w
-
N -~
PQ‘&
3

NIVESH 314

Battery EnergyStorageSystem
IndustryReport

18" September2025




Inside The Report

Lithiumcell  Lithium module Lithium rack Lithium energy storage system

Index

1. INErOAUCHION. ... e 2
2 Br e alleb a g t.er.y.Queiiiiiiiiee 2
3. UseandApplicationof BESS...............cccccccvvvnvinennnn. 7
4. Battery Chemistri€s..........cccuvveeeeeeieeiiececinnieeeeeeeeens 16
5. Global batterysupply chain..............cccccveeiiiiiieennnee. 21
6. ManufaCturingPrOCESS ......coivuvvrieeeeiiiiiiieeeieeeee e 34
7. Machinesupplierecosystem...........cccccoccvvveereaaann. 38
8. The BESSDeCAdE........ccccvvveiiiieeiiiieeee e 41
9. Indian Playersin the valuechain.............ccccccoeeunnn 45
10. Indiantenderdata.............oeeeviiiiiiiiiiencee e 45
11. Understandinghe Chinesemarket........................ 52
12. Valuation perspective...........ceeeeviivveeeeeeeceeeeenneee, 65
13. StOriesin ChartS........coovivveriiiee e 67.



Introduction

)

Electricity systems are being reshaped by three forces moving in tandem: aggressive
decarbonization targets, the rapid btolat of variable renewables, and growing electrification of

industry,buildings,andtransportAs solarandwind becomehe marginalsourceof newgeneration
in manymarketstheir variability exposegonstraintsn legacygridsdesignedarounddispatchable

thermal assets. Battery Energy Storage Systems (BESS) have moved from pilot projects to grid
critical infrastructurepffering fast,preciseflexibility thatconventionabssetg€annotprovide.L et 6 s
understand what is battery, its keys components, use cases, technology in further section below

A Br e atkeibrad t ieGomponents,costsand material
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A BESSis morethanjustabig battery.It includesseveramajorcomponentseachservesaspecific
function to ensure the system stores and delivers power safely and efficiently:

1 Battery Cells& Racks:

o Battery Cell
A What it is: The smallest electrochemical unit (usually lithion) where

energy is stored/converted.
A Output: Low DC voltage(afew volts) andlimited capacitypercell.

o Battery Module
A What it is: A packof manycellsarrangedn series(to raisevoltage)and

in parallel (to raisecapacity),enclosedvith basicstructuralsupport.
A Why it matters: Modules arédhemanageable buildingblocks that make
assembly, maintenance, and safety control practical.

0 Battery Rack



A What it is: An assemblyof multiple moduleswired togetherto reachthe
target systemvoltageand capacity, oftenmountedn cabinets/frames.

A Why it matters: Racksarethedeployableunits thatdetermingheBE S S 6 s
usable energy (MWh)andhow long it can supply powerat the required
voltage.

1 Power Conversion System (PCS)This is theenergy conversion hubof the BESS that
connects the DC batteries to th€ grid. Batteries output direct current (DC) power, but
the electrical grid and most loads use alternating current (R@®&) PCS (also called a-bi
directional inverter) converts DC &C when discharging an8iC to DC when charging,
allowing energyto flow in bothdirections.In effect,the PCSgivesthe BESSits ability to
bothchargeand discharge It alsocontrolsparametertike voltageand frequencysothat
the battery system can seamlessly integrate with the grid or facility. An efficient PCS
minimizesconversioriossesandreactsguickly to controlsignals(for exampleyesponding
within fractions of a second to supply power for grid stabilization).

1 Battery Management System (BMS)This is thebrain of the battery pack. The BMS
is an electronic control system that monitors the health and status of the battery cells and
modules in real time. It tracks critical parameters such as cell voltage, temperature, state
of-charge(SoC),andstateof-health(SoH)for eachbatterymodule By doingso,theBMS
ensures théatteries operat@ithin safe limits and prevents conditions that could damage
the cells (ovecharge, ovedischarge, oveheating, etc.). Thé8MS can dynamically
balance the charge of cells (so no cell overcharges before others), and it can initiate
protectiveactions(like reducingchargecurrentor shuttingdownthe system)f anycell is
outside safe conditions. A wellesigned BMS is vital fosafety and longevityof the
battery, guarding against issues ltkermal runaway (fireisk) by managing temperature
and voltage of cells.

1 Energy Management System (EMS)The EMS is thanaster controller that oversees
the operation of the entire BESS. It is essentially software (often running on an industrial
computer or controller) that decides when to charge or discharge the battery and by how
much. The EMS communicates with the PCS and BM®&d often vth external signals
like electricity prices, grid demands, or renewable generation idataoptimize the
performance of the BESS. For example, in a peak shaving application, the EMS may
instructtheBESSto chargewhendemands low (or energyis cheap)anddischargealuring




highdemandwhenenergyis expensiveor limited). It coordinateshevariouscomponents

to ensure the BESS provides the intended service (be it backup power, load shifting,
frequency regulation, etc.) while also maximizing battery life and economic returns. In
summary, the EMS handles tbentrol and schedulingpf t he BESS6s ener g)

SCADA System:Supervisory Control and Data Acquisition (SCADA) is amonitoring
andcontrolinterfaceoftenusedin largeBESSinstallationgandotherindustrialsystems).

The SCADA system allows human operators and automation systems to supervise the
BESS. It provides redlme data visualization, alarms, and controls for the BESS
equipment. In some setups, the SCABStem can take on EMS functions or wesa

T essentially, SCADA is the user interface and integration layer for the BESS, often
communicatingvith remotecontrolcenterr utility systemsSCADA logsdataon battery
performance, temperatures, power output, etc., and can be critical for diagnostics and
compliance (for example, recording data for grid operators). While the EMS optimizes
operations, SCADAocuses ommonitoring, data logging, and highlevel control of the

system by operators.

Thermal Management SystemBatteries work best within a certain temperature range,
so large BESS installations include active cooling (and sometimes heating) systems.
Thermal managementmay consist of liquid cooling loops or air conditioning units that
circulatecoolant/airthroughthe batteryracksto removeexcesseat.If batteriesoverheat,

their performance and lifespan drop, and safety risks increase; thus, cooling is critical
especially for lithiumion cells. Some BESS designs wse conditioning orchillers for
containerizegystemsyhile othersmight useliquid coolantflowing throughplatesin the

racks. Goodhermal management keeps all cells ahdorm temperature, preventing hot
spotsandcontributingto safe,reliableoperation(In cold environmentsheatingmay also

be applied to keep batteries from getting too cold to charge efficiently.)

Fire Protection and Safety Systems:As with anyhigh-energyelectricalsystem safetyis
paramount. Modern BESS containers are equippedfirgidetection and suppression
systemsin compliance with safety standards (like NFPA 855 for battery installations).
These include smoke and heat detectors, fire extinguishing systems (such as aerosol, gas,
or sprinklersystemaiesignedor batteryfires),andventilationsystemgo evacuatesmoke.
Additionally, there are electrical safety components: circuit breakers and disconnect
switchego isolatethebatteryin caseof faults,andprotectionrelaysto preventovercurrent

or shortcircuits. Thesafetysystemworkstogethemwith theBMS; if adangerougsondition

is detected (e.g. an overheating cell), the BMS/EMS will trigger alarms or shutdown, and
fire suppression can activate to contain any thermal event. Overall, Shkese layers
ensurdhatthe BESSoperatesafelyandcanberapidly shutdownor renderedsafeduring
emergencies.



Physical Setup: In practiceafull BESSis oftenhousedn modularunits(for example,
standard®0 or 40-foot containers)Eachcontainemight hold multiple batteryracks the

BMS, cooling units (fans or HVAC on the container), fire suppression cylinders, and
other auxiliary equipment. The PCS (inverters) might be housed in the same container
or aseparatgower electronicenclosurepftenaccompaniedby atransformer to step

up theAC voltage to grid levelAll these components are integrated so that the BESS
can be transported, installed-site, and connected to the grid or facility with minimal
effort (a true plugandplay solution).

Breakingthe cell

1 Cathode (positive, on Alfoil)act i ve mater i al stores/ accept:
most of the cell 6s voltage, energy, and sa
1 Anode (negative,onCufoill)usual 'y graphite (often with a

during charge; forms a protecti®El layer in first cycles.
1 Separator: porousPE/PHilm thatpreventsshortcircuitsbutletsL i passmanycellsuse
mul tilayer Ashutdowno separators for safet
1 Electrolyte: lithium salt(commonlyL i P) F organicsolventghatconductd. i between
electrodes; additives tune SEI and stability.
1 Additives & binders: carbon black/graphite for conductivitly/DF (or similar) binder
holds particles to the foil.
1 Tabs& housing: terminalsandcan/pouchhatconnecthe cell andcontainthe chemistry

Battery Cell Components

Anode active Polymer binder Cathode active  Polymer binder
material and additive material and additive
Electrolyte

(cylindrical, prismatic,or pouchformats).



Battery materials(thefii ngr edi ent s 0)
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1 Cathodefamilies (chemistry):
o LFP( Li F e iro@phdsphate
o NMC( Li Ni Mn Qakeéd mgnganeseobaltblends(111/532/811etc.)
o NCA( Li Ni Conkhkel@ichwith alittle cobaltandaluminium.

1 Anode: predominantlygraphite (>90% of anodematerialin mainstreamcells); small
silicon blends boost capacityTO is a niche fastharge alternative.

1 Separator: polyethylene/polypropylenenicroporousfilms (often tri-layer) providing
t her mal

mec hani
i1 Electrolyte: L i P $alt in carbonatesolvents (e.g., EC/EMC/DEC); new gels/solid

c al i sol

ati

on

electrolytes are emerging for neggn cells.

9 Current collectors: Aluminium for cathodecopperfor anod@ ultra-thin foils thatcarry

electrons.

Che mi
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performance/safety profile, while the anode is typically graphite across all chemistries. The

separator and electrolyte enable ion transport and safety, and foils/birmlersthne electrodes

functional and durable.



1 CostBreakdown of BESSComponent:
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Cell as % of battery pack ~75%  ~65% (Cg;l:;)dd)e Active Material 25-28%  37-40%
Battery Management System 9-12% 11-13% Copper + Aluminium Foil 9-11% 3-7%

(BMS) (current collectors)

Metal components (frames, 8-11% 11-13% Graphite (Anode) 10-12%  12-15%
::TSbar.s’ ftni;:ture ) 6%  T-9% Separator 12-14%  3-5%

fuseec;;lca s (harness, contactors, o -9% Electolyte 2-5% 2-3%

Other components 24%  4-6% (2th;ers (cell cap, packaging, 6-9% 6-8%

etc.
Total Battery Pack 100%  100% Total Cell as % of Battery Pack  ~75% ~65%
Useand Application of BESS }

BESS Deployment Pathways

S G R — BESS systems can also be deployed differently by

, BESS systems can be deployed in two ways: . connected to the main grid, support peak shaving and renewable

. ) connected to the transmission or
distribution networks on the grid, or co-located with renewable
energy generation

. installed behind the utility meter,

typically owned/managed by and delivers energy to commercial,

industrial, or residential consumers directly

@ [ Er Bl A

Utility-Scale Utility-Scale
Generation Storage

Transmission

& Distribution Commercial  Industrial Residential

FRONT OF THE METER (FTM)
Market Share: 80%
System Size: MWs to GWs

BEHIND THE METER (BTM)
VS. Market Share: 20%
System Size: 5kW to 10MW

SourceNREL, SymtechSolarandCervicornConsulting

Defining the BESSLandscape:FTM vs.BTM

integration, with growing demand driven by renewable energy expansion
and grid resilience needs

. independent of the main power grid, provide power in remote
areas or as power backups, with trends toward increased adoption for rural
electrification and sustainable energy solutions

Note: Hybrid systems, capable of switching between on-grid and off-grid modes,
are gaining traction in intermittent grid and renewable energy scenarios.

Tz A

9 E System Size: MWs to GWs VS.

System Size: Sub MW 4 E
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Basedon theirlocationrelativeto the utility electricity meter, BESSdeploymentsrecategorized
into two distinct segments, each with unique characteristics, applications, and economic drivers,

as illustrated in the provided schematic.

Front-of-the-Meter (FTM): FTM systems, also known as utilisgale storage, are connected
directly to the transmission or distribution networks on the utility's side of the meter. These are
largescale projects, with capacities ranging from tens of megawatts (MW) to several ¢gggawat
(GW) andaretypically ownedandoperatedy utility companie®r IndependenPowerProducers
(IPPs). The primary role of FTM BESS is to support the broader power grid. Key application

include:
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Grid Applications

1. FrequencyRegulation:
BESS helps in maintaining grid stability by quickly responding to frequency fluctuations.
Energystoragesystemsareusedto inject or absorbpowerinto thegrid, helpingto balancehe
frequency and ensure continuous supply.
Example: Utility -scale BESS installationscan manage these rapid adjustments within
milliseconds, making them ideal for stabilizing renewable energy fluctuations.
Think of theelectricalgrid'sfrequencyasits heartbeat Forthegrid to be stableandsafe this
heartbeat must be kept at a constant rate (either 50 or 60 Hz, depending on the country).

Figure 3.2: Frequency Containment and Subsequent Restoration®

Amesting Period
l_ Rebound Period I_ RecoverPeriod
Hz
6000 —=
& 5998 —
d -
o
2 -
g ]
= —
g
& —
5990 —
LA
I fIrrTTt LR RRARARE LA
: 20 30 10 20 30
Minutes
Hz = hertz
* Following a contingency such as an outage at a large power station

Source: Sandia National Laboratories (2013).
Sandia National Laboratories, “DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA,” DOE, 2013.

Figure 3.3: Suitability of Batteries for Short Bursts of Power*

MW
—q Primary Frequency Control : 1
(Governor response [and (Generators on Automatic (Generators through
| frequency-responsive demand Generation Control) operator dispatch)
response])
7} —
; —
CLO /
- B~
//
. 7l )
1 | “rrrrrrrrrrrtrrrrrrrerrrriTTiTred
0 10 20 30 10 20 30

MW = megawatt
*Such as the case in primary and secondary reserve.

Source: Sandia National Laboratories (2013)
Sandia National Laboratories, “DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA,” DOE, 2013




Explanation of abovephoto:
a. Primary FrequencyControl (Blue Line)

T Timeframe: Immediate(0 to 30 seconds).

1 Purpose:This is the grid's instant, emergency first response. Its sole job is to provide
a rapid burst of power to "arrest" or stop the system's frequency from falling further,
preventing a potential blackout.

T How it works: This is an automatic reaction. Batteries are extremely suitable for this
task because they can release a large amount of power in less than a second, acting
much faster and more precisely than the mechanical governors on traditional power
plants.

b. SecondaryFrequencyControl (Green DashedLine)

1 Timeframe: 30 seconddo severaminutes.

1 Purpose:Thisis thesecondvaveof respons¢hattakesoverfrom theprimarycontrol.
Its goal is not just to stop thirequency dropbut to actively bringhefrequency back
to its normal target (e.g., 60 Hz).

T How it works: Thisis typically handledoy automatedignals("AutomaticGeneration
Control") sent to more flexible power plants, instructing them to ramp up their power
output over several minutes.

c. Tertiary FrequencyControl (OrangeLine)

1 Timeframe: Severaminutesandlonger.

T Purpose: This is the final, longerm rebalancing. It involves bringing larger, slower
power plants online to replace the lost generation and restore the energy reserves that
were used during the primary and secondary responses.

How it works: Thisis a muchslowerprocesspfteninvolving manualdispatchby human

grid operators.

2. Renewable Energy Integration

The Problemwith Solarand Wind

il
1

Solarandwind power araunpredictableThis makest hardto managehe electricabrid.
Sometimesthe grid can't handleall the renewableenergybeing produced,forcing
operators to waste it (this is called "curtailment”).

Fixing the grid to handlethis instability is expensive and the costsare passedon to
customers through higher electricity bills.

A significantportionof thisadditionaldemandn thenearfutureis expectedo bemetthrough
renewableenergysourcesparticularlysolar,markinga substantiatshift from previoustrends.

However,a key challengewith renewableenergyis intermittency,which canleadto grid
instability. We will further understand it in more detail:



Aboveis thetypical chartof thel n d load éusve(do notethesehaschange®verthe period
and is all different across season and across month, but this is based on an overall data)

135 I I I I I
i i i i

Evening Peak

130 ——f— 4

116 4 \ ............... | SEESI NN NN - A b L T I e

N < Night Lean

| |

o 1 2 3 4 5 6 7 8 9 i0 11 12 13 14 15 16 17 18 19 20 21 22 23

110

Two importantthingsto keepin mind beforewe moveaheadare:

1. The load curve of all energy sources, except solar sources, is relatively flat, meaning
theiroutputdoesnotfluctuatesignificantlythroughoutheday.While wind energymay
exhibit some skewness in the evening, its variability is not as pronounced as that of
solar energy.

2. All energy sources, except wind and solar, are dispatchable. This means their output
canbecontrolledby operatorsallowing themto regulatehow muchenergyis generated

and when it is released.

Now, with Indiaplanningsignificantamountof renewableenergycapacityaddition,especially

solar which is highly intermittent and nalispatchable, this creates a huge challenge for

| n d gria &ssolarenergyavailability andtherefore solarpowerproductionvarieswith time

of the day. It is limited talaytime and peaks around afternoon. However, the loddroand
doesndt adjust with the change in solar powe

Belowis the graphof atypical solarloadcurve.
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solar Generatio:

Now, |l etds combine the typical sol ar gener ¢
understandhowthecurvelooksafterconsideringsolargenerationbelowis thegraphshowing
the abovementioned point

/ SOLAR PRODUCTION ANg

-

o AN 2 AM 12w »rw

As solargeneratiorbegingto increaseaftersunrisethenetdemand i.e.,thedemandhatmust
bemetby otherpowersourced startsto decline. Wewill referto thisreduceddemandasii N e t
Demand, 06 which is simply the total demand mi

Solar power introduces larger ramps in the Net Demand curve. In the morning and early
afternoon, as solar generation ramps up, other power sources must ramp down accordingly.
Conversely, in the evening, when solar power decreases and overall demartenieds, a

steep ramjup in the generation required from other sources.

Looking at the Net Demand curuethe image above, one thing becomes evident: India, as a
country, must rely on other energy soufcexcluding solad to manage the morning and
evening peaks (nesolar hours). However, this presents significant challenges:

1. Ramp-up and Ramp-down Capabilities: Thereis a need for substantial flexibility from
other power plants to ramp up or down quickly in response to demand fluctuations.

10



2. Economicand Operational Challenges Rampingup anddown powerplants,especially
thermal power plants, poses a major challenge due to cost inefficiencies. Thermal plants
are most economical and resougfBcient when operated continuously at nrédr
capacity. Running them at partial loads leads to higbsis and suboptimal utilization of
naturalresourcesindmachinerymakingit difficult to producepoweratcompetitiverates.

Conversely, in winter and other ngammer months, the peak energy demand typically
occursin themorning,with relativelylower peaksn theevening.This patternnecessitates
significant ramping up and down of other energy sources, a trend that is clearly reflected
in the load curves.

How Energy StorageSolvesThis

1 Energystoragdlike abig battery)actsasabuffer. It savesurpluspowerwhengeneration
is high and releases it when generation is low.

T Thisallowsusto connect moreenewableenergyto our existingpowerlines.

1 It smoothsoutthechoppypowersupplyfrom solarandwind, makingthegrid morestable
and reliable.

Ultimately, this reducesvastedenergyandthe needfor expensivegrid upgradeswhich helps
keep costs down for consumers.

. PeakShavingand Load Leveling:

BESS is used to reduce the need for peaking power plants that are often expensive and
inefficient. By storingenergyduringlow-demandperiodsjt canbeusedio meetpeakdemand,
reducing overall grid cost.

Example: Inindia, BESS systems provide a c@dtective alternative to peaking thermal
plants, offering savings &&S. 25/kWh as opposed to R&5/kWh for thermal power.

What is Peak Shaving?

In simple termspeak shavingis the strategy of reducing electricity consumption during the
"peak hours" when demand on the grid is highest.

Why is Peak ShavingImportant?
Peakshavinghassignificantbenefitsfor boththe utility companiegandthe endcustomers:
a. Benefitsfor the Grid and Utility Companies:

1 Defers Expensive UpgradesBuilding a grid that can handle the absolute maximum
"rush hour" demand is very expensive. By "shaving" the peak, utilities can delay or
avoid costly investments in upgrading power lines and building new power plants.

11



T Avoids Using "Peaking Plants": To meet high demand during peak hours, utilities
often have to turn on special backup power plants called "peaking generators." These
plantsareoftenlessefficientandmoreexpensiveo runthanregularpowerplants.Peak
shaving reduces the need to use them.

Figure 3.7: Use of Energy Storage Systems for Peak Shaving

Discharge

Charge ESS

Average
Demand

Peak Demand
Demand Curve

3 Time

ESS = energy storage system.
Source: Korea Battery Industry Association 2017 “Energy storage system technology and business model”

b. Benefitsfor Customers:

Lowers Electricity Bills: Customers who participate in peak shaving (for example, by using
onsitebatterystorageor reducingtheirconsumptionareoftenrewardedvith lower electricity
rates ("tariffs") or direct payments from the utility.

. Load levelling
It is theproces®f shifting electricityuseawayfrom busypeakhoursto quieteroff-peakhours.

The goal is to make the demand on the grid more even, or "level," throughout the entire day.
This canbedonein two mainways:

Changing UserBehavior: Utilities can offercheapeelectricity prices during ofpeak times
(like lateat night). This encouragepeopleto run appliancedike washingmachinesr charge
their electric vehicles when demand is low.

Using Technology(like Batteries): A batterysystemautomaticallycharges usingheappower
duringoff-peakhours.lt thenpowersyourhomeor businessluringexpensivepeakhours.This
achieves load leveling for the grid without you having to change your habits at all.

12
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Figure 3.8 Use of Energy Storage Systems for Load Leveling

Power

Output for Grid

0 12 24 Time

Energy Arbitrage:

Energy arbitrage involves buying electricity when prices are low (typically duringpetk

hours) and selling it when prices are high (during peak demand). This process helps utilities
and large industrial players optimize energy costs.

Microgrids:
Microgridsarelocalizedgridsthatcanoperateandependentlyf themaingrid. Theyoftenrely

on BESS to store energy froranewablesand provide backup power during grid outages.
Microgrids are particularly useful in remoteareaswhere extendingthe grid is expensive.

Behind-the-Meter (BTM): BTM systemsareinstalledon the customer'sideof theutility meter,
servingtheenergyneedf aspecifichomeor businesslirectly. Thesesystemsaretypically much
smaller than FTM installations, ranging from a few kilowatts (kW) for residential applications to
several megawatts for large industrial facilities. The primary goal of BTM BESS is to provide
direct economic and operational benefits to thewsatr.The BTM market is further segmented:

Commercialand Industrial (C&I) Applications

T

Capacity Firming:

In industrialsettings BESShelpsto firm uprenewableenergysupply,makingit morereliable.
Thisis critical for industriesaimingto shift to renewable energy withoutsking downtimeor
disruptions.

Example:JSW Energy andArcelorMittal haveadoptedenergystoragesystemsto stabilize
their renewable energy supply.

13
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1 DieselAbatement
Many industrial and commercial establishments relgi@sel generatorsor backup power
during grid outages. Bysing BESS, these entities can reduce their dependence on expensive
and polluting diesel, leading to significant cost savings and environmental benefits.

BESS provides a more economical and environmentally friendly alternative to diesel
generators for backup power during grid outages. The cost of running a BESS coupled with
renewables is estimated at around RS. 20/kWh, significantly lower than the RSk®h

for diesel generation.

1 PowerQuality Improvement:

BESS improvespower quality by providing voltage support, reactive power, and
compensating for harmonics, thereby reducing downtime for sensitive equipment.

1 Backup Power.
Forindustriedacingfrequentpowercuts,BESScanserveasareliablebackupsourcegnsuring
continuity in operations and preventing loss of productivity.

While FTM projects represent the backbone of dgitkl decarbonization, BTM solutions

empower consumers and businesses, creating a more distributed and resilient energy ecosystem.

Grid storageneedsalong the valuechain

Generators System Network Wholesale End users
Duration of need to operators operators mt
deal with fluctuations participants

Seconds to minutes

Quarter to hour
CHP output
‘optimization

Daily

Week to month

Backup
power Peak
. .

Source: ROLAND BERGER GMBH (2017). R. Berger, “Business models in energy storage - Energy Storage can bring utilities back
into the game,” May.

Seasonal

. Need exacerbated by rise of renewables Existing need not affected by new trends

14
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Battery Chemistries

Whatis exactlythis batterychemistry?

Battery chemistry = the specific electrochemical recipe that makes a batterg wiagk which
materials are used for the cathode, anode, and electrolyte, and the reactions between them.

Changing

t he

c hemi

stry

changes

the cell

0s

v ol

temperature behavior. The performance of the battery mainly depends on these chemistries and

particular use cases.

De 180-200 | 250-300 | 250-280 | 160-205 | 190-230 | 100-150 | 150-165 | 325-350 | 130-160
De 400-700 | 650-800 | 600-750 | 250-400 | 400-580 | 300-400 | 400-650 150-300 450-650 Good
4
80 750 1500 1000 3000 2000 500 750 500 500 300 Av 9
Avg Avg Avg Good Avg Low Poor Low Avg Avg Avg 3
D 1.00% 250% | 050% | 100% | 200% 5.00% 1.00% Low
Avg ] Avg Avg Avg Avg Avg Good Avg Low Low Avg 2
D Good Avg Avg Avg Avg Good Avg Good **Avg Avg Avg Avg Poor
Avg Low Low Avg Avg Avg Low Low Good Poor **Poor **Avg 1
+High handling [ manutacturing
Nolssue [ Nolssue | Nolssue | Nolssue | Nolssue | Nolssue | Nolssue Swelling® Nolssue | "o os Chatenges | NO Issue
36 37 36 | 38 47 |3s@s-| s137 37 37 24
(3.0-45) | (25-4.3) | (3.0-4.3) 3 ‘65) 4 0) (3-43) |(3.0-5.0) 4.2) (1.5-4.2) | (25-4.2) [ (25-4.2) | (15-3)
274 215 200 170 160 148 147 215 170 215 215 5
e Operation (60 Low Avg Low Good Good Low Low Avg Good Low **Low Good
e Operatio 0 Poor Good Good Poor Avg Avg Avg Good Poor Low **Low Poor
Good Avg Avg Low Low Low Avg Avg Poor **Avg **Avg Low

Whatis the different type

of chemistriesand their keycharacteristics?

SourceVoltabatteryreport
Understandinghe abovetablethroughqualitativeinputs

Chemistry (Cathode — Anode)

Pros

Trade-offs

Best-fit uses

LFP — Graphite

Very safe, long life, low cost, tolerant to abuse

Lower energy density than Ni-rich; larger packs for same kWh

BESS (1—4h) dominant, buses, mid-range EVs

NMC (622/811) — Graphite/Si-graphite

High energy — long EV range: mature supply chain

Pricier (Ni/Co), tighter thermal safety envelope

EVs needing range. some high-power packs

NCA — Graphite/Si-graphite

Very high energy/power

Cost & safety similar to NMC

Premium EVs, high-specific-energy packs

LMO-blend — Graphite

Good power, decent cost

Shorter life vs LFP/:NMC alone

Some EV hybrids, power-tools; limited BESS

LFP/NMC — LTO (LTO anode family)

Ultra-long life, fast charge, very safe

Low energy density, higher $/kWh

Heavy cycling BESS, rail, buses, UPS

Sodium-ion (layered/prussian) — Hard carbon

Lower cost materials. good low-temp. safer

Lower energy density than Li-ion today

Cost-sensitive BESS, entry EV/2-wheelers

NaS (sodium—sulfur, high-temp)

Multi-hour, low fade, small footprint

300-350 °C ops, thermal safety engineering

Longer-duration BESS (6-8h), remote

Na-NiCL (Zebra, high-temp)

Stable chemistry, tolerant storage

High-temp ops, efficiency penalty

Select stationary/industrial

'VRFB (vanadium flow) Unlimited cycle life style, deep DoD, no fire risk  |Lower efficiency: lower energy density: capex Long-duration BESS (6-12h+), heavy cycling
Zn-Br (flow) Scalable energy. tolerant to hot climates Bromine handling, efficiency Longer-duration BESS., hot sites

Aqueous Zn-ion (Zn-MnO:, etc.) Very safe, simple logistics Energy density & maturity still improving Stationary BESS (2-6h) pilots/early

Iron—air Very low $/kWh-energy potential Low power density; early-stage

Multi-day storage (24-100h). future

Solid-state Li-metal

Step-change energy & safety potential

Scaling, durability, cost still in work

Keytakeaways:

Future EVs. later BESS niches

Lithium -ion batteries (both LFP and NMC types)provide the highest energy density and

efficiency,whichiswhy theydominate o d diy-bosirstorageprojectsLFPin particularstands
out forits combination ofong cycle life, safety, and rapidly dropping cost, makirthetleading

choice for new BESS deployments.
Lead-acid is cheap butoo shorilived and bulkyfor most new installations, though it remains in
low-cost backup roles. Sodiusulfur offers a compelling higtemperature solution for long

duration needs and has proven reliability in decades of service, but its niche nature and heat

requirements limitvidespread adoption.
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Flow batterieslike VRFB excelatunlimitedcyclingandlongdischargelurationswhile theylag

in efficiency and energy density, their ability to last 20+ years with minimal fade gives them an
attractive levelized cost for multiour storage.

Each chemistry thus a s fi s w efer examspfepitios for:fast, energylense storage up to a

few hours, and flow or higkemp batteries for very londuration or extremely high cycle
applications.

Il t s al s o i mpdepthtofdistharge and opematmnaldstategied.i-ion batteries

often are operated between 1i086% state of charge to extend life (especially NMC batteries)

this effectively reduces usable energy but improves cycle count. By contrast, flow batteries and
NaScanberegularlycycledat Oi 100%without harminglongevity. This functionaldifferencecan
influence project sizing (one might oversize adn bank to reduce the DOD per cycle, whereas

an equivalently rated flow battery could use its entire capacity each time). In terespohse

time, all the listed chemistries respond quickly (sdzond to seconds).-lon and capacitive
systems are fastest (millisecescdale), but even large flow batteries can ramp output in a few
hundred milliseconds, suitable for grid frequency regulation.

Which is the chemistrythat that currently dominatesfor storageapplications?

Theglobal chemistry mix fobatterystoragehas undergone @earshift in thepast decadand is
expected to continue evolving as new technologies maliitkium -ion batteries have
establisheda near-monopolyin recentyears,lithium iron phosphatéLFP) batteriesaccounted

for about 8590% of thetotal batterystoragemarket in 2024, up from about 65%2022.Within

the Liion segment, there has been a notable internal ERR:c he mi st ryés mar ket
surged relative to NMC/NCA. Bl oomber gNEF notes that LFPOS
longer life has made it the preferred chemi$tnyenergy storage, and predicts LFP will remain

the dominant stationary battery chemistry through at least 2035. This is enabled by enormous
scaling of LFP production (especially by Chinese firms) and even traditional -bagetl cell
producers converig some lines to LFP to supply storage projects. As a result, NMC/NCA
chemistries while still common in EVs and some higlensity application$ have been losing
ground in stationary storage.

Leadacid batteries, once significant in -@ffid and remote storage, have seen their share of new
deployments shrink drastically. Most new BESS installations now favmmLiinless there is a
special reason to use leadid (such as extreme legost reqirement and infrequent cycling).
Likewise, high-temperaturdNaSbatterieswhich sawnotabledeploymenin the 2000s(hundreds

of MWh in Japan)havenotgrownatthesamepacei their shareglobally is quitesmallcompared

to Li-ion. Theyremainin usein certainJapanesprojectsandahandfulof installationselsewhere,

but no major boom is evident asibn undercut NaS on cost for <8h applications.

The area with potential change lehg-duration storage (>8 10 hours) There is increasing
recognitionby grid plannerghatwhile Li-ion excelsupto afew hours,othertechnologiesnayfill

the >10h gap more economically Governments and utilities in the U.S., Europe, and Asia are
fundingdemonstrationef alternativesandsettingtargetsor long-durationcapacity(for example,
California aimsfor 1 GW of long-durationstorageby 2026,andat least10%of 50 GW by 2045,
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to come from 8+ hour technologied)s such flow batteries, metatair batteries, thermal and
gravity storage,and other novel systemsto gain market sharein the late 2020sand 2030sin
thelongdur ati on ni che. B | eDaratibneEnaygy Gtérages repdro 2ghlightso n g
that in markets outside China (whereidn is cheapest), several lodgration techs aralready
reaching lower capex per kWh thanribh for >8h durations(e.g. compressed air, advanced
thermal storage). In China,-ion is so inexpensive that alternatives still struggle to compete on
cost, but even there sodidom and flow batteries are being activelywd®ped to meet policy
goals for diversified supply.

Overall, we can expect lithiion to continue leading the BES8arket in the near and midterm

but with abroadening of the technology mixon the horizon. Policy support for lomyration
storage and supply chain diversification (e.g., avoiding overreliance on lithium) are key drivers
encouraging alternative chemistries

Lithium-lon Batteries Dominate Energy Storage Market
Stationary storage technology mix outlook based on gigawatt-hours

LFP B NMC B NCA M Sodium-ion M Other

B -

SourceBloomberg

Upcomingfuture technologies/norithium technologies

But before understanding the future/don t hi um t echnol ogi es, | et 6s
need alternatives, if lithium ion has already become teacmmomercially viable at wide scale?

We need alternatives to lithiuton because the supply chain, costs, sustainability profile, and
applicationfit all havelimits. Lithium reservesndprocessingrehighly concentrated ~90%of

mining in Australia/Chile/China;-60%o0f processingn Chinaand~30%in Chiled with graphite
processing also centred in China, creating exposure to geopolitical shocks anddisdstat
disruptions. Also in the next few years, the demand for LIBs is expected to outpace supply,
accordingto McKinsey, the globaldemandor Li-ion cellswill grow6X from 2022(~700GWh)

to 2030 (~4700 GWh) and then there is a broader/natural attribute to innovation and higher
efficiencytechnologyBelowimageverywell summarizeshesupplyrisk (wewill talk aboutmore

of this is supply chain analysis) of lithium
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Below s thelist of few promisingnonlithium technologies:

Therearealot of batteriegechnologiebeingdevelopedaroundtheworld acrosssimilarandnew
chemistriesaswell asacrossstorageduration,after evaluatingvariousof thesetechnologiesuch
asSodiumion, Solid state Zinc lon batteriesFlow batteriesgetc. We decidedio focuson sodium

ion batteries as it was the ahead of most in the technological as well as commercial curve and is
considered as a serious replacement to LFPsdin @nergy storage markets, (biggest markets).
Below is the detail of the sodium ion batteries.

Sodium lonbattery

SIBs operate on similar principles as LIBs but utilise sodium ions as the charge carriers as
compared to lithium ions. The two metals used for these batteries, lithium and sodium, are both
Alkali metalsandthussharesimilar chemicalcharacteristicOtherkey batterycomponentssuch
astheanodeglectrolyte andcurrentcollector,canalsodiffer. Thecomponeniwise materialsused

in LIBs and SIBs are described in the table below

Hard carbon / expanded graphite
tin or antimony alloyed with sodiury
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Thebasicscharacteristice®f sodiumion vs LIBs is mentionedabove.
The two biggest advantages of sodium ion is listed below:
1. Cost: SIBsarecostcompetitiveandmaybecomeevencheapethanLIBs in thelongterm

since sodium compounds are cheaper than lithium equivafadgionally, SIBs do not
use copper current collectors like LIBs and instead use cheaper aluminium current
collectors. SIB chemistries also do not require cobalt, which is scarce and expensive.
Althought o d &N éosty($125/kWh)arenotyetcompetitivewith LFP, ($501 70/kwWh),
projections and various studies shows that once SIBs achieve widespread production and
benefit from economies of scale, their overall costs could be 2% lower than LFP
LIBs.

2. Supply chain decentralization: Sodiumis abundantlyavailable andpresenin almostall
countries. The processes for synthesising sodium compounds used in batteries leverage
seawateandlimestoneandarewell establishedAdditionally, SIBsusehardcarboninstead
of graphite(whosemanufacturings concentrated China)astheanodematerial.Thus,a
number of countries can realistically aim to develop manufacturing capabilities

SIBs also have some challenges/constraints such as Even with rapid progress, SIB
gravimetric/volumetric energy densitytypically trails LFP, so containers are larger/heavier for
thesameMWh andHard-carbon(HC) anodesufferlow initial Coulombic efficiency (ICE) and

SEl instability vs. Liion, so you lose usable energy in formation and early cycles.

Must see, covers everything about sodium ion battery:
https://www.youtube.com/wah?v=RQE56ksVBB4

Playersn thesodiumion batteryvaluechain:
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Sodium lon Battery Players By Region / Areas Of Focus
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1. Raw materials (mining): the ores and concentrates: lithium, cobalt, nickel, graphite,
manganesé® plus copper, phosphate and other inputs (aluminium, iron, rare earths). These
are the physical feedstocks pulled from mines and brines.

2. Material processing & active materials:o r e s Y -giade tchemicals (e.g., lithium
carbonate/lithium hydroxi de, pmdursckse/l fsgwlaphat
cathode/anode powders (CAMAZAM, e.g., NMC/LFPpowders, spherical graphitd)his is
the chemical heart of the chain.

3. Cell manufacturing: electrode coating, cell assembly, formation and testing in gigafactories
thatturn activematerials f«componentsnto batterycells (pouch,prismatic, cylindrical)This
is the capitaintensive factory step.

4. Battery packassemblycellsY modulesY packsincludemechanicaframesbusbarssafety
hardwareandthe BatteryManagemen®ystem(BMS) andcooling; deliversatestedpackready
for integration.

Understandinghe supplychainin detail

Mining g
Lithium SLhina
Nickel W Europe
Cobalt B United States
Graphite Japan
Material processing _ Korea
Lithium M Australia
Nickel DRC
Cobalt Indonesia
Graphite M Russia

Cell components
Cathode
Anode

Rest of world

Battery cells
Batteries _

20% 40% 60% 80% 100%

China dominates across the entire downstream battery supply chain

1. Raw Materials for Batteries: Batteries, especially lithiusion, rely on several critical raw
minerals: Lithium, Cobalt, Nickel, Graphite, Manganese, and others like Phosphate (for LFP
cathodes) and Copper (for electrical components). This section provides an overview of each
key mateial 1 their role in batteries, major source countries

Lithium:
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1 What & where: Lithium is the key metal in all-lon chemistry; it comes from brine
and hard rock deposits.

2024 picture (production): Global mineoutgu2 40, 000 t (Li ). Aust:
(~37%)Chi l e & 49,Ch0Mhat a( 42Q®)00 t (~17 %)

1 ReservesChile holdsthelargestreserve$~9.3 million t), followed by Australia(~7.0
million t).

1 Demandyap& outlook:Demandmustscalerapidly -2024output(~240kt) is far below
projected needs (IEA/industry scenarios show demand could exceed ~3,000,000 t by
2030

Cobalt:

1 Role: Key cathode metal (NMC, NCA) boosting energy density & stability; mostly a
byproduct of copper/nickel mining

! 2024 mines output: Global & 290,000t; DRC & 220,000t (~75%), making it
overwhelmingly dominant. Indonesia is a distant second.

1 ReservesDRC holds>50%of globalreserves (~&t of 11 Mt).

1 Refining: China produces ~780% of refined cobalt, despite minimal domestic ore;
most DRC output flows to Chinese refineries.

f Trends: Cobalt use in batteries has risen fBs¥' s 443 % of d,ebatand i n
intensity per kWh is falling as chemistries shift to lowr options (e.g. LFP, high
nickel).

Nickel:

1 Role Essential for higkenergy cathodes (NMC, NCA); requires higlrity Class 1
nickel for batteries.

1 2024 mines outputGl obal a 3. 73a2MMt (~5560%)p farealseadaof

others. Philippines (~11%), Russia (~6%), Australia/Canada/New Caledonia smaller

shares.

Reservestndonesia~55 Mt) andAustralia(~24 Mt) hold thelargestglobalreserves.

Processing: Indonesia is expanding refining (HPAL/MHP) and rising fast in battery

grade sulfate; China remains the largest producer today.

1 Trends& risks:~14%of nickel demandhow goesinto batterieqvs 5%in 2015)

)l
)l

Manganese:

1 Role:Presenin all NMC cathodesfuturehigh-Mn cathodegouldraisedemandMost
mined Mn goes to steel, but battegggade Mn sulfate is a niche product.

1 2024 mines output AfGlic@lala & .20 MMt ;( ~ ST ud) h
(~23%). Other suppliers: Australia, China, Brazil.

1 ReservesGlobala 1.7 billion t; SouthAfrica & 560Mt (largestshare).
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T Trends & risks: Manganese itsel f-purits abun:
Mn sulfate for batteries could be a supply pinch point if demand surges. Supply is
Africa-heavy but diversified enough to mitigate extreme bottleneck risk.

Phosphate:

1 Role: Coreto LFP cathodeqlithium iron phosphate)now widely usedin EVs &
stationary storage for low cost and cobalt/nidkeé chemistry.

1 ReservesGlobal phosphataock & 70% in Morocco; othersinclude China, Egypt,
Algeria.

1 Production(2024): Chinais the largestproducerof phosphateock and a leading
supplier of purified phosphoric acid (PPA) for LFP.

1 Demanccontext:Mostphosphategoto fertilisers;batterydemands still asmallshare.

2. Material processing & active materials:This stage converts raw ores into battesgdy
inputs and manufactures the key components that go into cells.

It includes:

Refining & chemicals:o r e s Y -giade saltse(e.qy, lithium carbonate/hydroxide, nickel
& cobalt sulfates, purified phosphoric acid).

Active materials: productionof cathodgpowderg CAM) andanodematerialfAAM, mainly
spherical/synthetic graphite).

Other components:electrolytes, separators, current collectors that complete the cell stack.
Geography: The stageis highly concentratedn a few countries,with China dominating
refiningandactive materialproductionacrosdithium, cobalt,nickel,graphite andphosphates

0 giving it a pivotal role in themidstream supplghain

2020 2024
Lithium

Refining:

Share of refined maternial production by country

2020 2024 | 2020 2024 | 2020 2024
Nickel Caobalt Graphite

100% Rest of world

mindia
Poland

mViet Nam
Malaysia

¥ Finland
Japan
DRC
Argentina

B Chile
Canada

u United States

H Russia

m China

H Indonesia

2020 2024
Rare earths

80

R

60

B

40

n I I
o
0%

20
2020 2024
Copper

=

=

Notes: DRC = Democratic Republic of the Congo. Graphite is based on battery-grade spherical and synthetic graphite. Rare earths are magnet rare earths only.

1 Role Converts mined ores into battegyade chemicals (Li carbonate/hydroxide,
Co & Ni sulfates, purified phosphates, spherical graphite).

23



Share of production

120%

100%

80%

60%

40%

20%

0%

4{
NIVESH =113

1 ConcentrationRefiningis moreconcentratethanmining. Chinadominates=60%

of lithium, ~80% of cobalt, >80% of battegrade graphite, plus large shares of

nickel refining. Indonesia also hosts ~65% of nickel refining for batteries.
030, Chinads share

f Out

restrictions or supply shocks in China would affect the whole battery industry.

| ook: By 2
despite diversification.
1 Risks: Heavy reliance on one country creates strategic vulneradilityade

of

proec

1 Players: Key Chinese refiners: Ganfeng, Tiangi (Li), Huayou, Jinchuan (Co);

Tsingshan, Huayue (Ni in Indonesia). Outside China, new Li refining is being

developed irAustralia, Europe, and Nor#america, but remains small.

Copper

Refining concentration by geography and ownership, 2024

Lithium Graphite

REEs Nickel

Cobalt Rest of world

100%

80% _- lI

R

R
fﬁ“‘ A

Active materials:

Sourcel(s): Fraunnofer

Breakdown of battery component production worldwide 2024, by country

mChina mSouth Korea

DRC
u|ndia
Japan
m Chile
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m United
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Cathode*
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. Southeast Asia produced 50 percen

mChina
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d§ = |Indonesia
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Anode

nt of battery cathodes worldwide and almest the totasty of anodes, seperators,
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CathodeActive Material (CAM) Production:

1 Role:Convertgefinedmetalsinto finishedcathodgpowdergNMC, NCA, LFP),a
high-tech, precision step critical for performance.
Geographical distribution of cathode production based on
announced projects
2024 o 2030

75% o . ... mJapan
M United States

BO%
W Europe

25% Korea
mChina

0%
Mickel-based LFP Mickel-based LFP

EA. CCBY 4.0.

Source: IEA analysis based on BloomberghEF (2024).

1 2024 geographyA s i a, §l&bal eathodé output. China dominatesi o
depending on chemistry), especially LFP (pioneered in China) and most NMC.

1 Others:SouthKorea(~28%o0f nickelbasedCAM), with playerdike Ecopro L&F;
Japan (Sumitomo Metal Mining) also important for NMC/NCA.

1 Restof world: Europe/NorthAmerica still small (firms like Umicore, BASF
building capacity).

1 CompaniesMajor CAM producer® Ningbo Shanshan, CNGR, GEM (China);
POSCO Chemical (Korea); Umicore (Belgium).

1 Risk Nearly all CAM manufacturingis in EastAsia, so supply to global
gigafactories is exposed to export or disruption risks.

Anode Material (AAM) Production:

Battery cell component production breakdown by country worldwide 2024, by chemistry
Share of production
M China MSouthKorea japan M Democratic RepublicofCongo M Australia Europe M Other
0% 20% 40% 60% 80% 100% 120%

Anode for nickel-based batteries

Anode for LFP batteries

Hard carbon anode for sodium-ion batteries*

Source(s):
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1 Role:Anodes are ~95% graphite today (natural + synthetic), sometimes blended
with small silicon.

1 2024geographyChinaproducesirtually all batterygradeanodesgovering
almost the entire global supply of coated spherical graphite.

Share of global graphite production 2024, by country
Share of production

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

79.38%

China

Madagascar 5.56%
Mozambique 4.69%
Brazil 4.25%
India 1.74%
Tanzania 1.56%
Canada 1.25%
Russia 1.25%

South Korea 0.6%
North Korea 0.51%
Norway || 0.44%
SriLlanka | 0.21%
Turkey | 0.19%

etnam

1 Companies: Key playerd8 BTR, Shanshan, Danao Technology (China); small
output from Japan (Mitsubishi Chemical) and others.

1 Risks: Supply is geographically concentrated in China; flegs this as a critical
vulnerability.In late2023,Chinaimposedexportlicenserequirementsn graphite,
underscoring its leverage.

Other Battery Components:

1 Role Separators & electrolytes are core cell components (safety & ion transport),
though less visible than electrodes.

1 2024 geography:East Asiadominates;China producesnearly all separators&
electrolytes, with Japan & Korea as secondary players.

1 Separators: China holds a huge share in both wet & dry process separators. Major
firms: Asahi Kasei, Toray (Japan); Shanghai Energy (China).

1 Electrolytes: China also leads in lithium salts & solveased electrolytes. Key
companies: Shenzhen Capchem, Guotai Huarong.
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Breakdown of battery component production worldwide 2024, by country
mChina mSouth Korea mjapan m United States

120%

100%

80%

60%

Share of production

84%

Electrolyte Separator

d B7 percent of gobal production of battery materials in 2024, depending on the component. Overall, Southeast Asia preduced 90 percent of battery cathodes woridwide and aimost the totality of anodes, separators,

1 Theme Justlike electrodesgoncentrationn EastAsia (esp.China)is neartotal 8
reinforcing midstream supply chain risk.

Major Country & Company Profiles:

1 China: The clear hub in integrated chemical supply chains;dost energy, and
huge domestic EV/BESS demardhis has enabled China to capturé 9@+ of
cathode, anode, separator & electrolyte production. Leading firms: diAKed
Ningbo Shanshan, CNGR, GEM (cathodes); BTR, Shanshan (anodes); Capchem
(electrolytes).

1 South Korea & Japan: Important for highnickel cathodes and advanced
materials. Korea accounts for ~28% of nickased CAM (2024), led by Ecopro,
L&F, POSCO Chemical. Japanese companies (Sumitomo Metal Mining,
Mitsubishi Chemical)supplycathodesandsome synthetianodesBothc ount r i es 6
firms supply European gigafactories.

1 Indonesia: Expanded nickel refining, backed by Chinese investment (e.g.
TsingshanHuayue)d anexampleof verticalintegrationmovingmidstreancloser
to raw sources. Supplies ~60% of global batterygrade nickel sulfate.

3. Battery Cell Manufacturing: Battery cell manufacturing is the stage wheethodes,
anodes, separators, and electrolytes are integrated into finished cel{sylindrical,
prismatic, pouch).

GeographicDistribution of Battery Cell Manufacturing:
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Battery cell manufacturing capacityhigavily concentrated in Ching which has expanded
faster than any other region.

Energy capacity in gigawatt-hours
M Demand M Production

0 100 200 300 400 500 600 700

China
650
North America
Europe

India

South America

Other Asia Pacific

Production and demand capacity of battery cells worldwide 2023, by country

Description: Ching by far accounted for the largest production and demeand of battery cells in the world in 2023 Asia Pacific was the only region in the world where battery cef production exceeded demand, with & supply surplus of over 100 gigawatt-howrs inChina.
Read mare

Note(s): Warldwide; 2013
Sourea(s) IEA

T China: Accounted for 83% of global cell capacityin 2023 up from ~75%n 2020,
showing that China is adding new gigafactoriesat a pace unmatchedglobally.
Future Demand:

Energy capacity in gigawatt-hours
EDemand M Production

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
China 3,900
North America
Europe
India
Africa
South America

Eurasia

Middle East

Other Asia Pacific 470

Production and demand capacity of battery cells worldwide 2035, by country

cecast. the battery cell produetion in the world will sUrpass six terawatt-hours by 2035, of which over 70 per

i Asia Pacific. China alone will accaunt for over 60 percent of the global battery production that year and aver 50

Note{sy: Worldwide; 2034; Farecast according
Source(s): IEA

1 Europe & United StatessToget her hol d only ~13% (Eur oy
strong investment pipelines. Current output is still modest compared with China.
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1 Japané& SouthKorea: Oncepioneersn Li-iontechnologytheynowaccounfor only
afew percentof capacity However,Koreanfirms (LG, SK, SamsundgDI) arehighly
active abroad in 2023, they ran ~350 GWh of capacity outside Korea, including
plants in Poland, Hungary, and the US. Korkae d pl ant s make wup

mo

output (LG Poland alone a450% of Europeo6s

1 Foreign plants: Panasonic (Japan) operates in the US, while C&JHina) has built
in Germanyandis expandingn Hungaryd thoughtheseemainsmallerthandomestic
operations.

1 Exports: Asia, particularly China, not only produces for its domestic EV market but
alsofor export.In 2023,Chinaexportedd 8 7 0 E\Ob@tteryunits,largelyto Europe.

Top Battery Manufacturers:
Production in megawatt-hour
0 50,000 1,00,000 1,50,000 2,00,000 2,50,000 3,00,000

CATL (China) 2,42,700

BYD (China) 1.15:917

LG Energy Solution (South Korea) 1,08,487
Panasonic (Japan)

SK On (South Korea)
Samsung SDI (South Korea)
CALB (China)

Farasis Energy (China)
Envision AESC (China)
Sunwoda (China)

Others 56,040

Largest EV battery manufacturers worldwide 2023, by capacity

ding 10 global leaders in electric vehicle battery manufacturing were located in Asia, and six of them were based in China. The Chinese Contemporary Amperex Technology Co. Limited (CATL) had the largest production capacity of EV
ar, having accounted for 34 percent of the global production of 711.5 gigawatt-hours. Read more

2023, ¢
id

o
£25%

Visual Capitalist

1 Overall: TheEV batterymarketis dominatedoy a smallsetof specialiseatell-makers
headquartered in Asia.

{ Global total (context): 2023 global E\batterypr oducti on a 711. 5
base for market shares).

1 CATL (China): #1globally. Accountedfor ~34%o0f global EV batteryoutputin 2023
(of the711.5GWh). CATL suppliesmanyChineseOEMsandhas OEMrelationships
(and some direct supply links with overseas OEMS).

1 BYD (China): #2#3 globally. Around ~16% market share in 2023; BYD
manufactures cells for its own vehicles (vertically integrated) and is expanding to
supply others.

1 LG Energy Solution (South Korea):top Korean firm, ~14% market share (2023); a
major supplier to western OEMs.

1 Panasonic(Japan): long-time Teslapartner~7i 8% sharen 2023.
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SK On & SamsungSDI (South Korea): significantplayerseachroughlymid-single
digit % shares (~5% order of magnitude each in 2023).

Other notable players: Chinesdirms suchasCALB, GotionHigh-Tech,Farasisand
Japanese/Korean players, including NEC/Envision AEBCeach holding small
singledigit shares.

Regionalconcentration (top 10): All top 10EV cell producersn 2023werebasedn
Asia(six in China, pluslapan/Korea&ntries),underscoring the regional concentration
of capacity.

OEM relationships & in-house production: Many automakers use strategic
partnerships / JVs with these battery firms (TieB&Enasonic historically; GM
LG/Ultium; VWi Northvolt; StellantisACC, etc.). A few OEMs (notably Tesla and
BYD) are increasing #house cell production, but independent batteanufacturers
still supply most cells as of the m020s.

Regionalexpansion& policies:

1

Europeis building multiple gigafactoriegNorthvoltin SwedenACC in FranceVW in
Germany, and CATLG6s German plant) to redu
TheUnited Stateds scalingrapidly underthe Inflation ReductiorAct (IRA) with more

than a dozen major projects announced, including LG and SK plants in the US and
Tesl ads expansion in Texas.

Chinabds share of gl obal cel l capacity may
Western capacity comes online, but the market will remain highly concentrated.

Scaling outsidésia remains difficul® IEA notes that new gigafactories are capital

intensive and slow to build, and equipment and material bottlenecks add to delays.

China retains @ost advantage: battepyoduction costs in the US/EU aignificantly

higher than in China, due to cheaper input materials and economies of scale in China.
Below data shows China = 100, EU/US & 1 4 Rest of Asia a 1 1(ihdexed).

Percentage battery cost compared to China
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

European Union 47%
United States A41%
South Korea 27%

India 13%

Other Southeast Asia 11%

Percentage levelized cost of battery production compared to China 2023, by country
ropean Uniar el Sl Wi Lp 16 Bwer S0 pereent highes than in China in 2023, By eomparisen, BAtery praduction eosts in the rest

it of Scutheast Asia were cansiderably lover. although stil 10
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4. Battery Pack Assembly & Integration: Once cells are produced, they must be integrated
into battery packs or modules with the appropriate management systems, cooling, and
enclosures for use in end applications.

ProcessOverview d Battery Pack Assembly

What it is: Batterypackassemblynvolvesgroupingindividual cells (sometimesgirst into
modules, then into larger packs), and integrating battery management systems (BMS),
thermal/cooling components, and protective enclosuit@s. produces the final pack that

is used in EVs or stationary storage systems.

Where it happens:Unlike cells(whichareglobally traded) packassemblys oftencarried

out near the endse market or directly bytheemds er 6 s company.
Examples:

EV manufacturers (e.g., Tesla, BYD, VW) typically assemble packs in their own vehicle
factories to integrate directly into the chassis.

Stationary storage system integrators assemble packs or racks in regional facilities or on
site for grid or residential applications.

Electric Vehicle Pack Assembly:

Automakers assemblepacksnear their factories: EV packassemblyusuallyhappenst

or near vehicle plants, since packs must be integrated directly into the chassis. This
contrasts with cell production, which is more globally concentrated.

Tesla: Sources cells from Panasonic, CATL, LG, BYD, but assembles them into
proprietary battery packs (with BMS/cooling) in its Gigafactories in the US and China.
Volkswagen (VW): Initially sourced modules/packs from LG and other suppliers, but is
now buildingits own packcapacityin GermanyandEuropethroughPowerCoandin-house
facilities.

BYD (China): Is vertically integratedproducingbothcellsandpacks(includingits Blade
Battery system). BYD supplies not only its own vehicles but also sells complete battery
systems to external OEMs.

General Motors (GM): Through its Ultium Cells JV with LG Energy Solution,
manufactures cellsandreatyi nst al |l modul es/ packs for GMO
Geographic spread: Pack assembly more closely mirrors automotive manufacturing
geographie® with significant operations in China, Europe, the US, Japan, and Korea.
This makespackassemblyessdominatedby Chinacomparedo cells,thoughCATL and

BYD export turnkey battery systems abroad

Stationary Storage(Grid BESS)Integration:

Distinct sub-industry: Grid-scale BESS integration involves taking battery modules
(often similar to EV cells) and combining them with inverters, control systems, and
containerised housings to deliver complete storage systems.
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Key players: Major integrators include Fluence (AESiemens JV), Tesla Energy
(Megapacksystems)Wartsila,aswell asstorage divisionsf leadingcell makerdike LG
Energy Solution, Samsung SDI, BYD, and CATL.

Chi nads dBy024,a0hinachad ~215.5 GWh of cumulative BESS installed
capacityd about65%of theglobaltotald reflectingrapiddomesticdeploymenby firms

like CATL and BYD.

Other markets: The United States, United Kingdom, and Australia are the next largest
stationary storage markets, supplied by a mix of international integrators such as Tesla,
Fluence, and Wartsila.

Integration model: BESSunitsaretypically factory-assemblethto containerizedystems

and then shipped to project sites for installation

Conclusion:

T TheBESSsupplychainshowsbothbottlenecksandopportunitieshigh concentrationn a
few countriegposegisks,yetsoaringdemandrom EVs andstationarystoragecreatesast
growth potential.

1 Opportunities span the value chain: from mining projects in stable regions, to new
refining/processing capacity outside China, to battery recycling ventures (expected to
supply ~10% of mineral demand by 2030), and cell manufacturing plants scaling in the
US/EU.

1 Bottlenecks such as cobalt supply, graphite processing, or separator production highlight
where investment can yield strong retuds e.g. regional processing capacity has
guaranteed demand under potayven diversification.

1 Geopoliticalalignmentandpolicy incentivesarecrucial: IRA in theUS,E U &stical Raw
MaterialsAct, and mineral partnerships aim to-igk supply and support local projects,
though costs remain higher in the West.

T On the demand side, EVs and renewables guarantee robust growth. Battery demand is
projected at B4 T Wh by 16X @®0 levéls),5underpinned by decarbonization
policies. The main uncertainty is supply and cost volatility.

Outlook: The supply chain is shifting from a Chidaminated model (~83% of cell capacity

today) to a more distributed, innovative ecosystem by the 2030s. Investors & Entrepreneurs with
a full-chain perspectivd from mines to marketd8 will be best positioned toapture upside.
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Manufacturing Process Groups - Leading Edge 20 GWh Pouch Line
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e  Many models and manufacturing metrics currently in use are based on early ‘GWh-scale’ factories using outdated estimates
e  Current generation (leading edge) facility metrics are now available based on LGES facility

Processdn detail:

Process-low (Right |  Left)
1. Mix

What happensin the Mix step

1. Start with powders

1 Cathodeside:activematerial(like NMC or LFP) + carbonblack (helpsonductelectricity) +
binder (glue).

Anodeside: usually graphite binder.

Add aliquid (solvent)

Cathodetoxic but powerful solventcalledNMP (N-Methyl-2-pyrrolidone).

Anode:usually just puravater.

Mix everything togetherin abig industrialmixerY it becomesslurry (like athick pasteor
cake batter).

W= =2 =

Why i t sogsitical
1 Theslurry hago beperfectly uniform Y  nlunps, noclumps.
1 It needgheright thickness(viscosity})
0 Toothick=c a rcdatevenly.
o0 Toothin=runseverywhere.
1 If mixing is poor,thosedefectscannotbefixed later 8 theytravelall thewayinto thefinal
battery.

2. Coat/Dry
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1 Theslurryis coatedonto thin foils (aluminiumfor cathodegcopperfor anode).
1 Thenfoils passhroughlong drying ovensto evaporatesolvents.

3. Calenderé& Slit
91 Driedelectrodesheetsarepressedwith rollers(calenderingjo setthickness& density.
1 Thentheyareslit into narrower roll§daughtercoils) forusein cells.

4. Stack/Wind

What happenshere
1 By this stage, you already have electrode rolls (anode on copper foil, cathode on aluminium
foil) and the separator film.
1 Nowyoumustassembleghemintothefi c e lolr e . 0
Two main methods:
1. Stacking (usedfor pouch andprismatic cells):
o0 Electrodesandseparators areutinto sheets.
0 Thenthey arestacked likeasandwich: anod¥ s ep &r @atado¥h osdeep &r at or
repeated many times.
o Makesaflati s t ahatKitsinto apouchor box.
2. Winding (usedfor cylindrical andsomepouchcells):
o Electrodes andeparator arevoundtogethettightly in a spiral like rolling upa Swiss
roll cake.
o Thisiswhy acylindrical cell lookslike ajelly roll whencutopen.

Why it matters
1 Thisstepbuildstheactivefi e n g of the battery.
1 Precisionis critical:
0 Electrodesandseparator must kbaignedperfectly.
o If edgesaremisalignedY risk of shortcircuit.
o Consistenstacking/windingensuresiniform performance.

5. Fill / Package

What happenshere

! To make it work, you must add teéectrolyteY a speci al l i quid that
back and forth between anode and cathode.

1 Theelectrolyteis injectedinto thecell in avery preciseamount(toolittle = poorperformance,
too much = leakage or swelling).
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1 The cell is left for some time so the liquid can soak in and wet all the porous electrodes and
separator.

1 Finally,thepouch/cans sealedair-tight (oftenundervacuumto removetrappedair bubbles).

Why it matters
1 Theelectrolyteis the blood of the battery 8 withoutit, ionscannotmove.

! Any moisture contaminationherei s dangerous Y i ttoforregases@ wi t h
even acid.

6. Formation

What is Formation?

1 The Formation step is when the cell is charged and discharged for the first time, very slowly
and carefully.

1 Thisis notjust testingd it actuallycreatesacritical internallayerinsidethecell.

What forms inside
1 Ontheanodesurface(usuallygraphite) the electrolyteeactsduringthe firstcharge.
1 Thisreactioncreatesathin, stablefilm calledthe SEI (Solid Electrolyte Interphase).
1 TheSElis like aprotectiveskin:
o It letslithium ionspasshrough(sothe batteryworks).
o But it Dblocks electrons and further react
down).
WithoutSEIY thebatterywould keepconsumingglectrolyte producegas losecapacityfast,and
might even fail dangerously.

Why it takestime
1 Formationis doneslowly (cantake10i 20+ hoursfor onecycle).
1 If yourush, theSEIformsunevenlyY leading tobadperformance, swellingyr shortlife.

7. Soak(Red)
1 After electrolyte filling and formation charging, the battery needstime for the liquid
electrolyteto fully spreadand penetrateall thetiny poresinsidetheelectrodesndseparator.

8. Age

What is Aging?
1 After formation(thefirst carefulcharging/dischargingjhebatteryi s pebstable.
1 Thecellsareplacedin storageracksat a controlledtemperaturénottoo hot, nottoo cold).
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1 Theystaytherefor days orevenweeks.
Why do wedo it?
1. Stabilization:
o The SEI protective | ayer formed during fo

uniform.
2. Screeningweakcells:
o Some cells will lose energy (salfscharge) faster than others.Aging allows thuees
cells to be identified before shipping.
3. Safety& reliability:
o If a cell has tiny internal defects (like miestorts), they usually show up during this
period.

9. Degas
1 Any gasedormedduring formation/agingreremovedfrom pouchcells.

10.Test
1 Finalquality checks:capacity resistanceyoltage.Cellsaregradednto performancdands.

11.Ship
1 Goodcellsarepackedand shippedo customers.

Key Takeawaysfrom the Layout
1 Color coding:
o PurpleY Electrodemaking(Mix, Coat/Dry).
o YellowY CellassemblyCalenderSlit, Stack/Wind Fill, Package).
o RedY Formation& finishing(Soak,Age, Degas Test,Ship).
1 Linear flow: Materialsmovefrom right to left in a straight line, improvingefficiency.
1 Scale This is 220 GWh factory, so every section is massive, with dedicated areas for each
stage.
1 Modern design Earlier factories (<10 GWh) used angulaffat layouts. Here, everything
is modular and aligned, reducing wasted movement.

Why battery manufacturing has high scrap rates and how reducing scrap Is
critical to stay competitive, especiall
ScrapRatesOverYearsof Operation

1 At thestartof production (SoP)scrapratesareextremelyhigh.
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1 Overtime, asfactorieslearnandoptimize,scrapratesdrop:

Produces most scrap Contamination occurs leading to cell
during ramp-up failure (most relevant for mass production)

| 05.
f % 5 | |
20 meters q | Vacuum drying

" - - -

06.
Ultrasonic Separating and
Welding Z-Folding

Degassing, Filling 2. Closing Formation Electrolyte Packing and
Filling 1 Laser Welding

@ Low Risk of Defects Average Risk of Defects " High Risk of Defects ‘ Very High Risk of Defects

o O O O

(0]

Yearl: ~28%
Year2: ~18%
Year3: ~15%
Year4: ~10%
Year5: ~9%

1 Evenafteryears factoriesstill havesomescrapd notzero.
Electrode manufacturing is the hardestpart of battery cell production:

High Yield Production Is Challenging - Reducing Scrap Is Necessary To Compete With China

SCRAP RATES OVER YEARS OF OPERATION

40%

Scrap Rate (%)

0%

Years of
Operation

*\d2)
G‘\ )

3
Scrap Costs [per% scrap rate] g Start of Production
1

(SoP) Delay Profit Loss
~96,1% — Morrow (2023)

* 40GWh/a, NMC811,

— Gaines et al (2023) Scrap sold at 70% cel price 1 1M €** pef day

— Voita Foundnation Battery Report (2022)

w— Confidential

e Roland Berger AASC (2024)

onsult (2023) s Reported SoP Delay
3-9 months

Q (typical)

~ 7+ mor(uwt!_\gg

All battery manufacturers will have to master operational excellence to
match industry leader CATL. The available and developing technology sets of
manufacturing data collection and analysis should be the primary solution.
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Everystepin batteryproductionpresentshallengesbut some Jike coating, drying, and slitting
carryasignificantlyhigherrisk of defectsTheheatmapillustratesthesecritical areashighlighting
their likelihood of defects.

Machinery Suppliers Ecosystem }

A concentrated cohort dEhinese and South Korean suppliers has achieved overwhelming
dominance, driven by scale, cesfficiency, and deep integratiomwith their domestic battery
champions. Western equipment manufacturers, while possessing strong capabilities in specific
niche areas, currently lack the scale and comprehensive "turnkey" offerings of their Asian
counterparts.

Theturnkeyapproachs a hallmarkof theleadingChinesesuppliersindustrygiantssuchasLEAD
Intelligent Equipment and Yinghe Technology have developed the capability to design,
manufacture, and integrate all the machinery required for a complete cell production line, from
mixing to final testing.This offeringis particularlyattractiveto newmarketentrantsor companies

with limited in-houseengineeringlepth,asit significantlyderisksthecomplextaskof machinery
integration and can accelerate the timeline from factory construction to first production.

LEAD Intelligent Equipment StrategicPartnershipwith CATL: LEAD hasadeepmultifaceted
partnershigith CATL, theworld'slargestbatterymanufacturerin 2020,CATL placedamassive

CNY 3.23billion (approx.USD 450million) orderfor lithium batteryproductionequipmentwith

LEAD. Thisrelationshipwasfurthersolidifiedin late2024with astrategiaccooperatioragreement

that makes LEAD the priority supplier for CATL's core cell production equipment. This
partnership is crucial for CATL's continuous and rapid global expanBrawen Global Scale:
Beyond specific contracts, LEAD has a proven track record of enablingdeatg production
globally, having provided customers with more than 120 complete production lines, accounting
for over two terawathours (TWh) of battery capacity.

YingheTechnology PoweringVolkswagen'ssigafactoryExpansionYingheTechnologyformed

a strategic partnership witholkswagen to supplthe core equipment for its 20GWh gigafactory

in Salzgitter, Germany. Yinghe is providing the first production line, including machinery for
coating, laser cutting, and laminating, directly assisting VW in building its own battery supply
chain in Europe. Yighe signed a deal to supply LG Chem (now LG Energy Solution) with 19
high-precision automatic coilers (winders) for its plant in Nanjing, China. The company has
receivedordersfrom and ists CATL,BYD, Gotion HiTech, EVEEnergy, andCALB among its

key customersThis includesa major 1.44billion-yuancontractto provide automategroduction
equipment to CATL, directly supporting its massive production scaling.
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The Vertical Integration Anomaly: The Caseof BYD

BYD stands as a significant anomaly in the battery manufacturing landscape, pursuing a strategy
of deepverticalintegrationthatextendgo the productionequipmenitself. Unlike its competitors

who primarily source machinery from thiphrty suppliers, BYD, through its battery division
FinDreams Battery, develops and manufactures a substantial portion of its own production
equipment iFhouse.

This strategywvas instrumental in theéevelopment and successful scalingt®proprietary Blade
Battery technology. The Blade Battery's unique-teejpack design, which uses long, bldde
cellsarrangedlirectly in anarraywithin thebatterypack,requirednovelmanufacturingprocesses
and machinery that were not available on the open méri&y. developing this equipment
internally at its statef-the-art Chongqing factory, BYD created a formidable competitive moat.
This inrhouse capability protects its core manufacturing intellectual property.

South Korean Equipment Ecosystemi Key Points

T Tight integration: South Koreads battery gi
work very closely with domestic equipment suppliers (PNT, CIS, KGA, Wonik, DA
Technology, etc.).

1 Co-development model: Instead of a simple bugeler relationship, these companies run
joint R&D projects creatingcustomequipmentdesignedpecificallyfor eachbatteryma k e r 6 s
needs.

US & European Equipment Ecosystenii Key Points

1 Specialisfocus:Westernfirms (e.g.,Durr, GROB,Comau,DeltaModTech)arenicheleaders
in coating, aut omati on, and robotics. Unl i Kk
supply entire turnkey lined they specialize in certain higlkch steps.

Dry Electrode Processing(DEP)

Normal(wet coating)usesslurry + solventqlike NMP) + big ovensto dry electrodesDry coating
(DEP) skips all of that. Instead, you take a powder mix (active material + binder like PTFE +
conductive additive) and press it directly onto the foil using pressure and heat.

It Could cutmanufacturing costsby 17i 30%. FactorysizeshrinksY electroddine couldbeV4

the size of .todaybés wet | ine

Who is working onit?

f TeslaY boughtMaxwell Technologie$2019)for its dry coatingpatentspow trying to scale
it for its 4680 cells.

1 D¢rr (Germany) + Li CAP (Attisated DryEleptrade®mthear e d t o
pilot line for Porsche (2026).
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1 LEAD Intelligent(China)Y claimsits versioncutsenergyuseby 35%andcostsby 20%.

The techworks in labsand small pilot lines, but no one hasprovenit yet at gigafactoryscale
(GWhlevel). Scalingis veryhardY theprocessnustbereliable,superuniform, andhigh-speed.

Strategic dilemma:

1 Safepath: Wetcoating(provenbut costly).

1 Risky path: Dry coating(highrisk, butbig rewardsf it works).
WhoevemasterdDEPfirst couldleapfrog competitors andbuild muchcheapefactories.

Conclusion

Theglobalbatteryequipmensupplychainis split acrosdistinctmodels:Koreahasbuilt atightly
integrated ecosystem where suppliersleselop bespoke machinery with LGES, Samsung SDI,
and SK On; China dominates with turnkey, ecsinpetitive solutions; while in the U.S., most
joint ventures with Korean battery makers source heavily frone&agiven the lack of fuline
American suppliers. U.S. and European firms, though technologically advanced in niches like
coating or automation, do not yet provide completeterehd lines.
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The BESSDecade:Sizinga 2,000+GWh opportunity acrossfour key markets by 2030 }

The global Battery Energy Storage System (BESS) market is at a critical inflection point, poised
for a near tenfold expansion in cumulative capacity by 2030. This surge is driven by the non
negotiableneedfor grid stabilityin aneraof acceleratingenewableenergypenetrationsupportive
government policies, and rapidly improving project economics. The total cumulative BESS
capacityacrosgheseregionsis forecasto surgefrom approximately\380 GWh attheendof 2024
to over2,100 GWh by 2030, representing a monumental investment cycle in grid modernization.

Frontof-the-Meter (FTM), or utility-scale, applications will remain the dominant driver of this
growth, projectedo accountor approximately85% of thetotal marketby 2030.TheBehindthe
Meter(BTM) segmentwhile smallerin absoluteGWh, will exhibit stronggrowth, particularlyin
mature markets where it offers consumers a compelling value proposition through electricity bill
savings and enhanced power reliability.

Regionally, China and the US will cement their positions as the two largest markets, collectively
representingver70%of thetotalinstalledbaseby 2030, propelledby aggressivaationalpolicies
andmassivaenewablduild-outs.China'sgrowthis afunctionof statemandatedndustrialpolicy,

creating unparalleled scale for its domestic champions. The US market is being supercharged by
the landmark Inflation Reduction Act (IRA), which has fundamentallyisieed standalone
storagdanvestmentsEuropewill bedefinedby its matureandrapidly growingBTM segmentthe
mostdevelopedn theworld, evenasits FTM marketaccelerateto addresgrid-level challenges.

India represents the higheggrowth opportunity, albeit from a nascent baseith its trajectory

heavily dependent on successfully navigating significant project execution risks.

The emergence of geopolitical considerations, particularly US policies regarding Ghiagse
componentss setto bifurcatetheglobalsupplychain,creatingdistinctrisksandopportunitiesor
market participants.

Region Total _ 2024 | Total _ 2030E| FTM 2030E | BTM 2030E 8?);;4'?
Capacity (GWh) | Capacity (GWh) | (GWh) (GWh) 2030)
U 83 450 405 45 32.50%
China 141 720 684 36 31.20%
Europe | 61.1 400 220 180 36.80%
India 0.4 200 192 8 181.73%
Total 285.5 1,730 1,461 269 35.00%
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The Global BESSImperative: A Grid in Transition

Theglobal energy system is undergoing its most profound transformation in a cdiemapid

shift towards decarbonization, driven by climate imperatives and the compelling economics of
renewableenergy s fundamentallyeshapingelectricitygrids. This transitionintroducesacritical
challenge: managing the inherent intermittency of solar and wind power. Battery Energy Storage
Systemdaveemergedasthe keytechnologyto solvethis challengegnablingthetransitionfrom

a fossitfuel-based, dispatchable generation system to a clean, resilient, and flexible grid.

RegionalMarket Analysis: Four Distinct Pathsto Scale

While the global drivers for BESS are universal, the market's evolution is highly regional. The
United StatesChina,Europe andindia eachpresentuniquelandscapshapedy distinctpolicy
frameworks marketstructures, andompetitivedynamics Understanding thesegionalnuances

is critical for identifying the most attractive investment opportunities and risks.

A. United States:IRA Superchargesa Maturing Market

The US BESS market is characterized by its rapidly growing usitble segment, a vibrant
residential market in key states, and the transformative impact of the Inflation Reduction Act
(IRA), which has fundamentally altered the investment landscape.

U.S.Market Segment (2((;\2/\;1h§2apacity (2(2\?;\(/); Capacity ;?1?;?(5 Market
Frontof-the-Meter(FTM) 76.5 405 90.00%
Behindthe-Meter(BTM) - Residential | 5 30 6.70%
Behindthe-Meter(BTM) - C&l 15 15 3.30%

Total 83 450 100.00%

Catalysts& Headwinds

The trajectory of the US BESS market will be shaped by the interplay of powerful tailwinds and
significant, structural challenges.

Catalyst- The Inflation Reduction Act (IRA): ThelRA is thesinglemostimportantpolicy driver

for theUS BESSmarket.Its introductionof anInvestmenirax Credit(ITC), rangingfrom 30%to

70%, forstandaloneenergy storage projects is a gaaimanger. Previously, storage assets had to
be coelocated with a solar facility to qualify for federal tax credits. This decoupling dramatically
improves project economics, particularly for FTM BESS, and has unlocked arenaswe of
investment.
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Headwind - Foreign Entity of Concern (FEOC) Rules: A major emerging risk is the
implementation oFEOC rules tied to thHRA. Starting in 2026, projects that utilizesignificant
percentage of battery components or critical minerals from entities based in China and other
designateatountrieswill be ineligible for the IRA's tax credits? Giventhatapproximatelythree

quarters of US lithiumon battery imports currently originate from China, this policy poses a
severeneartermsupply chairchallengelt is intendedto spurthedevelopmenbf adomesticUS
manufacturing base but could lead to higher project costs and potential supply constraints in the
interim.

The interaction between the IRA incentives and the FEOC deadlines creates a complex market
dynamic. The rules include a "safe harbor" provision for projects that begin construction before
the end of 2025, allowing them to utilize existing supply chainsséihdjualify for tax credits'

This is driving a significant pullorward of demand, with developers rushing to sign supply
contracts and commence construction to lock in the benefits of the ITC with-doste€hinese
hardware. This dynamic likely cotbuted to the 2 GW of projects that were delayed from late
2024 into 2025, as developavsrk to meet these critical deadlinféhe result could be a surge

in deployments in 2025, followed by a potential "air pocket" or slowdown in-2028 as the
industry transitions to new, higheost, FEOGcompliant supply chainsChis presents a near

term positivefor Chinesesupplierswith existingcontractsbut createsa powerful, policy-driven
long-term opportunity for manufacturers in the US and allied nations.

This is due to the reliance of the battery energy storage system (BESS) market on imported products from
China, with “nearly all” battery cells used in US utility-scale projects in 2024 coming from there.

Depending on the severity of potential tariff increases, the cost of utility-scale BESS could rise between
12% and 50% across three tariff scenarios modelled by Wood Mackenzie analysts.

Wood Mackenzie vice-chairman of power and renewables Chris Seiple said that while US battery cell
manufacturing capacity is expanding, this is not happening fast enough “to meet even a small fraction of
battery projects in the US.”

“In 2025, we estimate there is sufficient domestic manufacturing capacity to only meet about 6% of
demand and. bv 2030. domestic manufacturina could potentiallv meet 40% of demand.” Seible said.

(Source:httpgwww.energystorage.news/disnporttariff-analysisextentof-challengeus-batterystorageindustry/)
B. China: Policy-Driven Dominancefrom Cell to System

China's BESS market is defined by its staggering scale, breakneck pace of deployment, and the
centralrole of governmenpolicy in driving bothdomestiademandandtheglobalcompetitiveness

of its manufacturers. The market is overwhelmingly dominated by FTM applications, a direct
result of topdown industrial and energy strategy.
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China Market Segment (2((3)\2/3h) Capacity (2((;)\?;\(/):]5) Capacity é?]::\?: Market
Frontof-the-Meter(FTM) 134 684 95.00%
Behindthe-Meter(BTM) - C&l 7 36 5.00%
Ei::gz:t‘i;'\"eter BT™M) T 44 <0.1 0.00%

Total 141 720 100.00%

Catalysts& Headwinds
China'sBESSmarketis propelledby anunparalleledalignmentof policy, industrialcapacity,and
strategic ambition.

Central and Provincial Mandates: The primary market driver is tegjown government policy.
Unlike marketdriveneconomiesChina'sBESSdeployments largelyafunctionof mandatesThe
requirementor newlargescalerenewablenergyprojectsto bepairedwith energystoragecreates
a massive and predictable demand pipeline for FTM BESSiiskiag investment in
manufacturing capacity.

From 2022 to mie2025,Chi nads BESS demand wamirng mandaies,y dr i
with estimatesuggestind0i 75% of installationgtied to theserules.With the mandatedifted for

new projects after June 2025, this binltdemand source shrinks, forcing developers to ailjust

either adding storage voluntarily if the economics work, pursuing standalone storage or offtake
agreements, or reducing storage ratios. A steond spikein deployments is expected as
developersushto secure approvalsnderexistingrulesbeforetheyexpire, butgrowthmayslow

afterward unless new mechanisms such as subsithst improvements, or market reforms take

hold. The policy risk now shifts from whether mandates exist to how incentives and market
structured like wholesale pricing, ancillary service credits, and grid dispatchdruteske storage

profitable and truly valuable in the pasiandate era.

Evenwith the mandatedifted, thereis still policy ambition:C h i rSpegialAction Planfor New

Energy Storage (2028027) targets aggressive growth, planning, standardization, efficiency
improvements and broader market participation of storage. That means even without mandates,
demand is likely to remain strong due to other drivers (curtailnggiat, stability, renewables
integration) and perhaps new rules for compensation for grid services.

Catalyst - Supply Chain Dominance & Cost Leadership:China has established a dominant

position across the entire battery value chain, from the processing of critical minerals to the
manufacturingf cells,packs,andintegratedBESSsolutions.This verticalintegration,combined
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with immense manufacturing scale and fierce domestic competition, has resulted in the world's
lowest BESS system prices, making lasgale deployment highly economical.

Headwind - Profitability and Utilization: A significantchallengdor the marketis theeconomic
viability of thedeployedassetsMany mandatedenewablepairedstoragesystemsufferfrom low
utilization rates, as their operation is not always optimized for mads#d revenue streams.
While policies are evolving to create more robust business models through participation in
ancillary service and capacity markets, there remains a riskd#rutilized or stranded assets if
market reforms do not keep pace with deployment mandates.

The structure of China's BESS market reveals that its rapid expansion is a function of a strategic
industrial policy as much as it is an energy policy. The government's mandates serve a dual
purposeFirst, theyprovideadomesticsolutionto theimmensechallengeof integratinghundreds

of gigawatts of new wind and solar power onto the national grid. Second, and perhaps more
strategically, these mandates create a vast, protected domestic market that allows national
champion manufacturers like CATL, BYD, drsungrow to achieve unparalleled economies of
scale Thisscaleprovideshemwith aformidableandsustainableostadvantagén globalmarkets,
enablingthemto dominateexportsto regionslike Europeandthe Middle East,wheregeopolitical

barriers to entry are lower than in the United States. In effect, China's domestic energy policy is
subsidizing the global expansion of its industrial base.

C. Europe: A FragmentedMarket Acceleratingon Energy Security

The European BESS market is the most mature in the world in terms of its BTM segment,
particularlyresidentialstorage However,the marketis now undergoinga structuralshift towards

larger, FTM installations as the continent grapples with the energy security and grid stability
challenges highlighted by the war in Ukraine and its ambitious REPowerEU targets.

U e ST (Zgicfh) Capacity (2((3)\3;\(/):3 Capacity é?]?;?: Market
Frontof-the-Meter(FTM) 30.5 220 55.00%
et @M
Behindthe-Meter(BTM) - C&l 6.6 50 12.50%

Total 61.1 400 100.00%

Catalysts& Headwinds

45




Europe's BESS market is being propelled by geopolitical imperatives and strong consumer
demand, but its full potential is constrained by regulatory complexity.

Catalyst - REPowerEU & Energy Security: Russia's invasion of Ukraine served as a major
catalyst, fundamentally shifting Europe's energy strategy towards accelerating the deployment of
domestic renewable resources to reduce dependence on imported fossil fuels. The REPowerEU
planandtheupdatedRenewabld&nergyDirective,which targetsatleasta42.5%renewableshare

by 2030, create an urgent and lasgale need for BESS as a key enabling technology.

Catalyst - Mature BTM Market: Europe possesses the world's most developed BTM storage

mar ket , particularly in Germany and Italy. Eu
led by Germany and lItaly, primarily due to high retail electricity prices, early subsidies, and the

shift from feedin tariffs to selfconsumption, which made pairing solar with batteries highly
attractive. In contrast, the U.S. has lower retail tariffs and generouseateting, so batteries are

less economic and adoption has rybeen driven by resilience needs in places like California
andTexasAcrossAsia, household storage has lagged because of low or subsidized power prices

and a policy focus on utilitgcale projects; the key exceptions are Japan, wherd-pkgshima

incentives supported resilience, ahastralia, where high tariffs and strong solar uptake created
Europearstyle consumer economics.

The Europearmarketis currentlyundergoing aivotal structuralshift. The initialboomin BESS
deploymentsvasled by theBTM segmentadirectconsumereactionto theextremeenergyprice
volatility of 20222023.As thosepriceshavestabilizedanddirectsubsidiesavebeenphasedut

in key markets, the growth rate in the residential segment is normalizing. Concurrently, the grid
level imperative of integrating massive new renewable capacity is forcing utilities and grid
operators to accelerate the procurement of aogde FTM pojects. The data for 2024, which
showed FTM additions surpassing BTM additions in GWh terms for the first time, confirms this
inflection point. This trend is expected to dant, fundamentally reshaping the composition of
the European BESS market through 2030.

D. India: The High-Growth Wildcard

India represents one of the most significant loeergn growth opportunities for BESS globally.
The market is currently nascent but is poised for exponential growth, driven by ambitious
government targets for renewable energy. However, this immense potentéampered by
considerable project execution risks that could moderate the pace of deployment.
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India Market Segnient (Zgich) Capacity (2((;)\?;\(/):]5) Capacity é?;?: Market
Frontof-the-Meter(FTM) 0.42 192 96.00%
Behindthe-Meter(BTM) - C&l 0.02 7 3.50%
eI P F
Total 0.44 200 100.00%

Catalysts& Headwinds
India's BESS ambitions are backed by strong political will and clear policy, but the market's
success hinges on overcoming significant implementation challenges.

Catalyst - Ambitious National Targets & Policy Support: The primary catalyst is India's
nationaltargetto install500GW of non-fossil fuel capacityby 2030.This goalis backedby asuite

of concrete policies, including a substantial Viability Gap Funding (VGF) scheme designed to
supporéd3.2GWh(13.2+ 30=43.2GWh) of BESSprojectsaProductionLinked Incentive(PLI)

scheme to foster domestic battery manufacturing, and mandatory Energy Storage Obligations
(ESOs) for utilities.

The 10% storage mandateand theEnergy Storage Obligation (ESO)are two different but
complementary policies. The 10% mandate @ma@ect-level rule that applies only to specific
renewableenergytenderdloatedby agenciedike SECI,NTPC, or stategovernmentsUnderthis,
developers bidding for a solar or wind project must include storage equal to around 10% of the
p r o j ratedtapaxity,usually with afixed durationrequirementFor examplea500MW solar
tenderwould needto be pairedwith about50 MW of storageThis ensureshateverynewproject

coming through such tenders directly contributes to storage deployment, creating immediate and
predictable demand at the project level.

In contrastthe ESOis a systemlevel requirement imposedon utilities, openraccessonsumers,

and captive power users, similar to Renewable Purchase Obligations. Instead of being tied to a
single project, it mandates that these entities must meet a rising share dbtédeannual
electricity consumption through renewable energy stored in batteries or other storage systems.
The targets start at 1% in FY202Z% and increase gradually to 4% by FY2029. Compliance

can be achieved by building storage, signing PPAs with developers, or buying from aggregators,
and is monitored annually bggulators.

Catalyst - Favorable Economicsfor RTC Power: Themarketis rapidly shiftingtowardstenders
for Roundthe-Clock (RTC) renewablepower, which inherentlyrequire energystorage.These
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hybrid projectsarebecomingncreasinglycostcompetitivewith new-build thermalpowerplants,
creating a strong, markétased demand signal for BESS.

Whatfi R TR2newablé® o w aneans

1 Roundthe-Clock (RTC) powerrefersto electricity supplythatis firm, reliable,andavailable
24x7 (or close to it), similar to what coal, gas, or nuclear plants provide.

9 Traditionalsolaror wind ontheirownarevariableandintermittent,sotheyc a mdiverRTC
by themselves.

1 By combiningsolar+ wind + batterystoragg BESS)d andsometimegvenpumpedhydro
0 developerganoffer afirm RTC productthatcompeteslirectly with thermalplants.

WhyRTC is importantin India (and similar markets)

1 | n d igraddssstill heavily coaldependentAs renewablepenetrationgrows, variability
creates stress for DISCOMs and the grid.

1 RegulatorandprocurerSECI,NTPC,stateDISCOMSs)increasinglyneedirmedrenewable
power to replace retiring or expensive coal.

1 RTC projectssolvetwo problemsat once:theyaddcleanpowerand providefirm supply.

How storageenablesRTC

1 Solar+ wind complementaritysolarpeaksn theday,wind oftenpeaks ahight/monsoon.

1 Batteriedill thegaps:chargingwhensolar/windoversupplydischargingvhendemands high
or renewables are low.

1 This mix allows a projectto guaranteesay, 80i 90% annualavailability, closeto thermal
benchmarks.

Headwind - Project Execution Risk: Thesingle greategisk facingthe IndianBESSmarketis
executionThereis a significantandpersistengjapbetweerthe volumeof capacitythathasbeen
auctionedandthevolumethathasbeencommissionedAs of mid-2025,despiteapipelineof 12.8

GWh in auctioned capacity, only about 219 MWh was operational. This is largely due to long
delaysin thesigningof PowerPurchaségreementgPPAs)andchallengesn securingaffordable
project financing, which could severelyimpede the pace of actual deployment.

The Indian BESS market is best described as a "tadrden” market confronting a critical
execution gap. Unlike markets propelled by organic consumer economics or broad industrial
policy, India's growth is almost entirely dependent on the successfultexeof government

led tenders for utilityscale projects. The significant discrepancy between auctioned and
commissioned capacity highlights a key structural issue: offtakers, typically-ostatzl
distributionutilities, oftendelaythe signingof PPAsin thehopeof securingevenlower tariffs in
subsequent auction rounds, a rational behavior given the rapid global decline in battef prices.
Thiscreates high-risk, uncertairenvironmenftor projectdeveloperandmakegheachievement
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of the 2030 forecast highly contingent on streamlining these criticalapasion administrative
andfinancialprocesseslheeffectivenes®f the VGF schemen derisking theseprojectswill be

a key indicator of the government's ability to close this execution gap and unlock the market's
vast potential.

Comparative Analysis & Strategic Outlook
Cross-Market Scorecard
Synthesizing the regional analyses provides a comparative framework for strategic decision

making.ChinaandtheUS areclearlyestablishe@sthegigawatthourvolumeleadersyhile India
offers the highest growth potential. Europe stands out for its uniquely developed BTM segment.

Metric United States China

Market Size 200 (Rank

(2030E GWh) 450(Rank2) 720(Rankl) | 400(Rank3) 2)

CAGR (2024 0 0 0 0

2030E) 32.50% 31.20% 36.80% 181.73%

FTM  Dominance . 95%  (Very 95% (Very
% (High % (M

(% of 2030E) 90%(High) High) S5%(Moderate) | 1)

BTM Development| 10% 0 0 5%

(% of 2030E) (Developing) 5% (Nascent) | 45%(Mature) (Nascent)

Policy Support High (IRA) Very High | MediumHigh High (VGF,

Level g (Mandates) (Targets) ESOs)

Execution / Policy | Medium (FEOC, | Low (Policy- | Low-Medium High (PPA

Risk Queues) driven) (Fragmentation) Delays)

Dominant Themesand Investment Thesis

Across these diverse markets, several key strategic themes emerge that should guide investment
decisions in the BESS sector through 2030.

1 FTM is the Volume Play: The sheer scale of utilitlevel projects means that FTM
applicationswill drivethemajority of GWh deploymenand,consequentlythe bulk of capital
investmenglobally. Succes this segments lessaboutdirectconsumemarketingandmore
about the ability to navigate complex regulatory and policy landscapes, manageckiege
project execution, and secure leteagm, bankable offtake agreements with utilities and grid
operators.
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BTM is the Value Play: While smaller in absolute GWh terms, BTM marketsarticularly
thematureresidentiasegmentn Europeandthe growingresidentiaimarketin theUS3 offer
potentially highermargin opportunities. Value is captured not just from hardware sales but
from a suite of services including financing, installation, and softlvased optimization
throughVirtual Power Plants (VPPs). Success in BTM requires a focus on efficient customer
acquisition, brand building, and developing sophisticated software platforms that maximize
value for the endiser.

The Rise of Geopolitical Supply ChainsThe implementation of the US FEOC policy is a
pivotal moment for the global BESS industry. It is forcing the creation of a bifurcated supply
chain: one centered on China's dominant,-tmst manufacturing ecosystem, and another
focused on developing domismanufacturing capabilities in the United States and allied
nations. This creates a significant, poliiyven investment opportunity for negbhinese
battery manufacturers and companies across the supply chamrehabdsitioning to serve
FEOGcompliant markets, even if it comes at a Aeam cost premium.

Execution is the Key Variable: In high-growth, emerging markets like India, the primary
differentiatorwill beexecutionThemarketis definedby alargegapbetweerambitioustargets

and onthe-ground reality. Companies that can successfully navigate bureaucratic hurdles,
securdinancing,andbring tenderedrojectsto commerciabperationin atimely mannewill
capture significant market share and establish a powerfuhioser advantage.

Global cell manufacturing capacity asper announcedplans of various companies:

Cell & PackCapacitiegin GWh)

7000
600C
500C
400C
300C
200C

S | B | . -

North America Europe China ASPC
m Current 160.51 370.55 247.65 300.25
® Capacityaddition 1202.7 1039.3 5548.35 5932.65
Total capacityin future 1363.21 1503.85 5796 6232.9

m Current m Capacityaddition Total capacityin future
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Belowis thesummaryof the key cell plansannounced:

5 GWh Phase-1 by FY26 (commercial +1.200 (raised): part of ACC-PLI  In-house R&D; ACC-PLI Trial production done; ramping for
'Ola Electric Tamil Nadu production Q1-FY26): Long-term 20 GWh 5 {Phase-1). 20 (planned) 18,100 Cr scheme 'awardee INMC (4680 cylindrical) commercial output FY26
Plant under construction; commissioning
Exide Energy Bengalunu, Kamataka (6 GWh Phase-1 by end-FY26: 12 GWh later |6 (Phase-1). 12 (planned) |=5.000 (Phase-1) SVOLT (cell tech) INMC. LFP expected 2025: ial ops FY26
2 GWh Phase-1 by end-FY26; 16 GWh long |2 (Phase-1). 16 (planned) + Pack line operational; pilot cell line
Amara Raja Energy & Mobility [Divitipalli, Telangana |term 5 GWh pack =9.500 (over 10 years) |Gotion-InoBat (LFP licensing)  |LFP, NMC (initial focus LEP) building, commercial cell output FY26
TDSG (Toshiba-Denso-Suzuki Electrade production started 2025: hybrid EV Electrode localisation >80%: supplying
JV) Hansalpur, Gujarat cell output started -5 (=30 million cellsyear) |~4.267 “Toshiba, Denso, Suzuki LTO hybrid EV programs
20 GWh Phase-1 by 2027: site scalable to 40 Tata Group (m-house): tech Construction ongoing: C-sample cells
Tata Agratas Energy Sanand, Gujarat GWh 20 (Phase-1). 40 {planned) |=13.000+ (estimated) licensing from global suppliers  |LFP, NMC (plauned) expected end-2026
5 GWh under ACC-PLL delayed: new timeline Faradion (sodium-ion), Lithium Delayed: seeking extension under PLT
New Energy Gujarat under di 1 S (imitial) Not disclosed (PLI scheme funded) Werks (LFP tech) [LFP, Sodium-ion (fiunwe) project under i
‘Rajesh Exports ! ACC Energy 5 GWh under ACC-PLE: delayed: revised
Storage Dharwad, Kamataka schem_lle pending 5 (initial) Not disclosed (PLI scheme funded) 'Nm public Likely LFP Delayed: seeking extension under PLT
Small-scale cell production ongoing: <0.1 (pilor), 2.5-10 Small-scale commercial cells: planning
GODI India Hyderabad. Telangana |gigafactory planned planned ~8.000 (target. long term) CECRI Graphite India (investor) NMC. LFP, Sodi (R&D) large-scale facility
TLog9 Materials Bengaluru. Kamataka  |Cumrently <0.1 GWh: plans 1 GWh by FY27  [0.05 now: 1 planned Not disclosed Musashi (EV powertrains) LTO. TiB-bascd. Zinc, others  Commercial small-scale cells: scaling up
Waaree Gujarat Announced - 3.5 Gwh Announced - 3.5 Gwh Not disclosed 'Not disclosed [Not disclosed Expected to start in 2026
Belowis the summaryof the energystorageendersn Indiafrom 2018to H125:
. . — . e - - —— .
RECopacity ~  ESSCapacity  PSPCapacity  BESSCapacity
Stage Number of Tenders
Gw | GWh Gwh |
NIT 5 1.21 10.06 10.06
RIS 29 11.26 55.05 35.25 21.00
Bidding Closed 3 1.20 2.90 2.90
Cancelled 29 11.43 38.72 31.63 7.22
Awarded 21 8.77 14.75 14.75
Under Construction 24 11.79 48.54 39.45 9.59
Operational 7 0.16 0.50 0.00 0.50
Total 118 46 17 106 66
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Understanding the Chinesemarket and global peers J
ESSBattery trend
2024 (GWh) 7M25 (GWh) YV (%) Mix (%) 1025 (GWh) Q/Q (%) YV (%) 2Q25(GWh) QIQ (%) YN (%)

Glohal ESS hattery shipments 3303 3132 111%| 100% 996  18%| 142% 157.5 8% 99%
KRUIP battery players 92 12| 5% 2% 16 -11% 41% 33 30% 53%
CH battery plavers il 3059 113%  98%] 97 -18%|  146%) 1541 5%  101%
Global ESS battery shipments by end-demand region 3303 31320 111%| 100% 99.6]  -18% 142% 157.5 38% 99%
China domestic demand 1552 1126  50%|  37% 383 -24% 49% 512 49% 40%
Ex-China demand 1751 006 173%)  64%] 613 -13%|  188%) 1003 64%|  163%
China exports (direct exports + exports by ESS customers) 163 § 1933 181%|  62%) 588 -11% 202%] 97 65% 170%
JP/KR players 92 721 51% 2% 16 -11% 41% i3 30% 53%
Chinese player shipments by end-demand application 11 3059 113%| 100% 97 -18%| 146% 154.2 9%  101%
Utlity-scale 2349 450 122%  80%| 79.6 -18%|  160%) 1213 53%|  108%
Commerciel & Inclustrial (C&T) M 12 103% 9% 93 2% 263% 129 39% 40%
Telecom base station 103 55 1% 2% 12 4% -11%] 15 15%|  1539%
Residential 456 259 1% 8% 49 3% 66% 163  231%|  150%
Portable 17 15| 4% 1% 06 11% 2% 06 2% 6%
UPS 13 08 -1% 0% 04 3% 105%) 03 8% -22%
Chinese player shipments by end-markets 1 3059 113%| 100% 97 -18%| 140% 1542 9%  101%
Clma 1532 1126 50%|  37% 383 -24% 49% 511 49% 40%
U§ 588 712 226%|  25% 154 45| 212% 358 %[ 206%
EU 433 502] 151%|  16% 12 3% 245% W5 DB%| 169%
RoW 63.6 6.0 103% 1% 23 3% 3% 37 3% 130%

Observatiorfromtheabovetable:

In 7M 2025,globalESSshipmentgrewstronglyto 313GWh (+111%Y0Y), with Chineseplayers
maintaining dominance at nearly 98% share while KR/JP suppliers, though growing, remain
marginal. Demand has shifted sharply overseas &haa markets now outpace domestic
installations, with the U.S. and EU emerging as the largest growth engltikty-scale projects

still lead volumes, but the surge in C&l (+263% YoY) and residential (+111% YoY) signals a
structural broadening of the market beyond traditional-ggale deployments. Overall, the data

hi ghlights Chi na 0 sceleratingtglobal adoption| amdatdeerapid hse @f pewa
applications driving the next leg of ESS growth
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ESSasa % of global battery salesby chemistry and players

40% 38%

36%
35% 34%
300/0 270/0
25% 23%
200/0 1 80/0
15% .
10%
2023 2024 7M25
ESS % in global LFP m ESS % in global LFP+NCM
70%
60%
50%
409
30%
20% I
10% I I I I
|
CATL Gotion CALB Sunwoda
2023 m2024 m1H25

As seemabove,CATL andBYD is still gettingmajorrevenuegrom EVs battery.

Belowis the data of companywiseshipments
Company 2023 2024  YoYgrowth H12024 H22024 HI2025 YoY% Q12024 Q22024 Q32024 Q42024 Q12025 Q22025

CATL 69 93 34.78% 46 48 52 13.04%) 19 25 27 22 22 30
Gation 15 2 46.67% 10 12 13| 30.00% 5 6 6 6 8 7
EVE 26 50 2.31% Pl 30 29]  38.10%) 7 14 15 15 13 16,
CALB 8 250 212.50% 8 17 21] 162.50%j 0 0 0 0 0 0
Farasis 0 0 0 0 0 0 0 0 0 0 0
Sunwoda 5 5 0.00% 1 4 5 400.00% 0 0 0 0 0 0
Hithium 18 34 §8.89%

Although,onasmallerbase, tieR playersareshowing significantimprovement irthescale.
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ESSShipment mix
Company 2023 2024 H12024 H22024 H12025 Q12024 Q22024 Q32024 Q42024 Q12025 Q22025
CATL 18% 20% 22% 18% 19% 20% 23% 21% 15% 18% 20%
Gotion 33% 35% 37% 33% 33% 42% 40% 38% 30% 44% 32%
EVE 48% 62% 62% 65% 58% 54% 67% 68% 63% 57% 59%
CALB 20% 36% 32% 38% 47%
Farasis 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Sunwoda 29% 18% 12% 21% 29%
Hithium 100% 100%
REPT 59%
Targ ets
2024 shipments 2025 target yly 1H25 shipments | 1H25 run-rate (on original targets)
EV+ESS shipments (Gwh)
100
Gotion 68 - ESS 30Gwh 4T% 40 40%
- EV 70Gwh
130Gwh
EVE 81 - ESS 80Gwh 60% 50 38%
- EV 50Gwh
120Gwh o o
CALB 70 Vs. previous 110 Gwh % 4 4%
. 15-18
Farasis 14 Vs. previous 20-25 43-79% 6 24% - 25%
35-40
Sunwoda 37 - ESS 10Gwh -5% ~8% 23 58%-66%
- EV 25-30Gwh
Understanding numbers

Averagesellingpricefor battery

ASP (Rmb/Wh) - BESS+ EV
Company 2021 2022 2023 2024 1H23 2H23 1H24 2H24 1H25

CATL

Gotion 0.62
EVE 0.83

o
(o)}
(0]

CALB

Farasis 0.81
Sunwoda .

~
o1

Hithium
REPT 0.56
Svolt 0.88

Thesolereasorwhy CATL is ableto commandapremium,is its superiortech.
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EnergystoragesystemASPprices(RMB/Wh)i Chinaplayers

Companies 2021 2022 2023 2024
038
046 0.3

| 046

0.5

Grossmargins

GP (Rmb/Wh) - BESS+ EV
Company 2021 2022 2023 2024 1H23 2H23 1H24 2H24 1H25

CATL 0.15| 0.16| 0.16
Gotion 0.09| 0.09
EVE
CALB - newacct

Farasis 0.03| 0.03

Sunwoda -0.13| -0.08

Hithium

REPT 0.01| 0.02

2024 \ 1H23 2H23 1H24\ 2H24 1H25
CATL . | 18.0% | 23.2%
Gotion 16.1%| 15.6% \ 15.4%| 15. 3% )
EVE 14.5% 14.6%| 15.4% 15.2%
CALB - new
acct 16.4%| 16.0%| 14.7%
Farasis
Sunwoda
Hithium
REPT
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Table 12: Battery makers’ EV/ESS battery GPM

2024 1H25
EV battery
CATL 23.9% 22.4%
EVE 14.2% 17.6%
Gotion 15.1% 14.2%
Sunwoda 8.8% 9.8%
Farasis 11.2% n/a
ESS battery
CATL 26.8% 25.5%
EVE 14.7% 12.0%
Gotion 21.8% 19.3%
Sunwoda 20.4% 20.3%
Farasis n/a n/a

Source: Company reports, J.P. Morgan. Note: CALB restated its financials and reclassified the government grants in AR. *2024, 1H25
GPM are reported numbers post accounting changes-with warranty provisions include in COGS.

Conclusionfromtheabovethreetable:

Even with a falling ASP, companies were maintain a close range of similar GP, leading to
increasing in margins over the years, (passing on lower benefits to theiemg, however if u

look atrecentnumberqH2 25), thethingshavechangedeadingto fall in absoluteGP/whaswell

as margins, a part of this reduction was due to international markets currency appreciation and

reduction in export rebates

NP margin - BESS+ EV (RMB/Wh) - With
subsid

Company 2022 | 2023 2024 1H23  2H23  1H24  2H24  1H25
CATL 11.34%| 12.36%| 16.92%| 12.50%| 13.58%| 15.94%| 15.87%| 18.97%
Gotion 1.30%| 2.99%| 3.77%| 1.37%| 4.62%| 1.69%| 6.12%| 2.17%
EVET power
battery 6.90%| 6.76%| 6.38%| 7.87%| 6.15%| 6.12%| 6.82%| 4.35%
CALB (newacct
policy) 3.37%| 1.47%| 250%| 2.60%| 37.70%| 4.00%| 2.94%| 0.00%
Farasis -8.33%| 12.50%| -2.47%| -11.76%| -11.83%| -2.25%| -4.29%| -4.41%
Sunwoda - -
powerbattery -8.24% | 12.00%| 10.45% -12.20%| -8.33%| -5.66%
Hithium 51.25%| 19.64%| 2.63%
Rept -254%| 13.79%| -8.82%| -13.89%| -14.29%| -7.14%| -11.54%| -0.42%
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Company

2024

1H23

2H23

1H24

2H24
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CATL 10.31% 11.24%| 13.85%| 10.42%| 12.35%| 14.49%| 14.29%| 17.24%
Gotion -2.60% 0.30%| -0.75%| 0.27%| 0.31%| 0.34% 1.22%| -0.02%
EVET power
battery 4.60% 4.05%| 4.26%| 3.37% 3.08% 4.08% 455%| 2.17%
CALB (newacct
policy) 3.37% 1.47%| 2.50%| 1.30%| 1.64%| 2.00%| 2.94%| 2.78%
Farasis -9.38% -5.21%| -3.70%| -12.75% | -10.75%| -2.25%| -4.29%| -4.41%
Sunwodd power
battery -8.24% -13.33%| -8.96% -12.20%| -10.00%| -11.32%
Hithium -52.50% -21.43%| -2.63%
Rept -3.39% -13.79%| -8.82%| -13.89%| -14.29%| -7.14%| -11.54%| -0.42%
Figure 19: Battery makers’ govt subsidy as % of NP in 1H25 vs. FY24

140% 130%

120% 1119 113%

100%

80% 569 /3 .

Ho% e 34% 35% %

0,

40% —opoR0% 2 125% I ‘25%

20% l 5%10/° II

ol | B | |

CATL  EVE-totd EVE-power Gotion  Sunwoda - Pylon  CALB -new
net profit  battey net total net ac policy
profit profit
®FY24 m1H25

| t ctearlyvisible thatsubsidyis driving profit marginfor mostof thetier 2 players

Cashflowanalysis

Table 20: CH battery makers’ free cashflow analysis

Cash flow analysis

OPCF Capex FCF
I 1Q24 2024 3Q24 4Q24 1Q25 2Q25 1Q24 2Q24 3Q24 4Q24 1Q25 2Q25) 1Q24 2024 3Q24 4024 1Q25 2Q25]
|EVbanery Unit
Table 21: KRIJP battery makers’ free cashflow analys»s
Cash flow analysis
opcr [capex [Fcr |
1024 2024 3024 4024 1025  2Q25) 1024 2024 3Q24 4024 1025 ZQLSI 1024 2024 3024 4024 1025 2Q25)
EV battery Unit
LG Energy Solution Rmb mn 2869 4412 2971 16330 5821 16330 (18569) (14,924) (14,544) (17,357) (16,354) (14,822)| (15,700) (10,512) (11573) (1,027) (24) 4522
Samsung SDI (1,933) (1,408) 588 1,928 83 1928 | (4378) (10641) (6,611) (11,260) (4,378) (5159) (6,310) (12,049) (6023) (9332) 1,034 191
SK Innovation (5632) 15676 2360  (727) (4285) (727)] (8502) (21,867) (16022) (6,559) (10,057) (4,663)| (14,134) (6,191) (13,662) (7,286) (12,790) 3,523
Panasonic 11577 8281 10099 13,009 10586 13009 | (5868) (5988) (6,829)  (8,404) (9,168) (8,848 5,709 2,293 3270 4605 14782 4,909

Source: Company, Bloomberg Finance L.P., J.P. Morgan.
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In China,CATL remainsastandoutvith consistentlystrongOPCFandpositiveFCFeveryquarter
despite heavy capex, while CALB, Sunwoda, Gotaord Great Power are F@fegative on
sustained builgbuts.

Capital Structure

Gearing analysis
Net debt (cash)/ Equity
1022 2022 3022 4022 1023 2023  3Q23 4023 1024 2024  3Q24 4024 1025 2025
EV battery
CATL 54% 37% 27% 37% 4% 5% -16% -1B% -36% -23% -35% -33% -44% -43%
EVE 53% 78% 60% 51% 56% 44% 38% 41% 40% 39% 3I7% 42% 49%
Gotion 47% 76% 46% 62% 78% 85% o2%| _ 111%| 1230 13706  133%|  125%|  123%|  136%
Farasis 15% 57% 36% 12% 1% -R% -a% 54% 18% R9% 8% 46% 0% BRY%
Sunv/oda 45% 7% 44% 52% 25% 32% 17% 32% 22% 44% 30% 61% 39% 79%
Great Power 5% 75% 40% 61% 63% 43% 26% 47% 44% 61% 63% 95% 80% 95%
CALB 11% 38% 43% 55% 67% 79%
Rept -2% 29% 5% 12% 55% 54%
Gearing analysis
Net debt (cash)/ Equity
1022 2022 3Q22 4022 123 2023 3023 4023 1024 2024 3024 4024 1025 2025
EV battery
LG Energy Solution -15% -4% 9% 11% 16% 19% 23% 24% 28% 34% 40% 37% 44% 54%
Samsung SDI 14% 14% % 6% 14% 13% 16% 13% 18% 29% 35% 42% 44% 39%
SK Innovation 57% 52% 63% 69% 69% 64% 58% 56% 64% 61% 66% 78% 97%  105%
Panasonic -6% 26% 26% 21% 18% 17% 19% 17% 14% 12% 13% 11% 10% 13%

CATL istheclearoutlier, movingfrom moderatdeveragan 2022to a sustainechetcashposition
through 2Q25 (at140% ND/E), while most China p
FarasisEVE) haveleveredup steadily manynowat 60i 135%netdebt/equity Funding intensity

and refinancing risk have shifted up for everyone except CATL (and to a lesser extent
Panasonic).

ROE comparison

2022 2023 2024 1H25
CATL 25% 24% 25% 24%
EVE 16% 12% 11% 10%
Gotion 1% % 5% 5%
Farasis 2% 7% -3% -3%
Sunwoda 6% 5% 6% 6%
Great Power 19% 1% 5% 7%
CALB 2% % 2% 2%
Rept 6% -13% 1% 1%
LG Energy Solution 6% % -5% -3%
Samsung SD! 12% 11% 3% 2%
SK Innovation 8% % -10% -T%
Panasonic 9% 8% 1% 8%

As canbeconcludedrom theabovedata,givenC A T Lsapgriommargins,cashgenerationsCATL
would be an Outlier in ROE as well. The other players in industry are operating at a very
unsustainable terms despite getting subsidies.
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R&D amajor expensdtem acrossmajor Chineseplayers

Expensed R&D investment (Rmb mn)

CATL BYD EVE Gotion Sunwoda Farasis CALB
2018 1,991 4,989 315 347 1,060 113
2019 2,992 5,629 459 437 1,523 271 136
2020 3,569 7,465 684 499 1,806 372 202
2021 7,691 7,991 1,310 644 2,327 542 285
2022 15,510 18,654 2,153 1,793 2,742 598 665
2023 18,356 39,575 2,732 2,061 2,71 749 992
2024 18,607 53,195 2,942 2,148 3,330 582 1418
1H25 10,095 29,596 1,261 1,046 1,924 298 860
Capitalized R&D investment (Rmb mn)

CATL BYD EVE Gotion Sunwoda Farasis CALB
2018 - 3,547 80 146 - -
2019 - 2,792 18 151 - - 288
2020 - 1,091 39 197 - - 288
2021 - 2,636 69 522 - - 270
2022 - 1,569 108 622 - - 370
2023 - 343 139 707 - - 73
2024 - 966 117 781 - - 73
1H25 - 1,284 178 336 - - nfa
% of R&D being expensed

CATL BYD EVE Gotion Sunwoda Farasis CALB
2018 100% 58% 80% 70% 100% 100%
2019 100% 67% 96% 74% 100% 100% 32%
2020 100% 87% 95% 72% 100% 100% 41%
2021 100% 75% 95% 55% 100% 100% 51%
2022 100% 92% 95% 74% 100% 100% 64%
2023 100% 99% 95% 74% 100% 100% 93%
2024 100% 98% 96% 73% 100% 100% 95%
1H25 100% 96% 88% 76% 100% 100% na
Total Expensed + Capitalized R&D as % of revenue

CATL BYD EVE Gotion Sunwoda Farasis CALB
2018 % % 9% 10% 5% 5%
2019 % % % 12% 6% 11% 24%
2020 % 6% 9% 10% 6% 33% 17%
2021 6% 5% 8% 11% 6% 15% 8%
2022 5% 5% 6% 10% 5% 5% 5%
2023 5% 7% 6% %% 6% 5% 4%
2024 5% % 6% 8% 6% 5% 5%
1H25 6% 8% 5% 7% % 7% n/a

Source: Bloomberg Finance L.P., company data, J.P. Morgan.

R&D expenseis amajorexpensef about6-10% ofthesalesacrossall players.
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Understanding capacity, capacity utilization, addition

NIVESH 31T

2019 2020 2021 2022 2023 2024 2025E 2026E 2027E
Annual designed capacity
CATL 53 69 170 390 552 676 895 1,095 1,295
BYD 34 53 80 110 250 350 450 550 650
CALB 3 4 12 30 70 90 130 190 250
SVOLT - 2 7 22 30 50 70 85 100
EVE 1 13 15 33 75 90 140 190 250
Gotion 12 28 30 50 80 100 125 175 250
Sunwoda - 3 9 26 35 45 75 95 105
Farasis 3 10 15 23 28 28 43 58 68
REPT 6 14 18 26 35 74 90 120 150
Lishen 4 4 5 8 10 18 20 20 20
BAK 13 3 4 7 9 10 15 15 15
A123 (Wanxiang) 3 1 2 8 20 40 60 60 60
Hthium (Haichen) 3 4 4 5 30 50 75 100 125
Great Power - 7 13 21 30 K2 39 42 42
Geely - - - - 2 10 20 20 20
Yinpai (under Aion) - - 1 9 13 27 36
Greater Bay - 2 5 10 16 20 20
Ganfeng 14 16 16 20 33 38
AESC Envision 5 5 6 16 29 74 82 131 145
Others 105 40 60 65 263 263 263 263 263
China total designed capacity 249 260 450 855 1,570 2,037 2,640 3,289 3,902
YoY 28% 4% 73% 90% 84% 30% 30% 25% 19%
Of which: capacity in China 246 257 446 849 1,555 2,015 2,588 3,133 3,650
Of which: capacity outside China 3 3 4 6 15 22 52 156 252
China effective capacity (considering OEE) 187 196 347 665 1,198 1,576 2,356 2,933 3,478
YoY 30% 5% 78% 91% 80% 29% 30% 24% 19%
China power battery production 95 100 257 653 891 1,172 1,744 2,069 2,359
YoY 25% 5% 158% 154% 37% 32% 49% 19% 14%
Industry capacity utilization 38% 38% 57% 76% 57% 58% 66% 63% 60%
China power battery shipment 85 82 224 578 814 1,112 1,683 2,000 2,281
YoY 26% -4% 172% 158% 41% 37% 51% 19% 14%
Industry sales to capacity 34% 32% 50% 68% 52% 55% 64% 61% 58%
Capacity from top players (on designed capacity) 113 167 369 730 1,185 1,537 2,093 2,658 3,243

84% 60% 70% 89% 75% 76% 83% 78% 73%
New capacity addition based on effective capacity 55 1" 190 405 715 467 603 649 613

18% -80% 1651% 113% 77% -35% 29% 8% -6%

Figure 25: China EV and ESS battery industry capacity utilization rate

(based on designed capacity)
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Figure 26: China EV and ESS battery industry capacity utilization
rates from Top 10 players (based on effective capacity)
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(2024)to ~3.9TWh (2027E) while production/shipmentisemuchslower(~1.17Y 2.36TWh),
keepingindustryutilization stucknearthelow-60s%o0n a designedasisaftera brief 2025uptick.
Thetop-10 remainfar healthier( & 6% on effectivecapacity) showingaclearflight-to-quality
asthe long tail sits idle. New capacityadditionshave alreadydeceleratedgharply (post2023
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growth slows and even turns negative on some comparisons), signaling that capex peaked and is
normalizing. Capacity is also migrating outside China (still small but rising), tracking IRA/EU
localization. Bottom line: the market stays oversupplied throug®7 2with volume growth
absorbed mainly by tiet leaders; expect consolidation/deferrals among-trard, continued

pricing pressure, and bankability to matter more than nameplate size.

Key financials of key Chineseplayers

Revenue 2016 2017 2018 2019 2020 2021 2022 2023 2024
CATL 14581 19257 31092 50367 56861 148980 384272 469073 423555
YoY growth % 32% 61% 62% 13% 162% 158% 22% -10%
Eve energy 1,581 2,872 4,569 7,053 9,223 19,367 42,403 57,077 56,879
I YoY growth % 82% 59% 54% 31% 110% 119% 35% -0.35%
Sunwoda electric 7891 13525 21355 21355 33552 42813 60926 55999 65544]
YoY growth % 71% 58% 0% 57% 28% 42% -8% 17.05%
CALB 1907 3193 7806 24246 31597 32469
YoY growth % 67.40% 144.48% 210.63% 30.32% 2.76%
Gotion energy 4663 4659 5383 5455 7598 11868 26924 36978 41408
YoY growth % -0.08% 15.55% 1.33% 39.30% 56.19% 126.86% 37.34% 11.98%
Global EV shipments 165 341 550 774 950
Global ESS Shipments 26 66 126 213 330]

If welook atthe paceat whichthe Chineseplayershavescaledjts just impressivetheglobal EV
batteryindustryalmost greweX and that oESSat 13X, similaris therateat which thes@layers

grew (combined capacity) at a such a high base. From here, combined (ESS+BESS) industry
expected to grow 3x from here.

Gross Profit 2016 2017 2018 2019 2020 2021 2022 2023 2024
CATL 6143 6749 9427 13792 15080 38857 78256 89769 100955
Eve energy 518 827 1049 1978 2618 4178 6914 9004 9765
Sunwoda electric 1158 1885 3062 3062 4667 6288 8432 7158 9596
CALB 41 491 585 2184 3097 4984
Gotion energy 2180 1809 1562 1419 1764 2209 4791 5587 7195
Net Profit 2016 2017 2018 2019 2020 2021 2022 2023 2024
CATL 2795 3734 3556 5016 6309 18250 35891 51622 59371
Eve energy 247 388 599 1674 1867 3329 4100 4739 4768
Sunwoda electric 441 524 737 737 906 1049 1249 1259 1718
CALB -131 6 160 823 344 692
Gotion energy 1010 807 609 56 169 116 363 1098 1412
Conclusion

Like everyotherindustry,Chinastoryhereis alsothatof scalesupportedy governmensubsidies.
Right now, according to us, C h idrcapécgy cintinties e r y
to outpace demand, pushing utilization into the low 60%, ASPs are falling, and margins are
increasinglyunderpressureTier-2 playersremainsubsidydependenandhighly leveragedwhile

CATL stands out as the only player consistently generating strong cash flows, maintaining a net
cashbalancesheetandsustainingoremiummarginsthroughsuperiortechnologyandglobalreach.
Thestructuraloversypply, coupledwith the shiftin demando overseasnarketdike theU.S.and

EU, signalsthat consolidatiomndpricing pressuravill dominatethe Chinesemarketthrough the

rest of the decade.

Onecompanythatcompletelystandout anddefy Chinesenormsof scale Jow margins Jow return
ratios and lowcapacity utilisation is CATL,
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L e tjudtbriefly understandhe succes®ehindCATL,

Founding and Early Strategy: CATL was founded in 2011 by Robin Zeng (an experienced
battery entrepreneur) and i mmedi aATe(aladbge nef i t
smartphondattery company he started in 1999). The company was based in Ningde (Fujian),

where | ocal government support (land, subsi di e
| i eftapprovedbatterysuppliersprotectedt from early foreign competitionLeveraging these
advantages and a strategy of aggressive-sggl€EATLb ecame t he wor |l dés | ar g

by 2017, overtaking Panasonic. In that period it won early deals with major autoifeayargv,
BMW, Daimler) evenasit wasstill relatively unknown.In short, CATL enteredthe auto battery
market before most rivals, with advanced backing and a goverratigméd strategy.

TechnologyLeadership: CATL usests immenseprofits to fund aworld-leadingR&D program,

resulting in a fortress of over 43,000 patents. CATL aggressively developed a broad technology
portfolio. It invested early in both higénergy chemistries and novel pack designs. For example,

CATL pioneered Cell td?ack (CTP) and Cetb-Chassis(CTC) integration: CTP boosts pack
energydensityfrom ~55%to 72%, enablingits NMC fi Qi |batteryio reach~255Wh/kg (and

~160Wh/kg for LFP), while CTC (integrating cells into the vehicle structure) can extend range
beyond 1,00km. In materials, CATL shifted earlier than most peers from LFP (lithium iron
phosphatejo highnickel NMC chemistries, roughly doubling energy density. It also funds next
generation research (soltlate and senrs ol i d ficondensed stateodo bat:
densities up to 500Vh/kg). These innovation$ from ultrafast charging (the Shenxing

A Super Ch aellpte utraldn§ ¢cle life (deplged 12,00ecycle batteries in a 10aWh
storageproject)i keepCATL aheadn bothperformancendsafety.In contrastmostrivals have
narrower tech focuses (e. g. CALBGO6s | ate pivot
modest LFP/ NMC efforts) and have not matched

Vertical Integration and CostStructure: CATL built anendto-endsupplychainto cutcostsand

secure inputs. It invested heavily upstream (own cathode/anode materials, mining stakes, lithium
projects) so it feffectivelyd sources its owr
highlightaself-ownedlithium projectin Yichun,andexpandingcathode/powdeplantsto localize
supply.Thisverticalintegrationi from i d intheg r o uramdnaterialsto recyclingi insulates

CATL from price swings and supplier risk. Smaller players tend to lack this scale: e.g. EVE and
Sunwoda still rely ore x t er nall suppliers and have seen cos
scale also drives down unit costs; by 2017 it had already cut costs below Korean/ Japanese
competitors through higliolume production.

Customer Mix and Market Position: CATL secured a diversified global customer base. It
suppliesalmosteverymajorEV OEM: Tesla(in China),VolkswagenBMW, Ford,Daimler,GM,

and many ot hers. I't also serves Chinads domes
andhasarapidly growing ESSportfolio (grid/storagecustomerdike Duke Energyin theUS). By

2022it wasii s u p pdimostavagyelectricc a r mairktleewarld i an extraordinarybreadth.
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This contrasts with most Chinesempetitorswho sell mainly to domesti©EMs ora few niche
customersiorexampleS u n w oEVael salesareheavilyconcentrate@0%to Li Autoalone),
andC A L BoostomeraremostlyChinesg GAC, Xpeng,etc.afterits 2018turnaround)CATL 0 s
broad client base gives it stable, higflume demand and stronger negotiating power. It even
extends to highemargin niches: CATL pioneered vehidlegrid ESS projects (10DMWh in
Jinjiangwith 12,000cycle LFP cells)andbatteryswappingsystemsfurtherdiversifyingrevenue.

Themost importants the operatindeveraget getsat the sizeits operatingcompared tats peers
(almost 6x), with higher utilization rates.

While statesupportopenedhedoorfor anentiregeneratiorof Chinesebatterymakers CATL was
theonly oneto build a sustainableprofitable,andself-fundingenginefor growth. Its competitors
fell into aviciouscycle:competingon priceled to weak marginswhich resultedn negativecash
flow andarelianceon debt.Thisfinancialfragility starvedhemof the capitalneededor thescale
and R&D to truly challenge the leader.

CATL, conversely, created a virtuous cycle. A strategy focused on quality and benchmark
customers allowed for premium pricinghis, combined with extreme manufacturing efficiency,
generated industrieading profits and massive free cash flow. These cash flows were then
reinvested into nexgeneration technology and even greater scale, restarting and accelerating the
flywheel. This is the fundamental reason why CASilicceeded not just in scaling, but in scaling
with a level of profitability and resiliencéat has left its rivals far behind.

Beforeconcluding| e todk atthekey policiesthatdrovethebatterymarketin China:

200971 First NEV Subsidy Program. China launched its first national subsidies feenengy

vehicles (NEVs), committing ¥1fillion over 20092012 for EV R&D and purchases by public

fleets. This pilot (in select cities) kieitarted demand for batteries by buying electric buses and
taxis, seeding Chinaés EV and battery industr

20157 Undoubtedlythe mostimportantregulationin C h i rbattérghistory, Thebatteryii Wh i t e

L i SRegalationsOnMar24,2015MIIT issuedhefi R e g u | oatheiStamadef Automotive
PowerBatteryl n d u <reatingagpvernmentapprovedvhitelist of batterymakers Only firms

meeting national standards could register and supply EV batteries. This design (effective May
2015) shut out foreign suppliers: Samsung SDI, LG Chem, Panasonic, etc., all failed to make the

list and halted China projects. Domestic champions (CATLDB&tc.) dominated the whitelist.

By 2018C h i nawabinstalledEV batterycapacityreachedb6.9GWh (+57%YoY); CATL alone
had23.4GWh (41%share)andBYD 11.4GWh (20%),thetop threeChinesdirms totaling~67%

of themarket.In sum,thewhitelistregulationsspurredapiddomesticscaleupandi monop ol i z e d.
Chinabds EV batt er-$gXgmowathik grddyuctioh agpadity frogn 20tL50to 20194

2016 20191 Whitelist Enforcement for EV Subsidies. Building on the 2015 rules, China
conditioned EV purchase subsidies on using batteries from approved domestic firms. From Jan
2016to Jun 201%nly EVswith batteriesnade byMIIT -whitelistedcompaniesould qualify for
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central subsidies. This loeabntent mandate sharply boosted Chinese suppliers: the share of
batterymodelson salein Chinasuppliedby Chinesdirms rosefrom ~70%in 2016to nearly90%

by 2019 (and fell once the policy lapsed). In practice, the policy redirected billions in consumer
rebates to Chinese battery makers, accelerating their learning and scale.

201971 White ListAbolition. OnJune 21, 2019 MII'Bcrapped the battery whitelist requirement .

The four existing Acatalogso of compliant con
beganallowing foreign-madebatteriesagain.This liberalizationopenedC h i rbattérgmarketto

global players; within months, LG and Samsung announced new Chinese factories. However, by
then domestic firms already had head start in scale and technology

20227 14th FiveYear Plan for Energy Storage. In March 2022 the NDRC and NEA issued an
Implementation Plan for New Energy Storage (d@&) . It explicitly targeted battery energy
storageprovincesvereurgedto install storageandatargetwassetof 30 GW of new(non-hydro)

storageby 2025.The planemphasizes markétasednvestmentgrid integration,andtechnology

R&D. By early 2022 over 20 provinces had storage plans totalings¥0The strategy also
mandated a 30% r educttsbyr202b, mimipgea makeVidhtterg stovagea g e«
commercially viable.

20227 SupplyChain Stabilization Notice. On Nov. 10, 2022 MIIT and the State Admin. for

Market Regulation issued a Notice on the coordinated and stable development of theidithium

battery industry supply chain. This guidance addressednatgrial shortageand overcapacity,
calling for rationalizing production capacity
rebalancehe boomingbatterysector(e.g.by cuttinglow-endoutput)andensuresteadymaterials

supply for EV and grid batteries.

20247 New BatteryIndustryStandardg¢Draft). In May 2024MIIT releasediraft revisionsto the
Lithium Battery Industry Specification Conditions (2024 Edition). Unlike the old mandatory
whitelist,thesenewguidelinesarenonbindingbut sethigherbenchmarksTheyimplementafi o n e

reducti on, one i ncreaseo pl an: reducing re
technol ogy/ R&D requirements. For exampl e, fi
demonstrate O50% capacity utThe draftexplicitymimdbte f or e
curb overcapacity and push small er, -gunaelfiftiyco e

growth in batteries.

20257 New Energy Storage 20287 Plan. In late 2024 (announced Sept 2025) the NDRC/NEA
issuedait S p eActiomRAlanfor Large ScaleConstructiorof New Energy Storagé20252 02 7 ) 0

. It set a national target of 1&W of new energy storage by 2027 (mostly batteries), nearly
doubling the 955W of storage in place by mi2025. The plan is backed by ~¥25dion in
investment and shifts from earlier mandates toward market mechanisms. It promotes storage
deploymenbn powerplantsandgrids, participationin ancillary servicesmarkets andfurthercost
declines Notably, this plan follows the scrappingof a 2022 storagemandategwhich hadforced
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co-locatedbatteriesvith newwind/solarprojects).n short,the2025 27 planchartsanew,market
oriented path to massivel.y scale Chinabds batt

ConclusionfromC A T Lcd@sastudyandChinapolicies

One thing which is very clear is that government will have to play a very important to role in
setting up supply chain in India by incentivizing both the manufactures and consélrezgy,

India is following the steps of China by introducing various similar schemes like FAME, PLI,
VGF, ESO,etc.Also, like thegamechangingwhitelist Indiangovernments mostprobablyenact
similarlawsfor batterycellin Indialike theydid it for solarsupportingocal playersandprotecting

them against foreign competition. From the case study of CATL, the player with the first mover
advantagehackedoy strongR&D inhouse ability to adaptandscaleasquickly aspossiblewould

the winner in the Indian BESS story.
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Valuation Perspective

GlobalPlayersnvolvedin BESSecosystem:

Particulars Market cap Capacity] Mcap/capacity| ROE %| ROCE % GP %| EBITDA %| PAT %

CATL 21,00,000 676 3,107| 22.80% 12.909 24.409 24.009 14%

GotionHi Tech 98,000 100 980| 4.709 1.609 18.009 10.309 3.409

CALB 53,000 90 589| 1.709 1.309 15.909 12.409 2.109

EVE 1,81,000 90 2,011| 11.309 7.809 17.409 12.609 8.409

FARASIS 31,000 28 1,107 NA| na|  11.309 4.80% -2.809

REPT 33,000 74 446 NA| NA| 4.149 0.409 -7.609

SunwodéElectric 62,000 45 1,378| 6.18% 4599 15.179 5.309 2.609

LG energy 5,21,000 350 1,489 NA| Ny 13.299 13.209 1.329

Greatpower 20,000 24.5 816| -4.96% -3.009 7.849 4.609 -4.069

SamsungDlI 1,06,000 NA NA| 3.03% 1.90% 23.739 12.909 3.619

Total 32,05,000 1,478

Total (ex CATL) 11,05,000 802

Valuation metrics Multiple

Market/GW 2169

Market/GW (Ex CATL) 137

P/E 25E 30.95

P/E 26E 30.4(

P/E 27E 16.15

EV/EBITDA 25E 18.2(

EV/EBITDA 26E 11.55

EV/EBITDA 27E 9.45

Chinavs| n d sotaiflayersvaluation:

CompanyName EV Trailing P/E|EV/EBITDA |EV/Revenue |ROE ROCE GP% EBITDA% |PAT% |(Wafer [Cell Module

Premier energy 461 44.7 21.4 14 53.60% 41.109 39.00% 29.009%4 15.67Y 3.7 5.1

Vikram solar 121 86.1 23 4 16.60% 26.409 25.009 14.0094  4.09% q [0 4.9

‘Websol Energy SystemLimited 55 27.5 17.4 8 80.20% 59.209 69.209 43.90% 26.809 q 1.7 o

‘WaareeEnergiesLimited 926 44.¢ 254 6 27.40Y 34.909 29.509 20.009 13.35% q 54 15
Average 50.6 21.9( 7.84

LONGiI 110.64 22.87 -61 1.44 -13.109 -8.609 0.009 -2.20% -5.609 170 80 12Q

Trina Solar 63.64 15.2¢ -22 0.9 -9.80% -3.309 7.709 -3.60% -2.609 55 75 95

JinkoSolar 62.0] 10.74 9 0.4 0.409 -0.509 6.409 7.809% -0.209 85 90 110

JA Solar 54.59 8.97 12 0.9 -15.309 -1.909 4.309 6.40% -1.109 85.9 85.9 95
Average 14.44 11 1.03

Premiumover Chinesemarket 3.50) 2.07| 7.63|

66



.

»‘i{
NIVESH 14

Below arethegraphs/representationsveringpointsnot coveredn detailabove.

Chemistries/technology
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Supply Chain

Diversification Of p/CAM Supply Is Gradually Shifting Regional Battery Material Consumption

CAM
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Morrocco, South Korea, &
Indonesia to be top midstream
producers outside China
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North America:

US.FTA countries:

Politically close 1o the US
Meets requirements for IRA EV
tax credit

Moroccois close to phosphate
resources

Europe:
* Close to end-use market
* Saving efforts to trace carbon

emissions for Battery Passport
* EU Rules of Origin reguiations.

Indonesia & Others:
= Close to mineral resources

* Lower labor and energy costs
« More straightforward

Policy uncertainties
High labor, material
costs + capex
Insufficient skiled labor
(North America)
Mining industry less
wiling to move into
midstream

Strict environmental
permitting

High labor and energy
costin some countries

Bureaucratic delays

Scrutiny on Chinese
ownership by USEU

Long distance to EUUS
markets + tariffs

Precursor and cathode material
production - the first point of
consumption for refined battery
chemicals - is gradually
expanding outside China

Asian producers are pivoting their
strategies to

where they can
command higher margins

European and North American
trade policies are also aimed at
incentivising ex.China supply

outside China are deterring
more profound overseas
investments

Therefore, supply clusters are
forming in what are seen as

like
South Korea, Morocco, and

InAdAnacia ta crinnbs maine markate

Material Suppliers - Market Share Breakdown

2024 Data

Cathode

“

Q

Hunan Yuneng (LFP)
@ Dynanonic (NCM)
® Hubei Wanrun
® ECOPRO
Ronbay
LOPAL
Xiamen Tungsten
® Ronbay
® BYD
@ Tianjin B&M
Other

a

» BTR New Energy
® Kaijin
® Zichen
® Shanshan Group
XFH
Shinzoom
Posco
® Resonac
® Mitsubishi Chemical
@ Sinuo
Other

Electrolyte

Tinci
@ Shenzhen Capchem
@ Guotai-Huarong
@ BYD Cell

MU lonic Solutions

Enchem

Central Glass

® Dongguan Shanshan

® Soulbrain
@ Dongwha Etec
Other

)

Separator

in
the active materials market. The
cathode industry is

many small players.

SEMCorp/JGP
@ Shenzhen Senior
@ Chinaly New Material
® SKIET
Asahi
Mingzhu
Toray
® W-Scope
® Celgard
@ Ube Maxell
Other

than others, with
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Investments

Others
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