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Invest in Korean battery and
battery materials companies

An ETF that offers diversified exposure to the battery/battery materials supply chain
» We forecast electric vehicle (EV) penetration to increase from 3-4% in 2020 to 15-20% in 2025.
« If the fall in battery prices accelerates, medium-term EV penetration could exceed estimates.

« Another driver of battery market growth is the energy storage systems (ESS) market, which is
set to grow rapidly due to an increasing share of renewables in the power generation mix and
falling battery prices.

« Given the characteristics of battery technologies, the global battery and battery materials
markets are likely to remain concentrated around top-tier players.

* The TIGER KRX Secondary Battery K-New Deal ETF offers investors diversified exposure to the
battery/battery materials supply chain.

Global EV market to expand
more than fivefold by 2025

Tesla, COVID-19, and falling battery prices to drive full-fledged growth of the EV market
* Tesla's EV models have begun to take meaningful share from premium conventional vehicles.

* Tesla's competitiveness will likely increase further with the upcoming production of the Model
Y in China (2021) and the scheduled operation of new facilities in Germany and the US (2H21).

« Conventional automakers are releasing compelling EV models of their own.
* The EV transition has accelerated since the COVID-19 outbreak, driven by increased subsidies.
* We expect the global EV market to expand more than fivefold by 2025 (compared to 2020).

* At its Battery Day event on Sep. 22, Tesla revealed a plan to reduce battery costs per kWh by
56% over the next three years. Even if battery prices decline only 20-30%, Tesla's sales volume
is likely to exceed current market expectations.

Korean companies to maintain
competitive advantage

MIRAE ASSET

Building on principles

Globally competitive Korean battery and battery materials companies

* The global EV battery market is highly concentrated; the top four suppliers (two of which are
Korean) control 70-80% of the market.

« Due to the characteristics of battery technologies, it is difficult for latecomers to carve out their
own space in the market.

» Competitive battery materials companies are well-positioned to achieve strong growth over the
medium and long term through collaboration with leading battery manufacturers.

» The market for electrolytic copper foil (elecfoil), a key battery material, is also concentrated
around major companies. In the cathode materials market, Korean companies have more
competitive formulas than their global rivals.

« Risks include possible changes in government policies and delays to battery development.

TIGER KRX Secondary Battery K-New Deal ETF constituents
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I. Investment summary

The global EV market is poised for full-fledged growth. Tesla—an EV market pioneer since the
2012 launch of the Model S—has begun to take meaningful share from premium
conventional vehicles, supported by: 1) successful volume production of the Model 3; and 2)
enhanced cost competitiveness with the start of production in China.

Tesla’'s competitiveness will likely increase further, supported by: 1) the Model Y's China
production scheduled for 2021 (the compact SUV will surely prove popular in the Chinese
market); and 2) additional capacity coming online in 2H21 (Gigafactory in Berlin and
Terafactory in Texas). At its Battery Day event on Sep. 22, Tesla revealed a plan to reduce
battery costs per kWh by 56% over the next three years. Even if battery prices decline only
20-30%, Tesla’s sales volume is likely to exceed current market expectations.

Conventional automakers are stepping up their efforts to meet the competitive threat from
Tesla. European automakers, in particular, are moving swiftly to adapt to the EV era, viewing
the transition as inevitable in light of stricter environmental standards and increased EV
subsidies since the COVID-19 outbreak. We expect automakers to continue to release
compelling EV models to compete against Tesla.

We forecast EV penetration to increase from 3-4% in 2020 to 15-20% in 2025. If the fall in
battery prices accelerates due to advances in technology by Tesla and battery manufacturers,
EV penetration in 2025 and beyond could exceed estimates.

Meanwhile, the global ESS market—another key driver of lithium-ion battery market
growth—is likely to expand more than sevenfold by 2025 (90GWh) compared to 2020
(12GWh). As the US market illustrates, an increasing share of renewables in the power
generation mix should spur higher ESS demand to ensure grid/power supply stability. In
addition, we foresee ESS battery prices declining further around 2023 (aided by technology
innovation), which should cause ESS demand growth to accelerate.

The TIGER KRX Secondary Battery K-New Deal ETF tracks key battery and battery materials
companies at the heart of the growing EV market. The ETF's constituents include companies
related to battery cells, elecfoil, cathode materials, and electrolytes.

The global EV battery market is highly concentrated, with the top four suppliers having a
combined market share of 70-80%. Entry barriers are high; many latecomers have sought to
penetrate the market over the past five years, but top-tier suppliers—with proven track
records and know-how in volume production—have only increased their dominance. Relative
to their global rivals, Korean battery cell producers have an upper hand in terms of production
capacity, formulas, and customer bases. They also have greater exposure to the European
market, where EV sales have been growing rapidly on the back of government subsidies amid
the pandemic.

The elecfoil market also presents barriers to entry (heavy fixed-cost burden) and is likewise
concentrated around major companies. In the cathode materials market, Korean companies
have more competitive formulas than their global rivals. For electrolyte additives, which also
have high technological entry barriers, demand should grow as battery technologies develop.

Risk factors for the battery/battery materials sector include potential changes in government
policies, delays to battery technology development, and intensifying competition. Overall, we
believe leading players stand to benefit from the expansion of the EV market.

Mirae Asset Daewoo Research 3
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II. EV market outlook

Led by Tesla, the global EV market is poised for full-fledged growth. Tesla—an EV market
pioneer since the 2012 launch of the Model S—has begun to take meaningful share from
premium conventional vehicles, supported by: 1) successful volume production of the Model
3; and 2) enhanced cost competitiveness with the start of production in China.

Tesla’'s competitiveness will likely increase further, supported by: 1) the Model Y's China
production scheduled for 2021 (the compact SUV will surely prove popular in the Chinese
market); and 2) additional capacity coming online in 2H21 (Gigafactory in Berlin and
Terafactory in Texas). At its Battery Day event on Sep. 22, Tesla revealed a plan to reduce
battery costs per kWh by 56% over the next three years. Even if battery prices decline only
20-30%, Tesla’s sales volume is likely to exceed current market expectations.

Conventional automakers are stepping up their efforts to meet the competitive threat from
Tesla. European automakers, in particular, are moving swiftly to adapt to the EV era, viewing
the transition as inevitable in light of stricter environmental standards and increased EV
subsidies since the COVID-19 outbreak. We expect automakers to continue to release
compelling EV models to compete against Tesla.

We forecast EV penetration to increase from 3-4% in 2020 to 15-20% in 2025. If the fall in
battery prices accelerates due to advances in technology by Tesla and battery manufacturers,
EV penetration in 2025 and beyond could exceed estimates.

Table 1. Global automotive and EV market forecasts

2018 2019 2020F 2021F 2022F 2023F 2024F 2025F

Automotive market us 17,305 17,576 15,985 16,784 17,288 17,634 17,634 17,634
(000 units) Europe 16,217 16,359 14,991 15,591 16,059 16,380 16,400 16,500
China 28,081 25,769 25,000 26,000 26,500 27,000 27,500 28,000

Other 36,282 35,082 35,082 35,783 36,499 37,229 37,973 38,733

Total 97,885 94,785 91,058 94,159 96,346 98,243 99,507 100,867

EV penetration us 2.0% 1.9% 3.4% 5.0% 8.5% 10.7% 13.0% 15.6%
Europe 2.4% 3.6% 10.0% 16.0% 20.0% 22.0% 25.0% 27.0%

China 3.9% 4.1% 5.2% 6.7% 8.1% 10.7% 13.8% 17.3%

Other 0.6% 0.4% 1.0% 2.0% 5.0% 8.0% 10.0% 12.0%

Total 2.1% 2.2% 4.1% 6.2% 9.0% 11.6% 14.1% 16.6%

EV sales volume us 350 332 545 840 1,465 1,886 2,287 2,754
(BEV+PHEV, ‘000 units)  Europe 386 587 1,499 2,495 3,212 3,604 4,100 4,455
China 1,107 1,061 1,312 1,741 2,156 2,885 3,798 4,843

Other 206 135 351 716 1,825 2,978 3,797 4,648

Total 2,049 2,115 3,707 5,791 8,657 11,353 13,983 16,699

Source: Mirae Asset Daewoo Research estimates
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2. Tesla: Driving the EV market forward

In 2010, General Motors (GM) released the Volt, the world's first mass-market plug-in hybrid
EV (PHEV). As battery prices were high at the time, the model was limited by a small battery
pack and a lack of differentiation vs. conventional vehicles; unsurprisingly, it was met with a
cool reception. Notably, amid weak demand for the Volt, LG Chem had to deal with low
utilization at the new EV battery plant it had built in the US. All in all, the future of the EV
market appeared bleak.

However, Tesla’s launch of the Model S in 2012 turned the fortunes of the EV market around.
The EV maker adopted cylindrical battery cells, which cost only one-third as much as prismatic
or pouch cells, and installed more cells in its battery packs to increase driving range. In
addition, the Model S offered a differentiated driving experience (e.g., quicker acceleration),
which allowed for a higher price tag compared to other EV models.

The popularity of the Model S confirmed the potential of the EV market, prompting
conventional automakers and battery manufacturers to accelerate their R&D efforts. In many
cases, these players adopted concepts pioneered by Tesla, such as the use of battery
management system (BMS) technologies to overcome the short cycle life of cylindrical battery
cells. Against this backdrop, battery prices began to decline sharply.

Initially, Tesla did not have a meaningful impact on the overall market, as it was focused on
the luxury segment (W100mn price range). However, the EV maker advanced into the
premium mass-market segment by launching the Model 3 (US$50,000). The Model 3 took
market share from conventional automakers following its release in the US in 2017 and
achieved stronger-than-expected sales growth in Europe after being launched in the region
in 2019.

Figure 1. US M/S of Tesla and three major European premium  Figure 2. Sales comparison: Tesla Model 3 and comparable

automakers conventional vehicles
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Source: MarkLines, Mirae Asset Daewoo Research
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Thus far in 2020, Tesla has displayed remarkable growth in China, thanks to the start-up of
the Shanghai Gigafactory. Compared to the EV maker's US plant, the Shanghai plant boasts
stronger cost competitiveness (e.g., lower capex and labor costs), enabling lower product
prices. Moreover, as locally produced EVs are eligible for the Chinese government's tax
benefits and subsidies, actual consumer prices have declined further.

For example, the Model 3 Standard Plus produced in China now costs CNY250,000 after
subsidies, down CNY100,000 from a year ago. Factoring in the purchase tax exemption for
EVs, the Model 3 sells at a lower price than the Audi A4, a key conventional competitor. In
light of Tesla’s strong price competitiveness, as well as its strong brand awareness and high
fuel efficiency, the popularity of its models in China comes as no surprise.

While global vehicle sales volumes have sharply contracted in 2020, hurt by the pandemic,
Tesla has been generating record sales, supported by the start-up of the new plant in China.

We expect Tesla's sales momentum to pick up in 2H20 and 2021, given that the Model 3 Long
Range is set to be manufactured in China beginning in 2H20. In addition, Tesla is set to
procure cell-to-pack (CTP) LFP batteries from China’s CATL. Compared to NCM batteries, which
Tesla currently sources from LG Chem, CTP LFP batteries are heavier but cheaper; as such,
Model 3 prices could decline further.

Meanwhile, the launch of the Model Y is scheduled for 2021. As SUVs are popular in China,
the model is likely to record higher sales volumes than the Model 3 over the medium and
long term. While the Model Y still has a relatively high price tag, the start-up of Chinese
production in 2021 should pave the way for lower prices and solid sales—as was the case with
the Model 3.

Tesla’s Berlin Gigafactory is set for completion in July 2021. We expect the Berlin Gigafactory,
which should be more cost-competitive than the US production base, to help the EV maker
tighten its grip on the European market. In addition, Tesla’s second US plant, the Cybertruck
Terafactory in Austin, Texas, is set to launch pilot production in 2H21. The Cybertruck has a
starting price of US$40,000 and a driving range of more than 400km, offering compelling
value compared to conventional vehicles with comparable driving performance.

We estimate Tesla's EV sales volume to expand rapidly from 500,000 units in 2020 to 2-3mn
units in 2025, on the back of rapid capacity additions and lineup expansion.

Figure 3. Price trend of Tesla Model 3 Standard Plus in China Figure 4. Tesla Cybertruck
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Source: Industry data, Mirae Asset Daewoo Research

Source: Tesla, Mirae Asset Daewoo Research
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At its Sep. 22 Battery Day event, Tesla announced that it would endeavor to simultaneously
reduce its battery cell costs and expand its battery production capacity over the medium term
via a five-part road map (encompassing new cell design, high-speed assembly, and dry
electrode technology). Specifically, Tesla plans to: 1) reduce battery costs per kWh by 56%
over the next three years; 2) produce 100GWh of its own battery cells in 2022; and 3) scale up
production to 3TWh by 2030.

Tesla has been aggressively pushing for battery cost reductions. Batteries account for 30-40%
of total EV costs, and a decline in battery costs is essential for EVs to match conventional
vehicles in terms of economic viability. Notably, Tesla has stated that a 56% battery cost
reduction would enable production of an EV model priced at US$25,000.

It is uncertain whether Tesla's plans will come to fruition, given the EV maker's lack of
experience in battery production and the difficulties associated with manufacturing cutting-
edge batteries at scale. In our view, collaborating with existing battery makers would help
Tesla produce cells with bigger form factors and achieve rapid assembly capabilities.

Even if battery prices decline only 20-30%, Tesla's sales volume is likely to exceed current
market expectations. It remains to be seen if the EV maker's efforts to drive down battery
costs will go according to plan. Still, it is meaningful that Tesla is spearheading battery price
cuts on the back of its industry-leading BMS technology, strength in process automation, and
track record in EV volume production. All in all, we expect Tesla’s initiatives to accelerate the
fall in overall battery prices and the expansion of the EV market.

Figure 5. Tesla’s plan to reduce the cost of battery packs Figure 6. Tesla's new cylindrical battery cell design

We Have A Plan To Halve The Cost Per KWh

CATHODE CELL VEHICLE
MATERIALS INTEGRATION

Source: Tesla, Mirae Asset Daewoo Research

Source: Tesla, Mirae Asset Daewoo Research
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3. Europe steps up EV policy support: Dieselgate and pandemic

Following the “Dieselgate” emissions scandal in 2015, European automakers, including
Volkswagen, announced a full-scale transition to EVs, unveiling massive capex plans.

Starting in 2020, automakers must display a 20% reduction in CO; emissions to avoid fines in
Europe. As environmental regulations are likely to tighten further, automakers will have to
sell a certain number of EVs in the region going forward.

As the COVID-19 pandemic escalated, some market participants argued that CO, emissions-
related penalties should be deferred to help struggling automakers. However, during the
economic recovery following the peak of the pandemic, policymakers focused on ramping up
support for EVs, guided by the belief that an eco-friendly approach would be essential to
navigating the debt-riddled post-COVID-19 world. Importantly, European governments
appear committed to strengthening their efforts to help automakers enhance their EV
competitiveness amid accelerating electrification.

Figure 7. Estimated penalty payments for excess CO2 emissions by European automaker

EJATO Penalty payments for excess emissions
Assumption: no changes until 2021
Penal.ty Units Regs Total Pgn:alty
T:;;:;ag'/":m (€/unit) 2018 (000) (€ billion)
VW Croup 26.6 2525 3,638 9.19
PSA 231 2,194 2,457 5.39
Renault Group 235.2 2,207 1,615 3:57.
BMW Group 275 2,609 1,018 2.66
Hyundai-Kia 30.0 2,852 1,011 2.88
Ford 27 2,576 992 2.56
FCA 35.5 3,373 961 3.24
Daimler 33.6 3,192 941 3.01
Toyota 7.8 745 753 0.55
Nissan Group 19.0 1,807 630 1.14
Volvo 25.5 2,425 317 0.77
Source: JATO, Mirae Asset Daewoo Research
Figure 8. Germany raises EV subsidies without additional Figure 9. Sales volume of the Renault Zoe has surged
diesel support following subsidy hikes
(Units)
Jund 2020-0212pm 12,000 = Germany France = Europe
Germany doubles EV subsidies, no more diesel support
10,000 +
(i s e | o svrons | ¢ xcrucauss | i ransporres | e o e
Concerning the environmental bonus, the euro amount of the subsidy for BEV and FCEV would be calculated as follows: 8,000 r
Basic net list price Federal share (doubled) Manufacturer share (net) Total (net)
40,000 6,000 3,000 9,000 6|000 [
40,000 to 65,000 5,000 2,500 7,500
For PHEV, the environmental bonus comes together as follows: 4,000 r
Basic net list price Federal share (doubled) Manufacturer share (net) Total (net)
40,000 4,500 2,250 6,750 2,000 r
40,000 to 65,000 3,750 1,875 5,625 | | | |
o WL 0ol o 1 ([N
5/19 1119 5/20

Source: Electrive, Mirae Asset Daewoo Research

Source: SNE Research, Mirae Asset Daewoo Research
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Tesla has been taking meaningful share from premium conventional vehicles not only in the
US but also in Europe and China. However, conventional automakers are stepping up their
efforts to confront the competitive threat by steadily releasing EV models.

At present, conventional automakers’ EV models are generally less marketable than Tesla
models. For example, Audi’s e-tron falls short of Tesla’s EVs in terms of price (roughly W20mn
more expensive than the Model 3) and range.

We see several reasons for this competitiveness gap. First, the use of conventional vehicle
platforms to produce EVs (vs. dedicated EV platforms) is detrimental to battery efficiency and
battery space optimization. Second, conventional automakers are inferior to Tesla in BMS
technology and economies of scale. Typically, the development of an EV model costs at least
several hundred billion won. However, while Tesla is expected to sell 500,000 Model 3s in
2020, conventional automakers generally record only tens of thousands of sales per EV
model, meaning that they incur higher development costs per unit.

Table 2. Tesla vs. non-Tesla EV models
Price Segment  Range c::tat:ig Rangeél;:tat‘t:eitrz Weight pe rfoana1tat::: 0-100km/h  Power
(EUR'000) (km) (kWh) (km/kWh) (kg) (kg*km/kwh) (s) (kw)
Tesla Model 3 Long Range Dual Motor 60 Compactsedan 560 75 75 1847 13,791 46 2580
Tesla Model 3 Standard Range 44  Compact sedan 354 50 Al 1611 11,406 58 150.0
Audi e-tron Quattro 77  Mid-sized SUV 400 95 42 2490 10,484 57 300.0
Mercedes-Benz EQC 80 Compact SUV 416 80 52 2495 12,974 51  300.0
JaguarI-Pace 81 Mid-sized SUV 480 90 53 2133 11,376 48 2940
HMC Kona EV 41 Small-sized SUV 449 64 7.0 1743 12,228 76 150.0
Volkswagen ID.3 Mid-Range (Pro) 35 Hatchback 420 58 7.2 1719 12,448 70 150.0
Volvo Polestar 2 60 Mid-sized sedan 500 78 6.4 1900 12,179 49 3000
BMW X3 70 Compact SUV 400 70 57 2100 12,000 50 2000
Tesla Model Y Long Range 58  Compact SUV 540 75 72 1850 13,320 58 2110
Tesla Model Y Standard Range 47  Compact SUV 390 50 7.8 1700 13,260 63 1500

Source: Press reports, Mirae Asset Daewoo Reseal

Figure 10. Europe: EV sales volume by model

rch

Figure 11. Volkswagen plans to enhance its EV
competitiveness via a dedicated EV platform (MEB)
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Source: MarkLines, Mirae Asset Daewoo Research
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Source: Volkswagen, Mirae Asset Daewoo Research
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Against this backdrop, traditional automakers are ramping up their EV strategies.

Volkswagen was the first conventional automaker to openly declare its commitment to
electrification. The automaker has already developed a dedicated EV platform (MEB), and the
first model built on the platform—the ID.3—began to hit the streets in Sep. 2020. The ID.3,
which Volkswagen is pushing as its new flagship model, offers strong price appeal.

Notably, the dramatic increase in the German government's EV subsidies has further
improved the economics of the ID.3. In Germany, buyers of EVs priced over EUR40,000 are
eligible for a grant of EUR9,000; factoring this in, the price of the ID.3 is even lower than that
of the Volkswagen Golf (a comparable conventional car).

In 2021, Volkswagen plans to release the ID.4, the first all-electric SUV built on its MEB
platform, which is estimated to be priced nearly EUR10,000 lower than the Tesla Model Y.

In addition, other traditional automakers, including BMW, Daimler, and HMC, are looking to
launch a large number of compelling EV models in 2020-22. The releases of new EV models
with improved commercial appeal, coupled with the marked increase in Europe’s EV subsidies,
should trigger full-fledged EV market growth going forward.

Figure 12. Cost comparison: Volkswagen ID.3 vs. other major EV models.

The VW ID.3 in cost comparison

& =5 So D =

VwiD.3 VW Golf VW Golf Tesla Model 3 Nissan Leaf Hyundai IONIQ
Model 1¢t Pro Performance 15eTsl 2.0TDI Standard Range Plus, (62 kWh) Elektro Style,

(58 kWh), 150kW  Style DSG, 110kW  Style DSG, 110 kW 236 kW e+ Acenta, 160 kw 100 kW
Base price (€) 38.987* 31.905 34425 43.880° 37.237* 39.284°
Depreciation® 295 353/296" 390/329** 337 320 337
Fixed costs! 78 99 123 148 105 101
Operation costs® 91 119 94 85 104 83
Servie and Tire costs® 56 61 66 86 63" 56
Total costs* 520 632/574** 673/611* 656 592 576
Total costs* (Cent/km) 41,6 50,5/46** 53,8/48,9* 525 474 46,1

Source: Volkswagen, Mirae Asset Daewoo Research

Figure 13. Comparison: Volkswagen ID.4 vs. Tesla Model Y

After ID.3 comes ID.4: again a true Volkswagen — the best overall package!

ID.4 Maodel Y
] Length 4,58 IS mm 0,17
Wheelbase 2.766 mm 2.875 mm -124
Interior +0,06
Turning Circle 10,2m 121m +1,9m
. Battery Size 82b,78n i Similar
Range (WLTP) 522 Ll Similar
= 17cm shorter = 6cm mare interior length, 1,9m smaller turning circle Charging (DC) 125 250
= High quality interior, VYW.0S and digitalization (mass-relevant use cases)
« Established dealer & service base Acceleration 85 5; ;
= ~10.000 EUR price advantage 5
= Model Y with better acceleration (not volume market relevant) and Pri 44,500 (RWD)  53-55,000 -9.000
charging speed T 49.000 (AWD) 58.620 (AW -15.000

* More software-centered i large fleet

Source: Electrek, Mirae Asset Daewoo Research
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Figure 14. EV sales volume by region
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4. The rise of EVs in China

Starting in 2015, the Chinese government aggressively expanded EV subsidies to promote
sales, driving rapid market growth. The government's strategic focus on EVs was aimed at
securing leadership in the growing EV market.

Since 2018, however, subsidy cuts have led to a sharp market slowdown; the government
decided to phase out subsidies to encourage automakers to cut costs and become more
competitive. Going forward, we expect China to increasingly transition from a
subsidy/regulation-driven to a private demand-driven EV market.

Notably, as Tesla’s EV models have begun to take meaningful share from premium
conventional vehicles with the start-up of production in China, conventional automakers are
expected to step up their efforts to defend market share, aggressively ramping up capacity
and releasing compelling EV models of their own. In addition, declining battery prices have
been removing the price advantage of conventional vehicles over EVs.

Figure 15. Top 10 EV models (by sales) in China (Aug. 2020)

(‘000 units)
400 = Europe us
= Japan China Wuling HongGuang Mini EV  EAEL
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| | Great Wall OraR1/Black Cat [ENEE]
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200 | |1
i
RN HINY
100 | I | | | I |
| I I 1 T | ii Li Xiang One EREV
1iij i I i
I I BYD Qin Pro EV
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117 118 119 1120 Weltmeister EX5 2042

Source: SNE Research, Mirae Asset Daewoo Research

Figure 16. Tesla Model 3 price trends in China

Source: InsideEVs, Mirae Asset Daewoo Research

Figure 17. Premium auto M/S in China (2019)
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Source: Industry data, Mirae Asset Daewoo Research

Source: Gasgoo, Mirae Asset Daewoo Research
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5. Improving EV economics

Amid intensifying market competition, we expect automakers to achieve economic viability in
EVs even without subsidies in 2022-23, sooner than initially anticipated (2025), aided by: 1)
improving battery technology; and 2) economies of scale.

We estimate that Tesla will be able to cut battery costs by more than 20%, as the company
has decided to adopt CATL's LFP battery for the Model 3. Meanwhile, LG Chem plans to raise
its battery density by more than 20% by using NCMA and long-cell technologies in 2022-23,
and Samsung SDI will apply NCA to its large-sized prismatic batteries to achieve a similar level
of density improvement. As such, we expect battery costs to drop from US$130/kWh to
around US$100/kWh in 2022-23.

Moreover, other costs are also likely to decrease sharply. Volkswagen estimates that its
adoption of a dedicated EV platform will improve its productivity by around 30%, meaning a
30% reduction in fixed costs, including labor costs. We also expect to see economies of scale
take shape. If global EV sales expand from 400,000-500,00 units in 2020 to 3mn units in 2025,
Volkswagen’s R&D expenses per unit will shrink sharply (based on the assumption that the
company will spend more than W2tr on dedicated EV platform development).

Figure 18. Volkswagen'’s cost analysis: EV vs. conventional Figure 19. Battery price and EV-use battery pack costs (60kWh)
fatf Jatf BEV platfor
ICE platform) BEV platform) platform) Us$) USSkAh)
. . . 10,000 Battery pack cost (L) - 150
Top 20 Plugin Vehicles In China — August 2020 Battory prices (R)
{ 120
shcons 6,000
Great Wall Ora R1/ Black Cat
SAIC Baojun E-Series 4,000
1 90
NIOES6 2,000
Li Xiang One EREV
, 0 . . 60
BYDanProkY 2020F 2023F 2025F

Source: Volkswagen, Mirae Asset Daewoo Research

Figure 20. R&D expenses per unit

Source: Industry data, Mirae Asset Daewoo Research

Figure 21. EV manufacturing cost estimate for Volkswagen
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Figure 22. ESS market outlook by region

TIGER KRX Secondary Battery K-New Deal ETF

III. ESS, another driver of battery market growth

We expect the global ESS market—another key driver of lithium-ion battery market growth—
to expand more than sevenfold to 90GWh in 2025 (from 12GWh in 2020). As the US market
illustrates, an increasing share of renewables in the power generation mix should spur higher
ESS demand to ensure grid/power supply stability. In addition, we foresee ESS battery prices
declining further around 2023 (aided by technology innovation), which should cause ESS
demand growth to accelerate.

In the near term, ESS market growth should stand out in the US and Australia. The US ESS
market is likely to expand sharply from 2.4GWh in 2020 to 7.1GWh in 2021, supported by the
completion of massive-scale projects (e.g., California). Meanwhile, ESS facilities are becoming
more economically viable in Australia given its low population density, growing mix of
renewables, unstable power supply (stemming from the closure of coal-fired power plants),
and aging grids; Australia’s ESS market is likely to double YoY to 1.2GWh in 2020.

In Europe, regulatory hurdles and high population density have weighed on ESS market
growth; installations contracted markedly from 1.4GWh in 2018 to 1.1GWh in 2019. However,
we think ESS demand in the region will inevitably pick up amid strengthening emissions
regulations. The European Commission and governments in major European countries have
recently begun to expand policy support for ESS projects.

In China, ESS demand had remained soft until recently due to inadequate government
support. However, medium-term growth potential looks strong, in light of the arrival of grid
parity for renewables and the expected decline in battery prices. Wood Mackenzie expects
China to become Asia’s largest ESS market by end-2024, with ESS installations reaching
12.5GW/32.1GWh (vs. 489MW/843MWh in 2017).

Figure 23. Estimated power generation cost by source in
Australia (1H20)
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In the US, Southern California Edison (SCE) and Pacific Gas & Electric (PG&E) are planning to
collectively install 1.2GW/4.8GWh of battery energy storage by Aug. 2021. These capacity
plans are far higher than the US's total ESS deployment in 2019 (523MW/1.1GWh; Wood
Mackenzie estimates).

In Nov. 2019, the California Public Utilities Commission called on power providers to secure
3.3GW in new clean energy resources by 2023 (50% by Aug. 2021), in anticipation of a major
shortfall in grid capacity due to the planned closures of gas-fired power plants and the
growing mix of renewables.

In response, several power suppliers, including SCE, have undertaken massive-scale ESS
projects. ESS facilities boast numerous advantages; for example, they are more eco-friendly
than gas-fired power plants and cheaper than peaking power plants. They also have relatively
short installation periods.

ESS facilities also help address the “duck curve” problem—the timing mismatch between peak
demand and generation—that poses challenges (e.g., grid pressure and reduced electricity
quality) for renewable energy sources. In the state of California, solar/wind power accounts
for 20% of total energy production.

Utility-scale energy storage projects are gaining significant momentum in the Western part
of the US (beyond California).

According to a recent study by the Lawrence Berkeley National Laboratory (published in Jul.
2020), 28% (102GW) of solar PV capacity within interconnection queues were solar-plus-
storage hybrids at end-2019. In 2019, stand-alone storage projects also increased by a
whopping 50GW.

Figure 24. Energy mix of solar and wind power in California Figure 25. “Duck curve” problem exacerbates grid instability
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Figure 26. Power purchase agreement (PPA) price trends for US
utility-scale solar PV projects

TIGER KRX Secondary Battery K-New Deal ETF

ESS demand is surging due to rising renewable energy generation and declining battery
prices; indeed, the utilization of storage systems is increasingly being viewed as an efficient
way to address the aforementioned “duck curve” problem and ensure grid stability and power
quality. Against this backdrop, policy support for ESS is growing, with large-scale installations
becoming mandatory in several states that meet a significant portion of their energy needs
via renewables. Moreover, with battery prices falling significantly, ESS facilities can now serve
as a substitute for peaking power plants and, in some cases, compete with baseload power
plants. Simply put, ESS solutions, which were once primarily used for frequency regulation,
are now gaining in importance in the electricity market.

In the US, the cost of utility-scale solar power generation is estimated to have fallen from
US$250/MWh (excluding investment tax credit) in 2010 to US$53.8/MWh in 2018—Ilower than
the costs associated with coal, nuclear, gas, and even wind generation. The costs are even
lower in Western states that enjoy abundant sunlight. In 1H20, solar power accounted for
16% of California's energy mix, and its contribution is on the rise in Nevada, Hawaii, and
Arizona.

Unfortunately, the rising share of renewables has led to increased grid pressure and
occasional power supply disruptions. In response, California (1.3GW by 2020) and other states
(12GW in ESS capacity to be installed in seven states by 2030) have mandated the installation
of energy storage solutions.

Looking ahead, we expect ESS demand growth to accelerate, as: 1) solar PV projects are
increasing in scale amid falling power generation costs; and 2) several key states are seeking
to source more energy from renewable sources under the renewable portfolio standard
(RPS). As of end-2019, there was 350GW of solar PV power capacity in interconnection queues.

Table 3. ESS installation mandates by state

State Notes

California Installation of 1.3GW by 2020; in service by 2024
Massachusetts Bill H.4857 (Aug. 2018): 1GWh by 2025

New York Oct. 2018 mandate: 3GW by 2030

New Jersey May 2018 mandate: 2GW by 2030

Virginia Feb. 2020 mandate: 3GW by 2035

Source: Press materials, Mirae Asset Daewoo Research

Figure 27. US solar PV projects in interconnection queues
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The economics of ESS have improved significantly amid a sustained fall in battery prices.

IHS Markit estimates that the average power generation cost of ESS in the US has fallen from
US$160/MWh in 2017 to US$130/MWh in 2020 (based on four-hour duration batteries),
following a drop in ESS installation costs from US$630/kWh in 2017 to US$470/kWh in 2020
(BNEF and GTM Research estimates). Battery costs—which account for 50% of total costs—
have plunged by around 43%, and non-battery costs have also fallen.

Although fossil fuel power plants still enjoy a cost edge, ESS facilities are already competitive
enough to replace gas peaking power plants. Lazard estimates the power generation costs of
US gas peaking power plants at US$150-200/MWh.

In fact, ESS have started to replace peaking power plants in the US. Notably, Elsevier estimates
that 28GW of peaking power capacity can be substituted with ESS, and GTM Research and
Wood Mackenzie project that over 20GW of additional peaking power capacity will be needed
over the next decade.

Figure 28. US utility-scale ESS power generation cost estimates (four-hour duration batteries)

$200
$180 Levelized Cost of Storage: The price |~
$160 at which discharged energy must be
sold for the project to break even
$140
g $120
:T.? $100
& ss0
$60
$40
$20
$0
S0 ST 5T 50 S P P B P P

m Battery CAPEX Augmentation mFixed O&M mTaxes m Charging

Source: IHS Markit, “Battery Energy Storage Overview,” Mirae Asset Daewoo Research

. Fi 22. Fossil fuel i i Nov.
Figure 29. Power supply/demand igure 3022. Fossil fuel power generation cost estimates (Nov.

2018)
Peaking (US$/MWh)
Resources
Load
U Following down 200
= Intermediate Duty
= :
= Generation 150
-
g Energy Purchases
_ —n 100
Baseload Generation 50
Hour of the Day 0 : : : :
Souros: EI Consuling Gas peaker Nuclear power Coal Gas
Source: E&I Consulting, Mirae Asset Daewoo Research Source: Lazard, Mirae Asset Daewoo Research

Mirae Asset Daewoo Research 16



October 7, 2020

Figure 23. US ESS market estimates
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Consensus estimates for the US ESS market are being revised upward, despite COVID-19.
Wood Mackenzie projects US ESS demand to increase sharply from 523MW in 2019 to 1.5GW
in 2020, 3.6GW in 2021, and 7GW in 2025.

We believe actual demand growth could beat expectations. First, assuming that US solar
power demand reaches 25GW in 2025 and that 30% of solar PV projects that year are solar-
plus-storage hybrids (based on four-hour duration batteries), we estimate the relevant ESS
demand alone will reach around 7.5GW. We believe this assumption is reasonable, given that
28% of solar PV projects within interconnection queues were solar-plus-storage hybrids at
end-2019.

In addition, ESS facilities stand a strong chance of replacing peaking power plants. In the US
alone, ESS could potentially replace 28GW of peaking power capacity. We also expect the
residential/commercial ESS markets to grow steadily.

Based on battery energy capacity (MWh), we forecast ESS demand growth to outpace supply
growth going forward. Of note, battery duration has been increasing in line with ESS
solutions’ growing importance to overall power supply. While the battery duration averaged
less than one hour when ESS applications were confined to frequency regulation, the latest
utility-scale ESS projects typically have a battery duration of around four hours.

Meanwhile, the massive power shortage that hit California in August is likely to accelerate ESS
market growth. The state experienced its first rotating power outages in 19 years, due to a
spike in power demand amid a historic heat wave and supply disruptions caused by the
increased energy mix of renewables. Considering California’'s commitment to 100% clean
energy by 2045, we expect large-scale ESS projects to gain momentum.

Table 4. US solar power demand and solar-plus-storage market estimates (MW, %, hours, MWh)

2020F 2021F 2022F 2023F 2024F 2025F
Solar power demand (MW) 18,000 19,000 20,000 22,000 24,000 25,000
Proportion of solar-plus-storage (%) 5 10 15 20 25 30
Battery duration (hours) 20 30 3.0 35 40 40
Battery demand (MWh) 1,800 5,700 9,000 15,400 24,000 30,000

Source: Mirae Asset Daewoo Research estimates

Figure 32. Power generation trend by source in California (Aug.

2020)
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Figure 24. ESS market outlook by region
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We expect the global ESS market to expand more than sevenfold to 90GWh in 2025 (from
12GWh in 2020). As the US market illustrates, an increasing share of renewables in the power
generation mix should spur higher ESS demand to ensure grid/power supply stability. In
addition, we foresee ESS battery prices declining further around 2023 (aided by technology
innovation), which should cause ESS demand growth to accelerate.

In the near term, ESS market growth should stand out in the US and Australia. The US ESS
market is likely to expand sharply from 2.4GWh in 2020 to 7.1GWh in 2021, supported by the
completion of massive-scale projects (e.g., California). Meanwhile, ESS facilities are becoming
more economically viable in Australia given its low population density, growing mix of
renewables, unstable power supply (stemming from the closure of coal-fired power plants),
and aging grids; Australia’s ESS market is likely to double YoY to 1.2GWh in 2020.

In Europe, regulatory hurdles and high population density have weighed on ESS market
growth; installations contracted markedly from 1.4GWh in 2018 to 1.1GWh in 2019. However,
we think ESS demand in the region will inevitably pick up amid strengthening emissions
regulations. The European Commission and governments in major European countries have
recently begun to expand policy support for ESS projects.

In China, ESS demand had remained soft until recently due to inadequate government
support. However, medium-term growth potential looks strong, in light of the arrival of grid
parity for renewables and the expected decline in battery prices. Wood Mackenzie expects
China to become Asia’s largest ESS market by end-2024, with ESS installations reaching
12.5GW/32.1GWh (vs. 489MW/843MWh in 2017).

Table 5. Global solar-plus-storage demand estimates
2020F  2021F  2022F  2023F  2024F  2025F

New demand (GW) 120.0 140.0 150.0 160.0 170.0 180.0
ESS installations as % of solar energy demand 1.0 1.0 20 50 50 10.0
Battery duration (hours) 20 20 20 3.0 3.0 40
ESS demand (GWh) 24 28 6.0 240 255 720

Source: Mirae Asset Daewoo Research estimates

Figure 34. Estimated power generation cost by source in
Australia (1H20)
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Figure 35. Estimated ESS power generation costs (BNEF)
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We expect global ESS demand growth to accelerate from 2023, backed by falling battery costs.

A BNEF report notes that ESS power generation costs have nearly halved to US$150/MWh
over the past two years. We attribute the faster-than-expected decline to lower battery prices,
improvements in battery energy density, and lower per-unit costs amid increasing system
size.

We expect the decline in ESS power generation costs to accelerate from 2023 thanks to
advances in battery technology spurred by EV market growth. By 2023, we expect battery
energy density/cost competitiveness to improve by more than 20% vs. 2020 levels. The
growing size of ESS should also lead to a further decline in per-unit costs. In addition, battery
duration—which averaged less than one hour when ESS solutions were primarily used for
frequency regulation—has been extended to two to four hours to support expanded
applications (such as the replacement of peaking power plants). Advances in battery
management technology, as well as improvements in system/financing efficiency, should also
contribute to cost savings.

NextEra Energy projects ESS storage costs to fall 16% annually from US$11-17/MWh in 2020
to US$5-9/MWh beyond 2023.

Figure 36. Estimated cost of utility-scale ESS installation
in the US by battery duration (2018)
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Figure 37. Lithium-ion battery price estimates

Source: NREL, Mirae Asset Daewoo Research

Figure 38. NextEra Energy’s ESS cost reduction road map
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IV. EV battery industry outlook

The EV battery industry is highly concentrated, with the top four suppliers—LG Chem,
Panasonic, CATL, and Samsung SDI—controlling around 80% of the global market. Notably,
domestic firms have been dominant players in the global battery market since the early days
of EV market development.

Going forward, the accelerating transition to EVs should drive the rapid expansion of the
global battery market. However, there are worries that competition could intensify as
latecomers flood the market. The key question, in our view, is how likely latecomers are to
succeed—i.e., how high the market entry barriers are and whether they are sustainable. The
past five years suggest the battery market has surprisingly high entry barriers.

China began providing aggressive policy support for the EV industry in 2015, resulting in more
than 100 Chinese companies entering the battery market. Many of these companies believed
they could easily catch up with market leaders (as was the case with other components), but
the industry failed to gain meaningful traction. CATL was the only company to really succeed,
while no. 2 player BYD continued to lose market share and no. 3 supplier OptimumNano
Energy filed for bankruptcy. Given the growth potential of the EV industry, one would
naturally expect at least five to 10 battery makers to be operating in China by now. In the end,
however, CATL essentially became the sole supplier in the Chinese market, and the world'’s
top four battery makers now control nearly 80% of the global market.

In their rush to improve energy density in order to catch up with market leaders on battery
performance, many Chinese latecomers compromised on safety, leading to a large number
of EV fire incidents. This, combined with the Chinese government’s EV subsidy cuts beginning
in 2018, forced industry laggards out of the market.

Figure 39. Combined M/S of top four global battery suppliers Figure 40. No. of Chinese battery suppliers
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Figure 41. Lithium-ion cell manufacturing process
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2. Why making batteries can be challenging

On the face of it, battery manufacturing is a fairly straightforward process: cathode and
anode materials are coated in aluminum or copper foil, rolled together with a separator into
a case, and injected with electrolytes. The main challenge is finding ways to lower production
costs, of which materials account for more than half. To reduce costs, energy density needs
to be improved so that more power can be produced from a battery of the same weight. This
is why technology matters more than labor when it comes to manufacturing EV batteries.

Density can be improved by increasing nickel content in cathode materials or silicon content
in anode materials. But doing so raises complications, including increased flammability,
shorter life, and the potential release of gas. Addressing such issues requires new
technologies that allow for additional coating or changing conductive materials and additives.

The problem is that most of these technologies relate to materials. Materials technology
tends to be complex, making it difficult to copy in a short period of time. In electronic
materials, for instance, one can get very different results using the same chemistry. Finding
the best solution requires much trial and error.

Indeed, LG Chem, despite its decades of experience and status as the world’'s no. 1 battery
manufacturer, struggled to raise the production yield of its European plant to normal levels
for roughly a year. Even though the technology was the same, the change in geographical
location and slight adjustments to the equipment led to widely different results. Panasonic
also wrestled with low production yields for years at its US plant.

Figure 252. Breakdown of battery manufacturing costs
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Figure 43. Volkswagen's battery technology road map

Source: Mirae Asset Daewoo Research estimates

Figure 44. Umicore’s solution for improving battery energy
density
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The accelerating innovation in EV batteries—already a highly concentrated segment—should
cause the gap between leading players and latecomers to widen even further. As battery
contracts are awarded two to three years ahead of new EV model releases, suppliers that fail
to win contracts now will find it harder to catch up going forward. Moreover, latecomers are
likely having difficulty securing funding and customers during the pandemic.

Notably, industry leaders are speeding up their innovation. The full-fledged expansion of the
EV market and Tesla's advance are driving massive R&D investments in battery technologies.
Recently, Tesla announced that it would use CATL's lithium iron phosphate (LFP) batteries for
some of its EV models. Previously, CATL's LFP batteries were not adopted by automakers
because their energy density was equivalent to only around 50% of first-tier nickel cobalt
manganese (NCM) battery density levels. However, CATL has raised their relative energy
density to 70-80% via cell-to-pack (CTP) technology (which allows cells to be integrated directly
into battery packs). CATL's LFP battery packs are more than 20% cheaper than NCM batteries.

There are some concerns that the application of CTP technology and Tesla's adoption of
CATL's LFP batteries could hurt suppliers of NCM batteries. However, when considering that
the global EV battery market consists of just five or six players, CATL included, heightened
competitive pressure is not a cause for concern. Rather, we believe it will motivate other EV
battery suppliers to ramp up their innovation efforts.

Indeed, Samsung SDI is working on lowering battery cell production costs by more than 20%
by applying lithium nickel cobalt aluminum oxide (NCA) cathodes (which are currently only
used for cylindrical batteries) to its large-sized prismatic batteries beginning in 2021.
Meanwhile, LG Chem plans to adopt nickel, cobalt, manganese, and aluminum (NCMA)
cathodes from 2023 to lower costs by at least 20%. In addition, various battery technologies
(e.g., monocrystalline cathode materials and dry battery electrodes) are being explored and
developed. Recently, Samsung SDI published a paper on all-solid-state batteries, a next-
generation EV battery technology. Although all-solid-state EV batteries are unlikely to be
ready for mass production for at least seven years, development of the technology should
accelerate, given Samsung SDI's strong commitment and massive investments.

Against this backdrop, market leaders are likely to further widen their lead over latecomers,
supported by advances in technology and rapid cost declines. Although there are some new
players in Europe (e.g., Northvolt) and China, they should continue to trail market leaders,
especially in the race for next-generation EV battery technologies.

Given Tesla's market share gains and the pace of EV battery price declines, it is crucial for
conventional automakers to release more compelling EV models in 2022-23 at the latest.
Battery contracts should therefore be awarded in 2020-21, and these are likely to go to major
suppliers. The concentration of orders among top-tier suppliers should make it more difficult
for latecomers to close the competitiveness gap in the next two to three years.

Figure 45. CATL's CTP-based LFP battery technology Figure 46. EV battery production capacity by major supplier
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4. ESS, another driver of EV battery market growth

Like the EV battery market, the fast-growing ESS battery market should increasingly be led by
top-tier players. We forecast global demand for ESS-use lithium-ion batteries to expand
sevenfold to 91GWh in 2025 (from 12GWh in 2020). In the US, ESS demand is set to expand
particularly rapidly over the next two to three years, and we may see sales overshoot market
expectations.

We expect the ESS-use battery market to remain highly concentrated, similar to the EV battery
market. And significantly, margins are likely to be high relative to EV battery margins.

ESS-use batteries are dominated by the top five players, which collectively control 70% of the
market (as of 2018). Most top-tier EV battery suppliers are also major ESS players; we expect
the ESS battery market to be dominated by leading EV battery suppliers in the medium term
given: 1) the conservative nature of utility companies/power producers; 2) the need for stable
after-sales service/maintenance; and 3) efforts to improve the safety and cost
competitiveness (20% reduction by around 2023) of NCM batteries.

ESS-use battery margins are likely to stay higher than EV battery margins.

Given the conservative nature of power suppliers, we expect batteries with proven track
records to be favored over low-priced batteries. In addition, we do not anticipate high price-
cutting pressure, as ESS batteries account for just a fraction of total power system costs
(whereas EV batteries account for 30-40% of EV costs). Indeed, ESS-use battery prices fell less
sharply than expected in 2018-19. We believe this moderate price decline was attributable to
tight EV battery supply. In addition, ESS-use battery prices appear slightly higher than EV
battery prices.

In our view, winners in the EV battery market will increasingly extend their leadership to the
ESS battery market. For lithium-ion batteries, energy density improvement via superior
cathode/anode materials is essential to enhancing cost competitiveness. As such, companies
with advanced cathode/anode materials technologies and significant production know-how
are better positioned to achieve cost reductions.

All'in all, we expect the ESS-use battery market to follow in the footsteps of the EV battery
market and become even more concentrated over the next two to three years.

Figure 47. Lithium-ion battery market outlook by application Figure 48. ESS-use battery market breakdown (2019)
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Since Tesla's Battery Day event, battery stocks have slid on concerns that the automaker may
start manufacturing its own batteries, taking a big slice of the battery market pie. However,
we think top-tier battery firms will eventually benefit from Tesla's move, in light of the
following:

1) Tesla will likely help increase the size of the market pie. Currently, global EV market
penetration stands at only 3-4%. If Tesla succeeds in driving down battery prices and
strengthens its market dominance, other automakers will have to increase EV sales to protect
their market shares. They will also need to strengthen their partnerships with existing battery
makers (as using Tesla’s batteries will likely not be an option).

2) At the Battery Day event, Tesla did not announce any new technologies or patents (but
rather focused on improving productivity). Meanwhile, existing battery suppliers are also
developing their technologies (e.g., increasing battery size, exploring the use of dry
electrodes, etc.). We believe Tesla will help drive overall EV market growth, as it has in the
past. Indeed, in 2012, the release of Tesla's cylindrical battery-powered Model S helped
accelerate battery manufacturers’ and automakers’ technology development, leading to a
decline in battery prices and eventually boosting market growth.

3) Batteries are an industry with high technological barriers to entry. Technological advances
have been slow compared with other IT products, and mass production is particularly
challenging due to low yields. This is because accumulated experience and know-how are
crucial in materials technology—the key technology in battery cell production. Panasonic has
been manufacturing batteries for over 20 years, but it took the company several years to
secure sufficient yields at its US factory. It took LG Chem more than a year to stabilize yields
in Europe. We believe Tesla will choose to collaborate with existing battery makers for cell
production, as its goal is to expand the EV market, not to compete with battery firms.

Figure 26. Pace of battery technology improvement Figure 27. EV penetration rate
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V. Materials market outlook

We expect the battery-use elecfoil market to see a supply shortage starting in 2022 (based on
our utilization assumption of 90%).

We attribute the tight conditions to: 1) top-tier suppliers’ slower-than-expected capacity
expansion (no new production lines coming online in 2019); 2) the emergence of large
customers such as SK Innovation; and 3) high entry barriers owing to a heavy fixed-cost
structure. Notably battery manufacturers enter the elecfoil business by acquiring equity
stakes in existing players (e.g., SK Holdings' investment in Wason in 2018 and SKC's
investment in KCFT in 2019).

We expect elecfoil suppliers to display solid earnings growth aided by: 1) steady selling prices;
and 2) continued customer diversification.

Table 4. Supply/demand outlook for battery-use elecfoil

2018 2019 2020F 2021F 2022F 2023F 2024F 2025F
Battery production capacity (GWh)
Small batteries 36 36 40 42 4 47 50 55
ESS 12 1" 12 20 28 43 65 91
EV batteries 82 89 130 229 426 640 838 1,164
Total 130 136 183 291 498 730 953 1,309
Elecfoil demand (tonnes)
Small batteries 29,040 28,670 31,677 32,447 33,548 34,815 36,822 39,164
ESS 9,440 8,867 9,730 15,224 21,618 32357 47,355 65,007
EV batteries 65,568 70,353 102,121 178,013 323,827 477,045 612,003 833,093
Total 104,048 107,890 143,528 225,683 378,992 544,217 696,180 937,264
Elecfoil usage (tonnes/GWh) 800 792 784 776 761 746 731 716
Elecfoil capacity (tonnes)
Ijin Materials 17,000 25,000 35,000 55,000 65,000 75,000 85,000 95,000
KCFT (LS Mtron) 19,000 19,500 29,500 39,500 59,500 79,500 99,500 119,500
Wason (Lingbao) 15,000 23,000 35,000 47,000 67,000 87,000 107,000 127,000
Chang Chun CCP 12,500 22,000 28,000 38,000 58,000 78,000 98,000 118,000
Nuode 17,500 23,000 38,000 48,000 68,000 88,000 108,000 128,000
Doosan Solus 0 0 0 10,000 20,000 30,000 40,000 70,000
Other 24,000 35,500 49,500 62,500 92,500 112,500 132,500 152,500
Total 105,000 148,000 215,000 300,000 430,000 550,000 670,000 810,000
Elecfoil supply (tonnes; 90% utilization)
Iljin Materials 15,300 22,500 31,500 49,500 58,500 67,500 76,500 85,500
KCFT (LS Mtron) 17,100 17,550 26,550 35,550 53,550 71,550 89,550 107,550
Wason (Lingbao) 13,500 20,700 31,500 42,300 60,300 78,300 96,300 114,300
Chang Chun CCP 11,250 19,800 25,200 34,200 52,200 70,200 88,200 106,200
Nuode 15,750 20,700 34,200 43,200 61,200 79,200 97,200 115,200
Doosan Solus 0 0 0 9,000 18,000 27,000 36,000 63,000
Other 21,600 31,950 44,550 56,250 83,250 101,250 119,250 137,250
Total 94,500 133,200 193,500 270,000 387,000 495,000 603,000 729,000
Oversupply (%) 9.18 2346 34.82 19.64 211 9.04 -13.38 -22.22

Source: Mirae Asset Daewoo Research
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Figure 28. Medium/long-term supply/demand outlook for battery-use elecfoil: Need for
additional capacity to arise in 2022
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Table 5. Battery-use elecfoil supply contracts
. Volume Value
Customer Period T (Whn)
Tljin Materials Samsung SDI 2019-23 (5 years) 60,000 800
KCFT LG Chem 2020-23 (4 years) 60,000 800
Doosan Solus LG Chem 2021-25 (5years) 30,000 400
Doosan Solus SK Innovation 2021-24 (4 years) 6,000 100
Tljin Materials Samsung SDI 2020-25 (6 years) 30,000 400
Source: Dart, media reports, Mirae Asset Daewoo Research
Figure 29. Elecfoil export volume trend Figure 30. Elecfoil export value trend
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Reducing elecfoil thickness from 8um to 6pm results in a 3-5% increase in battery
capacity

Elecfoil thickness is a key focus of manufacturers, as a decline in thickness leads to a
corresponding increase in anode active material content and improvement in battery
capacity. We estimate reducing elecfoil thickness from 8um to 6um leads to a 3-5% increase in
battery capacity.

Going forward, we expect battery capacity to improve on the back of thinner battery-use
elecfoil. Based on current production facilities, major Korean companies are poised to take
the lead in the production of premium elecfoil (6um or thinner), having secured medium- and
long-term supply contracts for the equipment (titanium drums) needed to produce high-end
products.

Amid a steady shift to thinner elecfoil, we expect leading players to maintain their technology
lead over latecomers. Top-tier players should also be able to defend selling prices thanks to
an improved product mix; note that as elecfoil becomes thinner, the amount of elecfoil used
(tonnes per GWh) decreases, but the T value (selling price minus production cost and copper
price) increases. Contrary to market concerns, we believe the competitive threat (in terms of
technology, market share, and ASP) from new entrants is limited.

Figure 31. A decline in elecfoil thickness leads to an increase in active material content
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2. Battery materials market outlook: Separators

Among battery materials, separators should see the tightest supply conditions in the medium
to long term, with SNE Research projecting the supply shortage ratio at 35% in 2022.
Accordingly, we expect separator suppliers (particularly top-tier ones) to seek to expand
capacity in earnest. Amid weak market conditions over the past two to three years, suppliers
have been conservative toward capacity additions. (Given the high proportion of fixed costs,
separator oversupply could lead to sharp margin deterioration.)

With a number of countries implementing subsidies since the COVID-19 outbreak, the global
separator market is in the midst of an unexpected boom. Of note, separators should maintain
solid selling prices relative to other materials, given their nature as a commodity material and
the supply shortage stemming from the sudden market upturn. Going forward, we expect
separator supply/demand conditions to remain tight, given: 1) the time needed for capacity
additions to catch up with market growth; and 2) the shortage in supply.
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Among battery materials suppliers, separator makers boast the highest OP margin (around
30% for top-tier suppliers).

Suppliers of other materials need to steadily execute capex in excess of their annual EBITDA,
which is why many battery-related companies have sought external financing (including
rights offerings, CB issuance, subsidiary listings, and borrowing) since 2019. Separator
suppliers, however, can fully finance capex with their EBITDA. Indeed, for Yunnan Energy New
Material, 2020F and 2021F capex/EBITDA ratios stand at only 74% and 63%, respectively.

For EV battery-use separators, suppliers cannot obtain customer approval without mass
production facilities. As separators are critical to battery stability, the approval process takes
up to two years, and vendor changes are not common. Due to high supply/demand
uncertainties, battery cell makers typically sign medium/long-term supply contracts.

Of note, the separator business requires massive production facilities, which incur high
depreciation expenses. However, this is favorable for top-tier suppliers, as new entrants face
huge initial capex requirements and are likely to incur massive losses in the event of weak
utilization or yields.

Figure 32. Battery-use separator supply/demand analysis: Tightest supply among battery
materials
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Figure 33. Capex/EBITDA ratio comparison: Separators are a high-margin material
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Table 6. Capex/EBITDA ratio forecasts (Wbn, %)
EBITDA Capex Capex/EBITDA (%)

2018 2019 2020F 2021F| 2018 2019 2020F 2021F| 2018 2019 2020F  2021F

Separators L“;g;gf”ergy New 160 246 314 40| 231 357 231 257 145 145 74 63
Elecfoi Tljin Materials 77 9 109 157 19 132 139 156 154 147 128 99
Cathode EcoPro BM 72 61 94 159 73 182 156 148 101 297 166 93
materials  Easpring 69 1 71 108 9 75 86 98 13 6n 121 91
Shanshan 178 150 202 267| 298 323 308 297 168 215 153 111

Electrolytes  Tinci Materials 41 52 179 178 129 46 90 84| 316 89 50 47
Baterycals STUN9ISD! 1652 1484 1,670 2256| 2146 1898 1826 1910 130 128 109 85
LG Chem 3515 2581 4328  5479| 4219 6238 5383 4568 120 242 124 83

Source: WISEfn, Mirae Asset Daewoo Research

Figure 34. Depreciation expenses as % of total expenses
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Figure 35. Customer approval process for EV battery-use separators takes longer than that
for IT-use separators
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Figure 37. NCM export volume trend
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3. Battery materials market outlook: Battery-use cathode materials

The technological landscape for battery-use cathode materials is changing. Contrary to initial
expectations that NCM would become the norm, the cathode materials market is becoming
diversified, with companies increasingly opting for NCA, NCMA, and LFP. Leading the change
are the no. 2-4 (in terms of production capacity) EV battery cell makers.

If NCM 811 were to become the standard, LG Chem—as the no. 1 player with the largest
production capacity—would reap the biggest benefits over the medium and long term.
Accordingly, we believe the company’s rivals are seeking to differentiate their formulations to
overcome their lack of economies of scale.

For instance, Samsung SDI established a joint venture with EcoPro BM and is set to apply NCA
cathode materials to mid/large-sized prismatic batteries in 2021. SK Innovation also entered
a medium/long-term contract with EcoPro BM to secure core-shell-gradient (CSG) cathode
materials. And CATL recently signed a deal to supply Tesla with cobalt-free LFP batteries.

Figure 36. Latecomers differentiating their formulations in effort to beat economies of scale
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Figure 38. NCM export price trend
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Oversupplied cathode materials market - Focus on differentiation through
specialty products

Assuming an NCM market share of 75%, EV (BEV+PHEV) sales volume of 98.45mn units, and
a capacity utilization rate of 90%, we estimate NCM demand at 886,000 tonnes and supply
volume at 99.7mn tonnes in 2023. Given that global NCM suppliers have aggressively
expanded production capacity over the past two to three years, we expect the NCM segment
to be oversupplied through 2023.

Accordingly, we think companies that have secured medium/long-term supply contracts for
specialty products have higher visibility on earnings growth. We recommend focusing on
companies that are pursuing product differentiation through specialty products (NCA, CTP-
based LFP, and NCMA) and securing stable demand through medium/long-term contracts or
joint venture partnerships.

Figure 39. EV-use NCM supply/demand analysis
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Table 7. Cathode material supply/demand based on global EV sales volume
2019 2020F 2021F 2022F 2023F 2024F 2025F
EV sales volume (000 units) 2115 3,029 4,587 7,095 9,845 12,887 16,622
EV battery shipment volume (MWh) 88,830 130,243 229,327 425,688 639,900 837,683 1,163,573
E;Tirs]%gg EY\;’;“WU% cathode materials 190,350 272,601 412,789 638,532 886,015 1150869 1496022
Cathode material market breakdown (%)
NCM 72 72 72 72 75 75 75
NCA 17 17 18 19 19 19 19
LFP 6 6 6 6 6 6 6
Other 5 5 4 3 0 0 0
Cathode material demand by type (tonnes)
NCM 137,052 196,273 297,208 459,743 664,511 869,902 1,122,017
NCA 32,360 46,342 74,302 121,321 168,343 220,375 284,244
LFP 11,421 16,356 24,767 38312 53,161 69,592 89,761
Other 9,518 13,630 16,512 19,156 0 0 0
Global NCM production capacity 366,000 500,000 635,000 906,000 1,108,000 1,177,000 1,240,000
NCM supply volume (95% utilization) 329,400 450,000 571,500 815,400 997,200 1,059,300 1,116,000
NCM excess supply (%) 140 129 92 77 50 22 -1

Source: Mirae Asset Daewoo Research
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VI. TIGER KRX Secondary Battery K-New Deal ETF

Holdings of the TIGER KRX Secondary Battery K-New Deal ETF include: 1) three battery cell
companies; 2) three battery-grade copper foil makers; 3) two cathode materials suppliers; and
4) two electrolyte producers.

The three battery manufacturing constituents of the ETF—LG Chem (051910 KS), Samsung
SDI (006400 KS), and SK Innovation (096770 KS)—enjoy competitive advantages over foreign
competitors in terms of production capacity, chemistry, and customer base. Moreover, they
are better positioned to benefit from surging EV sales in Europe (triggered by increased
government subsidies intended to stimulate demand amid the COVID-19 pandemic), given
their high exposure to the region. We believe these three battery makers will see their
earnings expand, backed by growing EV sales in Europe.

The battery-grade copper foil manufacturers held by the ETF are SKC (011790 KS), Iljin
Materials (020150 KS), and Doosan Solus (336370 KS). The global market is dominated by a
small number of top-tier firms, with high fixed costs raising high barriers to entry. Tesla's plan
to produce batteries in-house is also good news for copper foil makers, as it points to the
potential emergence of a major new customer. Looking ahead, supply will likely tighten going
forward, which is why battery makers are entering into medium/long-term supply contracts
and making equity investments in copper foil manufacturers.

The cathode materials suppliers are POSCO Chemical (003670 KS) and EcoPro BM (247540
KQ). As the NCM cathode market will likely remain oversupplied over the medium to long
term, differentiation in chemistry/technology (customized for specific customers) is
important. Notably, POSCO Chemical, a key supplier to LG Chem, is capable of manufacturing
next-generation cathode materials (NCMA). Meanwhile, EcoPro BM should benefit from the
medium/long-term growth of Samsung SD], as it is the battery maker’'s primary supplier of
NCA cathode materials. Going forward, Korean cathode materials players should build on
their dominant positions in NCMA and NCA and take the lead in the development of next-
generation cathode materials (monocrystalline, etc.).

Electrolyte producers Chunbo (278280 KQ) and Foosung (09337 KS) are also constituents of
the ETF. As electrolytes are a commoditized product with a number of suppliers globally,
securing captive customers and cost competitiveness is key. Looking ahead, we believe that
Chunbo, a manufacturer of electrolyte additives such as LiPO2F2 (P) and LiFSI (F), will be able
to maintain cost competitiveness on the back of its core technologies.

Table 8. TIGER KRX Secondary Battery K-New Deal ETF constituents W)
. Weight P/E (x) EV/EBITDA P/B (x) ROE (%)

Ticker Company Country

(%) 2020F 2021F 2020F 2021F 2020F 2021F 2020F 2021F
096770KS  SKInnovation Korea 25.7 - 239 -555 9.8 0.8 0.8 94 32
006400KS ~ Samsung SDI Korea 25.6 54.2 27.2 19.0 138 22 21 42 7.8
051910KS LG Chem Korea 225 38.2 26.0 123 10.0 26 24 6.8 9.1
003670KS  POSCO Chemical| Korea 6.7 99.5 40.6 39.2 240 4.7 43 49 11.0
011790KS  SKC Korea 6.0 196 19.8 129 10.1 15 14 85 73
247540KQ EcoProBM Korea 45 62.2 36.6 329 20.0 6.5 5.6 1.7 179
020150KS  Iljin Materials Korea 33 327 230 177 124 31 27 9.8 124
278280KQ Chunbo Korea 23 513 34.6 324 211 6.4 5.6 14.0 17.8
093370KS  Foosung Korea 17 187.6 26.9 245 133 40 35 22 13.6
336370KS  Doosan Solus Korea 16 274 19.2 124 10.2 6.8 5.2 223 271
Source: Bloomberg, Mirae Asset Daewoo Research
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VII. Risks

Risk factors include policy changes in major economies, delays to battery cost reductions, and
potentially intensifying competition.

EVs are still more expensive to make than conventional vehicles, which is why policy supports
(government subsidies, etc.) have a major impact on demand. In China, larger-than-expected
subsidy cuts have led to oversupply across the supply chain amid plunging demand. In
Europe, a sharp increase in subsidies has fueled EV demand.

Fortunately, the impact of subsidies on demand is decreasing as EV manufacturing costs have
declined markedly. Moreover, the EV industry is anticipated to continue to grow even after
subsidy cuts, given governments’ commitment to nurturing the industry over the medium
term.

Another factor that may negatively affect ETF performance is a potential delay to battery cost
reductions. Mass-producing EV batteries using new technologies has always been a
challenging task. Accordingly, further cost reductions may take longer than expected, despite
the ongoing efforts by top-tier battery suppliers and Tesla. That said, given that battery prices
have already fallen markedly, and factoring in fuel cost savings, an additional 20-30% fall in
costs will likely be enough to make EVs truly competitive. Aside from battery cost reductions,
achieving economies of scale in EV production should also help lower overall EV production
costs.

The possibility of intensifying competition is a common risk for growth industries. However,
we note that highly competitive companies tend to continue growth over the medium term
even in the face of temporary oversupply. We believe that Korean battery manufacturers and
materials suppliers will continue to remain dominant players, particularly given that the EV
battery industry is characterized by high technological barriers to entry.
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