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Minerals & Materials Supply Chains i Considerations for Decarbonizing Transportation

Summaryi Presented Testimony

1 Policy and decision makers should take an approach that is not part of conventional thinking.

1 Materials 7 all materials, regardless of souiicare the first building block Materials
science isdynamic. The nature of innovatiggmserendipitouand economic and financial
risks are substantial. Both are vulnerable to underlying business conditions and tax
policies.

1 Systemgequire extraordinary attention and support, be they for bdsasiructure or to
push sophistication into essential functions like electric power.gAdsountry that
cannot attain public acceptance of legacy components, fuels and technologies is unlikely
to be one where public acceptance of new technologies amndrntnusions can easily be
achieved.

1 Datais in a fragile state. BEVs increasingly interact with energy, telecommunications
and other systems, infrastructure and data streams. Data is intellectual property (IP), with
inherent value and assorted stragedor monetization. Everything from automation in
transport to road maintenance and environmental controls has the potential for solutions
embedded in data. A world full of BEVs is one in which dateendswvell beyond
terabytes, creating new demands $toragewith attendant energy and sustainability
considerations.

9 Battery costs, risks and affordability.

1 Are contingent upon regional distribution of manufacturing platforms, associated supply
chains and logistics, workforce capacity and labor costsrendssortment of contextual
factors that are responsible for comparative advantages, or not, across nations and
localities.

Large Acones of wuncertaintyodo exist.
Policy makers should focus on core economic policies that support competitiveness and
resilierce.

9 Batteries and BEVs are materials intense. Mining and minerals processing already are a
focus for ESG imperatives. Recycling can help but is a work in progress. BEV
manufacturing and recycling memwitonmtedat o me fisym
regulations that affect businesses engaged with hazardous materials could throttle vital
new processes and approacha&durther concern is tha&EVs, batteries and other
components of alternative energy will add to waste volumes much more rapidly than we
can build capacity for handling end of life.

1 Commodity prices already arerisingsharply. Air ush t o material so for
aspirations will threaten economic and national security, could trigger inflation or even
hyperinflation, create new srces of geopolitical risks and uncertainties, undermine
fragile states, lead to expansion of unsustainable industries and a host of other
consequencesExpectationgor minerals price increasese now baked into every
trading position as well as intoaidy every minerals expansion or new venture. They are
not, however, baked into forecasts of battery costs.

9 Electricity prices are at least as unreliable as other commodifiasy government
policies to support BEVs in other countries entail measursgften the cost of
recharging. U.S. residential costs have climbed persistently even while the key marginal
fuel for power generation natural gag has been historically low. When it comes to
expanding recharging, a distinct consumer issue is whetidBEV owning or using
customers will pay an oversize share of costs.

1 Hydrocarbons and petrochemicals aital raw materials.

1 Our Texas freemgeddorprovided an illustration of how plastics costs can soar with

constraints.
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Global oil and gas operationeedeveraged by sale of petroleum and natural gas fuels,
keeping costs of materials affordable.

Plastics are crucial for BEMsmore than half of vehicle content but only 10% of weight.
Advanced polymers are essential for advanced vehicles and batteries.

Advanced plastics recycling is underway and would benefit from more strategic thinking
about supply chains and circular economies.

Bioplastics are under development for automotive use but availability and affordability of
BEVsi any vehicle type for that atteri will continue to hinge on hydrocarboebssed
materials sourced from U.S. and global oil and gas operations.

Executive Order 1407, Ameri cadés Supply Chains, shoul
minerals; add end of life management and assodaggstics Interactions are pervasive

diverse industry participants share concerns. Supply chain preparedness and resilience would
benefit from the building blocks of materials first, systems and data.

Finally,toChi nads r ol e.
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China dominates produoti of many critical and basic minerals and now also dominates
trade flows, with some expanding as much as ten times 2004

i T

S Uuf

Chinabs coal domi nated electric power capaci:
China also dominates trade in LIB products.

Chinaés strength in LIB manufacturing and
CEMAC.

A fAirush to mat er iidldercéandtsecureattaunativecenergZdupply a 6 s
chains wouldexacerbate global tensions on many fronts



Minerals & Materials Supply Chains i Considerations for Decarbonizing Transportation

Full Testimony i Background: Pushing on Strings

A search has been underway for levers to accelerate an assortment of technologies that, in many
views, could be used to address myriad energy, environmental, economic and hard security
concerns.Battery dectric vehicles BEVSs) have been iconic in this regard, as salves for

everything from urban air quality to sensitivities around supply and pricing of petroleum fuels.
Growth rates iBEV production, sales and fleets are enticing. However they remain a very small
portion of theoverall global stock of passenger vehicleg(rel), a luxury good in most

countries and locales. Poorer countries that aspire to electric transport must finstdvaild

robust and reliable electric power systdmedectricity must be available in some form &EVs

are demandingWealthier countries face a vast assortment of challenges to accelerating
expansion 0BEYV fleets and displacing traditional internal combustion engine (ICE) vehicle
designs.

Figure 1. Scale of Global and Regional Vehicle Markets
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Statistics https://www.bts.goyand other sources as compiled by Statista (accessed via Rice University).

Some of these challenges are battery manufacturing and associated supply chains; costs of raw
materials (including many that are not usually considered in analysis), labor and other inputs;
access to and costs of recharging along with all of the associated complexities; other variables
such as consumer behavior and competing alternatives; andmoaay Depending upon

information sources and how one looks at these things and the implications for vehicle production
and salesHError! Not a valid bookmark self-reference), transitioning the U.S. arglobal fleets

could take a mere 150 years,nouch longer


https://www.iea.org/reports/global-ev-outlook-2021
https://www.bts.gov/
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Figure 2. Only iXXX 0 Years to Go

80 3.0

Milliens
suoI|IN

70
2.5

60

2.0

50
Global BEV Sales
U.S. BEV Sales

40 China BEV Sales ig
Europe BEV Sales

Other Americas

Global Sales of All Passenger Vehicles
s3les A39

30 Other Asia Pacific
—Global Sales, All Passenger Vehicles 1.0
20
0.5
10
0 0.0
o N 2 ] > “ o A % G o
3 N 3 & o o & & X X o
o 2 " > o A2 o > o o A

Sources: Various includindge®d s 2 0 2 BEVG Outldplghttps://www.iea.org/reports/globadv-outlook2021;

U.S. Department of Transport at litpsivéwy.btBgoyaadotier sodrcesfas ansport at i

compiled by Statista (accessed via Rice University).
Devilish Details

| suggest that policy and decision makers take an approach that is not part of conventional
thinking. Materials T all materials, regardless of souiicare the first building block. Materials

are in a dynamic state as bench science dipgirgomore adenturous endeavors, down to the
atomicscalmnd t o include fismart material so that
performance in application#chieving bettern der st andi ng real istic t
c 0 n cie\ptdl. dhe nature of innaationis serendipitouandi of great consequence in light of
pandemic recovery economic and financiaisks aresubstantial Both are vulnerable to

underlying business conditions and tax polici8gstemsrequire extraordinary attention and

support, ke they for basic infrastructure or to push sophistication into essential functions like
electric power gridsA country that cannot attain public acceptance of legacy components

fuels and technologiess unlikely to be one where public acceptance of nei@chnologies and

their intrusions can easily be achievedT hi s i s true no matter the
f r o g g Datagsdn a fragile state. Legacy technologies already are lagging in data security.
By their very nature, existinBEV models and, even more, new designs under development raise
the bar on fAhar deni nBBE/sincredsimglysnteiact withsnprgyc i al |y
telecommunications and other systems, infrastructure and data streams. Data is intellectual
property(IP), with inherent value and assorted strategies for monetization. Everything from

! Many political leaders of U.S. states desire to promote BEVs but also want bans on mining and minerals
processing in their states. Ss://www.americanexperiment.org/loominigckelshortagethreatengo-
slamthe-brakeson-governorwalzselectricvehicle mandatesandhttps://www.reuters.com/articleusa
mining-polymetmining/minnesotacourtordersfreshreviewof-polymetminepermits

iIdUSKBN2CF2KK

can |

me

t rue


https://www.iea.org/reports/global-ev-outlook-2021
https://www.bts.gov/
https://www.americanexperiment.org/looming-nickel-shortage-threatens-to-slam-the-brakes-on-governor-walzs-electric-vehicle-mandates/
https://www.americanexperiment.org/looming-nickel-shortage-threatens-to-slam-the-brakes-on-governor-walzs-electric-vehicle-mandates/
https://www.reuters.com/article/us-usa-mining-polymet-mining/minnesota-court-orders-fresh-review-of-polymet-mine-permits-idUSKBN2CF2KK
https://www.reuters.com/article/us-usa-mining-polymet-mining/minnesota-court-orders-fresh-review-of-polymet-mine-permits-idUSKBN2CF2KK
https://www.reuters.com/article/us-usa-mining-polymet-mining/minnesota-court-orders-fresh-review-of-polymet-mine-permits-idUSKBN2CF2KK
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automation in transport to road maintenance and environmental controls has the potential for
solutions embedded in harvesting, managing, controlling, protecting and ulyieféeetive
utilization of data. A world full oBEVs is one in which dataxtendswell beyond terabytes,
creating new demands for storage and the attendant energy and sustainability considerations.

Figure 3. Building Blocks for Policy and Decision Makers

center for
€NERGYSTUDIES

Today...and Forward

+ Captureand
control

Cross-cutting themes and issues: supply chain integrity, market rules,
policy/regulatory oversight, trade, labor and workforce, communities, HSE, ESG

Against that backdrop, | focus on four aspects for the hearing today.

1 Battery costs, risks and affordability.

9 Hydrocarbons and petrochemicals, vital raw materials.
1 Executive Order 14017.

T Chinads rol e.

Battery Costs, Risks andAffordability

The widespread view is, and has been, Bial's make sense because battery costs have declined
and will continue to do so. In the most assertive views, batteri@&Efds not only can reach the
magi cal $100 per ki | oahbattcduld evenrcome Bloshtd zed!sThatist c ho g
the implicit conclusion from thop panel ofFigure4 below. Most automotive original

equipment manufacturers (OEMs)datheir vendors will say, at least privately, that such a vision
is critical, vital, to making BEVs affordable. Anything less is usually considered a deal breaker.
Batteries are onthird to onehalf of the cost of a BEV, depending upon design and natteko

not an inconsequential feature. A great deal more goes into making affordable cars, of course
than the collection of battery metals that are capturing high profile atteridioving down

battery costs has become the mantra for achieving sufficeadroom to accommodate costs of
other inputs and all of those associated risks and uncertainties.

Many of these are inherent in the regional distribution of manufacturing platforms, associated

supply chains and logistics, workforce capacity and labstscand the assortment of contextual

factors that are responsible for comparative advantages, or not, across nations and |ddadities.

bottom panel ofFigure4 provide a quick snapshot of variatiomsbattery costwhich can be

extensive in both scope antdefullsetof facwrs. ATbhechigheer of u N c e
the cost of manufacturing locations, the greater the pressure to seek interventiodisignclu

through policy and/or regulatory actions. Would a better approach be to tear apart cost structures,

assess competitiveness and build more resilient platforms? Time, attention and scarce resources
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devoted to overhauling and simplifying tax codes rassing labor markets and productivity
along with workforce education and training, reviewing laws and rules for IP, devising creative
strategies for deisking and funding research and development (R&D), implementing sensible
market rules for energy anther goods and servicéshese and more would build for overall
economic growth and performance.

Figure 4. Battery Costs

Lithium-ion battery pack price and
demand outlook
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Materials | ntensity

No matter the analysis or sour&&Vs, and all other alternative energy technology, is materials
intense. Almost daily, new research and evidence attests to the materials demands of the
technologies that we hope will carry us into a sustainable futoréhe past week, insights from
the IEA are added to the mix. As noigdgure5):

ifiAccording to the International Energy Agenc
materid demand for batteries in BEVs sold in 2019 was estimated at about 19
kilotons for cobalt, 17 kt for lithium, 22 kt for manganese and 65 kt for nickel.

Under a projected scenario that incorporates existing government palicies
where demand for BEV battes increases from 170 gigawdtburs today to 1.5
terawatthours by 203@ demand for cobalt would expand to about 180 kt per
year in 2030, lithium to around 185 kt/year, manganese to 177 kt/year and Class
I nickel to 925 kt/year.
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If projected demand is iime with the goals of the Paris climate agreement and
includes a target where BEVs make up 30% of global sales, material demand
would more than doubl&?

WHITE HOUSE
Biden's conundrum: Expand EVs without
harming the Earth

Bl » e recosena

https://www.eenews.net/climatewire/stories/1063731395/print

In previous testimony | focused on some of tmeining minerals processingnvironment, social,
governance (ESG) concerand imperatives. The widespread view is that recycling can address
much of the tension around battery raw materials. In our surveying thus far, recyclers face their
own, not insignificant hurdles for locating, certifying, building logistics for andeaaiy

financial success of the new capacity that so many envision. The cleigiatiiemma

surrounding volumes of feedstock for recovery are such that one OEM representative commented
that manufacturing and recyclisgi mpl y must b e c oeaewolfiyssy mbi ot i ¢c 0.
environmental regulations that affect businesses engaged with hazardous materials, impacting
development of vital new processes and approaches before they can even be pilot tested or, much
less, commercialized. Considerable R&D is underwageowclingi which is highly contingent

on battery chemistridgsalong with thinking about how to best to build this essential function of
materials and manufacturing supply chains. A distinct possibility, considering the very rapid
escalation of electrinwaste (ewastef is thatBEVs, batteries and other components of

alternative energy schemes will add to waste volumes much more rapidly than we can build
capacity for handling end of life.

CommodityMarketsand Prices

Many views are that increases sts of materials can be accommodated in battery
manufacturing and affordabilityAbsolutely no researchor outlooks accommodate the sheer
extent of a worldwide policy push to vastly accelerate, in short time frames, BEVSs, batteries,

2 Excerpted fronhttps://www.eenews.net/climatewire/2021/04/30/stories/106373(B2®ssed via
subscription).

3see my testimonyhttps://energycommerce.house.gov/commitetvity/hearings/hearingn-building-a-
100-percenicleaneconomyopportunitiesfor-an-0.

4 Seehttp://ewastemonitor.info/



https://www.eenews.net/climatewire/stories/1063731395/print
https://www.eenews.net/climatewire/2021/04/30/stories/1063731395
https://energycommerce.house.gov/committee-activity/hearings/hearing-on-building-a-100-percent-clean-economy-opportunities-for-an-0
https://energycommerce.house.gov/committee-activity/hearings/hearing-on-building-a-100-percent-clean-economy-opportunities-for-an-0
http://ewastemonitor.info/
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wind and solar, powergrids and any number of other technologies and devicesVhile

researchers and analysts typically construct scenarios that capture forward pathways that are not
Abusiness as wuswual 60, ABAUO is generally the unde
and processing businesses. To a large extent, this is because lack of data and, worse, lack of
transparency around closely held, proprietary businesses and operations, including battery

manufacturing However, history has demonstrated that more oftan tfotthese businesses

and industrie$ a great number of which are controlled and/or owned by sovereign governments

T are anything butBAUA fArush to material sodo for alternative
threaten economic and national security, could tgger inflation or even hyperinflation,

create new sources of geopolitical risks and uncertainties, undermine fragile states, lead to

expansion of unsustainable industries and host ofother consequences.

| raised all of these possibilities fmevious tesmony.® | pointed to the history of the battery

mi nerals of interest as typical ficart el commodi t
producing governments to control exports, control ownership and/or exert changes to fiscal terms
(taxes, oyalties and other methods for capturing economic rents). Even where fiscal regimes
should be reviewed and where producing governments have not had the best deals, righting the
ship can destabilize mining properties and industries. Since my testim8eptiember 2020,

countries from Indonesia to Zamlfiave taken or are contemplating taking actions that will have
negative consequences for materials supplies. Even sophisticated countries like Chile are looking
to extract more from their established moindustries to close pandemic economic gaps. Broad
awareness of these threats does exist, but is largely confined to the extractives industry
community. As well, change is slow. Programs that target ESG for sustainable mining and
minerals processing fia a very long way to go.

We already have evidence of price pressures on commodities that will affect the gamut of
industrial and consumer producEdure6). Recent reporting notes the broad impact of latent
demand on energy, minerals and agriculture, across the board, and also recognizes the impact of
expectations regaddadion@st lp@oniete atenlative energy adlides | a
and strategiesThese expectations are now baked into every trading position as well as into

nearly every minerals expansion or new ventureThey are not, however, baked into

forecasts of battery cots.

Figure 6. Commaodity Index Trendsi Annual with Global GDP (left) and Monthly (right)
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Source:Commodity price chartsompiled by MMichot Foss using IMF World Economic Outlook d&daGDP and
World Bank Pink Sheér comnodities.

5 See footnote.
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Whencompared to a typical projection of battery materials cost pattéignsr€7) the fragility of
assertions and assumptions regarding future trajecttroegdscome into full debate.

Figure 7. Historical Price Changes for Battery Raw Materials

Raw material price changes ($/kWh)
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BNEF analysis on raw materials price changes accessed via license and used with permission.

Electricity Prices

Another argumentpditor war d t o promote BEVs is ficheapnesso
Below is typical treatmenprofiling a widely quoted study

fiAs of 2020 in the United States, the total cost of ownership of electric cars is
less than comparable ICE cars, due to the lower cost of fueling and maintenance,

more than making up for the higher initial c¢
governments hawestablishedBEVincentivego reduce the purchase price of
electric cars and other plug n s é . A  a studyddione @ 2018, examining

only fuel costs, the average fueling cost of an electric vehicle in the United States
is $485 per year, as opposed to an ICE cars' $1,117 per year. Estimated gasoline
costs varied from $993 in Alabama to $1,509 in HavEectric costs varied

from $372 in Washington to $1,106 in Hawaii.

Electricity prices are at least as unreliable as other commodities. Many government policies to
support BEVs in other countries entail at least some measures to soften the costrgifigecha
countries where EVs of various types have grown fastest, administered electricity pricing is often
in the mix. The latter bears numerous implications for investment in electric power systems.

For several years, a puzzle for U.S. electric pdvesrbeen why residential costs have climbed

persistently even while the key marginal fuel for power generatiaatural gag has been

historically low(Figure8). A number of analysts including the U.SEnergy Information

Administration EIA) T have suggested that rising costs are linked to pursuit of wind and solar.

Although these generation sources are pegged as inexpgmaiireg of dispatched electricifg

an artfact of federal subsidy support. Production tax credits (PTCs) for wind opakhe

difference between low prices in the wholesale market and realized price project developers need

for Abankabilityo. I nvest ment tax crbagdts (1 TC:¢
installations. These intermittent generation sesrconsume system services to integrate them

with grids, enabling grids to function with reliability (hopefully).

6 Seehttps://www.wikiwand.com/en/Electric_car#/Economigetps://www.energysageom/electric
vehicles/advantagesf-evs/doeelectriccarssavemoney/ or any number of links and sources.

10


https://www.wikiwand.com/en/Government_incentives_for_plug-in_electric_vehicles
https://www.wikiwand.com/en/Electric_car#/Economics
https://www.energysage.com/electric-vehicles/advantages-of-evs/do-electric-cars-save-money/
https://www.energysage.com/electric-vehicles/advantages-of-evs/do-electric-cars-save-money/
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Figure 8. U.S. Residential Electric Power Prices
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Wind and solar resources are often thought of a
entailed in capturing and utilizing them. Beyond wintbines and solar photovoltaics (PV) the

cost of backup usually natural gas generatiorand/or alternative storagieusually gridscale

stationary batteries are rarely, if ever, included in price quotes to customers. Yet all of these

costs for systa integration, backup, storage and so on are incurred and must be paid with

allocation always, eventually to the customer. Residential customers in locations that are still

operated by regulated utilities or where market restructuring has not been ddegveor

states/municipalities are promoting alternative energy are most likely to be affected. All

cust omer s, but residenti al users in particular,
charges. Much of the thinking about BEV rechargirgpiporates assumptions of cost transfer to
el ectric power customers in order to amortize ¢t}

BEV recharging is anything but. A distinct consumer issue is whetheBBYnowning or using
customers will pay anversize share of such endeavbrs.

7 several sources and links for electric power research are in the appendix. Much of what | describe

centers on the growing debate surroundinguselofe vel i zed cost of electricityo (
measure. For previous related work under my direction, see
https://www.beg.utexas.efiles/cee/legacy/2016/CEE_SnapsiRwtail Electricity Price_Mar16.pdf
https://www.beg.utexas.edu/files/cee/legacy/2017/CEEe&eh_Note

What_ Future for Electricity Marketdarl7.pdf

https://www.beg.utexas.edu/files/energyecon/CEE_Research Note Competitivenessti@ergrl8.p

df andhttps://store.beg.utexas.edu/spetiabks/3777us0007netsociatcostof-electricity.html
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https://www.beg.utexas.edu/files/cee/legacy/2016/CEE_Snapshot-Retail_Electricity_Price_Mar16.pdf
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Cost ofHydrocarbons forPlastics(and Fuels)

A sidebar to our February deapdzein Texas has been disruption to petrochemigatput and
broad impacts on plastics supply chdinghe soaring cost of petrochemicas good analogy
for what could happen to the other, larger portion of BEV materials requirenfamtsall
policy actions and mandates against oil and gas production and processingl be felt not
only in cost of fuelsi the intended effecti but also in the cost of critical materialsi a widely
unintended and never considered effect.

Hydrocarbons and Petrochemicals

It is doubtful thaia moderrBEV customer would ever be contentmotor around o@n

implement that \@ssimply a collection of metals(The same holds true for cyclists and their

gear.) The rest of the storyF{gure9) is that moder vehicles have long owed a good portion of

their substanti al i mprovement in performance anc
makers substituted plastics for heavier metal components. Expectations are that BEVs and other
transportation technologs of the future will hinge on continued ability to incorporate light

weight, durable, strong, safe composites throughout vehicle designs. This means that policy and

decision makers simply must attend to hydrocarbons supplies and hydrocarbons basaid materi

for the foreseeable future, perhaps forever.

Figure 9. The Rest of the BEV Materials Story

N

Left: Gustave Trouvé's personal electric vehicle (1881), world's firssfalle electric car to be publicly presented.
Right: TheGeneral MotordBEVL, one of the cars introduced due to a California Air Resources Board (CARB)
mandate, had a range of 260 km (160 miles) with NiMH batteries in. h@&89://www.wikiwand.com/en/Eigic_car

IEA estimates that petrochemicals account for about 14% of global oil demand and 8% of global
natural gas consumptionThis means that the enormous cost for drilling, producing and

shipping feedstock is born largely by the revenues derivad $ales of refined petroleum and
natural gas fuelsln other words, the vast global uses and benefits of petroleum and natural

gas for energy leverages the cost and affordability of materials derived from petrochemicals.
This reality is largely, if not totally, ignored in the race to electrify transport. Automakers and
customers will benefit most from less expensive oil and gas for matdBiaishe lower cost of
petroleum and natural gas fuels competes head on wigkirks to shift away from these vital

8 Seehttps://www.wsj.com/articles/or@eektexasfreezeseentriggeringmonthslongplasticsshortage
11615973401subscription required).

9 Seehttps://www.iea.org/reports/thfeiture-of-petrochemicals
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resources.Likewise, the many solutions proposed that target fossil fuel consumption will only

serve to increase the cost of materials that are essential for substitutes, be they wind turbine

blades or BEVs. Bans amdgoratoria on drilling, carbon taxes, opposition to oil and gas

infrastructure and other options have the ultimate aim of making hydrocarbons scarce and
expensive (note that fAexpensiveo transl ates to f
luringinvestors) . Al'l of these considerations makes
more than sensible.

When it comes to the specifics of plastics for autos, analysts notes that:

AnThe overall plastic weighwi ppbrBE®®s wi | | not
However, there will be a slight increase in weight in total. There are currently 10

000 parts made out of plastic in an average car and these use ca. 39 different

polymers. Out of the 39, 6 are used the most, i.e. polypropylene, polyurethane,

polyamides, polyethylenes, acrfatadiens yt r enes, and Yol yvinylchl c

Figure 10. Plastics Components for Autos

Source:https://www.innovativeautomation.com/thistoryimportanceand-useof-plasticsin-automobilesand
https://www.findoutaboutplastics.com/2019/04/hgrformancepolymersin.html

Moreover:

Also in electrification, light weighting together with fuel economy will continue
to be a megatrend. The rule of thusdys that for every 10% of weight
reduction, fuel economy improves by ¢&%. This additionally drives the
consumption of plastics in automotive.

Today, in hybridand fuBEM®O s, mat er i al selection tends to
differentiated, since applications need to fulfill specific requiremenit® one

fits-all approach is no longer working in a similar sense. Standards from other

industries such as electronics influence noweral selection in automotive. As

aresult, aiwe ddi ngo bet ween e. g. consumer el ectroni
standards may take place.

High performance materials, akin to and, in fact, drawn from state of the art polymers for
electronics will be integrated faontrols, thermal management, safety, dielectric properties and

10 Seehttps://www.innovativeautomiain.com/thehistoryimportanceanduseof-plasticsin-automobiles/
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