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Introduction EUROBAT

EUROBAT represents industry- manufacturers and supply chain of
automotive and industrial batteries - at EU and national levels

All battery technologies — lead, lithium, sodium, nickel
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What drives battery manufacturers?

e Batteries are the cornerstone for
decarbonising power and mobility.

e Automotive and industrial battery market worth € 15 bn
in Europe and € 75 bn worldwide (2019). Forecasted to
rise to € 35 bn and € 130 bn respectively by 2030.

 Today’s key battery technologies — lead-based and
lithium-ion — will remain the most important and

will both undergo growth as we head towards 2030.

* Changes to the legislative framework on —
batteries required and under preparation — need —
to deliver fast on the new framework of Batteries S
Regulation, ELV Directive and REACH. i
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Battery Innovation Roadmap 2030: Purpose & Scope

Purpose
<F
* Highlights the strong innovation potential of all htinieal
battery technologies, looking forward to 2030.
* Shows how different technologies contribute to ‘% BATTERY K.':Lii?féﬁ
EU decarbonisation and « Green Recovery » net- | - %% = N i
. i i ="\
zero pollution targets. RS ya s
e O .
 Makes recommendations to EU policy-makers on
the Batteries Regulation, based on the EUROBAT
i i imi . EUROBAT
Election Manifesto, aiming to: 2pgt
v’ Secure future EU investment REPC-Hve
v Enhance growth, skills and jobs in the EU © ® e o

v’ Create a level playing field for all technologies



Scope:

AUTOMOTIVE

Batteries contribute to the
decarbonisation of the
European transport sector -
reducing CO: emissions via

STATIONARY ENERGY

Batteries are indispensable
for  storing  renewable
stationary energy coming
from solar and wind farms in

4 Areas — 12 Battery Applications

MOTIVE POWER

MATERIAL HANDLING

Batteries are a perfect fit for

—
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EUROBAT Battery Innovation Roadmap: Purpose & Scope

MOTIVE POWER

OFF-ROAD TRANSPORTATION

Batteries are widely used in

powering industrial vehicles rail, marine and air fransportation.

start/stop  batteries and : on grid and off grid such as forklifts and cranes, ’ The concepts of smart

innovative solutions in xEVs solutions.They also contribute while also reducing noise charging of road vehicles to
to a more stable and reliable and emissions. support the energy system is
grid. C e also relevant for off-road

because their wide deployment
and large energy capacities

B il

14 &%
* No one-size-fits-all battery technology

« Battery Innovation is an ongoing process, driven by the requirements of applications
* Europe’s battery sector has for decades had a market-driven innovation approach to
meet new demands
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Battery technologies: performance targets 2020 - 2030
Key Performance Indicators, Lead- and Nickel based
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Lead-based batteries

Strengths:
+ Recycling efficiency
+ Calendaric life (stationary)
+ Functional safety

Development potential :

- Rechargeability (automotive)
- Cycle life time (stationary)

Nickel-based batteries

Strengths:
+ Cold temperature performance (NiCad)
+ Fast recharge time

Development potential:
- Cycle life
- Calendaric life



Battery technologies: performance targets 20— 30

Lithium and summary
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Lithium-based batteries :
Strengths:
+ Specific energy density
+ Specific power density
+ High cycle life

Development potential:
- Recycling efficiency (and material
sourcing)
- Calendaric life

Comparing the 2030 outlook:

Li-ion: newest chemistry with highest

development potential for coming 10 years

- The established chemistries prove their
right of existence due to:

- Affordability
- Proven and reliable functionality
- Circular economy aspects
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EUROBAT Battery Innovation Roadmap
Area 1: Automotive Mobility

*  Micro-and Mild Hybrid Vehicles use 12V Start-Light-Ignition batteries and 12V Start-
Stop batteries (> 80% new vehicles in 2019). 99% of new cars utilise Pb-batteries.

* Key areas of development: capture regenerative braking energy, improve dynamic
charge acceptance, better temperature robustness

* Dominant technology by 2030: Pb-based, Lithium to penetrate with few percentages

* PHEV and EV traction batteries: mainly Li-on, LFP or NMC
* Key areas of development: volumetric energy density and preventing thermal runaway

* Solid state will help to increase the energy content and the security aspects in case of an
accident or other high physical stress

 Dominant technology by 2030: Lithium-based

* 12V Auxiliary Batteries are used in ICEs and x-EVs to support the 12V on-board net,
majority lead-based as an affordable and reliable energy source.

* Key areas of development: increase cycling life, energy efficiencies

* Dominant technology by 2030: Pb-based, lithium to penetrate with small percentage

* Heavy Duty Commercial Vehicles: Total cost of ownership is KPI for fleet operators

* Key areas of development: support hotelling functions through better energy supply
and deep-discharge capability.

* Dominant technology by 2030: Pb-based
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Area 2: Motive Power — Material Handling & logistics

Material handling & logistics market: mainly Pb batteries in forklifts (+/ 90%
market share).
v Noise and emissions legislation: battery forklifts replace ICE (73GWh by 2030).
v’ Lead to remain dominant (2030: 80% market share vs 15-30% for Li).
v Key advantages for Pb: counterweight and standardisation

* Key areas of development:
v’ Cycle life, charge efficiency, fast charge in a wide temp range and PSOC cyclability.

* Dominant technology in 2030:

* Automated Guided Vehicles and Carts (AGV/AGCs): transport systems operating
without direct human interaction and powered by lead, NiCd and lithium batteries.

f\" * Key areas of development: high volumetric energy and power density, broad

operation temp range and cyclability.
* Dominant technology in 2030: Q
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Area 3: Motive Power — Off-Road Transportation

* Railway batteries and railway standby: used in various applications today;
mainstream technologies: NiCd, lead and lithium.

* New applications for battery systems: hybridisation and electrification of rail
power traction. High energy, power density and cyclability suit lithium systems best
and fastest growing battery segment for railway applications.

* Key areas of development: volumetric energy density, lifetime and operation
temp range.

* Dominant technology in 2030 traction: auxiliary:

* Marine sector strong contributor to CO2 emissions and pollution. Lithium used
for hybrid/pure electric propulsion, lead for on-board auxiliary services.

* Key areas of development: gravimetric/volumetric energy density and
cyclability

* Dominant technology in 2030 traction: auxiliary:

O
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Area 4: Stationary Energy Storage Batteries Telecom/UPS

Global Telecom and industry (UPS): biggest segments in “stationary” market with highest volume and growth
in EU. UPS: data centres and commercial/industrial/health facilities; security, emergency lighting.

* Uninterrupted power supply (UPS): lead is the dominant technology providing
instant power if the main power source fails. Existing market with new requirements
where Lithium will have 7-18% market share by 2030.

* Key areas of development: power density, charge acceptance, high temperature
float life and fast rechargeability

« Dominant technology in 2030

* Telecom: largest income stream for lead batteries. Technical enhancement of
4G, 5G, and better telecom infrastructure key drivers for lead. Telecom batteries
are cells or blocks supplying power to ITC or telecom sites if the main power
source is unavailable/insufficient.

* Key areas of development: energy and power density, energy throughput,
charge acceptance and high temp operation.

* Dominant technology in 2030 o
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Area 4: Stationary Energy Storage Batteries RES behind the
meter/ESS batteries

« Renewable Energy Storage batteries behind the meter: supply load when
electricity costs are high or renewable power output low.
Main drivers: increased self-consumption and need for power continuity.
RES behind meter Both lead and lithium compete in this market, each with their own features.

* Key areas of development: design life and cyclability

* Dominant technology in 2030 Q

* Utility grid-scale energy storage (ESS batteries): batteries provide grid stability
in multiple ways - store energy quickly or feed in for grid compensation and
supply energy to an island power. Depending on requirements and grid-
functionalities, all battery technologies to be used.

* Key areas of development: cycle life, PSOC operation, power density, high
power discharge capability, and round-trip efficiency.

* Dominant technology in 2030 Q
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Concluding remarks

* Our Battery Innovation Roadmap 2030 demonstrates that:

v All battery technologies are complementary, each have specific features and significant
development potential

v Different battery chemistries powering numerous applications will continue to
evolve according to specific requirements

v" Developing all battery chemistries will maximize the contribution of our Industry to
meet the zero-pollution targets of Europe’s Green Deal by 2050

v' If the EU battery industry is to meet future demand — anticipated at 3x today’s volume
by 2030 — all 4 chemistries have to be able to play their role

v Having different manufacturing chemistries in our portfolio also provides strategic
advantages with regard to Europe’s competitiveness and self-sufficient sourcing
and manufacturing
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More information on our website

For the full report, please consult the
EUROBAT website — www.eurobat.org : E u Ro BA

1. Executive Summary

2. EUROBAT Battery Innovation B
Roadmap 2030 I

3. Technical Ahnex
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EUROBAT
Overview of the Batteries Regulation proposal

Francesco Gattiglio
Director EU Affairs & Policy, EUROBAT
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Each decision at EU level must be agreed by the 3 institutions of the
EU

* European Commission: the “Federal government” of the
EU, with power on energy, environment and internal
market policy

* European Parliament: 705 Members elected in the 27
Member States every 5 years, divided into 7 multinational
political groups

3

A
;/’///
/]

I

* European Council: represents the member states
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Types of acts:

Directive: it sets the principles and the targets, leaving relative freedom to
member states on how to achieve them. It needs to be translated into national
law.

Regulation: it is a detailed legislative act, immediately applicable in the entire EU
without need for translation into national law.

Secondary legislation (delegated/implementing acts): they define how a given
measure shall be implemented, or specify certain aspects of the primary acts
(for instance, formulas). The Commission has more power on these acts.



Batteries Regulation —timeline
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS
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Institutional Batteries Regulation milestones

2020

2021

2022

Publication proposal on a new batteries regulation

10

Public consultation on the Batteries Regulation (deadline: 1 March)

Development of Council position

Development of Parliament position

Negotiations Commission - Council- Parliament on the Batteries Regulation

Publication on the new Batteries Regulation

The Council is already discussing the proposal — meetings every 2 weeks, the
representatives are well aware of the key provisions and are already developing their

individual positions

The Parliament is more delayed — conflict of competences between 3 committees

(environment, energy and internal market)



Batteries Regulation — why this proposal? EUROBAT ~| -
The reasons Of the European CommiSSion ASSOCIATION OF EUROPEAN AUTOMOTIVE

AND INDUSTRIAL BATTERY MANUFACTURERS

 The Batteries Directive is outdated (2006) and it does not
consider new technologies and recent developments

* The Directive leaves too much room for interpretation to the
Member States — preferable to move to a Regulation

» Batteries (and specifically li-ion batteries for electric mobility)
are of strategic importance — Europe must produce them! Link
with the European Battery Alliance

* Production needs to be sustainable: competitiveness through
sustainability along the entire value chain (raw materials,
production, performances, reuse, recycling)



Batteries Regulation —key takeaways from EUROBAT EU ROBAT -1
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1. Good approach in general: considers the interaction between
chemicals management, environmental protection and
industrial strategy. But high administrative burden and issue of
compliance.

2. Approach on hazardous substances: new process duplicating
REACH. Duplications must be avoided!

3. EV batteries and industrial batteries with capacity above 2KWh
will have to comply with minimum requirements on due
diligence, performance, durability, recycled content and carbon
footprint to be placed on the EU market = basically, a ban of
batteries which are not « green »
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ca rbo n fo ot p ri nt (A rt 7’ An n ex 2) AND INDUSTRIAL BATTERY MANUFACTURERS

Scope: Electric vehicle batteries and rechargeable industrial batteries with internal storage and
a capacity above 2 kWh

July 2024 Carbon footprint declaration requirement enters into force
January 2026 Batteries shall bear a label indicating their carbon footprint performance class

July 2027 Batteries with values higher than the threshold for maximum carbon footprint

performance values cannot be placed on the market

The criteria for the methodology are tailored on lithium batteries — need to develop coherent
methodologies also for other chemistries

According to the Commission, performance classes and thresholds will be chemistry-specific: the point
is to compare lithium with lithium and lead with lead, not to compare different chemistries
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Performance and durability requirements (art 10,
Annex 4)

Scope: Electric vehicle batteries and rechargeable industrial batteries with internal storage and a
capacity above 2 kWh

1y after entry Obligation to declare values of electrochemical performance and durability parameters:
into force 1. Rated capacity (in Ah) and capacity fade (in %).
2. Power (in W) and power fade (in %).
3. Internal resistance (in Q) and internal resistance increase (in %).
4. Energy round trip efficiency and its fade (in %).
5. An indication of their expected life-time under the conditions for which they have
been designed.

January 2026 Batteries shall meet the minimum values to be placed in the EU market (developed by
the EC by 2024)

* The criteria for the methodology are tailored on lithium batteries — need to develop coherent
methodologies also for other chemistries

e According to the Commission, thresholds will be chemistry-specific: the point is to compare lithium
with lithium and lead with lead, not to compare different chemistries
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Recycled content (art 8)

Scope: Industrial batteries, electric vehicle batteries and automotive batteries with internal storage and a
capacity above 2 kWh

Metals: Lead, cobalt, lithium and nickel

January 2027 Obligation to declare the amount of cobalt, lead, lithium or nickel recovered from
waste present in active materials in each battery model and batch per manufacturing

plant. Methodology for calculation and verification of recycled content developed by EC
by 2025

January 2030 Minimum share: (a) 12% cobalt; (b) 85% lead; (c) 4% lithium; (d) 4% nickel
January 2035 Minimum share: (a) 20% cobalt; (b) 85 % lead; (c) 10% lithium; (d) 12% nickel.



Labelling (art 13, 15-20, Annex 6)

Timeline

Entry into force

Entry into force

2027

2023

2023

2027

2027

Label

CE marking + label on special risk, use or other danger linked to the use,
storage, treatment or transport + identification number of the notified
body that has carried out the conformity assessment

QR code, including all information below, plus carbon footprint, due
diligence, recycled content, EU declaration of conformity, end of life
information

Unique identifier for each individual battery (battery passport)

EUROBAT |

ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Battery

Unclear — portable and industrial only?

All batteries

industrial batteries and electric vehicle
batteries with internal storage and a
capacity above 2 kWh

Separate collection (wheeled bin)

Chemical symbol for Cd and Pb

Label with

1. the manufacturer’s name, registered trade name or trade mark;

2. the battery type, batch or serial number of the battery or other element
allowing its unequivocal identification;

3. battery model identifier;

4. date of manufacture;

5. date of placing on the market;

6. chemistry;

7. hazardous substances contained in the battery other than mercury,
cadmium or lead;

8. critical raw materials contained in the battery

Capacity label

All batteries

Batteries containing more than 0,002 %
cadmium or more than 0,004 % lead

All batteries

Automotive and rechargeable portable

To be included in the QR code AND as a printed or engraved label on the battery
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
AND INDUSTRIAL BATTERY MANUFACTURERS

Labelling & Battery passport (art 64-65)

By 1 January 2026, the Commission shall set up the electronic exchange system for
battery information with the information and data on rechargeable industrial batteries
and electric vehicle batteries with internal storage and a capacity above 2 kWh as laid
down in Annex XIII.

* 3 access levels: public, accredited economic operators and the Commission, Market
surveillance authorities

By 1 January 2026, each industrial battery and electric vehicle battery placed on the
market or put into service and whose capacity is higher than 2 kWh shall have an
electronic record (“battery passport”).

* The battery passport shall be unique for each individual battery and shall be identified
through a unique identifier printed or engraved on the battery.

EUROBAT consideration:
e Duplication? Label + QR code system + battery passport, information is often the same
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ASSOCIATION OF EUROPEAN AUTOMOTIVE
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Due diligence (art 39)

Obligations on due diligence laid down in Art 39 — extremely detailed!

Scope: rechargeable industrial batteries and electric-vehicle batteries with internal
storage and a capacity above 2 kWh

Raw materials covered by due diligence obligations (listed in Annex 10):
(a) cobalt;
(b) natural graphite;
* (c) lithium;
(d) nickel;
(e) chemical compounds based on the raw materials listed in points (a) to (f) which
are necessary for the manufacturing of the active materials of batteries.

EUROBAT considerations:

Automotive batteries not in the scope
Lead not included
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EUROBAT position

1. Streamline administrative processes for industry and national authorities

2. Similar sustainability requirements should also be developed for products directly competing with
electrochemical batteries, to correctly inform the user and support them in making the most
sustainable choice

3. Adjust the number of secondary acts to where it is really impactful and propose adequate
timelines to develop robust methodologies (e.g. on carbon footprint)

4. Re-assess the numerical targets once the methodologies have been developed

5. Clarify how the market access criteria on batteries will be tested and enforced, especially for those
batteries imported into the EU

6. Make use of the well-established REACH and OSH Regulations when regulating hazardous
substances in batteries and refrain from creating a new parallel process in the Batteries Regulation

7. Focus the scope of sustainability criteria on “electric vehicle batteries” and “stationary energy
storage batteries”

8. Consider the specificities of each battery technology and application when developing these
sustainability methodologies
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EUROBAT position

9. Standards should be developed by Standardisation Committees, not by the Commission; hence,
we strongly recommend removing Article 16

10. Adopt a careful approach on recycled content, assessing the possibility of establishing targets only
after a detailed methodology has been adopted

11. Avoid duplication of labelling and information systems, and clarify the purpose and audience of
the information and information systems

12. EUROBAT supports the obligation to establish supply chain due diligence policies

13. Clarify unequivocally which actor must be considered as the producer in view of the application of
the extended producer responsibility

14. Include a grandfather clause to avoid the retroactive application of the regulation

Full position paper available here


https://www.eurobat.org/news-publications/position-papers/484-position-paper-on-the-proposal-for-a-regulation-2020-353-concerning-batteries-and-waste-batteries
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EUROBAT advocacy plan — lobbying activities

Network of contacts with Commission, Parliament and Council already developed in the
past 2 years, and supported by Charge The Future

January-February 2021.:

e 2 joint meeting with Commission officials in charge of the proposal

* Meetings with 26 permanent representations

* Meetings with 15 members of the European Parliament

* Regular exchange with other Brussels-based stakeholders and associations

Meetings will take place with all relevant legislators and stakeholders in the course of 2021
and 2022. When possible/relevant, EUROBAT members directly involved in the
meetings/site visits.

11 March: EUROBAT webinar to discuss the proposal
* Keynote speech of EUROBAT President and the Portuguese presidency
* Presentation on the battery market from C. Pillot (Avicenne)
e Panel discussion with 2 EUROBAT members, OEM and one member of the European
Parliament
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Thank You

For more information
Contact:

eurobat@eurobat.org

WWW.eurobat.org
+32 2 761 1653

y @eurobat_org
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Genesis I 1286 (-435%)
Jaguar I 963 [-44,6%) y
smart 56 (925%) FIPEMl/Ié\ﬂbH bl
EIMEHT

Subaru I 6 240 (-188%) B B 2020 rop
FAW I 2692 (+772%) ) )
Honda | 1508 [-179%) 91% e 7 9%
Lifan | 1384 (-651%) 1341 041 06bEM MPOAAX, LUT. 145 516
P94z [-39.1%) -91% IVHaMUKa, % T7%

Citroen ' 914 (-22,3%)

Peugeot | 912 (-415%)

AcTtouHuk: AUTOSTAT-RADAR, naHHble 3a 2020 rof

\V/\/ABTOCTAT =~

www.autostat.ru ——
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CTpyKTYpa aBTOMOBUIBHOMO PhiHka Poccum no knaccam B 2020 romy
A 5|24 | 02%

B 205589 toic. | 376%
C 231|596 1oic. | 40%

SUVB 24 | 2049 wic. | 138%
SUVC 51| 3163 i | 213%

SUVD 37 | 1315 . | 88%

515% | 485%

D 25| 713 mwic. | 48% oon 070 SUVE 38 | 681 me.| 46%
149 mnH wryk
E/F 26207 wic. | 14% 290 8CEro SUV:

> Moﬂe”e”& 15117208 1o, | 485%
OCTATIBHBIE - @B

LAV/MPV 71396 thic. | 27% = PickUp 88,8 Tbic. | 06% = Coupe/Cabriolet 25|45 Tbic. | 0.3%

MpyMeYaH1e: KONMYECTBO MofIeNei Ha poiHke | 00BEM phiHKa | A0NA pPhiHKa WcToyHmk: AEB, ouerka ABTOCTAT, faHHble 3a 2020 rof,

www.autostat.ru ——
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CermeHT SUV BbIpOC [0 48,57 pPblHKA

CerMeHT MOAENU 2019 2020 20/19 nond  Moaenu / nupepsl CermexTa
Hyundai Creta
SUV(B) a 208356 204886 2% 28% Renault Duster
LADA 4x4
Toyota RAV4
SUV(C)] 5 3wsss 38270 0% 42 Volkswagen Tiguan
KIA Sportage
Skoda Kodiag
SUV(D] 37 52851 131526 1% 20% %JAZ Patriot MACCOBBI —> 86%
oyota LC Prado
NPEMWIYM  —> 14%
BMW X5
SUVI(E) 39 72334 6813 6% 10% MercedesGLE/Coupe  4WD  —> 68%
Sl e WD —> 3%
BCEIO Bt 750875 720795 4% 100%

WcTouHuk: AEB, ouerka ABTOCTAT, fanHble 3a 2020 rof,

www.autostat.ru
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PernoHanbHas CTPYKTYpa PbiHKa HOBbIX NETKOBbIX aBTOMOBMNEN

MOCKBa CH6+

300" 643/ —5,4/0

LOO* 1813 /754 100225 /+8,6%
YOO 1464 /- 35%

(0 3530 /-53%

1000 1322 /-11% CP0 1038 /-29%

CKOO 419 /-13.2%
D0 49 /132 06b&M pbiHKa [Tbic. WT) / AuHaMmka k 2019 roay (%)
() L®O u G300 (63 Mocksbi+ 1 Cr6+) NeTouHMK: AUTOSTAT-RADAR, M0 [JaHHbIM pericTpaLiii

www.autostat.ru

i
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[lnnepckme cetn Nerkosblx asToMobunen 8 2020 romy

Npoaaxu Ha ouH 2019 2020

ﬂMﬂepCKMM ueHT[{, MaCCOBbM 523 498
AHBapb OTKpbINoChb aBToMo6unen npeMuanbhbiit 286 283
2020

BCero 484 463

53/0

OWNNepcKux
LleHTpOB

5210

AnnepckKmnx
LEHTPOB

2021
AHBapb

3aKpbinocb

Ha POCCHIACKOM PbIHKE 56
Mapok

NpefcTaBneHo

CaMble BonbLLWe OUIepcKue CeT CaMbli B0MbLLON pocT camoe B0MbLLIOE COKPaLLeHne
LADA 299 Chery +34 Chevrolet (Niva) -122
KIA 199 Changan +54 Hawtai -38
Hyundai 190 Geely +20 Lifan -39
Renault 152 Haval +18 Ravon -3l
Volkswagen ——— 128 FAW +18 Datsun -23

WUeToyHnk: ABTOCTAT, nanHble 3a 2020 rop

www.autostat.ru —
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AHANMTUYECKOE ATEHTCTBO

[Ipofaxi HoBbIX aBToMObKNen Ha 1000 xuTenen no GenepanbHbIM OKpyram

2 B
48 C DE,D,H ne npoad )KM ¥ - e NPOAAXY aBTOMOGHNEIA, ThIC. LUTYK
Ha 1000 »xutenen -0 . SEENG MIHYeN.  popwe 20/19  cnpoberov  20/19
10/38) foroccm k - Mockea 127 1964 % 200 0%
HOBble/C I'IDOE]BFOM Jl@ 55 @ ' ' e ' 0

o6 54 862 -10% 1569 +4%
noo 203 330 5% 10809 +4%
CanT-Tetepbypr UDC* 124 2918 9% 10488 (0%

. COO 268 1038 -3% T647  +2%
MOCKB3 N [lancHesocTouHbI QO
Cepepo-3anapHbiit 00 ol 86 1322 7% SMB 0%

@ lelppalbg D Ypansckuii G0 0 01 WG4 3% 5085 +2%
Mpveomxckuit OO C3Q0* 171 869 8% H0H +1%
{0xHbIA QO Cubnpckuit GO 100 90 25  +9% 30  +5%

CBBBDO—KSBKS3CKMI71 00 CKDO 82 N9 1% 3638 1%
UTOro 64d4 14610 -8% 54965 +2%

* be3 yuéta MockBblI
** Be3 yyéra CaHkT-MNetepbypra

NcToununk: AUTOSTAT-RADAR, oueHka ABTOCTAT, naHHble 3a 2020 rog

www.autostat.ru ——




254 231 234
............... OO
+25j% +H% -D,g% . ) rl 78
- P S
8100 “gopoo0  PRwdd o O
12% 55/ 1001600 i -40%
276 | -10,3%
2,61 , SVeind
2,34 1197 400 %— 7‘?53
02
149 o
PbIHOK HOBbIX ) 131
NIErKOBbIX aBTOMObUNEN,
MJH LLITYK
2012 2013 2014 2015 2016

McToyHmk: oueHka ABTOCTAT, no gaHHbiM 3a 2020 ron

o
st

S\ elnd
1335400
+12,5%
148

2017

HHHHHHHHHHHHHHHHHHHHHH

035 B
O ....... +6}8% L2
+221% |

CPEOHEB3BELLEHHas LeHa
aBToMobKNg, pybnen

Ol Qe 4
1439500 1575000 %85 400
A33% 2% aqy
167 163 149
2018 2019 2020

www.autostat.ru
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AMCTDLIHVIK: [laHHble o ueHaM - ABTOCTAT, aMHaMuka KypcoB BankT K pybnio - Lib PO, aaxHble 3a 2020 ron

/\VABTOCTAT —

[InHammka LeH HOBbIX NErKOBbIX aBTOMOOMAEN 1 KYpCOB BaMlOT

1 001,6 CpenHeB3BeLleHHas LigHa aBToMobuna (anHamuka k 2014 roay) 1 680,0
O B/ 1074 b B (195%) | 13079 Teionu P (306%) | 13354 Tooau B (333%) | 14395 Teicnu @ [537%) ‘ 1570, Teicau B (567% ‘ e (677%)

eHa loaHb  eBpo
100% [

nonan GOBYN +0P% +83% (+84%

clua (1907

80%

A R

[HaMKKa LIeH

[IMHAMMKa
K npeqbiayLLemMy rogy

+195% +92% +21% +1.8% +91% +1 0%

2014 2015 2016 2017

2M8 2019 2020

www.autostat.rd ——
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MeToL0N0rMg NPOrHo31poBaHKS aBTOMOOWABHOM PbIHKA

AHANHTHUYECKOE ATEHTCTBO

S oo i | dmee (1) MatemaTiieckue METOLbl v MORENH

JIETKOBbIX NPOrHO3ax BHELHWX roCynapcisa, MONUTHYECKOA U
asToMoOunen [IJE KTOpOB B KaCatoLLMXCA couknanbHo-

B 2009/20 ropax MHTEPECYEMbIii aBTONPOMA W PhiHKa 3KOHOMUYECKON @ 3KCI‘IEDTH bleé OLLeHKH!

nepuon CHUTyaLkn

[pUMEDbI KOPPENaLMY GaKTOPOB, BAMSIOLLIX HA PbIHOK @BTOMOBUNEN, C 0BbEMOM NPOLaX

\V/ \L J, U/ dakTOop

Ko3hhMUMEHT KoppenaLnH

Da 3M BpHOCTb HaKTOpa ¢ ronoesIM DE‘béMOM
noKasartens b
3KCMEePTHbIN v 3KCNEDPTHbIH
NpOrHo3 npoaax MareMartu4eckmne MoOenu pbiHka N NPOrHo3 QJE]KTODOB [:peﬂ,HBI'Oﬂ,OBaﬂ LeHa
ponn. CLUA/6appens 097
| HedTH Mapky Brent
b [onoBOW 06bEM 3KCTIOpTa mnpg aonn. CLLUA 09
aHau3, CpaBHEHWE NOMY4YEHHbIX PEsyNbTaToB - o U 7
I KOPPEKTMPOBKA NPOrHO3a VHnexc OﬁOpOTa PO3HWUHHOW TOProBN (] :
\L.« Cpeﬂ,HeB3BBLUBHHaﬂ ThiCSY pyﬁﬂem 0’5
: rofoBas LigHa aBToMObuMNS
MPOrHO3 Npoaax aBToMobuneit Ha poiHke PO
B VHTEPECYEMEIV NMEPHOL COOTHOLLEHWE CPENHEE3BELLIEHHON
LieHbl BBTOMOBUNA W CPBAHEMECAIHOA  ThiC. pyBRed/Thic. pybneit -08

HAYMCTIEHHON 3apnnatol

NcTouHKK: oleHka ABTOCTAT

www.autostat.ru

V\/ABTOCTAT ~
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[IpOrHO3 PbIHKa HOBBIX NErkoBbIX aBToMObUnen Ha 2021 rof

TTTTTTTTTTTTTTTTTTT

11 108

MPOrHo3 0a30BbIN

'ﬂ NPONAXH HOBbIX ABTOMOGWNEN, MAH LT

2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016 2017 2018 2019 2020

n LieHa bappens HedTn Mapku Brent, USD

ONTUMUCTUYHBIN

NEeCCUMUCTAYHbIN

2021

— A

WNcTouknk: AHpeke, ABTOCTAT, (*) nporHos ABTOCTAT

www.autostat.ru —
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TUMECKOE ATEHTCTBO

Koppengums LeH Ha HedTb v NPoLaX aBTOMObUNEN COXpaHIeTcy

TbICAY LUTYK
300 1

250 1

200+

150 1

1004

50 1

— A

TpeHa HEeCET YCTONUMBbIN XapaKTep

B IO/IOCPOYHOM MNiaHe. Ha KOpOTKOM
NPOMEXYTKE BPEMEHMN U NPY HEOONbLUMX
KONebaHusax npsmMomn 3aBUCUMOCTH

He HabnoaaeTcs.

s\ EXEMECAUHbIE NPOLAXM 3BTO
& ©

"

n eXeMecauHas LeHa 6appens HedTi Mapku Brent

HedTb, USD / 6appenb -

250

200

+100

50

2000 2001 2002 2003 2004 2005 2006 2007

NcTounmk: dHnexc, ABTOCTAT

2008 2009 2010 20m 2012 2013 2014 2015 2016

2017

2018

2019 2020

www.autostat.ru ——
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Cnpoc Ha aBTOMOOWNY B 3aBMCUMOCTY OT JOXOL0B Haceﬂeva

e ‘ «ONUrapxm»

iz
0 OvYeHb boratble

borarble BoraTble

O [loporve HoBble MHOMaPKK a4ns ceds

O WHoMapKK «MonpoLLe» B Ka4ecTse 2-3
aBTOMOBINS «B CEMbIO»

O MNogepxaHHble (3-5 NeT) MHOMapPKK MOKCOBbIX
BPEHOOB B XOPOLUEM COCTOSHIM

XOPOLLO 0Becne4eHHbIe

360/0 0becrneyeHHble

CpeaHui
Knace YyTb HUXKE CPELHEro

(O HoBble MHOMapKK CPeaHero Knacca

O HoBble «BIOIXETHbIE» UHOMEPKM

O MNopepxaHHble [3-7 net) B XopoLLem CoCTOSHMN

O HoBble 0TEYECTBEHHbIE aBTOMOGUIN

O MNopepxaHHble poccumckie [3-7 neT) i
uxomapku (5-10 nert)

\/

HaCenexne

207
807t

notpednexne

\ Mano 0becneyeHHble

¢ 600/0 benHble
ﬂ BeaHble e

O TMopepxaHHble poccuiickue (o1 7 net) u
uHomapku (ot 10 net)
O Astoxnam [cTommMocTbio 4o 100 Thic. py6.)
.. 0BLLIECTBEHHbIN TPAHCNOPT ...

WcTouHmk: Pocetar, ougHka ABTOCTAT

/NN

www.autostat.ry ——
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MAPKETWHIOBbIV OTYET

IPOTHO3

POCCIMCKON 0 PbIHKA
HOBbIX JIErKOBbIX
ABTOMOBWTIEN
HA 2021 100

(EXXEMECAYHbIV MOHUTOPUHI)

AAAAAAAAAAAAAAAAAAAAAAA

[NaBHOWN OTVYUTENBHON 0CODEHHOCTHIO

| 0TYETa 9BNISETCH eXEMECHYHbINU MOHUTOPWUHT

CUTyalumn B 3KOHOMUKE W Ha dBTOPbBIHKE,
dHAJIN3 PEaJIbHbIX MTOKa3aTesien u
OueHKa COOTBETCTBUA UX CLLeHaPWAM TPOIrH03a.

www.autostat.ru
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MEH(ﬂyHapOﬂ,Haﬂ Hay4HO-TEXHNYEeCKad KE}HdJBpEHLI,VIFI - Battery
«Battery Innovation 2021» Innovation
18 mapra 2021 roga
ONLINE

CIMACBO 3A BHAMAHWE!

Cepren LEJTNKOB
ANPEKTOP

Ten.: +7 (499) 685-01-51, +7 (8482) 60-55-53
e-mail: lol@autostat.ru

www.autostat.ru




P~ Battery
Innovation

The Third International Scientific and
Technical Conference
«Battery Innovation 2021»

Togliatti. March 18t, 2021



P~ Battery
Innovation

AKOM goals and achievements in the markets. The
business prospects in Russia after COVID-19

DMITRY KOZYLBASHEV

CHIEF BUSINESS OFFICER
AKOM GROUP



P~ Battery
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AGENDA

mms Transfer of technologies to Russia & AKOM history
mms OEM, AM markets in Russia & AKOM performance
==z New directions of the business (generally)

mms The business prospects in Russia after COVID-19



MILESTONES

OUR PRESENCE AT THE GLOBAL MARKET

=

2003-2004
2002 ALL-CSBL‘IJ_'I[')I;JYPBO:TTERY

DISTRIBUTION NETWORK

FIRST BATTERY

PRODUCTION FACILITY

LAUNCH

4=

METALLURGICAL
PLANT LAUNCH

2005 - 2010
JOINT VENTURE WITH
VARTA (JCI)
2001 - 2004 Qi
JOINT VENTURE ¥ .
(EXIDE) .'

2008-2010

2006

FROM LOCAL
PRODUCTION UNIT
-TO THE HOLDING

STRUCTURE

LEADERSHIP AT
RUSSIAN
MARKET IN
TERMS OF
MARKET SHARE
AND
PRODUCTION
VOLUMES

g

Battery
Innovation

2016 -
2017

PRODUCTION CAPACITY BOOSTING UP TO

3.5 MIO PCS/ANNUALLY,
NEW TECHNOLOGIES,
MANUFACTURED PRODUCT RANGE
EXPANDING

NEW DIRECTIONS OF
DEVLOPMENT:

*INDUSTRIAL BATTERIES;

*LI-ION ENERGY STORAGE



TRANSFER OF TECHNOLOGIES P~ Battery

Innovation

Assembly and formation

Z'yggg 2002 tectmologies smce 2003
- “L"M 4‘ /

2005 ~ FEtelechnoloes  gince 2008 @
MVARTA w=) § — S

,

—

RENAULT NISSA

since 2017 since 2019
. 2016 AM
WEEL
2018 ESS Li-ion NMC systems in since 2020 ESS for

|
TESVOLT oy i 50
THE ENERGY STORAGE EXPERTS | POWERS h

It

—> pla
2019 Panzer electrode i since 2020 ESS for
e Eternity m=) .50, a =) JO0

| p—

circulation



EXECUTIVE SUMMARY

AM-market

v' 45 PARTNERS IN 33
RUSSIAN REGIONS

v 26 PARTNERS IN 18
COUNTRIES

v' 3 PARTNERS IN
European Union

v NEW PARTNERS IN THE
MIDDLE EAST AND EU
COUNTRIES

@»

/

GM-AVTOVAZ

A

PEUGEOT

/-
)

OEM-market

ABTOBA3

| —

RENAULT NISSAN

N\
© NETEPBYPICKMM

Il
i

/4

AN

CITROEN

INDUSTRIAL

TPAKTOPHbIW 3ABOJ

=
©)
=
o
-

Kaza khstan

Greece

H
Belarus

Kyrgyzstan

Uzbekistan

Mongolla

> Battery
Innovanon

Macedonia

Montenegro

-

Azerbaijan
+ +

+ +

Ukraine

Tajikistan

Export

Georgia

Moldova

Share — 14,6%

New OEM 2021

& |

) '. Bulgaria
TOYOTA KAMAZ Poland
Export Share —

66,6%

Turkmenistan

Share — 59,6%
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Production in 2020 is 7 577 142 parts - 5,7% VS 2019

30% 28% AKOM share in a production in 2020 &
25% forecast 2021
o 17%
20%
. 13% _ 8 800 450
15% 1OA> % 7 577 142
10% % 6%
5% I I I 1% 1%
0% -
C A & AN o
o o . X
?%9 «?’ \FV' v\p'@ «\io é'QQ ¥ A6 &\0 &?’ 28% 32% AKOM
2
< S A —— m Market volume
Market capacity in 2020 is 8 715 409 - 6,2% VS 2019
14.39% Shares in sales , %
AKOM share in sales & forecast, %
9 540 800
13,5% 8 715 409
12.8%
11,9% ’
91% T2
60/0 570/0
54%
2% 1,7% 0
% 1,40/:’2/?] 20/:’0% 00!2% 0,0%
I l I n ot 08% gy
i Em= 14,30% = AKOM
0@ «‘af {33’ J}\ o‘& 5(:.‘\ Qsj/ Oo 0\ «Q Q-é?' 0\«/ &Q’ ﬁzﬁ *'OQ-‘ v‘:o?' vg‘.’.‘ @Q‘} ((}'6 @a@
W+ = <5 Q@* Qo-‘ oéF' 09‘3' ‘S'oo S G;k" 6@8 ‘5‘ @’-‘ o m Market
AN 5 o o8 & Y .gef? SR RO A volume
= T P L 7
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OEM OVERVIEW (CKD)

2020 2021 2022
41 4% 41,2% 41%
58,6% 58,8% 59%
AKOM = Others n AKOM = Others L AKOM = Others L
: : : 4% 3%
mma CKD OEM Automotive in Russia 2% 2% 2%
has accomplished much better in > :. :.

2019 VS forecast (has been done S —

by many famous agencies) _ 2 2021 2022

mmm AKOM was even better than
market and plan continue as well 6% -5%
with the share of ~60% . 7% [ OEM Market B AKOM
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AKOM Power Unit in Electric Railway Transport

*ESS based on maintenance-free PzV battery cells

*OES market - ED-4M electric train cars
*OEM - EP2D/EP3D electric train cars
*OEM — subway cars 81-775/776/777 series

eEliminates the need for battery maintenance

e|ncreases the battery service life from 3 years to 7 years
(OES)

*Remote monitor the status of the battery (ESS)

sInverter unit with charge/discharge control system, battery condition
monitoring, temperature control, with monitoring system (analogue to BMS in
ESS Li-ion)

-Battery of lead-acid PzV cells with gel-type electrolyte

*Payback period in OES market when changing over to AKOM power unit is 3 years

Consumer OpEx savings are about $100/electric train unit per year (during the
declared lifetime)

*05.08.2020 - design developed, factory tests passed

+20.08.2020 - start of the controlled operation of 2 samples in OES market (Kuybyshevskaya
Railway)

+25.04.2021 - completion of controlled operation 9
*04.10.2021 - start of series production for OES market



AKOM in the Railway Market. Development

P~ Battery

Innovation

Passenger transport
(ET UAE project partner)

Tractive ESS
(project partners -TESVOLT Germany and
mar Tran rt Universi

*PzS, PzV type lead-acid batteries, modules
and carriage batteries

*OES market - single-deck passenger railway
cars built by TVZ (TMHolding) RF and Germany
*OEM - 61-44 and 61-45 series single-deck and

double-deck passenger railway cars built by
TVZ RF (TMHolding)

eIncreased energy capacity - 36W/kg (validated
analogues - 32W/kg)

eMaintenance interval (for liquid batteries) -
reduced by 2.5 times

*Special design of the Panzer electrodes
(stationary OPzS, OPzV technology)

*Pure alloys and original formulation (water
consumption reduced)

*The cost of the battery set is 7-9% lower than imported
lead analogues and 1+2% lower than alkaline local ones

*AKOM logistics solutions (geo-positioning)

+25.06.2020 - design developed, production
tests completed

+20.10.2020 — start of the controlled operation
of 5 battery sets

*01.11.2020 - start of serial production

*Tractive electric energy storage system based
on Li-ion modules with NMC technology cells

*OES market - system for energy storage from
regeneration of locomotive braking and tractive
power supply for acceleration (tractive power
supply system for electrified railways)

eImproving the reliability of tractive power supply and
increasing the capacity of railways

eExtending the service life of electrical equipment of tractive
substations

*Mobile system for railway transport

*Energy converter with top level BMS system

*TESVOLT BMS system with charge/discharge and
condition monitoring, temperature control

*Battery modules with Samsung prismatic NMC Li-ion
cells

«Software  technical complex for  control  of
accumulation/tractive supply schedule of locomotives

*Energy savings for train pulling — over
$225,000/year

*Payback period for 1 ESS - 3.8 years

*31.08.2020 - ESS simulation at the actual schedule
of Kuybyshevskaya Railway traffic
+09.09.2020 - feasibility study

*November, 2021 - development and manufacture
of the first prototype

10
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AFTER COVID 19

11
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PAST FORECAST ANALYSIS

1800 = . .
= _— Lo — . Lo ® Forecast of Russian vehicle sales based
1587 1568 N .
SKOLKOVO on different market scenarios
1500 e Carsabes by wnit)
— § 307 —
%.,,, | e
L2 1122 1140 T -
a5 —
979 980 980 960 0 | - e
aa2 25 + o =LY 20%
900 808 820 820 832 827 | 201 / |—+=Crats 2014)
15 T
L0+
. 462 ™
" il 20E 2009 2010 a1 Az F2013  FI014 FhAMS  FNME  FIDIT7  F2018  FAMS  F0N  FIOX FROI2
300 3 Market scenarios
= Scenario 1: Vehicle sales increase as per forecast of E&Y report of 2012,
= Scenario 2: Vehicle sales increase as per forecast of E&Y report of 2012 with -20% growth*.
0 — == == = = S o — = 1 = I ® Scenario 3: Vehicle sales hit a crisis in 2014, recover in 3 years (a5 in 2008) and steady
Russian Automotive ABTOCTAT AEB KNACTEP Boston Consulting PWC EURussia Partners LLC CPEJHEE growth.
Market Research Group TR —— s cow Sch m rent SKOLKO * Imerview with ers

CANVARU R AL Aryem ry.) dvavara s ine

|cpemmit ypoBeHs sarpyski: 63%; | s : }f
"m\mop'r: 0,9 WIH a/M; . )

h3](())'(0[)7‘(‘: 0,1 MJIH a/m

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Herowmux: anams PwC

2018 2019 2020

www.autostat.ru —
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FORECAST FROM THE LEADER B g Battery

EU motive&stationary battery demand and supply, MWh
(EUROBAT, December 2020)

== |n Europe lead-acid 20000
batteries demand in the I
COVID period dropped -
and will recover finally by S 10000
2030 .
== Ni Cd demand in Europe il I ‘
will not recover at all as Li R R N L L e e
Ion |S taklng the pOSItlon 2015201620172018201920202021202220232024202520262027202820292030
[ ] Lead aC|d batterles M lead-Acid M Ni-Cd M Li-ion (only Demand)

remain chipper VS others
in term of the $/KWh

mms |0 Russia we may get the
same quite deep research

ihe industral marker o LLLL NI ‘ ‘ ‘ ‘ ‘

20152016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
== Currently we may use

EU motive&stationary battery demand and supply, M€
6000 (EUROBAT, December 2020)

4000

M€

European forecast, W lead-Acid MNi-Cd M Li-ion (only Demand)
however Wlth a de|ay Of 5 EU motive&stationary battery demand and supply, $/kWh
J
(EUROBAT, December 2020)
years at least ?
800
= 600
E 400
S~
o FRRRRRRE
OIIIIIIIIIIIIIIIl
6 A x o A
B S R A R O U S U

M Lead-Acid M Ni-Cd ™ Li-ion (only Demand) 13



FORECAST short term

mms= |mport has
dropped
mms High prices of
import will remain
logistic cost,
/Euro/Rub )

mmn OEM Automotive
will be fluctuated a
little bit in 2021 -
2022

= AGM& EFB
batteries demand
will be growing

mma Ruyssian Railway
business:
passengers cars
service and
production ?

Battery
Innovation

Forecast of batteries market 2021-2022.

9 832 821

l 9 288 682

s s

1800
1600
1400
1200
1000
800
600
400
200

10 017 840
9 540 800
8 715 961
™
Vv "I/ <.
S S o

%

OEM Automotive in Russia short term
forecast, thousand

1519.8 1550,196

1383
1150 I 1250 I I

2021 2022
CKD OEM wmMarket OEM
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P~ Battery

Innovation




P~ Battery
Innovation

TpeTbA MeXayHapoaHas
Hay4YHO-TeXHU4Yeckana KoHdepeHUUA
«Battery Innovation 2021»

r. o. TonbatTn, 18 mapra 2021 r.



P~ Battery
Innovation

«PEWLEHUE BOMNMPOCOB UMIMNOPTO3AMELLEHUA,
COBPEMEHHbIE TEXHOJIO'MA U MUHHOBALIUA
B MPON3BOACTBE AKB
Ha AO «TFOMEHCKUU AKKYMYNATOPHbIUA 3ABO»

Tonmauées
Oner mutpneBuny

N.O. maBHOro nHxeHepa
AO «THOMEHCKNI akKKYyMYIIATOPHbIN 3aBO»
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NepepaboTka cBMHLUA U Nofly4YeHue cnyaBoB

000 «3KOPECYPC»

NMnHua MexaHM3MpOBaHHOﬁ pa3aesikum
AKKYMYIATOPHOIo JyioMa

FoToBasa npoaykuusa
(cBMHeL u cBUHLOBbLIE CNaBbl) PotopHas kopoTtkobapabaHHas neub NPKC-12



§ P~ Battery
npOM3BOﬂ,CTBO NOJINITUITIEHOBOU cenapauuun Innovation

JNlnuua pna npounssoactea PE cenapatopa U3 ynsTpaBbICOKOMOSEKYNAPHOro NOfIM3TUIEHa
ONA BceX TUNoB CBUHLOBO-KMCNOTHbLIX AKB
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~) Batter
NMpounssoacteo «AGM» cenapauuu ! d Innova\’éion

JlnHmna gna npousBoacTBa cenapauum u3 abcopompyrowero CTeKNoBONoKHa ANnsA BCeX TUNOB
CBUHLIOBO-KMCNOTHbLIX AKB nsroraBnuBaembix no texHonorum «<AGM» (AbsorbentGlass Matt)
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[Mpon3BoacTBO NnacTMaccoBbIX .
Innovation

komnnektywowumux ana AKb

OO0 «PACABUT»

L

OO0 «AKKYMYNATOpPHbIE
MOHOONOKN»
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npOM3BO,qCTBO CBUHLOBbIX BTynOK .
Innovation

MeTOAOM LWUTaMNOBKU

NMPEMMYLLECTBA

® OnTumansHoOe coeavHeHne NoMCHOro
BbIBOAA C MNONMMPONUIEHOM KPbILLIKW
akKymynsitopa

® J1aBMPUHTHAsA KOHCTPYKLUMS MIb3bl
NpensaTCTBYET NPOHUKHOBEHWUIO KMCNOThI
yepes NabupuHT

® CrnaxeHHas NoBepXHOCTb NabupuHTa
CBOAMT K MUHVMMYMY 3a30p

® CneuvanbHas o6paboTka NOBEpPXHOCTH
BbIBOAA FAPaHTUPYET YyHLLEHHbII
BHELUHWI BUA, U 3aLLMTY NPOTUB

OKu1cneHuna
Nonwchoil Bwigog Nonwchoii BwiBog
HAKH 714371.031 [+/}] HAKH 714571.034
#1954,
ons 5 N - 231, _
d | A2 il w215,

SR o176"% N
N ~

2104

_RI5
12 paduycol
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NMpurotoBneHue pacwumnputens .
Innovation

n conroca Ansa namku

Cyxou pacwupuTtenb Mapku «AE-12»

npeaHa3Ha4yeH Ans UCNonb30BaHUSA B KavyecTBe
nob6aBKu B oTpMuUaTenbHYK Nacty npu npomsBoacTee
CBUHLIOBO-KMCIOTHbIX aKKyMYJATOPOB

Mokasarenb 3HauyeHue

BHewHin Bua [MopoLok YepHoro useta

HacbinHasa macca, r/cm’, He 6onee 700
’ !

BnaxHocTtb, % He 6onee 3

Ph BoaHoM cycneHsuu 10 + 0,05

Maccosas pons xenesa (Fe), % He 6onee 0,02

Maccosas gonsi xnop-uoHoB (Cl-),% He 6onee 0,01

CopepxxaHue 30bl, % 57 - 61

G TYUMEN BATTERY

®dntoc mapku FTA-12 o6ecneumBaeT 3awuTy ot OMKC FTAA2
OKMUCJIeHUSA OUYULLEHHbIX nepen namkowu
MeTasisioB U CNocoo6CcTByeT Nnyyluemy
pacTeKaHUIo NPUNos Nnpu namke.

A




MonyyeHne NUCTOBOro CBUHLIA U P~ Battery
CBUHLLOBOro CypuKa Innovation

Komnnekc no npoussoacTBy YcTaHoBKa no npou3BoAcTBY
CBUHLIOBOro cypuKka CBUHLIOBOIro npokaTa




npOVI3BO,C|,CTBO TOKOOTBOAOB MeTOAOM

wrtamnoBku «Continius Properzi» + «Samdo»

P~ Battery

JInHnA HenpepbIBHOrO NUTbLA U
npokKata CBUHLOBOM NEHTbI
«Continius Properzi»(Utanus)

ABTOMaTU3MpPOBaHHAA FIUHUSA
wramnoBkn «Samdo» (Kopes)

Innovation

10
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NMpoun3BoACTBO 3INEKTPOAOB NaHUMPHOro _
Innovation

Tna gnsa npombiwreHHbIX AKB

YcTaHOBKa Mo U3rotoBrieHUIO
3NeKTPOoaAOoB NaHUMPHOro Tuna
«HADI Accumaschinen» (ABctpus)
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BIIATOAAPHO 3A BHUMAHMUE!

KoHTaKTHbIe AaHHble

AO «THOMEHCKUUN aKKyMYIATOPHbIU 3aBOA»
625037, r. TromeHb, yn. AMmckas, a. 103
TenecoH: 8 (3452) 43-49-58

Cauta: www.tyumen-battery.ru
Hdoknaa4yuk

TenedoH: 8 (3452) 43-46-53

E-mail: olegtolm@mail.ru



http://www.tyumen-battery.ru/
mailto:olegtolm@mail.ru
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Third Annual International Science and
Technology Conference
"Battery Innovation-2021"

Togliatty, March 18, 2021.
MICROPOROUS TECHNICAL SOLUTIONS
DIVYA TIWARI

TECHNICAL MANAGER
MICROPOROUS LLC
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MICROPOROUS TECHNICAL SOLUTIONS (g’

OUTLINE

« MICROPOROUS R&D ROADMAP
« VRLA
« GLASSFORCE® AGM

 FLOODED & EFB
« CELLFORCE® ULR
« MAXIWIK™
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MICROPOROUS TECHNICAL SOLUTIONS (g’

MICROPOROUS R&D ROADMAP

1Q21 2021

DuroForce® DuroF ® 2021
3Q20 3Q20 = °OF°.'I°e MaxiWik™ Automotive

XE™ Booster Mat

* DCA, A/Ah 2.0
* PSoC, 17.5% DoD 3,000
* Water loss, g/Ah <3

3Q20

R - CellForce® | CellForce®

ULR™ XAS™
Motive Power
* Faster Charging 40A/100Ah
* Longer cycle life at 80% DoD,

Flooded 2,500 cycles, VRLA

= _J 1,500 cycles

ESS

* PSoClife 2,500 cycles

* Deep-cycle life 6,000

* Charge efficiency >95%

Telecom/UPS
* PSoCat10% DoD >12,000

Source Consortium for Battery
Innovation (2020)
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MICROPOROUS TECHNICAL SOLUTIONS g’
GLASSFORCE® AGM

PowerSports, Motorcycles, E-mobility
BET Surface Area: 0.9 — 1.3 m?/g; 160 — 420 g/m?

Automotive, Start-Stop, Heavy-duty Trucks
BET Surface Area: 1.3 — 1.6 m?/g; 160 — 420 g/m?

Energy Storage, Telecom, Premium Products, Aviation
BET Surface Area: 1.6 — 2.2 m?/g; 160 — 420 g/m?

AUTOMOTIVE AND STATIONARY APPLICATIONS

[ %

Cars Other Automotive

il
S

UPS Telecom ESS

AUTOMOTIVE AUTOMOTIVE STATIONARY & SPECIALTY

GlassForce™ |G GlassForce™ GE GlassForce™ EB
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MICROPOROUS TECHNICAL SOLUTIONS g’

QUALITY CONTROL THROUGH
VERTICAL INTEGRATION

~

* Low Impurity Raw Materials
* C - Glass Chemistry

« Rotary Fibers (2.6 — 4.5 uym)
* Flame Attenuated Fibers (0.1 — 1.5 ym)

* Flotation Drying
* Inline or Offline Slitting
» Winding Thickness Control
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MICROPOROUS TECHNICAL SOLUTIONS g’ Catterv.

BCI COMPLIANCE & QUALITY ASSURANCE

PERKIN ELMER GlassForce® G-250FZ

AGM Separator Certificate of Analysis

ICP/OES

/- Specification Unit Target Value Tested Value Test Method

' Specific surface Area mélg 145015 1.42 BCI3A

: Overall Thickness mm (@ 20 kPa) 145+ .07 1.40 BCI3A

Grammage g/m? 254 +12 254 BCI3A

Roll Width mm 160 +1 160.0 -

Bulk Density g/mm 170 £17 181 T-500

Tensile strength, MD Nimm? =0.40 0.55 BCI3A

Elongation, MD % 3 5 BCI3A

Tensile Strength, CD Nimm? =015 031 BCI3A

Elongation, CD % ] 7 BCI3A

MICROM E RITICS Maximum pore size pm <20 19.7 BCI3A
G E M I N I B ET Capillary Rise mm/min =40 56 BCI3A

Acid Absorption under 20 kPa =6 6.35 BCI3A

9y

LOI % <1 0.35 BCI3A
Moisture % <05 0.1 BCI3A
Al (Aluminum) ppm <500 130 BCI3A
Fe (Iron) ppm =100 32 BCI3A
54 Cl (Chloride) ppm < 50 6 BCI 3B
ADVANCED \ > W Cr (Chromium) ppm <5 1 BCI3A
ANALYTI CAL | ; 4 7 Ni (Nickel) ppm =2 =<1 BCI3A
e/ Cu (Copper) ppm <10 =1 BCI3A
- Yo Mn (Manganese) ppm <h <1 BCI3A
Zn (Zinc) ppm <100 3 BCI3A
Compression Curves
Relative thickness standardized @ 20kPa wet
130.0 —=—% dry
——3% wet
‘g 110.0
£
-
& 900
F
70.0
50.0
PROGAGE200 0 10 20 30 4 50 60 70 8 90 100
kPa




MICROPOROUS TECHNICAL SOLUTIONS g’
GLASSFORCE® THICKNESS VARIANCE

Battery
Innovation

Minimal thickness variations throughout the 750 mm wide roll

Thickness Variance (mm)

0.04

0.03

0.02

0.01

0.00

-0.01

-0.02

-0.03

-0.04

G-250FZ vs Competitor
Thickness Variations at 10 kPa

Depth from Core (in)

e Competitor ® GF G-250FZ

® 0.03 4
A003 @
4003 @
002 ®
4 002 @ 002 4 |
10 0.01 ® 0.01 @ 0.01
o 0.01 4 ~ A
0.01 @ 0.01 ® 0.01
001 @ 001 ®
® 0.00 ® 0.00
i 0.00 @
0.00 0.00
0.00 8 000 | 4 5 - 7 . 3
® 0.01
001 @ 001Y¥Y o
-0.01 ® 0.01 ® -001
-0.02 @
v¥-002 @ el
® -0.02 J ® -002
v-0.03 ®
Y004 @

10
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GLASSFORCE® GRAMMAGE VARIANCE

Low Grammage variations throughout the 750 mm wide roll

Battery
Innovation

4.00

3.00

2.00

1.00

0.00

-1.00

Grammage Variance (g/m?)

-2.00

-3.00

-4.00

G-250FZ vs Competitor
Grammage Variations

4 258 @
227 ® 4238 @
o 163 @
® 1.56 4 ® 162 4
$ 1 126 ®
% 0o
- 0.6 @ (
° H s .;:U?
0
g-:j 1
B8 | 4 5 0.8
0.57 -0.36
1,02 8 02
® 140V
i 1.84 ®
Y2id1 e 219 @
® -
V355 @

Depth from Core (in)

e Competitor ®GF G-250FZ

Y

A351 @

251 @

196 @
1.69 @ 1.72 4
® 145
® 114

0.45 @

o ol | 5
G am | ]

ee @@ o (me
I
B W U
> W 9

o
[ Y]
[=p R V%]

r-3.58 @
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MICROPOROUS TECHNICAL SOLUTIONS g’

CELLFORCE® ULR

Ultra Low Resistance Separator for Fast Charging in EFB, Golf
Carts and Forklifts

30% Reduction in ER compared to Std PE separator

High Perox Stability through novel formula

Electrical Resistance: Std PE vs ULR

80
mStd PE mULR

70

60
50
40
30
20
10

250 bw 200 bw

ER (mQ-cm?)

Backweb Thickness (um)




= Batt
MICROPOROUS TECHNICAL SOLUTIONS g’ Catterv.

MAXIWIK™

Reducing acid stratification in Start-Stop and PSoC applications
Test Standard: EN 50342-6 17.5%DoD Continuous Cycle Test

Stp [Tme | Cument | Percent
1 - Rest 30 min 0A

2 — Discharge 2.5 hours 6A - 37.5%

3 — Charge 40 min 10.5A (2.4vpc max) +17.5%

4 — Discharge 30 min 10.5A (1.0 vpc min)  +13.1%

5 — Repeat 3-4

6 — Stop after 20 cyclers ~26 hours

o
. \l

10
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MAXIWIK™

Thin AGM + mini-rib PE

Average Acid Stratification

0.120

0.100
<+— PFE only Performance

Q

2]

g 0080 AGM PP AGM PP

g' on Ribbed PE \ /' On Flat Sheet PE
g 0060 Less Effective Very Effective
g 0.045 0.045

g 0.040 0.041 0.042

0.040 0.033
0.025
. I 0.014 0.018 0.013

11 Ribs + 11 Ribs + No Ribs + No Ribs + No ribs +
AGM PP AGM PP AGM PP AGM PP AGM PP

& Pos Neg _/ Pos Neg Pos & Neg
AGM

Benchmark m Static m Rocking

11
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THANK YOU FOR YOUR
ATTENTION!

DIVYA TIWARI

Company name: MICROPOROUS LLC

Address : 596 INDUSTRIAL PARK RD, PINEY FLATS, TENNESSEE, USA
Telephone : 423-793-4017

E-mail: divya.tiwari@microporous.net

Web-site: https://microporous.net



mailto:divya.tiwari@microporous.net
https://microporous.net/
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Design principles of Pb-C additives for Lead-Carbon
Battery

WenLi Zhang'2*, and HaiBo Lin3* XueQing Qiu’
1 Guangdong University of Technology, Guangzhou 510006, China

2 King Abdullah University of Science and Technology (KAUST), Thuwal 23955
6900, Saudi Arabia

3 College of Chemistry, Jilin University, Changchun 130012, China.
Correspondence: wizhang@gdut.edu.cn; (W.L. Z.); Ihb910@jlu,edu.cn (H.B. L.)

‘ | alllasc Ellall deals
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King Abdullah University of -
KAIYUZ = Science and Technology \

Guangdong University of Technology 2




Sulfation of Pb electrode

Ostwald Ripening Result: polarization of Pb electrode
16
Deposition Regenerative charging
> Positive plate
{ Dissolution ;
s
§
=]
: Negative plate
g
a 08
Deposition .~
: Cranking
Initial Sulfate Morphology PSOC Cycled Morphology 0.4 . - : - ; =
s i Limited Solubility - . .

Sulfation of Pb electrode

» PSoC condition, Pb discharged to PbSO,
» Small PbSO, particles grow up via Ostwald Ripening process
» High polarization, the chargeability of PbSO, decreased

L.T. Lam et al., Journal of Power Sources 133 (2004) 126—134

Guangdong University of Technology 3



Lead Carbon Battery

a + - b + -
y yd
PbO, Pb PbO, AC

PbO,/AC
Lead acid battery asymmetric electrochemical capacitor

i Y

Pb and C are connected both Pb.C
in parallel and series electrode

+ - 4"%\

' ' Pb

y PR

Il PbO, , Pb+C ?

Lead carbon battery

W.L. Zhang*, H. B. Lin*, X. Q. Qiu*, et al. Lead Carbon Batteries toward Future Energy Storage: from
Mechanism, Materials to Applications, Submitted.

Guangdong University of Technology



Mechanism of Carbon Materials

Negative electrode Conductive carbon

increase conductivity

2500

OStandard

HEGA

2000 +— ELow S5A CB + EG-1
W Medium S5A CB + EG-1
W High SSA CB + EG-1

° 00’0
®
°
[ ]

oic ®

@

1500

orQus carbon

*‘Q

+
Ealtery'me electrode |
[ %00
$ )
o ®000° 0°
8 g %
o -6 *o
® 0e® ©0
P‘“Pgﬁ QW‘}Q—
%

1000

Charge power (W)

()
2% 0pD
oo ©

°© 9o o
o @

.
Tf&g%}))

od”
®

5001

c

o
N

‘Metal oxide™ or "battery like"
positive electrode
(Cbarggdldlsgparged by lever]s:b!e 80 80 40 20

2 pr State of Charge (%)

capacitive contribution

E————

steric hindrance

Pb + EAC / H,S0, interface

Pb/(PbSO, ,4) / H,80,interface

\

Pb? + 2¢- ———= Pb

EAC / H,S0, interface

catalytic effect

[1] Shiomi, et al. Journal of Power Sources 64 (1997) 147-152; [2] J. Valenciano et al. Journal of Power Sources 158 (2006)
851-863; [3] M. Fernandez, et. al., J. Power Sources, 2010, 195: 4458-4469; [4] D. Pavlov et al. Journal of Power Sources

196 (2011) 5155-5167

Guangdong University of Technology §



Q

Evs. MSE/V

Catalytic Deposition and 3D growth

-1 -1.1

b OCP of Pb
-1.0 s 1.0
)
o >
=T %‘:,._\\ —e—charge E 0.9
%4 —O—discharge| ¢n
G,
08} {"\?@% -
:QQ}\@%\ g -0.8 3
e, w
0.7} «.!\-QRQ?RK o
o 0.7F
06 . 1 . 1 . 1
0.000 0.004 0.008 0.012 0.0

Capacity / mAh cm?

C

2
N
T

jImAcm’

——a: Pb electrode
——b: Pb/AC electrode

-1l.4 ' -11.2 ] -11.0 ] -nl.s ] -nl.s
E vs. MSE / V

GCD of Pb/AC electrode in the potential range from -

0.65 V to -1.05 V at 0.5 mA cm=2 (a)before and (b)

after 500 GCD cycles, (c) CV curves.

EDS spectra and mapping of Pb/AC
electrode after 500 GCD cycles.

AC+PbSO,+H" +2¢ — ACe Pb+ HSO,

Pb deposit on carbon provides a
large portion of capacity
Catalytic deposition and 3D growth
Active sites on carbon: catalytic role,
Pb seeds induce 3D growth

W.L. Zhang, H.B. Lin* et al., On the Electrochemical Origin of the Enhanced Charge Acceptance of the Lead-
Carbon Electrode. J. Mater. Chem. A 2015, 3 (8), 4399—-4404

Guangdong University of Technology 6



Carbon Additives: Design Principles

O Carbon
O network
O
2+,
Enlarged Pb*—Pb Pb
active surface ___ '-\ .
High current
/ . ‘ Energetic Pb
A Pb2*—Pb
O H,

Requirements for Carbon:
Macroporous : for the growth of 3D Pb branches in NAM
Affinity to Pb : leadphilicity : Pb seed induce the growth

Homogeneous distribution of Pb seeds or active sites for Pb growth, while
parasitic HER is inhibited.

Guangdong University of Technology

7



Structure of RHC

Micro
meso

Nnano

Elemental mapping of rice husk
SEM images of (a-c) RHC and (d-f) KAC.

Table 6.3 -Structural parameters-of KAC-and RHC.-

o Size/ume Ash/%.  Sger/mi-gle  Viw/om?gle Vipad/em?-gle Vipeo/em?-glo .
KAC- Ca.5-8+ 0.3 1660- 0.74- 0.53~ 021~ e
RHC- Ca.-40-50- ~4.5%. 247 0.191- 0.0233- 0.168- P

D.C. Liu. W.L. Zhang, W.M. Huang, Chinese Chem. Lett. 2019, 30 (6), 1315-1319.

W.L. Zhang, H.B. Lin*, et al. J. Power Sources 2017,342, 183—-191.
Guangdong University of Technology 8




B

Voltage / V

G

Capacity / mAh

PSoC Performance

29

28

27

26
25
24

23
2.2

—a— 1st charge
—e— 1st discharge
—4&— 100th charge
v 100th discharge
<+— 250th charge

21
2.0

1o v 3 » 250th discharge
1.8 1 | 1 ; L 1
0 200 400 600 800 1000
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2100 % g
1800 b o “g
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1200 40:%
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2
20 3
o
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Cycle Number
PSoC performance of Control

electrode.

=
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=y

Capacity / mAh
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#— 1st charge
—e— 1st discharge
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0
300
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performance of RHC

electrode.

e

Voltage / V

=y

Capacity / mAh

W.L. Zhang, H.B. Lin*, et al. J. Power Sources 2017,342, 183—-191.

Guangdong University of Technology

29
28 [ —=—1stcharge HER
"l e 1stdischarge
27} —4—100th charge
S [ v 100th discharge
L <4 250th charge
25 » 250th discharge
24
23
22
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2.0
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0 200 400 600 800 1000
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2400 [ & 3 o 5
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1800 | Lo
60 =
1500 | —®— Charge od W
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Jug
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PSoC performance of KAC
electrode.



HRPSoC Performance

Digital pictures of Control, RHC and KAC after PSoC test.

24

2.3 —a— Control
—e—RHC
—A— KAC

Voltage / V

1 " 1 " 1 " 1 M 1

0 200 400- 600 800 1000 1200

Capacity / mAh

SEM images of (a, b) Control, (c,d) RHC and (e, f) KAC Discharge curve of Control, RHC and KAC after PSoC test.
after PSoC.

W.L. Zhang, H.B. Lin*, et al. J. Power Sources 2017,342, 183—-191.
Guangdong University of Technology 10




How to guide homogeneous deposition of Pb?

Homogeneous A Homogeneous lead seeds
distribution of Control
PbO seeds,
Continuous Pb-C RHC
structure, PbO
reduction
Good rate, and | _[o BSREEET] w RHC-Pb
PSoC cycling, £ E gl H I W
B Xz ) 2 o §
Under a standard | fp— _mwec |2|mwre £ ,
IEC test mOde, * azﬁ’h.:as(dc?m)" % Binding Energy (eV) Blnd;ng Energy (eV) Before PSoC After PSoC
t
the PORHC | . o Comrel E
0.1C,, 0.2C, 1C, 0.1C, 100 PRERRR e ot A e PR -
battery has a|D |~ e e - oo =
: : g7 | e H ] g
triple cyple life of gl L gm gé i e
conventional i, T s
battery % 4 Cyt:l»snuml'mr(‘l2 :ﬂ " “ Cych.n‘:xmbar h “:w "o 260 gyé:la numﬁbéeor 860 106(1)50
azd (D) 100 e e——] (b)3-0 3100
= e =75 “"'\150 g 2.7 50 m
£ o, g < B s =+
'gﬂ - o..... 100% g“ 1oo§ :— 2.4 40 §.
«=Coulombic efficiency 50 = %zs | - Coulombic efficiency 50 = ‘_6 41-50 2
R e fro02
2 *® Cycl:o numbo:zo Iy ° ™ C;:?e nu:l‘:u 0 358 1.80 260 4(.)0 6(.)0 860 106(1)50
Carbon Pb_Carbon Cycle number

Pb-RHC

J.Yin, N. Lin, Z.Q. Lin, H.B. Lin*, W.L. Zhang*, Energy 2020, 193, 116675
Guangdong University of Technology 11




Details of PSoC Cycling

- mmBlank
2| WERHHPC@PbO,

Q45

& ol > Tested at a IEC 61427:2005
standard,

= ! . ! » Triple of the capacity of a

S 0.

a 4 5 6

L £ S conventional lead acid battery,
Cycle set number )
—Blank > After PSoC cycling, battery
~——RHHPC@PbO,_ _ with RHHPC@PbO additive

with increased capacity

(b) 2.4 2.4
— P ; 3
22.2 =33
8 : The 1* cycle E The last cycle
2 2.0 © 2.0}
> >

0 1 2 3 4 8 6 "0 1 2 3 4 5 6
Capacity (Ah) Capacity (Ah)

-
@

-
[+ )

(a) Discharge capacities for each cycle set and (b) the 1st and the last charge/discharge curves of the blank and RHHPC@PbO;,
2 V/4 Ah VRLA battery in the standard GB cycling test. The charge and discharge rates are 0.1C,,. Reproduced with permission
from Ref. [12] Copyright 2020, Elsevier.

J.Yin, N. Lin, Z.Q. Lin, H.B. Lin*, W.L. Zhang*, Energy 2020, 193, 116675
Guangdong University of Technology 12




Influence of PSoC Cycling on Pore Architecture

-a—Blank
~»- RHHPC
~+- RHHPC@PbO,

A

-a-Blank

4 8

16
Pore diameter (nm)

32

(al 7.5 (b) 1.5
':c» -a—-Blank - —
"E 6.0} —»-RHHPC 1.2
S ~+- RHHPC@PbO, , "g
§ 4.5 ’:o_ 0.9
§ 3.0 M{/v/ E 0.6
g =
Lo =)
= ! > 0.
e 1.5 - 0.3
- 5]
< 0.0 . . . & 0.0;

00 02 04 06 08 1.0
Relative pressure (P/P,)
(€) 75 (d) 1.5

o
=)

F - RHHPC
~«- RHHPC@PbO, ,

»
o

_—
e

Pore volume (10~ °cm’
o
(2]

-a-Blank
~v-RHHPC
~«- RHHPC@PDbO,

Adsorption volume (cm® g
w
o

1.5¢ 0.3
0.0 . " 0.0 N
00 02 04 06 08 1.0 2 4 8 16 32
Relative pressure (P/P ) Pore diameter (nm)
Lead-carbon- Before PSoC -operation- After PSoC -operation. -
electrode-
SBET” Fmeso® Fiotal® SBET” FPmeso® Frotal® -
(m? g (cm’g (em?® g @mMm?>g? (Em?®g!) (Cm?g -
1y, 1)43
Blank.- T . 46- 0.008.- 0.008.- 051~ 0.0035.- 0.003.- «
RHHPC.- 5 70 0007 0. 009 4 07 0004 0006 -
RHHPC@PbO; x- 6.81 0.007 0.010 6.50 0.005 0.008

™

() N, adsorption/desorption
isotherms and (b) pore size
distributions of the lead-carbon

electrodes before PSoC tests; (c) N,
adsorption/desorption isotherms and
(d) pore size distributions of the lead-

carbon electrodes after PSoC
operation.
» Negative plates with

additive, pore size and pore
volume maintained,

BET surface area only
decreased by 4.5%,
RHHPC@PbO,_, additive is
effective provide 3D growth
Pb

Significance of SSA, and
high affinity between Pb
and C

J.Yin, N. Lin, Z.Q. Lin, H.B. Lin*, W.L. Zhang*, Energy 2020, 193, 116675

Guangdong University of Technology 13



Utility Applications: Demonstration in Off-Grid Energy Storage

Inner Mongolia 8kW wind and photovoltaic hybrid power
off-grid lead carbon energy storage system

HREE Bl ==
B “ g7
B - - " - [_1

Vertical wind generator

KATYus'm
REEHRRMEEARREL

6-CNF-200
(12V200Ah)

«| _sea water desaJir ation
it

,mJ I |

Guangdong University of Technology 14



SUMMARY : Where are We Heading to?

Opportunities and considerations:

Long cycle life under PSoC operation,
stability of negative plates could be achieved.

Defects: Surface functional groups, edge defects active for Pb growth,
Specific surface area: optimized for Pb growth (macrospores and large
mesopores)

* Trade-off: Simultaneous HER inhibition and Pb growth

Challenges & issues toward commercialization:
Connection of Pb and C, HER, paste mixing

Issue: Affinity between Pb and C

Solution: homogeneous distribution of Pb on C for effective 3D growth of Pb.
Issue: HER (practical battery)

Solution: Pb and C composite, high HER overpotential metals,

Issue: Paste mixing (Industry)

Solution: Pre-mixing with leady oxide to enhance the density.

Guangdong University of Technology

15



Negative Active Materials
1.
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‘innovation in Continuous Plate Pasting
Process Technology’

With the ever increasing demand for better battery performance and
the development of new applications; the focus is now on the
production of lighter, lower cost (less lead), more durable (longer
service life), higher performance batteries; which in turn requires
them to be manufactured from optimum quality raw materials, using
world-class manufacturing equipment and process technology.

This presentation reviews the recent advances in continuous plate
pasting process technology; illustrates the importance of selecting
the appropriate manufacturing process to handle both ‘traditional’
and ‘advanced’ paste formulations; for the consistent high-speed
production of optimum quality positive and negative pasted plates for
use in ‘high performance’ lead-acid cells/batteries for industrial,
reserve power energy storage and transportation applications.

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE. 2
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Key Objectives for ‘QUALITY’ Grid Pasting

Active Material-to-Grid contact and
coverage on both sides of the grid.

Consistent and uniform application §
of paste both weight and
thickness.

Achieving the above with minimal
change to the paste density,
porosity, moisture content.

T

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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MANUAL Steel Belt Paster (SBP):
The dimension of the pasted plate
thickness is 'set’ ('gauged’ or ‘fixed’) as
required; and with correct machine set-up,
maintenance and operating procedures; the
resulting WIRTZ SBP pasted plate
thickness is +/- 0.05 mm ( 0.002 “ ).

(128x144 plate, nominal paste density 4.20 g/cm3)

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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WIRTZ SBP 13-200 SERVO Controlled Plate Thickness Retrofit Results
[ Before-controlledby OPERATOR |

8550 ( )
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Typical Paste Weight Standard Deviation per Plate (128x144 mm)

Sigma=1.2-1.6 ¢

(351 samples of 50 LH and RH plates from ~2,500 m of continuous grid/plate production)

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE. 5
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SERVO Steel Belt Paster (SBP)

”l(umd T
States  mai~=
of  rwe
America 0

Patented SERVO control adjusts the pasted plate
thickness ‘on the fly’ in 0.0005 inch (.0127mm)
increments, controlled from a ‘high precision’,
dynamic (in motion) closed-loop plate weight or
thickness monitoring device.

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE. 6
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WIRTZ SBP 13-200 SERVO Controlled Plate Thickness Retrofit Results
Before — controlled by OPERATOR B _
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Typical Paste Weight Standard Deviation per Plate (128x144 mm)

Sigma=1.2-1.6 ¢ Sigma =0.7-0.8 ¢

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE. 7
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SBP13-200 Steel Belt Paster (SBP):

The observed values of Sigma (above) are entirely the
result of grid weight, and paste density variations under
‘'normal’ operating conditions in the plant (where it is often
difficult to maintain these parameters precisely), and do
not represent the true capability of this machine.

The Steel Belt Paster, with closed-loop SERVO Control is
a 'world class’ process, and capable of achieving pasted
thickness and weight better than;

#/=-0.015mm or +/-1.0g

(128x144 mm plate, nominal paste density 4.20 g/cm?3)
WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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SBP1 3-200 Steel Belt Paster (SBP):

HMI control of three (3) Variable Speed
Drive(s) ensures optimum paste delivery,
flow and fill, for all paste ‘variants’ (oxide,
density, moisture, rheology ‘flow’ and
addltives)

) t iy

FEEARY 1
N

(4/_ Paddles (2)
i

;;«~f

- A

— Rollers (3)

=4

-g"'*

\ ~ _ th X - g}
— Belt Speed

WORLD CLASS Battery Manufctunng Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE. 9
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-

Automatic SERVO Control
38.09 mean 43.0g
(LCL) 40.5g (UCL)

SERVO Steel Belt Paster (SBP):

The resulting pasted plate thickness is;

#/- 0.03 mm ( 0.0012 *)

(128x144 plate, nominal paste density 4.20 g/cm3)

Reducing the mean pasted plate weight by 1.59
~$ 150-200,000 / year

(1 million batteries, requiring 50 million plates)

WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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WORLD CLASS... Battery Manufacturing Equipment & Technology

Gravity-cast and continuous grid making

Oxide manufacture and paste mixing.................

High-speed precision pasting, and curing

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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WORLD CLASS... Battery Manufacturing Equipment & Technology

Copyright © WIRTZ Manufacturing Company 2021. All rights reserved. E&OE.
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BnusaHue pasnnyHbix hopm yrnepona B akTUBHOMN
Macce CBMHLIOBOTIO 3fieKTpoaa
Ha ero CTPYKTYpHble N pa3psgHble XapaKTepUCTUKN

bypawHukosa M.M., npodgeccop, 4.X.H.
CamcoHoBa K.A., marnctpaHTt
UBaHoBa E.A., maructpaHT

dIre0OY BO "CaparoBckuin HauMoHannbHbIN
nccriegoBaTenbCKMU rocygapCTBEHHbIM YHUBEPCUTET
nmenn H. I. HepHebileBckoro"



Uccneayemble yrnepoaHble MaTepuanbl

Battery
Innovation

Kpucramnnyeckuu
rpagur

AMopdHbIT

YIJIePOXHBINA NPOAYKT
(caxka)

Pacuuupennslii rpagur

Hano-

CTPYKTYPUPOBAHHBIN
yriepon

> «[AK-2» (TOCT 10273-79)
> «RFL-99.95» (Langheinrichstr.194051 Hauzenberg)

> Yrnepoa TexHndeckumn K-354 (TDS-TOCT 7885-86)
XUMUYECKNI 3aBO «Xasap» TypKMeHUs

> Yrnepon TeXHNYECKUn pacimpeHHbin «Apt-HaHo [Ty (TY
BY 691460594.004-2017) n ero mogndukaumm nytem
0bpaboTkn o3oHOM («['T-O3) n AMOPA («[' T-AMDAY)
I(\gl')OO )«nepCI'IeKTVIBHbIe nccrnegoBaHUSa N TEXHOMOMUN,
NHCK

» Yrnepos HaHOCTPYKTYPMPOBaHHbBIN TEXHUYECKNM
aKTMBMpPoBaHHbIN «ApT-HaHO» Mapku HCY «C» (TY bBY
690654933.001.-2011) («HCY») n ero mogudukaumm
nytem obpabotku 03oHOM («HCY-O3») n AMPA («HCY-
OM®A») (OO0 «llepcnekTuBHble NccrnegoBaHUA U
TexHonorum, MmHck)

» 30nb YrrepoaHbIX HaHOTPYOOoK
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MIRAWTESCAN MIRAW TESCAN

- ”
MIRA\ TESCAN
Performance in nanospace n Performance in nanospace n

-
Performance in nanospace n

RFL K-354

D1 =53.66 nm

D4 = 65.21 nm

D2 =36.17 nm
D3 = 37.40 nm .

MIRAWTESCAN MIRAN TESCAN
- g

Performance in nanospace n Performance in nanospace u



FpaHynoMeTpUYecKui CocTaB yrnepoaHbIX P~ Battery

MaTepuanos Innovation

54

FAK-2 (0), RFL-99.95 (o), K-354 (A)

1200

«[T» (0), «['T-Og» (1), «'T-OM®PA (A)

0 200 400 600 800 1000 g, mgm 1200



N3rotosneHue makertos CKA

P~ Battery

CocTaB oTpuuaTeribHON aKTUBHOW MaccChl:

v CBMHLOBbIN NOPOLLOK (CTENEHb
OKMUCHEHHOCTN 67%) —82.80%
v'Pacwmputenb «3nekoHT-08» — 0.64%
v'CteapuHoBas kucrnorta — 0.08%

v'BonokHo — 0.08%

v'PacTtBop cepHoi kucnotbl (d=1,400 r/cm3) —
8.11%

v'Boga puctunnupoBaHHas — 8.28%
v'[lo6aska yrnepoga — 0.5, 1.0, 1.5 macc. %
(MO OTHOLLEHUIO K Macce CBUHLIOBOIO

NOpOLLIKA)

LimknnpoBaHue anekTpoaoB
NpPOBOANITIOCH
ranibBaHOCTaTUYECKUM
pPEeXUMOM: NepPBbIN 3apsg,
(TpexctynenyaTbin) Tokom 200,
100 n 20 MA, paspsag — TOKOM
100 mA pgo noteHumana 1.7 B.
[Mocneayowmn 3apsg
ocywectenancs tokom 100 mA
Ha 120% oT pa3psagHou

€MKOCTM.

[eomeTpuyeckas nnowaab anekTpodos cocraenana S, =19.7+0.5.
Macca oTpuuaTensHOU akTUBHOW MaccChbl nexarna B uHtepsane 3,5 —-4,5.

Innovation
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Pa3psgHble XapakTepuCcTUKU oTpULLaTeNbHbIX P~ Battery
3MeKTPOAOB Innovation
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(a) xouTpoabHblii Bapuaurt (), TAK-2(0), RFL-99.95 (A),K-354(%);
(0) xonTpOaBHBIN BapuaHT (0), «HCY» (O), <HCY-O3» (A), <KHCY-IAM®DA» (X);
(6) koHTpOJIBHBIH BapuaHT (0), «I'T» (O), «I'T-O3» (A), «I'T-AM®DPA» (%)



C3OM-unzobpaxeHus oTpuuaTenbHbIX ANIeKTPOAOB =, Batter
B 3apsXKeHHOM COCTOSIHUU C yriepoaHbIMU ! - Y
no6aBkamu (1.0 mac.% Innovation
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CTpPYKTYpPHbIe XapaKTePUCTUKU OTpULaTEeNbHbIX

ANeKTpoaoB B 3apAXeHHOM COCTOAHUUN C

P~ Battery

yrnepoaHbiMu gobaBkamu (1.0 macc.%) Innovation
Paanyc nop, Mk YaenbHas O6wasn
MeHee 0.1 0.1-1 1-10 NOBEPXHOCTb | MOPUCTOCTb
BapuaHT anektpoaa
anekTpopa | anekTpoaa,
OTHOCUTENbHbLIN 06BLEM nop, % S, M2-r-1 %
K°:';‘I’D‘:;:':'°"" 7 79 14 0.61 36
FAK-2 10 79 11 0,70 34
RFL-99.95 14 71 15 1.74 41
K-354 19 69 12 3.20 43
«HCY» 31 47 22 1.58 43
«HCY-O3» 21 63 16 2.87 46
«HCY-OAM®A» 13 61 26 0.79 36
«T» 24 58 18 1.01 46
«I'T-O5» 27 65 8 1.55 43
«'M-AM®A» 22 67 11 2.58 45




UmnepaHcHasA CrneKTpocKonus
oTpUuluaTesibHbIX 3J1IeKTPOAOB

Im, Ohm * cm?

Im, Ohm * cm?

40
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KpuBble HainkBuncrta ansa orpuyarenbHbIX
9NIeKTPOAO0B C coaepXaHneMm yrrnepoaHbIx
nob6aBok 1 macc. % B 3apsKeHHOM COCTOSIHUU B
ananasoHe yactot 355 — 0.009 lu;

(a) KOHTPOsbHLIVM BapuaHT (¢), «<HCY» (m),
«HCY-O3» (A),

«HCY-OM®A» (e); (b) KOHTPOSBHLIM BapUaHT
(¢), «['T» (m), «'T-O3» (A), « T-OMDA» (e).
JKCrnepuMeHTanbHas (Mapkep) 1 nogroHo4YHas
(NMUHKUS) NNHNA.

50

OKBUBaNeHTHasa cxema 6e3 yuyeta UHAYKTUBHOCTM,
ncnonb3dyemas ansi NOAroHKM CnekTpoB
OTpuUATENbHbIX 3MEKTPOAOB B 3aPAKEHHOM
COCTOSIHUK C yrrepoaHbimu gobaskamm (1 mac.%)
(ananasoH 4acToT 355 — 0.009 Ny)

10



MMneaaHcHasa cnekTpockonus

oTpuUaTesibHbIX 3J1IeKTpoA4 OB
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3Ha4YEeHUA SNIEMEHTOB 3KBUBANEHTHOM CXEMbI, paccymTaHble N3 UMNEOAHCHbIX CMEKTPOB,
Onga oTpuuaTenbHbIX 3MEKTPOAOB C coaepXaHMeM yrnepoaHbix obaBok 1 macc. % B
3apsKeHHOM COCTOsIHUM (AnanasoH YyactoT 355 — 0.009 u)

BapuvaHTbl anekTpoaoB

rT-
SneMeHT cxeMbl KOHTPON «HCY- | «HCY- «T- | o

bHbIN «HCY» O;» AM®A» «FT» O3» D‘N::DA

R1, Ohm-cm? 15 1.3 15 1.0 | 11 | 0.90 1.2

C1-102, F 1.1 15 0.40 10 |12 | 12 | 0.80

R2, Ohm-cm? 4.1 4.4 2.6 19 | 58 | 38 3.6

Y-102
hm-'-cm- 7.4 . . 1 1 14 2
CPEY o) Tsncm 9.9 5.8 6 8 8
n 0.57 0.66 0.63 044 | 066 | 067 | 0.64
R3, Ohm-cm? 51 74 51 24 74 21 62




PaspsagHble XapakTepUCTUKU oTpulaTenbHbIX
3N1eKTPOAOB C A0OaBKOW yrrnepoaHoro 3058

P~ Battery

CoctaB OAM Homep BapuaHTa
| | i IV \'
KOHTPONbHbIN
CBMHLOBbIV NOPOLUOK, I 25 25 25 25 25
ONeKOHT, I 0.175 0.175 | 0.175 0.175 0.175
BONOKHO, I 0.0313 0.031 | 0.0313 | 0.0313 0.0313
3
PacTtBop cepHOM
kucnotbl (d=1,4r/cm3), mn 1.3 13 13 13 13
Boaa 2.5 - 1.25 - 1.25
ANCTUNNUPOBaHHas, MI
YrnepoaHbIn 305b - 25 1.25 - -
(«30nb 2.5»), Mn
YrnepoaHbin 30nb - - - 2.5 1.25
(«30nb 5.0»), Mn
70,00 -
65,00 - N u
E/u \F
60,00 - —n =
5
< 55,00 -
x

50,00 -

45,00 -

40,00

Innovation
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BINArOogAPIO 3A BHUMAHUE!

KoHTakTHble AaHHble
HasBaHue opraHunsauyun: ®rboOy BO "CapaToBCKUi HauMOHarNbHbIA UCcrieaoBaTeNIbCKUN
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PA3PABOTKA NMPOTOYHbIX BATAPEU HA OCHOBE
OPITAHUYECKUX PEOOKC-CUCTEM ONA
KPYNMHOMACLWITABHOIO HAKOINJIEHUA

ANMEKTPUYHECKOU SHEPIA

KASAPUHOB
UBAH AJIEKCEEBUY

3aBeayoLwmnm kapenpon, 4.x.H., npodeccop
CapaToBCKMI rocyfapCTBEHHbIN YHUBEPCUTET
nmeHun H. . YepHbILLeBCKOro



OCHOBHbIE NMPAKTUYECKUE NMPUNOXEHUA

f / P> Battery
HAKOMUTENEWN 3NEKTPUYECKOW 3HEPTUM

Innovation

* ArnbTepHaTUBHAaA 3HepreTmka - KomreHcaumm konebaHum
BblIpabOTKN 3HEPTUN COSTHLIEM U BETPOM.

° PerJ'IVIpOBaHVIe NMNKOBbIX HArpy3okK B NMpoOMbIUIJTIEHHbIX
ANTEKTPUHECKNX CETAX.

« (ObecneyeHne anNeKTPoIHePrmen KpynHbIX JOMOXO3AUCTB,
yaaneHHbIX CeNnbCKOXO3AUCTBEHHbIX NPearnpuaTui.

« Cuncrembl 3HeprocHabXXeHNa MOPCKNX CydoB C
ANEKTPUYECKMMU N TMOPUOHLIMU CUITOBBIMU YCTaHOBKaMM.

* [lponsBoacTBoO anekTpomobunen.



COBPEMEHHbIE TUMNbl HAKOMNUTENEN

1 P~ Battery
SNEKTPUYECKOW HEPIUN

Innovation

« PUSNYHECKUE:

* KMHeTu4eckue (MaxoBUKK);

* HaKOMUTENM 3reKTPUYeCcKon SHEPrnn Ha OCHOBE CXaToro BO3ayxa;
*  TMOPOAKKYMYNATOPbI.

« IANEKTPOXUMUYECKHUE:

* CBMWHLIOBO-KMUCIOTHbIE aKKYMYNATOPGI;

* HUKEeNb-KagMUWEBLIE N HUKENb-METaNorMapuaHblie akkyMynaTopsbl;
*  JNUTUU-NOHHbIE aKKYMYNATOPHI;

* HaTPUN-CEPHbIE aKKYMYNATOPLI;

* BOOOPOAHbLIN LINKIT,

e CynepKoHOeHcaTopbl;

* MPOTOYHLIE peaoKc-0aTapeu.



CPABHUTEJNIbHbIW AHANU3 ANEKTPOXUMUYECKUX

P~ Battery
TEXHOMNOI M AKKYMYNIMPOBAHUS SNEKTPO3HEPT U

Innovation

INeKTpoXnmmyec-Kasa Cpok Kon-Bo YpenbHan YpenbHan CToumocTb,
cuctema CNYK6bl, 3apaa- 3Heprus, MOLLHOCTD, USD/KBTu
nert paspAAHbIX BT-u/Kr KBT/Kr
LUKNOB

Pb|PbO, 3-5 500-800 25-35 0.003-0.35 100-500
Ni-Cd 10 2000 40-60 0.01-0.7 400-1000
Li-ion 6000 110-180 0.3-3 700-5000

CynepKoHaeHca- 20 1 maH 2-5 5-10 16000-
TOopbl 25000
MpoTtoyHbie 20 20000 20-40 BbICOKaA 400-700
6atapeu (V| V)

MpoTouHble >10 >10000 35-50 BbliCOKa4d 100-200
6aTtapeu (opraH.)




CTPYKTYPA U NPUHLUUIN PABOTbI MPOTOYHbIX

P~ Battery
PE[JOKC-EATAPEWN

Innovation

MCTO4HMK NuTaMmMa

- +

vl

Orpuuarenbbii
6ak anexTposura

B

MonoMurensHbli
Bak anexrpoaura

Yerpoiicreo
nogasm Toxa

e

Hacoc WMoncenektueHana MHepTHRIA NOPUCTbIH
membpama 3NeKTpoa

Puc. 1. Obwan cxema NnpoTo4HOU peaoKc-b6aTapeun
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OOCTOUHCTBA NMPOTOYHbIX PEOOKC-EATAPEN

- HaAeXHbl, AONroBe4YHbl U OPUEHTUPOBAHbI Ha NMPOMbILUIIEHHOe
Ucnosib3oBaHue;

- MOTyT [AO0CTUYb TMPaKTUYECKU HeOorpaHMYeHHOU IHeprum wu
MOLLHOCTM NPU MUCNONMb3OBaHUN Bce OonblWMX U OONbLUUX
eMKOCTeN ANsl XpaHeHUA U KONn4yecTBa AAYeeK;

- NpoOCTOTa nepes3apanku;

- OYeHb ObLICTPO pearnpyroT Ha U3MEeHeHUe Harpy3km n He 6osiTcA
neperpysok;

- uageanbHO noaxoAAT ANA  YCTAaHOBKM B UCTOYHUKMU
GecnepebOMHOro NUTaHUA U MOryT UCMNOSIb30BaTbLCA B BETPOBOM
U COJTHEYHOWN 3HEepreTuke;

- «3anac MNpPOYHOCTU» MO LEeHe — CTOMMOCTb TaKux Oartapen
NPpUMepHO B ABa pa3a HUXe NUTUN-UOHHLIX;

- noXxapobe3onacHoCTb, OOycrioBrieHHasi OTCYTCTBMEM rOpHYUX
KOMMNOHEHTOB M pa3orpeBa B npouecce pabdboTbl;

- JKoriornyeckas  06e30nacHOCTb W JIerkOCTb YTUNU3auuu W
nepepadoTKn KOMNOHEHTOB.
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NMONMHOCTbLIO OPFAHUYECKAS PEJOKC-GATAPES
(ORBAT)

4,5-nurngpokcenbenson-1,3-gucynbdoHosoi kucrotsbl (BQDS) u
aHTpaxuHoOH-2,6-ancynbdoHoBoun kncnotbl (AQDS)

fluenka

MonumepHan
membpaHa

a
Karonur | AHonur
ey Vi

Puc. 2. Cxema opraHndeckon npotodHom pegokc-6atapen (ORBAT)
C ncnosnb3oBaHMeM BogHbIx pactBopoB BQDS Ha nonoXutensHoM u
AQDS Ha oTpuuatenbHOM anekTpoaax



ANEKTPOXUMUYECKUE PEAKLUUU, MPOTEKAKOLLUUE HA

P~ Battery
SNEKTPOMAX PE[JOKC-EATAPEN ORBAT

Innovation

Peakuua Ha NONOXKUTENbHOM 3N1eKTpoae

0 OH
0 OH
b E'=+0.85V
+2¢+2H 2=
HO3S SO4H HO3S SO3H

Peakuus Ha OTpULATENbHOM 31eKTpoae
OH

0
SOH SO4H
HO,S HO,S

0 OH



KOHUENUMA CUMMETPUYHOU OPFTAHUYECKON

[
PE[IOKC-BEATAPEN HA OCHOBE ANIU3APMHA P = Battery

Innovation

OH OH
OO,
R +2Ht2e_

OH

R = —H, —SO3H

Puc. 3. AnnsapuH (B LeHTpe) npu 3apsae npuHMMaeT aBa 3f1EKTPOHa U
OBa NpPOTOHa AJ1a NoSIHOro BocctaHosrieHus (creea) (£=0.0 B) nnn
OTOAaEeT OBa 3reKTpoHa 1 ABa NpPOoTOHa A4 NOSTHOro OKUCIEHNSA
(cnpaga) (E=1.0 B) B OKUCNUTENBLHO-BOCCTAHOBUTENbLHbLIX PeaKLUUsx
(U=1.0 B)
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XAPAKTEPUCTUKUW CAMMETPUYHOU ANTUSAPUHOBOW

\ P> Battery
AYENKM

Innovation

100

a4 100
1.6- 00C £
144 < 8o 80 8
1.2 e S g
~ 1.2 ] | =
; ! - % 60 -60 .g
o 1.0 e O =
& - 3 o
0.84 N N 404 il -
0.6 \ g Discharge | g
; S 99 % -20 3
\ 2 A s Charge S
0.4+
T ! ! | ! | ! I ! ! ! | ! | ! | 0 ! T v I ¥ T v I ¥ 0
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100
Specific capacity (mAh/g) Cycle number

Puc. 4. (a) CkopocTHas xapakTepucTtuka CUMMETPUYHOIO ann3apuHOBOrO
anemeHTa npu 10, 20, 50 n 100C. YaenbHas eMKOCTb OCHOBaHa Ha obLiem
KONM4YecTBe akTUBHOIo Mmatepuana anm3apuHa Ha obomnx anekTpoaax

223,3 MAY/r npun 1C.
(b) Uuknnyeckas ctabunbHOCTb anndapuHoBoun avenkm npm 10C
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OCHOBHBbIE BbIBO[bl

KOHCTPYKLMSA peaoKc-NpOTOYHbIX OaTapei obecneymBaeT 3HaUNTENBHOE NPENUMYLLIECTBO
nepen TBeEPAOTENbHLIMU akKyMYNATOPHLIMW ODaTapesiMu 3a c4HeT pasaeneHns IHeprum m
BbIXOAHOW MOLLHOCTU: NepBas onpeaenseTcsa pasmepom 0aka 1 KoHUeHTpaLmen
anekTponuTa, BTopast - Niowaabio anekTpoaoB.

BoaHble opraHnyeckne penokc-6atapeun Ucnonb3yoT BOJOPACTBOPMMbIE OpraHUYeckue u
MeTannoopraHMYeckme OKUCNUTENbHO-BOCCTAHOBUTENbHbBIE MOMEKYIbl, COCTOSILLIME TOSBbKO
N3 JOCTYMHbIX OPraHNYeCKNX COeANUHEHNN. B OCHOBHOM 3TO NPOM3BOAHbIE XMHOHA,
aHTpPaxMHOHA U anu3apuHa. VMx BbicoKkasi pacTBOPUMOCTb B BOE, XOPOLLO pasfefieHHble
NoTeHUManbl OKUCIEHUS-BOCCTAHOBIEHUS!, MPAKTUYECKN UCKMOYaloLWmne paclienneHmne
BOAbl, CTAbUNbHOCTb, 0€30MacHOCTb N HU3Kasi CTOMMOCTb B MacluTabax MaccoBoro
NPOU3BOACTBA, ABMNATCA Hanbornee BaXXHbIMU XapakTepucTukamMmu Arst HOBbIX BOAHbIX
OpPraHN4YecKnx aneKTPosIMTOB.

HanpaBneHHas pyHKUMOHaNM3auua opraHn4eckux coeauHeHUn ocesoboxaaeT
OKUCINTENbHO-BOCCTAHOBUTENBHYO XUMUIKO OT OrpaHNUYeHnin, CBSA3aHHbIX C HEOObLLNM
YUCITIOM 3NEMEHTAPHbIX OKUCINUTENbHO-BOCCTAHOBUTENBHbIX Nap HEOPraHN4YecKon Npupoabl,
KOTOpble pearibHO MOryT ObITb MCNOMb30BaHbl B NPOTOYHbIX peaoKc-baTapesx.
[TepcnekTMBHbIM HanpaeneHnemM B paspaboTke NPOTOYHbLIX baTapen Ha OCHOBE
OpraHNYecKnx peaoKkCc-CUCTEM ABNSETCA KOHUENUMA CUMMETPUYHbIX 6aTapen, B KOTOPbIX
OKUCNNTENbHO-BOCCTAHOBUTESNbHbBIN MaTepuan NpUMHUMaeT ydacTue Kak Ha oTpuuaTeribHOM
anekTpode (okucngaeTca), Tak U Ha NoSIoXKUTESNTbHOM 3riekTpoae (BoccTaHaBnmMBaeTcs). JTa
METOA0N0rMs NO3BONAET co30aBaTh TBEPAOTENbHbLIE CUMMETPUYHbBIE peaoKc-baTapeu
(cynepkoHAeHcaTopbl) ANs HAKOMNMEHUs1 SNeKTPO3HEPrmn.
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BINArOogAPIO 3A BHUMAHUE!

KoHTakTHble AaHHble
HasBaHue opranusauumn: ProoOy BO «CIr'Y umenu H. I. YepHbiwweBCKOro»

Appec mecToHaxoxaeHus: r. CapaToB
TenecdoH: +7 (8452) 26-16-96
Appec ochmumanbHoro canta: Www.sgu.ru

Jdoknaguuk
TenedchoH: 8 927 222 70 90
E-mail: kazarinovia@mail.ru
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’ePgTex

MporpaMmmHO-TeXHUYECKne KOMMJIeKcbl ANA CUcTem
HaKon/ieHUA 3Heprum

KPABYEHKO FrEOPIruu
AHATO/NIbEBUM

npekTtop
O0O0 «PyTex»
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P A
4

PyTex 3Heproonok 3[04M

KoHtponb t 0C

NMpeobpasoBatenb

AKKymynaTtopbl 2PzV110 «PyTex»

«AKOM - UHpacTpuan»

Moaem

o HenpepbiBHbIK MOHUTOPUHT COCTOAHUA BaTapen
o He Tpebyet 06cnykuBaHusn

o ABTOMaTUUYECKUI KOHTPOAb 3apAaga batapeum

a 3awwmTa ot rnybokoro 3apaga/paspaaa

o BbicOkuM ypoBeHb 6e3onacHOCTU
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C
& PyTex peo6pasosatens

o Knacc 3awumrtbl IP65

o Pa3smepbl 300x300x150 mm

a2 KomMmMyHMKauMOHHbIe UHTepdeuchl
o Kaprta namartu

o BO3MOXXHOCTb NOAKNIOYEHUA moaema




P =
*;ePgTex UHTennekTyanbHbLIA anropuTm Gy

T

MODEM
A
CLOCK >
Taks >
Tokp.cp. >
NM3MEPEHWUE

Ucetn >
Uaks >
|aks >

Ui T

\

NMAPAMETPblI
3APAOA/PA3PALA

UAKEI IAKB

uluLT

|

A

PACHET
KOMMYTAUMOHHbIX
MAPAMETPOB

FLASH

MPOrHO3VPOBAHWUE
W PACYET
MPEAENbHbIX
3HAYEHUI

Battery
Innovation

UMMNY/IbCHbIA
NPEOBPA30OBATE/b

JUUL

YyeT 3apAAHbIX U pa3pAaHbIX Xapaktepuctuk AKb

TepmoKomneHcauma

Pernctpauyma pabounx napamertpos (SD-Kapta)

YnyuweHHasn 3aLumTa rno ToKy

PacueT KommyTaL MM Ha OCHOBaHUU Moaenm
onucbiBaloLwen paborty npeobpasoBarens

CTOMKOCTb K ANIMTENIbHbIM Neperpyskam 5
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s v
& PyTex YpaneHHbIN MOHUTOPUHr

dHepro610K Mopgem f ” .

Botann.ru

APM

i AKB

MNpenmyliecTBa

NMonHasa npo3pavyHOCTb UCNbITAHUN

CokpalyeHue pacxoanoB

MOHUTOPUHI B peanbHOM BpeMeHU

OnepaTMBHOCTb BHECEHUSA U3MEHEHUN

BbicTpoe nony4yeHune nHdopmaumum 6

popooou
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& PyTex

Tokn 3Herp06n0|(a no 4yacam

CepBuc Botann.ru

I o« A [ Tox xavana 1(1108) [ Ferrerenaaiisn;

fonoBHoOM BaroH
MapameTp

MocneaHuia oTknvk
HanpsxeHue AKb

HanpsokeHue anHum 1
HanpsxeHue nuHMA 2

Tok AKB

Tok nuHmn 1

Tok nuHMK 2

TemnepaTypa npeobpazoeatens

Temnepatypa AKb
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Innovation

FonoBHoOwM

Y ] 2021-03-16

[[] Tok AKE: -5.73
B Tok kaHana 1 (110B): -3.35

17.03.2021 7:41:33 1 Cek. Hazan

67,95B

128,34 B

5001B
088 A
-0,02 A
0,02 A
4,0°C

-55°C
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Innovation
BJIATOOAPIO 3A BHUMAHMUE!
KoHTakTHble AaHHble
Ha3BaHue opranHmnsaumumn: OO0 «PyTex»
Appec mecTtoHaxoxaeHus: Camapckas obn., r. TonbaTTY, yn. UHaycTpmnansbHas 9
TenecoH: +79376604112
Appec ocdbmumanbHoro cauta: https://rutechgroup.ru/
Odoknagyuk
TenecoH: +79179650983
8

E-mail: george6544@list.ru
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«Battery Innovation 2021»
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Cuncrtema onepaTtMBHOW ANArHOCTUKU U
MOHUTOPUHIa JKCcnyaTaunMOHHbIX NapamMeTpoB
CBUHLIOBbIX aKKyMynsaATOPOB, batapen B cMctemax
aBapuUnUHOro anektponutaHma Ha ASC.

Pe3ynbrathbl OMbITHO-MPOMbILLSIEHHOMU
akcnnyataymm Ha CmorneHckon ASC

AnewkuH A. A.', By6HoB l0.U. 1, PyxHukoB B.O. 1, ArHaTnHckun B.M. 2

1. OO0 «AK Bbyctep», CaHkT-lNeTepbypr
2. 000 «AHUKC» r. MockBa



P~ Battery

CucTtema onepaTtnBHOW AMArHOCTUKM U MOHUTOPUHIa .
Innovation

SKCrJ1yaTaunOHHbIX napamMeTpoB CBMHLUOBbLIX aKKyMYJITATOPOB

Cucrtema onepaTtmMBHOW ANArHOCTUKMA M MOHUTOPUHIa SKCiyaTauuOHHbIX
napamMeTpoOB CBUHLIOBbIX aKKyMynsaTOpoB OaTapen npeaHasHadeHa Aans
NCMONb30BaHMA B CUCTEMaX aBapUIHOro anekTponutanusi Ha ASC.

Ha3sHayeHune cuctemsl:

* KOHTPONb (MOHWUTOPWUHI) OCHOBHbIX MNapaMeTPOB aKKyMYIsiTOPOB C
3agaHHON OUCKPETHOCTLIO BPEMEHU B NpoLEecce aKcnnyaTauum batapeu
6e3 BbiBOAA €€ M3 AKCnIyaTauuu;

* BbISIBNIEHME B cOcTaBe paboTatouen batapeun:
- aKKyMYNaTOPOB C NapameTpamu, BblllealnmMmy 3a rpaHuly 3agaHHoro
ananasoHa;
- HeMcrnpaBHbIX aKKyMYIsITOPOB;

* TMPOrHO3 COCTOSAHUA aKKyMYNATOPOB C Lienblo MPUHATUA ONTUMaSbHbIX
peLleHn B YaCcTU UCKITIYEHNA aBapUNHBLIX CUTYaLUn.



CucTtema onepaTUBHOWM OMArHOCTUKMA U MOHUTOPUHTa
SKCMnyaTaLNOHHbIX NapaMeTPOB CBUHLIOBbIX akKyMYrnsSTOPOB

P~ Battery
Innovation

Cuctema ¢ HeobxoAMMOW TOYHOCTbIO PACcCYUTLIBAET:

- OOCTYMHYO EMKOCTb MNP HOMUHANbLHOM peXume paspaga U pearibHou
TemrnepaType B MOMEHT U3MEPEHUS;

- TOK KOPOTKOro 3aMblKkaHUs (MakCcuManbHbIi BO3MOXHbIAN MUKOBLIA TOK
paspsaa batapen B aBapumMHOM peXxume aKkcnnyataymn);

- TOK MNPOKPYTKM (TO €CcTb TOK Ans 3anycka Ausernb-reHepaTopHoun
YCTaHOBKMW);

- OOCTYMHYKO EMKOCTb B aBapuMMHOM pexume 3Kchnnyataumum WU
COOTBETCTBYIOLLYI eMY MPOAOIIKUTENBLHOCTL pa3psada B aBapunMHOM pexmnme
aKcnnyaTtaymu.

CucTtema npoBoAUT pacyYeTHbLIW NPOrHO3:
- OCTaTO4YHOro CpokKa Cryxobl;
- BEPOATHOM HapaboTKM OO OTKa3a.



Cuctema onepaTUBHOM ANArHOCTMKN U MOHUTOPUHra
3KCMyaTaLMOHHbIX NapaMeTPOB CBUHLIOBbIX akKyMYyIsTOPOB

P~ Battery
Innovation

C 16.11.2020 no 25.11.2020 npoBeneHbl MOHTaX, MycKoHarago4vHble paboTbl U
BBO4 B 3Kchslyartauuio B COCTaBe CUCTEMbl aBapuMHOro anektponutaHusa Ab-7 [1K
OPY-330/500 (AKT Ne295pem ot 26.12.2020 r.).

C 27.11.2020 no 27.12.2020 npoBegeHa ONbITHO-NPOMbILWIIEHHAA 3KCnnyartauns
Cucrembl

OBOPYOOBAHWE OMEPATMBHOW OMATHOCTUKA Y1 MOHUTOPUHIA
PASPABOTAHHOE N N3ITOTOBJIEHHOE OOO «AK BYCTEP»



Cuctema onepaTMBHOW AMArHOCTUKN U MOHUTOPUHra
9KCMMyaTaLWOHHbIX NapaMeTPOB CBUHLIOBbIX akKyMYyNsaTOPOB

P~ Battery
Innovation
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B3anmogencteme onepatopa C  CUCTEMOU
rpacpuyeckoro  otobpaxeHust  onepaTuBHOM
ANAarHOCTUKK n MOHUTOPUHra n BMA
oTobpakaemMblx B rpadpmnyeckom BUae
napamMeTpoB aKkKyMynaTOPOB B cocTaBe batapeu



Cuctema OI'IepaTVIBHOI7I ONarHoOCTUKM 1 MOHUTOPUHIA
AKCMyatauMOHHbIX napaMeTpoB CBUHUOBbBIX aKKyMYJTATOPOB

P~ Battery
Innovation

PE3YNbLTATbI OMNbITHO-NPOMBbILIEHHOW 3KCMITYATALUMU
NMOJIOXKUTEJIbHbIE

Cuctema COOTBETCTBYET 3asiBfIEHHbIM TpeboBaHMAM, HE HapyLuaeT HopMasibHbIN
peXnm aKkcnnyaTtauum batapeun, yoobHa n 6esonacHa B akcnsnyatauum, adpdekTmBHa n
LeriecoobpasHa rnpu npUMeHeEHUN o Ha3HaAYEeHMUIo

[To pesynsrataMm OrnbITHO-MPOMBbILWNEHHOMN 3Kcnnyataunmn Cuctema BBedeHa B
akcnnyartauuto (AKT Ne300pem ot 28.12.2020 ).

[T0O OKOHYaHMM ONbLITHO MPOMbILLSIEHHON 3KCnnyaTtauMm cuctema npoaosHKaeT
paboTtatb Ha Ab-7.
WHHOBALUWOHHAA OCOBEHHOCTb CUCTEMDbI

Cucrtema crnocobHa BbISIBNATb HEUCTNPABHbIE aKKyMYNATOPLlI B cocTaBe baTtapen B
npoLecce e€ aKcnnyaTtaunm B pexume peanbHOro BpeMeHu

HeucnpaBHbIM cunTaloT akkymynatop B coctaBe AKDB, KOTOpbIN He CMOXeT
obecneunTb TpebyeMble pas3paaHble XapakTEPUCTMKN B aBapMMHOM pexume paspsaa:

- NPOAOIKUTENBHOCTL paspsaaa;

- MOLLHOCTb paspsaaa;

- 3Heprun paspsaa.



Cucrtema onepaTtuBHOW AMArHOCTUKUA N MOHUTOPUHra (|
P A P >, Battery

Innovation

SKCrJ1yatauMOHHbIX NMapamMeTpoB CBUMHLUOBbIX akKKYMYIATOPOB

AHAIMN3 NUBMEHEHUA HANPAXEHUA Ab-7 B NEPUOL C 26.11.2020 MO 26.02.2021
TpeboBaHusa TY: akcnnyaTaumsa akkyMyrnsaTopoB B baTtapeun gormkHa NPOn3BOAUTLCS Npu
NOCTOSAHHOM HanpsbkeHnn (nx 2,23 B) + 1 %, gonyckaetcs 2 %.

(N —KONMYECTBO akKyMynaTopos B baTapee)
MakcumanbHbIn pa3bpoc HanpshkeHna Ha BbiBogax Ab-7 coctasun 0,1 B, HecTabunbHOCTb
HanpsbkeHna He 6onee 0,1 %

HanpaxeHue batapew Ab-7 B nepuopg ¢ 26.11.2020 r no 26.02.2021 r.
CpegHee 3HaYeHue HanpAXXeHUA coctaenser 232,22 B.
HecrabunbHocTb Hanpa»KeHUA Nog3apaga cocraBnser, He 6onee +0,8 B; -0,2 B

Uab, B
2325
2323
232,1
231,9
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Cuctema OI'IepaTVIBHOI7I ANarHOCTUKMN U MOHUTOPUHIa [ Batte ry
SKCrJ1yatauMOHHbIX NMapamMeTpoB CBUMHLUOBbIX akKKYMYIATOPOB o I nnova tl on

AHanus nameHeHus BHyTpeHHero conpotumerieHns Ab-7 B nepuog ¢ 26.11.2020 no 26.02.2021
Ryui= 27,900 MmOm, R,,,,,=28,356 MmOm, R, ,=27,867 mOwm.
Pasmax sapuaumn 0,856 mOm

BHyTpeHHee conpotuBneHue batapeu Ab-7 B nepmog ¢ 26.11.2020 r no 26.02.2021 r.
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LATA USMEPEHMA




Cuctema OI'IepaTVIBHOI7I ANarHOCTUKMN U MOHUTOPUHIa [ Batte ry
SKCrJ1yatauMOHHbIX NMapamMeTpoB CBUMHLUOBbIX akKKYMYIATOPOB o I nnova tl on

AHANN3 NSMEHEHWA BHYTPEHHEIO COIMNPOTUBIIEHNA AKKYMYNATOPOB ABb-7

BHyTpeHHee conpoTuBaeHUe akkymynatopos B Ab-7 B nepuog, ¢ 26.11.2020r no 26.02.2021 r
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OATA U3SMEPEHUA

BHumaHume: y akkymynatopa Ne 49 Habntogaetcs ckaykoobpasHbIv NpupocT
CONpPOTMBNEHNS




CucTtema onepaTUBHOWM OMArHOCTUKA U MOHUTOPUHTa
SKCMNnyaTaLNOHHbIX NMapaMeTPOB CBMHLIOBbIX aKKyMYrSTOPOB

P~ Battery
Innovation

AHAIIN3 USMEHEHWA TEMIMEPATYPbI B NEPXO[L C 26.11.2020 O 26.02.2021

TpeboBaHua TY:

*  aKKyMYNATOPbl BO BPpeEMS 3KCniyaTaumm SOSMKHbl COOTBETCTBOBATL TpebosaHmnam TY npu
N3MEHEHUN TeMnepaTypbl OKpyxatoLlero Bo3gyxa ot 0 go (+) 50 °C

* pekomMeHayemada TemrepaTypa OKpyXKatroLero sosayxa npu akcnnyataumm (+) (20£10) °C

TemnepaTtypa Ha Kopnycce akKymynasatopa
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AATA USMEPEHUA

TemnepaTypa Bo3gyxa B noMeleHnn: makcumanbHasa 27,0 °C, MuHuMmanbHas 23,6 °C
Temnepartypa Ha koprnyce akkymynaTopa: MmakcumansHaga 28,0 °C; mmHumanbHaga 22,6 °C
MakcmanbeHbIM nepenag tTemnepartypbl coctaBun He bornee 5 °C 11



Cucrtema onepaTvBHON ANArHOCTUKM U MOHUTOPUHIA " Batte ry
aKcnnyaTaLMoHHbIX NapamMeTPOB CBMHLIOBbLIX akKyMynsTOPOB - Innovation

OueHka coctoaHua Ab-7 no pesynsrataMm MOHUTOPUHra Ha 26.02.2021

HanpsxeHue Ha BbiBOAAX akKymynaTtopos AB-7 (Cp>700 Au) Ha 10.00 yac pa3psaga
Ha KOHTponbHOM pa3page 19.11.2021r
(Cpok cnyxb6bl AB-7 22 roga)

UKOH npu pa3pnage, B Uk=1,8B
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BH, HOMEP AKKYMYJIATOPA B BATAPEE

OueHka paspagHon emkocTn Ab-7 Ha KOHTpPObHOM pa3psge
KoHTponbHbIn pa3pag Ab-7 Tokom 10-Tn yacoBoro paspsiga B TedeHme 10 yac.
KoHeuyHoe HanpsikeHue baTtapen 201,58 B (1,9382 B/akkym.), KOHEYHOEe HanpskeHue Ha
akkymynaTtopax: cpegHee — 1,9382 B; makcumanbHoe — 1,964 B; mmHumansHoe — 1,87 B
[ocTtynHasa paspagHas EMKocTb 6onee CH = 700 A-y
MeTogom annpokcumaunm cpeaHero paspsgHoro HanpskeHma o 1,8 B/akkym. pacyéTHas
paspaaHas éMkocTb Ab-7 oueHka goctynHon emkocTn 749 A-4 (107% ot CH)




Cuctema onepaTUBHOW ANArHOCTUKN U MOHUTOPUHra ! = Batte ry
9KCMIyaTaLUMOHHbIX NapaMeTPOB CBUHLIOBbLIX aKKyMYNATOPOB Innovation

PacyeTHas oueHka pa3psigHon éMKocTn baTtapeun Ha 26.02.2021

PaspagHasa emkocTb batapen (pacyetHasd oueHka) — 744 A-y (1,07C,)

MakcumanbHasa paspsigHast EMKOCTb akkymynaTopa B 6atapee — 801 A-y (akk. Ne 34)
MuHManbHas paspsagHas EMKOCTb akkyMyndaTtopa B 6atapee — 678 A-y (akk. Ne 8)
MwnHuMansHoe gonycTuMmoe 3HayeHne eéMKoCcTU (KoHew, cpoka cnyx6bi)(0,8C,) — 560 A-y

PaspapHan éMKOCTb akKymynatopos B Ab-7 Ha 26.02.2021 r
(PaspsagHan eMKOCTb Ha KOHTP paspage coctasuna 749 Av, 107 %CH)

Cnpwe, Ay O0,8CH=560 A4
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BH. HOMEP AKKYMVY/TATOPA B BATAPEE




Cuctema onepaTUBHOM ANArHOCTUKN U MOHUTOPUHTa > Batte ry
9KCMNyaTaLUMOHHbIX NapamMeTpoB CBMHLIOBbIX akKyMYNATOPOB Innovation

PACHETHAA OLEHKA BHYTPEHHEIO COMPOTUBINEHUA AKKYMYJNIATOPOB B ABb-7

Tpeb6oBaHua TY — HOpPMMPOBAHHOE 3HA4YEHME BHYTPEHHErO COMPOTUBIIEHNS Y HOBOIO
akkymynatopa Vb2407 gormkHo coctaensatb 0,24 mOm £15 %

BHyTpeHHee conpoTtuerieHne y 25 na 104 akkymynaTtopoB HaxoAUTCS 3a rpaHULaMum
HopMupoBaHHoOro 3HadyeHus (Ne3; 4; 6; 7; 13; 20; 22; 23; 25; 33; 37; 40; 41, 42; 44, 46; 47, 49;
50; 63; 56; 57; 63; 63; 70), 6aTapes B akcnnyataunn bonee 22 net

BHyTpeHee conpoTuBaeHUe akkymynatopos B Ab-7 Ha 26.02.2021 r.
Rmak=0,399 mOm, RmMuH=0,226 mOm, RHopm=0,24 mOm (15 %)

Ruam, mOm (26.02.2021r) —RH, MOM  —@— RH.mak, MOm RH.MUH, MOM

45 50 55 60 65 70 75 80 85 90

BH. HOMEP AKKYMY/IATOPA B BATAPEE




Cuctema onepaTUBHOM ANArHOCTUKN U MOHUTOPUHTa ! > Batte ry
9KCMNyaTaLUMOHHbIX NapamMeTpoB CBMHLIOBbIX akKyMYNATOPOB Innovation

Pa3bpoc BHYTPEHHEHIO CONPOTUBAEHUA aKKymMynaTopos B AB-7 0T HOpPMUPOBAHHOIO
3HayeHuAa 0,24 mOm Ha 26.02.2021r

1%3 8 7 9 11 13 15 17 1B 21 23 25 27 29 31733 355 37 39 41 43 45 47 49 51 53 §p 57 59 61 63 65 67 69 7173 75 77 79 81 83 85787 89 91 9Bl95 97 99 101 103

BH. HOMEP AKKYMY/TATOPA B EATAPEE

BHUMAHWE B npouecce akcnnyataumm Ab-7 HeobxogmMmo yoenutb ocoboe BHUMaHme
CKOPOCTN N3MEHEHUSA BHYTPEHHENO CONPOTUBIIEHUA akkyMynAaTopoB ¢ Ne 49; 42; 40; 33; 23 n 6




Cuctema onepaTUBHOM ANArHOCTUKN U MOHUTOPUHTa ! > Batte ry
9KCMNyaTaLUMOHHbIX NapamMeTpoB CBMHLIOBbIX akKyMYNATOPOB Innovation

PACYETHbIN MPOrHO3 OCTATOYHOIO CPOKA CITYXBbl AB-7

NMporHo3 HapaboTKn A0 oTKa3a akkymynatopoB Ab-7

DHAOO, NET
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BH.HOMEP AKKYMYJNIATOPA B BATAPEE

[MporHo3npyemMbli OCTaTOMHbLIM CPOK CnyXbbl (HapaboTkm [o oTtkasa) Ab-7, koTtopbli Hambornee
AOCTOBEPHO OLIEHMBAETCH MO KPUTEPUIO U3MEHEHNSA BHYTPEHHEro ConpoTuBrEeHUs, cocTaBnseT ans
AB-7 ot 2-x no 3 ner.




P~ Battery
Innovation

BINArOogAPIO 3A BHUMAHUE!

KoHTakTHble OaHHble

HasBaHwne opraHusauun: OO0 «AK byctepy,

Appec mecTtoHaxoxaeHus: r. CaHkTt-lNeTtepbypr, yn. dans 10:

TenedoH: 7 (812) 380-74-38

Agpec oduuymnansHoro cavta: buster-spb.ru

Hoknaguvk - 3amecTtutens [eHepanbHOro AgnpekTopa no HayyHon paborte — AnéwknH AHgpen AnekcaHgpoBumy
TenedoH: . +7 (911) 724-50-28

E-mail: aleshkin@buster-spb.ru



mailto:aleshkin@buster-spb.ru

P~ Battery
Innovation

Third Annual International Science and
Technology Conference
"Battery Innovation-2021"

Togliatty, March 18, 2021.
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AHeproonok AKOM

KaK acpheKTUBHOE pelleHue no rapaHTMpoBaHHOMY
3HeproobecrnevYeHUO NacCaXXMpPCKUX Xx/a nepeBoO30OK

KanpoB Anekcen

[eHeparnbHbIV OUPEKTOP
OO0 «AKKYMYNATOP UHHOBaLNIA»



P~ Battery
<ad Innovation
CopaepxaHune onacHoro yyacrtka no
[MocTosiHHbIN TP, TO akkymynatopos (4o 90wT) paboTe C aNeKTPonnToMm

Mpobnembl ecTb?

b

B o e :-l

it

auronlin»r.hy
Bbicokne puckn no OTcyTCTBUE KOHTPONS Bbicokune 3atpartbl Ha 3aMeHy
©e3onacHocTHn HaNpPsHKeHUs1, TemnepaTypsl HeobcnyXxnBaemMblx batapen




PeweHune - QHeprobnok

AKKYMYnATOpPbI
PzV « AKOM-UHpacTpuany,
GelBloc «KAKOM» (6+30wWT)

MpeobpasoBaTenb
ABYHanpaBneHHbIn
+KoHTponb t°C, U, |
+aBTOMaTmnyeckoe
ynpasneHue U, |
+on-line
+camonucel,

1. He TpebyeT 06CNyKMBAHMUA

2. ABTOMaTMYECKUIA KOHTPOb 3apasa baTapeu
3. 3awuTa ot rmyboKoro paspsaga/nepesapasa

4. Cuctema pacnpegeneHmna nutaHua 488 1 110B

5. HenpepbIBHbI MOHUTOPUHT COCTOAHMA baTapeun

P >, Battery
Innovation

[MogBaroHHbIM akKyMYNSATOPHBIV ALLNK

W
IR

MoaBuXXHOM COCTaB Ha ANEKTPOTAre
o0-4M, IMN20/3MN340, 81-775/776/777



> Batter
TTX npoekta gna 31-4M B Innovazion

*  HOMMHarbHOE BbIXOAHOE HanpsihkeHue 1-ro kaHana, B 3
*  HOMMHAaIbHOE BbIXOOQHOE HanpsikeHue 2-ro kaHana, B — 48+2;

*  MakcumarnbHbIN BbIXOOAHOW TOK 1-ro KaHana,

*  MakcuMmarbHbIW BbIXOOHOW TOK 2-ro kaHana, A — 4;

€MKOCTb HaKOI'II/ITeJ'@"'«I — 6D

*  MakcummarnbHoe 3apagHoe HanpsikeHue, nogasaemoe Ha AKB npu Temnepartype
okpyxatowen cpeapbl ot nntoc 10 go nntoc 40 °C, B — 68+0,7;

MakcumarnbHbIn 3apsaaHbin Tok Ha AKB, A — 30;

T™MN a4yeek — 2PzV110;

KonuyecTBo a4eek — 30;

AvanasoH paboymx Temnepatyp okpyxatwlen cpeastor MuHyc 45 o nntoc 40 °C.

BubpaumnoHHble Harpy3ku (FOCT 17516.1-90) ot 0,5 no 100 'y, 10 m/c2 (1,0 g), 49 m/c2
(5,09), ot 2 0o 20 mc

OTCYTCTBME HEOOXOAMMOCTU NoA3apsaa B Te4eHne 6 MecsLeB XpaHeHs

cTeneHb 3awmTbl obonoyvkn — IP65;
*  KNMMaTU4eckoe UCrnosiHeHne — Y2;

CPOK CIny0bl HEe MeHee, neT — 7.

rapaHTUHbIN CPOK CNyX6bl B akcnnyaTauumn 3 roga



P = Battery
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KnioyeBble no3numm NPOEeKTa

*Hakonutenb anekTpuyeckon aHeprmm Ha 6ase

HeobCNyXXnBaeMbIX aKKyMYNATOPHbIX S4YeeK Tuna
PzV

*OES — BaroHbl anektponoe3ga d-4M
*OEM - BaroHbl anekTtponoesga IM20/3MN34
*OEM - BaroHbl meTpo cepuun 81-775/776/777

e /IcKNOUYNT HEOBXOANMOCTb 0bCcnyKnBaHUA HaTapei
*YBENINYUT CPOK CNYKObI 6aTapeii ¢ 3 net ao 7 net (OES)

¢ INCTAaHUNOHHbIA MOHUTOPUHI COCTOSIHUS  baTapewu
(HakonuTens)

*[lpeocbpaszoBatenib € cuUCTeMOM  ynpaBreHna  3apsgom/paspsanom,
KOHTpornem cocTtosHusa AKB, KoHTpornem Temnepartypbl, C CUCTEMOM
MoHuTOpuHra (aHanor BMS B ESS Li-ion)

*batapes 13 CBMHLOBO-KMCNOTHbBIX aKKyMYNATOPHbIX S4YEEK C reneobpasHbiM
anekTponutom TMna PzV

*Cpok okynaemocTtn Ha OES npu nepexone Ha aHeprobnok — 3 roga

«OkoHoMusAs OpEx y notpebutensa — okoro 100 $/BaroH B rog (B TeveHuwn
3asiBNEHHOro cpoka Cnyxo6sbl)

04.10.2021 — Ha4yano cepunHoro npoussoactea ana OES



P~ Battery

Pa3paboTka, MOHTaX, 3aBOACKUE UCMNbITaHUSA ,
Innovation

T3, MM, T4, CB, N3 NonoxutenbHble 3aKnyYeHnn

nUT.«O» paspaboTaHb ot BHUVDKT, [upekumn HTT, 2 onbITHbIX 06pa3La N3roToBneHbl,
| McnblTaHbl HA CTEHOAE CMOHUTUPOBAHDI,
KOw>K] nony4yeHsl

—

e

Mpoekt TY, M4, Cb u T.4. nuT «O1» «X0a0Bble» UCMbITAHUSA 3aBepLLAOTCS
NOAroTOBMEHbI 25.04.2021

e | nanaopicosk | aoecenaes | xa pabcsmaca | TOTP g xitieh
et [ ssimn | rapeaenm i
sapacrasepn ama aparrassn

zzzzzzz

uuuuuuu




/=
L/

nO,quVITVI‘-IeCKVIe CUTyaunum Ha NCMNbITaAHUAX

Battery
(uTo BMAOUM)

Innovation

TemnepaTtypa BHYTPU akKyMynsaTOPHOro Aluka — MuHyc 32,9°C
Ckauku HanpsixeHus 1o 176,9B partypa BHy ?5 31/6 y 17p — L = 20y =
(npv 120B NpoeKTHbIX) = Gen | 16¢en | 17den | 18¢cn | 19¢en | 20den | 21¢cn
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Ckaykun HanpspkeHuna go 179B + Temnepatypa
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MpoTtokonbl AMB KowXX[] (4yto numeem)

P = Battery

Innovation

C

MpobGer 3a Kon-Bo 3ameyvanuin | Kon-so TO/TP | Kon-Bo 3amMevaHuii Ha
Howmep Hepgento/c Kon-Bo pencos/c JIOKOMOTUBHbIX Ha pemoHTHOW | TO/TP (npu Hanuynm
Y4yacTok akcnnyaTtaumm
Hepenm HapacTalLmnm, HapacTaloLwmm 6purag/c nosuumm B nepevncnuTb) /c
TbIC.KM HapacTalLnm geno HapacTalLmnm
1 Hepens 24.08 MupHas — CbizpaHb — MupHas;
24.08-30.08.
25.08 MupHas — CbizpaHb — MupHas;
27.08 MupHas — Camapa — HoBooTpagHas —
MwupHas;
;7.08 M%/IpHaﬂ — Camapa — Kypymou — Camapa — 5 08 — TO-3
npHas, 2,144 TbIC.KM 12 0/0 0/0
28.08 MupHasi — YanaeBck — MupHasi; 29.08 -T0-2
28.08 MupHas — Camapa — NoxsuctHeBo — Camapa
— MupHas;
29.08MupHas — Cbi3paHb — MupHasi;
30.08 MupHas — Cbi3paHb — MupHas
22.02 MwupHas — CbizpaHb — MupHas;
23.02 MwupHas — CbizpaHb — MupHas;
24.02 MwupHas — Cbi3paHb — MupHas;
24.02-T0O-2
A
27 Hegens 25.02 MwupHas — beseHuyk — MupHas;
2902, 28,02 2,200 ( 12/310 0/0 ) 28.02-TO-3
N — 26.02 MupHasa — Yanaesck — MupHas;
26.02 MwupHas — CbizpaHb — MupHas;
27.02 MwupHas — CbizpaHb — MupHas;
A
28.02 MupHasi — CbizpaHb — MupHasi; / \
WTtoro

©

55,105 TbIC.KM




NMPOMEXYTOUYHbIE PE3YJIbTATDI

’ P > Battery
XO40BbIX UCTbITAHUU (15.03.2021)

Innovation

1. ABa npototuna 3Heprob6aokKa yctaHosneHbl Ha MBIC anekTponoesga 34-4M Ne0204 ¢
20.08.2020

2. Mpu 3KcnayaTauMOHHbIX UCNbITAHMAX 3HEeProb10K obecneymBaeT rapaHTUPOBAHHbIM
NUTaHMEM B TeMnepaTypHbIX ycnosuax: ot -31,92C ao +29,92C. 3apmKcMpoBaHHbIX
OTKa30B cuctembl - 0, anekrponoesg 34-4M N20204 He Hapywun rpaduK Bbixoaa B
peic.

3. B NOAKPUTUYECKNX CUTYaALIUAX CBA3KA U3 ABYX NPOTOTMMNOB 3HEProb610Ka NOAHOCTbIO
3amellaeT B COCTaBe 3/IeKTponoe3aa ocTasibHble 2 A0M.YCTAaHOB/IEHHbIE U
NoAKNOYEeHHble B 06LLyto ceTb WwTaTHble 6aTapen HK-55MM, Tpebytowmnx nnaHoByo
3ameHy no BbipaboTaHHOMY pecypcy. 3adumkcnupoBaHo 6onee 30 cnyyaeB NpeBbILEHNS .' 5

o

LUTATHbIX Harpy3oK B anekTpoceTn noe3aa (Umax=120B, UdakT ao 176,98B). 34-4M }’-’f

N20204 He Hapywun rpaduK BbiXoaa B peiic.

4. Cuctema oHIaMH-MOHUTOPUHIA SHEProb10Ka - He AONYCKAOTCA BHELWTATHbIE CUTYaUnii B obecrneyeHmn
rapaHTUPOBAHHbIM 3N1EKTPONUTaHMEM, 0becrneymBaeTca gucnetTyepusaumsa I0KOMOTMBHbIX Bpurag - 10 cnyyaes.
5. 3a 6 mecsaueB aKcnayaTaumMmn He 3adpMKCUPOBAHO CHUXKEHME PecypCcHbIX NnoKasaTenel (HPL,, ckopocTb paspsaga u

npuema 3apsga u T.4.), YTo NpeaBapuUTeIbHO NOATBEPIKAAET 3asAB/IEHHbIN CPOK CNyK6bl — 7 nerT.

10



YTO YMEET UHXUHUPUHIT AKOM+AKKYMYIATOP ! > Batte ry

WHHOBALUA (PA3PABOTKW) Innovation
\/HOBb|e npOﬂyKTb| AKOM = PSAFTEU§E0TC|TR§ié?l @
v Ultimatum AGM, GEL ENAGLT 'EN % A s
v AKOM+EFB -1 S ’

v  AKOM %
HYUNDAI =~
v Renault, Ford, PSA, Hyundai, KIA, KAMA3 (Mercedes) n 1.4. @ﬁ

TOYOTA

[MpombineHHble akkymynaTtopbl (MBI, «Tara», «tenekomy»)
v' MaHuupHas v reneBas TexHonorua AKOM-Unpactpuan
v Cuctembl 6ecnepe6omHOro nuTaHua u napTHep no uHterpauum MicroGRID-cuctem

[TapTHepbI
9

TPAHCMALWXOAAWHT

p Ia KyiibbiieBckas
»KenesHas gopora

== Eternity QPgTex

TECHNOLOGIES

TESVOLT l

THE ENERGY STORAGE EXPERTS




YTO YMEEM AKKYMYNATOP MHHOBALIM

(CTEHOOBbBIE n XOOOBbIE UCIbBbITAHAUA)

O6nacTb akKkpeauTauum:

Iesrrpon "A [ ]
Opra 110 AKKPeNTAIBNI TGO
wen

e Ce
o sanumuom upuanannn ILAC u APAC
Arrecrar aKKpeguTanun [ ]

Ne AAC.A.00356

. CtaumoHapHble AKB

4B\

KOMMNMETEHLUUMW:

cnew
Cneundoukaumm OEM n AM pb@g@}@’fa/pTeprlx AKB
Ctangaptbl FOCT 1 EN ans npounssoautenen cBUHLOBO-
KucnotHbix AKB

Cneumdukaumm cotoBbix onepaTtopos BONbLLIOW
TPOWKN

Cneundomkaumn PXK onsa nogBm»XHOro coctasa u
NNOKOMOTVBOB

Cneuundukaymm NMHOCTPAHHbBIX U POCCUNCKUX
npounssoantTenen ceBuHUoBO-kMCNOTHbIX AKB ana B2G
B2B pbiHka

R sy [[OCT P 53165 (MOK 60095-1), CtaptepHble AKB
[OCT P 52846-2007, Tarosble AKB
« [OCT P M3K 60896-21-2013; TOCT 26881-86

« EN50342-1:2015 V@T_apTeprle AKb

P~ Battery
Innovation

O6opynoBaHue

=  ABTOMaTM4YECKNE CTEHAbI
3apsiga/paspsiga oo 300A n 20B

= BbicokoTemnepatypHble
TepMoCTaTu4ecKkme BaHHbI

= BunbpocTteHa
Knnmartndeckne kamepsl (-

50°C...+80°C)

12



P >, Battery
Innovation

BZIATOAAPIO 3A BHUMAHMUE!

KoHTaKTHble AaHHble

HasBaHue opraHusauyum: 000 « AKKYMyAATOP MHHOBALMAY
Aapec mecToHaxoXKaeHus: r.TonbATTHn

TenedoH: +7(8482) 31-64-64

Appec oduuymanbHoro caura: http://www.akkum-innova.ru/
AoKnaguuk

TenedoH: +7(8482) 31-64-07

E-mail: akkum-innova.ru@yandex.ru
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