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A gallery of disruptive tEChI‘IOlogieS Potential economic impact in 2025 across sized applications of
~$0.1 trillion-$0.6 trillion

Estimated potential economic impact of technologies across sized applications in 2025, § trilion, annual

40-100% of new vehicles sold in 2025 could be electric or hybrid
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. Autonomous and near-autonomous vehicles _

7. Next-generation genomics . Potential economic impact in 2025 across sized applications of

$0.2 trillion-$0.3 trillion
8. Energy storage

8. 3-D printing Potential to avoid emissions of 1,000 million—1,200 million tons

of CO2 annually by 2025

11. Advanced oil and gas exploration and recovery

||
10. Advanced materials '

Component technologies Key applications
12. Renewable energy * Photovoltaic cells * Electricity generation
Wind turbines * Reduction in CO, emissions
SOURCE: McKinsey Global Institute Concentrated solar power ® Distributed generation

Hydroelectric and ocean-wave power
Geothermal energy
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Energy storage determines human civilization

* Save the unstable/vulnerable energy and use it whenever we want
* Primitive society: limited storage/usage

Feudal society: use agriculture to store/use

Industrial society: fossil energy and mass development

Decarbonized society: renewable + storage

Space age: laser energy storage, antimatter storage technology, etc.

e It’s about cultural continuity and inheritance



Renewable energy needs storage

» Affected by solar and earth movement

 Abundant, compared with limited oil & gas
* Wind energy: 253GW, until 2012 reached 282GW, close to saturation

e Solar energy: 800,000GW, 40-min solar = world annual energy consumption, installation
now ~100GW, huge potential

Low energy density, meaning large space

Low-carbon or zero emissions

Widespread, would enable distributed usage
Intermittency and fluctuation

Apart from water, high cost compared with fossil energy



Energy storage challenges B

* Transportation 28% el
* Foreign oil = domestic electricity
* Reduce energy use and carbon emissions

* Power generation 39% Time
* Coal =» Gas = Wind/Solar
» Greater reliability/flexibility
* Lower cost by deferring infrastructure

2013
EIA Monthly Energy Review Table 2.1
(May 2014)

 Bottleneck is high-performance/low cost storage



Major energy storage methods

:Flgu.'e 46: Storage Technelogies

Electrical Energy Storage Technologies
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Major energy storage methods

Figure 40: Overview of Storage Techniques
Technology Maturity Cost (5/kW) Cost (S/kWh) Efficlency Cycle Limited Response Time
Pumped Hydro Mature 1,500-2,700 138-333 BO-B82%  No Seconds to Minutes

Compressed Alr (Aboveground) Demo to Deploy 1,450-2,150 390-430 Seconds to Minutes

Lead Acid Batteries Demo to Mature  950-5,500 2,200 - >100,000 Milliseconds

Flow Batteries [(Vanadium Redax) Develop to Demo  3,000-3,700 620 - 830 B5-FR% 10,000 pdilliseconds

g ’ Sodium Sulfur Demao to Deploy 3,100-4,000 445555 5% 4500 Milliseconds

Capacitors Diswelesp te Demc




Batteries for the future

* Assuming 5 standards to select batteries:

e Energy/power density
* Cycle and calendar life 280

e Safety
* Cost 200
* Simple technology/manufacturing

s

= 120 —

80 ]
40 I
T LTO r LFP 1 LMO r HMC1 LCO T I"ll:.‘-.lﬂn1

s

Lead Acid NiCd  NiMH




Different battery applications

UPS Power Quality T&D Grid Support Load Shifting | Bulk Power Mgt

* Electricity quality and
reliability are important

Hours

* Coal, water, nuclear vs. solar
and wind

ianced tery | e UPS (uninterrupted power
suppl
Li-lon Battery Pply)

i e Electricity transfer

 Demand charge
* Smoothing

Discharge Time at Rated Power
Minutes

* Energy management
* Reduce electricity bills

Seconds

| v

kW 10kW 100kW 1 MW 10 MW 100MW  1GW
System Power Ratings, Module Size



Battery technology comparison
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Specifications Lead-Acid NiCd NiMH Cobalt Manganese Phosphate
Specific energy density (Wh/kg) 30 -50 45 - 80 60 - 120 150 - 190 100 - 135 90-120
Internal resistance (mQ/\V) <8.3 17-33 33 - 50 21-42 6.6 -20 7.6-15.0
Cycle life (80% discharge) 200 - 300 1,000 300 - 500 500 - 1,000 500 - 1,000 1,000 - 2,000
Fast-charge time (hrs.) 8-16 1 typical 2-4 2-4 1 orless 1 orless
Overcharge tolerance High Moderate Low Low Low Low
Self-discharge/month (room temp.) 5-15% 20% 30% <5% <5% <5%
Cell voltage 2.0 1.2 1.2 3.6 3.8 3.3

Full charge Full charge
Charge cutoff voltage (V/cell 2.40 (2.25 float) g’;"v‘ggta":e g’;"\jg;g’e 4.2 42 36
signature signature

Discharge cutoff volts (V/cell, 1C*) 1.75 1 1 25-38.0 25-3.0 2.8
Peak load current™* 5C 20C 5C >3C > 30C >30C
Peak load current* (best result) 0.2C 1C 0.5C <1C <10C <10C
Charge temperature -20-50°C 0-45°C 0-45°C 0-45°C 0-45°C 0-45°C
Discharge temperature -20 - 50°C -20-65°C -20-65°C -20-60°C -20-60°C -20 - 60°C
Maintenance requirement é;fa::‘z:ggs; 3&;::;:;')8 G(gi-;cgt?acrj;g)s None None None
Safety requirements Thermally stable Thermally stable, fuses common Protection circuit mandatory
Time durability >10 years >10 years >10 years
In use since 1881 1950 1990 1991 1996 1999
Toxicity High High Low Low Low Low

Source: batteryuniversity.com. The table values are generic, specific batteries may differ.




Battery cost comparison

Advanced vanadium redax flow battery
Advanced lead acid

Lithium-ion—high energy

Vanadium redox battery

Sodium suffur

Zincbromide

Sodium nickel chloride
Valve-requlated lead acid

Pumped hydro
Compressed-airenergy storage—smal
Mickel battery (NiCd, NiZn, NifH)
Flywheel

Zinc-airbattery

Energy storage technology

Thermal storage—cold

Compressed air energy storage—cavern
Lithium-ion—high power

Hyhbwid lead acid and double-layer capacitor
Double-layer capacitor

Thermal storage—haot

52 .200-$3,900
52 500-53,500
52 200-$3,100
B $2,600-$3,100
I $1,200-$3,000
. 52,000-$3,000
B $1600-$2,500
N $1,.800-52,200
m $1.800-$2,100
BN $1,100-51,900
B $1.200-$1,600
B $1,200-51.400
. $500-51,300
E $700-$1,300
M $800-$1,200
B $1,000-$1,200
M $600-$1,000
B $110-$300

$2,000-512,500

$0 $2,000 $4,000 $6,000 $8,000 $10,000

Cost ($kW)

Motes: kW = kiowat, NiCd = nickel cadmium, NiMH = nickel metal hydride,

MiZn = nickel zinc.

$12,000

$14,000

@ E Source; daia from

Sandia Nafonal Laboraiories



Current trend of battery types

* LFP to replace some lead-acid market
* LTO and NMC/NCA are emerging
 Later: Li metal batteries including LiS, NaS etc.

Chemical Name Material Abbreviation Applications
Lithium cobalt oxide LiCoO, LCO Cell phones, laptops, cameras
Lithium manganese oxide LiMn,O4 LMO Power tools, EVs, medical, hobbyist
Lithium iron phosphate LiFePO, LER Power tools, EVs, medical, hobbyist
Lithium nickel manganese - : .
cobalt oxida LiNiMnCo0, NMC Power tools, EVs, medical, hobbyist
Lithium nickel cobalt s :
SRRl oads LiNiCoAIO, NCA EVs, grid storage
Lithium titanate LigTisO40 LTO EVs, grid storage

Source: batteryuniversity.com
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Why lithium stands out now?

* How to store electrons?
ce+M =M
e e+ M* + Host = MHost

M atomic weight M max voltage M cost (S/kg)

Pb2/4* (207) Li*  (<4.5V) Li* (40)

Zn?*  (65) Na* (<4.2V) Na* (1) The cost of Li in Li-ion
AR+ (27) Mgt (<~3.8V) Mg (2) battery is only <3%
Mg2+ (25) A+ (<~3.1V) Al3* (2)

Na* (23) Zn?t  (<~2.2V) Zn2* (2)

Lt (7) Pbh2+/4+ (<2.1V) Pb2+/4+ ()

H* (1) H* (<~1.5V) H* (nearly free)

Reference: Yi Cui, Stanford



Future for lithium-ion battery cells
—n_m

Specific energy ~200

(Wh/kg)

Cost (S/kWh) 250 100 100
Safety Important Important Important
Calendar life 5-10 15 20

My personal prediction of li-ion battery technology trend
e 2015-2030, climbing to the max
 Li-ion energy density increases at 5%/yr
e Decrease cost 8%/yr
e After 2025, solid state battery introduction with change of price
* Until 2030, concurrent paths including LiS, NaS, Zn/Mg etc.



[ What we can do? } f '

: Hith I8 R Y Battery system
7 B ' Module
7 ~ Cell

BMS
Material

Hefei Guoxuan High-tech Power Energy Co.
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@ Ceramic Separator

@ Simulation @ Standardized design @ Electrochemical thermal coupling
@Electrolyte @ Low resistance tab @ Thermal simulation model
#Stable Structure @ Active safety tab @ Thermal runaway @ Multifunctional BMS

@ Low interfacial side reactions @ Matufacture consistence 4 Bomb box safety design @ Multilevel Safety

Driven to the Valley

Many automotive companies are opening Silicon Valley
research labs and offices as car technology, including
self-driving systems, grows tantamount to the
industry’s future.
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Founded in May 2006 and based in Hefei, Anhui Province, China

6 Wholly-owned subsidiaries and 7 manufacturing bases in China, to reach 30 G\Wh by 2020.
6 R&D Institutes in Hefei, Shanghai, Silicon Valley, Cleveland, Tsukuba and Europe



In tfransportation

In June 2016, Hefei received the
prestigious Asia-Pacific E-Visionary
Award at the 29th Electric Vehicle

Guoxuan batteries are used in EVs for BAIC, SAIC, JAC (IEV series), Chery,
Zotye, Geely, eic.

In January 2011, 585 JAC EVs equipped with Guoxuan batteries were put
imto market, initiating first series application of EVs in China market.

Symposium & Ehibition in Montreal, for
its outstanding efforts in the field of _ ' Passenger velicies
E-Mobility. Guoxuan’s power battery
technology is the major contributors to
Hefei's achievement in E-Mobility.

Guoxuan batteries are also widely used in commuter vehicles, delivery vehicles,
special purpose vehicles, etc.

@ The SAIC EVS0 equipped with Guoxuan batteries showed up at the Auto show in
Birmingham, UK in April 2016, indicating a successful debut on European market.

Hefei No.18 public transit bus started
its operation on 23th January, 2010,
and earned many No.1 titles globally,
including

& Guoxuan batteries are equipped in commercial buses manufactured by Yutong,
Zhongtong, Manjing King Long, Ankai, Shanghai Sunwin, eic.

Guoxuan battery has become a standard component for majority of China's

 World first EV-only commercial bus route domestic buses.

* World No.1 total operating mileage (10 million km)

* World No.1 operat!ng mlleage ofa smgle bus (420' 000 km) Until the end of 2016, the total shipment of Guoxuan batteries exceeds 4GWh, equipped over 26,000
* World No.1 operating time (more than 7 years) passenger cars and 28,000 buses. By the end of 2017, the production capacity will achieve 10 GWh.

Commercial vehicles




[ In electricity energy storage }
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LTO(G2)/NMC-32131Cylindrical/Pouch Cell-8Ah: >85 Wh/Kg/2300 W/Kg;25°C, >14000cls@ 5C/5C, 100%DOD;
45°C, 3700 cls@3C/3C, 92% capacity retention, 100%DOD

Gotion High-tech. Confidential - Internal Use Only




To be continued...

* In the past ~200 years, the slowest development in storage
* We cannot store energy just as we hold the water in portable bottles

e Saving night energy and power the world!



Thank youl!

* Welcome to join our upcoming event!

e 2017 US-China New Energy Economy Forum
Clean Energy: Open, Creativity, Transition
* November 16-18, Thursday to Saturday

* Santa Clara, CA Zhdus- e ENERGY ECONOMY FORUM 2
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