Dr. Tim Holme. The company began their partnership with Volkswagen in
2012 and they are targeting cells that will enable 80% charging in 15 minutes,
lower cost, and increased battery lifetime. The company went public in
November 2020, trades under ticker <QS>, and currently has a >$10B Enterprise
Value.

SES – Formerly known as SolidEnergy, this Singapore based startup with
operations in Boston, Shanghai, and Seoul is developing Li-Metal batteries
specifically designed for the EV market. They have raised $225mm to date. In
April 2021 they closed a $139mm Series D round that was led by General
Motors. Other investors include Vertex Ventures, Applied Ventures, Temasek,
SAIC Motor, SK Holdings, Vertex Ventures China, and Applied Ventures.



Examples of Solid-State Battery companies (continued):

3. SOLID-STATE BATTERY SOLUTIONS
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Solid Power – Founded in 2012 in Colorado, Solid Power has created solid
electrolyte lithium battery that improves energy density by 50% and is
compatible with current Li-ion production practices. The company is backed by
Ford and BMW and has raised $185mm in equity financing to date from investors
including Volta Energy Technologies (spun from US Dept of Energy’s Argonne
National Laboratory), Hyundai, Solvay Ventures, A123, and Samsung. They
expect to begin testing solid-state batteries for automotive production in early
2022 with a goal of production in 2026-2027.

ProLogium – Taipei headquartered firm that has been developing lithium
ceramic batteries since 2006. The company’s Multi-Asix BiPolar (MAB) packaging
technology may increase both cell energy density and pack assembly efficiency
to maximum pack energy density. The company has 2 production lines: the
40MW G1 line started in 2017 and the 1-2GW G2 line plans to begin production
this year. They have collaboration agreements with Nio, Enovate, and Aiways and
raised a $100mm Series D in early 2020.

Ionic Materials – Founded in 2012 and near Boston, MA, the company has
developed a new solid polymer that can replace liquid electrolytes in li-ion
batteries. The company has partnerships with Total, A123 Systems, Dyson,
Samsung, Renault-Nissan-Mitsubishi, and Volta Energy Technologies. They have
raised $65mm to date and has backing from Franklin Templeton, Hyundai,
Renault, Nisan, and Mitsubishi.

Prietto – This Ft. Collins, Co startup has created a 3D solid-state Li-ion battery
that provides higher power density, longer lifespan, and improved safety. The
company was founded in 2009 and has raised $3.8mm to date.



4. ELECTROLYTE AND SEPARATOR IMPROVEMENTS
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When discussing energy density improvements most of the spotlight focuses on
cathodes and anodes; however, there are important advancements being made in
separator and electrolyte technologies that will also lead to technology and cost
improvements. Separators divide the cathode from the anode and support the
charging and discharging functions. Electrolytes are the substances (primarily
liquid) placed between the anode and the cathode through which the ions flow.
Although electrolytes and separators represent a smaller portion of the battery cost,
there are some interesting developments being made that can make for some
peripheral ways to invest.

Separators use microporous membranes that allow the Lithium ions to conduct
through substance via microscopic holes. Most separators today are made of
polyolefin polymers. This plastic like material serves an important safety function. If
the batteries get unusually hot, then the polyolefin will melt and block the holes and
the separator will insulate against further chemical deterioration. This situation often
occurs when an external force deforms the battery so using polyolefin is key to
stopping the sudden fires that have occurred in Si-ion batteries. Separators
typically account for 10-15% of the battery cell’s cost. However, the market is
currently oversupplied so separator costs may decline as increases in supply from
China (mostly through Yunnan Energy New Material) pressures the dominant
Japanese suppliers (Asahi Kasei, Toray).

The most promising jump in separator technology is expected to come from the
replacement of polymers with ceramic or ceramic-dominant materials. This provides
better thermal stability, compression strength, and better ionic conductance (which
leads to more powerful and faster charging batteries). The key will be to create
ceramic separators that provide the same safety shut down function that the
polymer separators provide.

Electrolytes serve as the major conductive material within battery cells and are
generally produced by dissolving electrolytes in flammable organic solvents. They
then add salts to provide higher conductivity and reduce gassing. Electrolytes can
also be used to deposit conductive materials on the electrodes to improve
performance. Electrolyte chemistry is complicated and varied and constant tinkering
is helping to improve both performance and safety of Li-ion batteries. The
electrolyte market is highly fragmented although the dominant players are
Mitsubishi Chemical Holdings, Shenzhen Capchem, UBE Industries, and
Dongwha Enterprise.



Examples of Electrolyte and Separator Improvement companies:
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Microvast – Houston based company that manufacturers battery cells, modules,
and packs. They have developed a non-flammable electrolyte and an aramid
separator that enhances safety and decreases charging time for their batteries. In
February 2021, Tuscan Holdings Corp SPAC announced they would acquire
Microvast for $2.4B EV ($3.0B market cap) or 1.0x 2025E revenue. The
transaction is expected to close in July 2021.

Zeon – 70-year-old Japanese company that has the largest market share of water-
based binders which lead to more efficient charge and discharge cycles. They
sell acrylic binders for silicon-based anodes as well as binders for cathodes and
separators.

Targray – Canadian company that provides electrolyte solutions with organic
solvents, LiPF6 salt, and various additives. LiPF6 salt (also known as Lithium salt)
provides a purer and more efficient ion pass through substrate. Targray also
provides other additives that can improve electrolyte stability and prevent
dendrite formation.

Optodot – Founded in 2000, this Massachusetts based private company has
developed ceramic coated, all-ceramic, and electrode coated separators for use
in Li-ion batteries. The ceramic separators have nanopores that allow the ion
transfer from the electrodes. Optodot raised an undisclosed amount from LG
Technology Ventures in 2019.



There is a significant amount of engineering that goes into making EV battery
packs. To construct a pack, first a series of cells are combined into a module which
protect the cells from external shocks, heat, and vibration. The modules are then
combined into a pack that typically includes various controllers, protection systems,
and a cooling system. It is the battery pack that is visible when looking at an EV’s
power plant or chassis. EV battery cells are manufactured in 3 primary form factors
that have a significant impact on the size and form of the ultimate pack:

1) Cylindrical

2) Prismatic

3) Pouch

Exhibit 11 below shows a visualization of the various form factors and their
advantages and disadvantages. A description of the form factors follows.

5. BATTERY PACK ENHANCEMENTS
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Exhibit 11: EV Battery Cell Material Cost Analysis (16)

Sources:
16.    Global EV Battery Thematic Research (H/A): Who makes the EV battery in 2021: A year of very strong 

growth for zero-emission, BofA Global Research, 01/18/21



1) Cylindrical – the cylindrical cell was first developed in the mid 1990s for
lithium-ion and are the most popular form for consumer electronics. These are
also used in Tesla vehicles. The main disadvantage of cylindrical cells is the
empty space in between the cells when placed into modules results in low
packing density and lower power output by volume for modules and packs.
However, advantages include less heating due to the air spaces, high stability,
good cycling ability, long life, and low manufacturing costs. Tesla started using
cylindrical cells in their original batteries and they continue to do so today –
although the cells have become larger to reduce the wasted space / low
density issue.

2) Prismatic – Introduced in the early 1990s the prismatic cell provides a thinner
size by stacking layers and providing a box that resembles a box of chewing
gum. Prismatic cells are predominantly found in cell phones, tablets, and low-
profile laptops. These cells are also encased in aluminum or iron cases which
provide better stability. The thin size and better space utilization is offset by the
higher expense of materials, less efficient thermal management, and a shorter
cycle life. Audi adopted a prismatic design for their A3 Sportback e-tron in
2015.

3) Pouch – The pouch cell was launched in 1995 and radically changed battery
design by welding conductive foil tables to the electrodes that then are
brought to the outside in a fully sealed way. The pouch offers the highest
space use efficiency and also has a weight advantage over the other form
factors. The offsets are that pouches are subject to swelling and under high
pressure and heat the swelling break the module and even the pack. Despite
these offsets, most EV manufacturers have adopted the pouch design due to
their higher volume efficiency.

Although the technologies are different, the bottom line is that EV makers will go
with whoever can provide the best energy density at the lowest cost within the
specifications of the EV vehicles themselves. Eventually, the goal of battery pack
suppliers is to integrate the batteries into the actual load bearing frame and not just
treat the batteries as “luggage.” This will further reduce the cost of the overall
vehicle even though the pack cost itself maybe slightly higher. Below we have
identified some companies that are making innovations on the battery pack itself
and can provide some peripheral opportunities for investment in the space.

5. BATTERY PACK ENHANCEMENTS
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Examples of Battery Pack companies:

5. BATTERY PACK ENHANCEMENTS
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Romeo Power – Vernon, CA battery pack manufacturer founded in 2015 that
merged into the RMG SPAC in December 2020 (ticker <RMO> and ~$1B MC).
The company is focused on medium duty short haul trucks, heavy-duty long-haul
trucks, and specialty trucks and buses. Romeo touts their cell qualification
process to only include the best cells within their packs and to remove all defects.
They are selling packs mainly to commercial vehicles but hope to expand to
performance and light vehicles through their JV with BorgWarner.

Proterra – Founded in 2004 Proterra designs and manufactures electric school
buses, delivery trucks, coach buses, and shuttles. They have also developed their
own line of battery packs that are available for public sale. In January 2021,
Proterra merged with the ArcLight Clean Transition SPAC in June 2021 (PTRA
ticker ~$3.8B EV, $193mm 2020E revenue) .

Akasol – This 30-year-old German company went public on the German
exchange in 2018 (ASL ticker- ~$900mm EV, $85mm 2020E revenue) and has a
production facility in Langen that can produce 800MWhs, making it Europe’s
largest Li-ion battery system production plant. Akasol offers battery packs using
all 3 form factors and use liquid cooling in their packs.

Cadenza Innovation – Danbury, CT based firm founded in 2012 by the former
CEO of Boston-Power. The company creates cells and packs that use a
combination of jelly roll technology with prismatic cells. They have raised $12mm
to date from investors including Golden Seeds, Kestrel Holdings, and Scale
Investors.

Kreisel – Founded in 2014, this German private startup first produced batteries
for small vehicles such as e-karts, jet skis, e-bikes, and scooters and have since
evolved to EVs and commercial vehicles. They are currently erecting their first
factory for large scale cylindrical cell pack production in Rainbach, Austria.

Hexagon Agility – Formerly called Agility Fuel Systems, Hexagon Agility is
headquartered in Costa Mesa, CA. Hexagon is a global battery pack supplier that
sells into 45 countries. Hexagon’s packs are geared for medium and heavy-duty
commercial vehicles, and they have multiple fuel offerings along with batteries
including natural gas, propane, and hydrogen.



Examples of Battery Pack companies (continued):
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Guandong Puris – Based in Guandong, China and formerly established in 2019
Puris provides Li-ion battery packs for commercial vehicles predominantly in
southeast Asia. They have a JV with China Aerospace and have developed packs
that appeal to military vehicle manufacturers due to their durability and their
ability to function in extreme cold.

Webasto – 100-year-old German based OEM that manufactures commercial
vehicle battery packs that emphasize stackability and DC charging capabilities.
They also provide car charging stations, industrial charge stations, and thermal
management systems.

Enerdel – Private Indianapolis based Li-ion cell and pack manufacturer that
focuses on prismatic cell design and modular stacking of packs. Founded in
1984, the company also sells fuel cell solutions and have a nanotechnology
group focused on research and design. The company was formerly Ener1 which
developed the battery to be used in GM’s EV1. Since the EV1 was a commercial
dud Ener1 filed for bankruptcy in 2012 and restructured as Enerdel.

XALT Energy – Founded in 2009, XALT Energy is a Li-ion battery pack developer
headquartered in Midland, Michigan. The company is private, and Freudenberg
has been the majority shareholder since January 2019. The company makes
Nickel Manganese Cobalt – Graphite (NMC-G) cells using the pouch form factor
and gears their packs towards commercial vehicle use.

Octillion Power Systems – Hayward, CA based supplier of Li-ion battery systems
for cars, trucks, and buses. Established in 2010, they help EV makers with cell
selection and then make modules and packs including battery management
systems (BMS) and thermal management. The company has 2 manufacturing
facilities in China and was founded by Dr. Peng Zhou who was the chief engineer
for Tesla’s Model S powertrain. The company has raised $6mm to date over 2
funding rounds and is backed by Total Carbon Neutrality Ventures, Southern
Cross Venture Partners, and the Australian Renewable Energy Agency.



We are about to witness another inflection point in the Li-ion battery space – but this
time instead of batteries becoming a ubiquitous component of our electronic
devices it will now allow us to engage in entirely new modes of physical mobility,
such as flying electric vehicles as proposed by Joby Aviation (pictured below).
These new modes of mobility will allow us to begin to slow and hopefully reverse
our carbon emission trends so that we can combat the global warming crisis. There
are few markets that have seen or will see similar growth (25%+ CAGR) to what the
battery market will experience over the next 10 years as these new modes of
mobility take market share from the current reliance on internal combustion
engines.

A key driver to this growth will be the cost reductions of Li-ion batteries. As
demonstrated in this paper, there are several component upgrades that will drive
the costs down to parity with ICE and then lower than ICE which will enable us to
use new modes of transport powered by sustainable sources. We expect that
anode/cathode improvements, together with packing enhancements, to bring Li-
ion costs to below $100/kWh ICE breakeven point in 2 to 3 years, the timing of
which will also correlate with exponential growth rate increases for the industry as
demand for EV’s increase due to regulatory and market drivers.

Looking ahead, we see the potential timeline for the major step-function
advancements:

1) Silicon Anode Solutions (expected present through 2024)

2) Advanced Cathode Materials (~2024-2028)

3) Solid-State Battery Solutions (~2030)

CONCLUSION
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Although solid-state batteries will further improve battery cost, EV penetration
growth will likely begin to slow after 2030 as the industry matures. Therefore, we
suggest that there are many opportunities to invest in the battery market that does
not take on the technology risk that solid-state batteries represent. At Crescent
Cove, we are seeking opportunities to help market leading companies working on
improving anodes, cathodes, electrolytes & separators, and battery packs as we
posit that often these advancements are overlooked in the investment sphere and
present good value on a risk-adjusted basis. We believe the companies pursuing
these near-term developments will experience meaningful revenue growth and
carry less technology risk.

CONCLUSION
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This information herein may contain forward-looking statements and projections that are based on our
current beliefs and assumptions and on information currently available that we believe to be
reasonable. All statements that are not historical facts are forward-looking statements, including any
statements that relate to future market conditions, results, operations, strategies or other future
conditions or developments and any statements regarding objectives, opportunities, positioning or
prospects. Forward-looking statements are necessarily based upon speculation, expectations, estimates
and assumptions that are inherently unreliable and subject to significant business, economic and
competitive uncertainties and contingencies, and prospective investors may not put undue reliance on
any of these statements. Forward-looking statements are not a promise or guaranty about future
events.


