
Peeking behind Tesla’s cost of materials curtain

The following is a list of sources explored while writing this article.  As you may see several of the screenshots have 
underlined descriptions, and these are the links to the actual sources; however, the confounded CMS, content 
management system of WorldPress makes a mess of formatting, and links since it prefers screenshots to tables.  This is the 
reason you cannot simply click on the original tables’ links, and in order to give credit where credit is due I have placed 
these sources at the end. 

I. Appendix on sources of information 

PVDF, polyvinylidene difluoride https://kesiplas.en.made-in-china.com/product/ryGQNRUAuLhf/China-Solef-5140-Solvay-
PVDF-Polyvinylidene-Fluoride-Powder.html 

NMP, N-methyl-2-pyrrolidone. https://www.made-in-china.com/productdirectory.do?word=NMP,%20N-methyl-2-
pyrrolidone&subaction=hunt&style=b&mode=and&code=0&comProvince=nolimit&order=0&isOpenCorrection=1 

Hydrogen peroxide. https://www.kemcore.com/hydrogen-peroxide-35.html 

Sodium hydroxide https://www.kemcore.com/caustic-soda-sodium-hydroxide-lye-50.html 

Nitric acid https://www.kemcore.com/nitric-acid-68.html# 

Lithium http://www.amm.com/Article/3805007/Global-lithium-Chinese-prices-slip.html 

20-year graph for lithium from https://www.lme.com/-/media/Files/New-initiatives/EVB/LME-Electric-Vehicles-Battery-
Materials-presentation.pdf?la=en-GB 

20+-year graphs for cobalt, nickel, aluminum, and copper from http://www.infomine.com/investment/metal-prices/cobalt/
all/ 

20-year graphs for aluminum, nickel, and copper from https://www.indexmundi.com/commodities/?
commodity=copper&months=240 

Cathodes, anodes, electrolytes, and separators account for roughly 26%, 9%, 6%, and 4% of the total manufacture cost of a 
lithium battery, respectively.  

Sulfur hexafluoride https://m.ec21.com/mobile/pDetails.jsp?catalog_id=10367483 

Chart price of 18650 http://www.fullertreacymoney.com/system/data/files/PDFs/2017/September/15th/
Electric%20Vehicle%20Boom%20-%20GS%209_6_17.pdf 

https://automotivemanufacturingsolutions.com/process-materials/manufacturing-with-uhss 

https://ewi.org/eto/wp-content/uploads/2013/01/2-Major-Industrial-Uses-S.pdf 
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https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/automotive%20and%20assembly/pdfs/
the_future_of_the_north_american_automotive_supplier.ashxo 

“Typically, cobalt is a stabilizing element in the layered crystal structure materials employed (e.g. NCM, or in the case of Tesla, NCA). With more nickel, 
you generally get a higher capacity, so it’s not surprising that Tesla is able to get a higher energy density. But, then, at the expense of cycle life?  As a 
battery chemist, I fully expect the range to deplete at a faster rate. I suppose that’s the risk Tesla is willing to take- the customer sees a high range 
initially, but after a few years it’s noticeably worse. I guess if you’re able to get a giant range by jamming lots high-energy density cells in the car, so 
perhaps it won’t matter to most customers who are just commuting anyways. Interesting how customer psychology comes into play. Technically, Tesla 
is not lying about their claim, but they are definitely hiding this important tradeoff.” 

“The Model 3 battery has sophisticated power electronics, cooling systems and structure that enables high level of safety, sports-car like acceleration, 
Supercharging, a 120,000 mile warranty and low cost. Cells used in Model 3 are the highest energy density cells used in any electric vehicle. We have 
achieved this by significantly reducing cobalt content per battery pack while increasing nickel content and still maintaining superior thermal stability. 
The cobalt content of our Nickel-Cobalt-Aluminum cathode chemistry is already lower than next-generation cathodes that will be made by other cell 
producers with a Nickel-Manganese-Cobalt ratio of 8:1:1. As a result, even with its battery, the gross weight of Model 3 is on par with its gasoline-
powered counterparts.” 

Battery picture of cathode, anode, and negative current collector:  https://youtu.be/P7GR5fERXNY 

Picture of jelly roll of 18650: https://youtu.be/P7GR5fERXNY 

Meters of cable (Jack Rickard from EVTV):  https://youtu.be/PvCOcBynlq0 

Description of a Model 3 battery (Jack Rickard from EVTV):  https://youtu.be/PvCOcBynlq0 

The Model 3’s long-range battery is an 80.5-kWh battery.  It has 96-packs.  Each pack has 46-cells at nominally 3.6 volts at 5.065 amps each for 233 
amp-hours.  There are 2-modules with 23 packs, and there are 2-modules with 25-packs.  Each of the 23-pack modules is nominally 82.8 volts, and 
each of the 25-pack modules is nominally 90 volts.  Weight was 478 kilograms.  This is about 168 watt-hour per kilogram.  78.27-kWh are usable out 
of the 80.5 kWh of battery capacity. 

Picture of a Model 3 high voltage controller card (Jack Rickard from EVTV):  https://youtu.be/PvCOcBynlq0 

Picture of a Model 3 single module battery management system (Jack Rickard from EVTV):  https://youtu.be/PvCOcBynlq0 

PIctures and drawings of Model 3 battery pack (external and internal):  https://electrek.co/2017/08/24/tesla-model-3-
exclusive-battery-pack-architecture/ 

Pictures of Model 3 metal body structure:  https://www.teslarati.com/tesla-model-3-body-structure-steel-aluminium-
composition/ 

Drawing of Gigafactory process flow:  https://www.slideshare.net/KirillKlip/tesla-lithium-battery-gigafactory-presentation 

Picture of battery cell’s aluminum casing:  https://youtu.be/_uKpn3zflBE 

Weight of a Model 3 cars:  https://en.m.wikipedia.org/wiki/Tesla_Model_3 
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Gross vehicle weight rating is 4,805 pounds; the curb weight at 33% is 3,837 pounds; loaded vehicle weight is 4,137 pounds; the ETW or test weight 
is 4,250 pounds ( 4,126 - 4,375). 

Gross vehicle weight rating:  https://en.m.wikipedia.org/wiki/Gross_vehicle_weight_rating 

Curb weight:  https://en.m.wikipedia.org/wiki/Curb_weight  

Curb weight for Model 3:  https://electrek.co/2017/07/29/tesla-model-3-production-specs-revealed/ 

Loaded vehicle weight:  https://www.law.cornell.edu/cfr/text/40/86.1803-01 

Equivalent test weight (ETW) or inertia weight classes (IWC): www.unece.org/fileadmin/DAM/trans/doc/2011/wp29grpe/
WLTP-DTP-06-11e.pdf 

Long-range battery weight:  https://www.scribd.com/document/362674734/Model-3-epa 

Weight of new car tires:  https://www.reference.com/vehicles/much-tire-weigh-9028c0baef829509# 

19” car tires: https://teslamotorsclub.com/tmc/threads/weight-of-19-wheels-and-tires.12671/ 

Battery (case & plumbing):  https://forums.tesla.com/forum/forums/will-all-glass-roof-make-model-3-top-heavy-affecting-
its-low-center-gravity 

Electric motor + inverter:  https://www.teslarati.com/tesla-model-s-weight/ 

Differential:  https://www.teslarati.com/tesla-model-s-weight/ 

Brakes, calipers, discs, lines:  https://www.teslarati.com/tesla-model-s-weight/ 

Rack and pinion: https://www.teslarati.com/tesla-model-s-weight/ 

Wiring & lighting:  https://www.teslarati.com/tesla-model-s-weight/ 

Computer & electronics:  https://www.teslarati.com/tesla-model-s-weight/ 

HVAC:  https://www.teslarati.com/tesla-model-s-weight/ 

Carpet, padding, mats:  https://www.teslarati.com/tesla-model-s-weight/ 

Paneling, safety control units, air bags, steering wheel assembly, etc.:  https://www.teslarati.com/tesla-model-s-weight/ 

Dash, trim, panels:  https://www.teslarati.com/tesla-model-s-weight/ 
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Exterior (doors, frunk, hatch, body):  https://www.teslarati.com/tesla-model-s-weight/ 

Copper:  https://evannex.com/blogs/news/112953413-tesla-model-s-vs-tesla-model-3-aluminum-vs-steel-infographic 

Energy density:  https://www.maximintegrated.com/en/design/blog/tesla-battery-technology.html 

80.5 kWh is a full battery with 78.3 kWh usable:  https://teslamotorsclub.com/tmc/threads/model-3-battery-details.
96792/page-8 

54.3 kWh is a full battery with 52.7 kWh usable:  https://teslamotorsclub.com/tmc/threads/model-3-battery-details.
96792/page-8 

Battery cells 21700:  https://en.m.wikipedia.org/wiki/Tesla_Model_3 

Weight of a 21700 battery cell weighs between 60- to 65-grams: https://www.dnkpower.com/teslas-mass-
production-21700-battery/ 

Estimated energy density:  https://electrek.co/2018/05/03/tesla-model-3-battery-cells-rare-data-energy-density-cobalt/ 

Cobalt dependency:  benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/ 

Supply security fear of cobalt:  benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/ 

Increased reliance in the Democratic Republic of Congo for cobalt:  benchmarkminerals.com/panasonic-reduces-teslas-
cobalt-consumption-by-60-in-6-years/ 

Democratic Republic of Congo embattled in conflict:  https://www.cbsnews.com/news/cobalt-children-mining-democratic-
republic-congo-cbs-news-investigation/ 

“[More] than half of the world's supply of cobalt comes from the DRC, and 20 percent of that is mined by hand,” and sadly, tragically “…40,000 
children are working in DRC mines.”:  https://www.cbsnews.com/news/cobalt-children-mining-democratic-republic-congo-cbs-news-investigation/ 

Cobalt is the major element involved in stabilising the battery: benchmarkminerals.com/nickel-v-cobalt-the-secret-ev-
battle-for-the-lithium-ion-battery/ 

Trade off “…between cost and safety” when the Cobalt is reduced and Nicekl is increased:  https://seekingalpha.com/
article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

The energy density will improve; however, this will “…reduce stability.”:  https://seekingalpha.com/article/4152035-
battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

“As battery temperatures rise, free oxygen is released by the nickel oxides in the cathode powders. Since the electrolytes in most lithium-ion batteries 
are hydrocarbons, the addition of free oxygen and a spark in a sealed container is called a bomb.”:  https://seekingalpha.com/article/4152035-
battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

Eric Kosak Page �  of �4 28 cleantechnica.com

http://cleantechnica.com
https://www.teslarati.com/tesla-model-s-weight/
https://evannex.com/blogs/news/112953413-tesla-model-s-vs-tesla-model-3-aluminum-vs-steel-infographic
https://www.maximintegrated.com/en/design/blog/tesla-battery-technology.html
https://teslamotorsclub.com/tmc/threads/model-3-battery-details.96792/page-8
https://teslamotorsclub.com/tmc/threads/model-3-battery-details.96792/page-8
https://teslamotorsclub.com/tmc/threads/model-3-battery-details.96792/page-8
https://teslamotorsclub.com/tmc/threads/model-3-battery-details.96792/page-8
https://en.m.wikipedia.org/wiki/Tesla_Model_3
https://www.dnkpower.com/teslas-mass-production-21700-battery/
https://www.dnkpower.com/teslas-mass-production-21700-battery/
https://electrek.co/2018/05/03/tesla-model-3-battery-cells-rare-data-energy-density-cobalt/
http://benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/
http://benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/
http://benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/
http://benchmarkminerals.com/panasonic-reduces-teslas-cobalt-consumption-by-60-in-6-years/
https://www.cbsnews.com/news/cobalt-children-mining-democratic-republic-congo-cbs-news-investigation/
https://www.cbsnews.com/news/cobalt-children-mining-democratic-republic-congo-cbs-news-investigation/
https://www.cbsnews.com/news/cobalt-children-mining-democratic-republic-congo-cbs-news-investigation/
http://benchmarkminerals.com/nickel-v-cobalt-the-secret-ev-battle-for-the-lithium-ion-battery/
http://benchmarkminerals.com/nickel-v-cobalt-the-secret-ev-battle-for-the-lithium-ion-battery/
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts


Peeking behind Tesla’s cost of materials curtain

“‘If you increase the nickel proportion, you reduce the stability of the battery and so it has an impact on cycle life, the ability to charge it fast.’”:  https://
seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

“‘Cobalt is the element that makes up for the lack of stability of nickel. There isn’t a better element than nickel to increase energy density, and there 
isn’t a better element than cobalt to make the stuff stable. So (while) you hear about designing out cobalt, this is not going to happen in the next 
three decades. It simply doesn’t work.’”:  https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-
forecasts 

“Due to the unstable chemical combinations, NCA and NMC battery have lower thermal runaway temperature at 150-210 degree Celsius. This is why 
NCA battery is currently packed in an aluminum can only for the safety reason. The LFP type battery is the safest battery among the three given its high 
thermal runaway temperature. This is one of the main reasons why Chinese government only allows LFP for electric buses.”:  https://neo.ubs.com/
shared/d1v9rUWEy3te/uet40755.pdf 

Two “… materials to determine energy density, safety and cost are cobalt and nickel. The more Cobalt and Nickel, the higher energy density but also 
combinations of the materials are more unstable and more expensive. NCA and NMC have better energy density as they have the two materials as 
cathode.”:  https://neo.ubs.com/shared/d1v9rUWEy3te/uet40755.pdf 

In addition to safety problems related to the cathode and anode, there are safety problems related to voltage, the separator, the SEI (solid electrolyte 
interface), and the electrolyte.  In almost every instance there is a tendency to produce runaway thermal events.  Some of these are due to chemical 
exothermic reactions.  Some of these problems are because as the battery is used up in some cases there are “growths” or dendrites that may 
puncture the separator breaking the physical barrier between anode and cathode; in other cases there is a substantial increase in molecule size 
during charging and discharging which tend to affect the physical structure of the substance itself; in other cases the electrolyte causes the SEI to 
become unstable; in other cases, applying a higher voltage creates oxygen, and if graphite is present, it creates CO2 which is an exothermic reaction 
producing a runaway thermal event in which both heat and gases are produced.:  https://hal.sorbonne-universite.fr/hal-01558209/document 

Things were not always like this as with, for instance, the original Sony lithium ion batteries.  These first Sony battery contained 60% Cobalt by weight.  
These batteries were known as LCO (lithium-cobalt-oxide), and some five years after Sony’s battery, LFP (lithium-iron-phosphate) and LMO (lithium-
manganese-oxide) batteries were introduced.:  https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-
demand-forecasts 

LFP and LMO had a lower energy density; however, they were rather safe and did not depend on difficult to obtain materials as in the case of Cobalt, 
and early versions of electric vehicles used these formulations.:  https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-
nickel-cobalt-demand-forecasts 

Some eight years after Sony’s battery, NCM (nickel-cobalt-manganese) and NCA (nickel-cobalt-aluminum) were introduced.:  https://
seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

NCM chemistry reduces the content of Cobalt from around 60% to 20%, and NCA reduces the content of Cobalt from approximately 60% to 9%.:  
https://seekingalpha.com/article/4152035-battery-chemistry-assumptions-distort-nickel-cobalt-demand-forecasts 

“Cells used in Model 3 are the highest energy density cells used in any electric vehicle. We have achieved this by signifcantly reducing cobalt content 
per battery pack while increasing nickel content and still maintaining superior thermal stability. The cobalt content of our Nickel-Cobalt-Aluminum 
cathode chemistry is already lower than next-generation cathodes that will be made by other cell producers with a Nickel-Manganese-Cobalt ratio of 
8:1:1. As a result, even with its battery, the gross weight of Model 3 is on par with its gasoline- powered counterparts.”:  https://electrek.co/
2018/05/03/tesla-model-3-battery-cells-rare-data-energy-density-cobalt/ 

Electrolyte:  https://www.targray.com/li-ion-battery/electrolyte 

Electrolyte:  scholarworks.uark.edu/cgi/viewcontent.cgi?article=4329&context=etd 
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Electrolyte:  www.batteryuniversity.com/index.php/learn/article/bu_307_electrolyte 

Separator:  scholarworks.uark.edu/cgi/viewcontent.cgi?article=4329&context=etd 

Additive, Vinylene carbonate (VC):  www.batteryuniversity.com/index.php/learn/article/bu_307_electrolyte 

SEI layer:  www.batteryuniversity.com/index.php/learn/article/bu_307_electrolyte 

The flammability of the Li-ion electrolyte:  www.batteryuniversity.com/index.php/learn/article/bu_307_electrolyte 

Dry liquid electrolyte into a solid form:  www.batteryuniversity.com/index.php/learn/article/bu_307_electrolyte 

Tesla’s battery cell, 2070, is protected by an aluminum container.:  https://youtu.be/_uKpn3zflBE 

The aluminum casing has a thin layer of material on the inside wall.  This material is actually a plastic layer that helps maintain the battery cell wall 
integrity during a thermal runaway event.  In other words, this plastic sheath helps protect the battery cell from exploding.:  https://youtu.be/
_uKpn3zflBE 

Now, in the case that the battery cell does heat up, it has some tiny holes on the the aluminum cap for the positive terminal which help vent off any 
buildup of gas, change in altitude, or cell failure. The holes are about 0.5 mm in diameter.:  https://youtu.be/_uKpn3zflBE 

The jelly roll inside the container is actually several layers of materials one on top of the other (like a sandwich) tightly rolled up together to fit into the 
aluminum container.  The inside of the jelly roll appears dry, but it is not dry,:  https://youtu.be/_uKpn3zflBE 

To begin, there is a long layer of copper metal sheet which acts as the battery’s ground.  So when a battery cell is recharged, current flows into the 
coiled up copper sheet which causes the electrolyte in the cell to move to a state of higher potential. :  https://youtu.be/_uKpn3zflBE 

The copper sheet itself is welded to the top cap with a thin, tiny flat metallic material using tap welding.  This small metallic material goes in through 
a small rectangular hole on the top blue dielectric barrier before welding to maintain the integrity of the dielectric barrier.:  https://youtu.be/
_uKpn3zflBE 

As the jelly roll of sandwiched layers is unrolled, there is a green layer.  This green layer acts as piece of adhesive to prevent the ground connection 
from tearing loose.:  https://youtu.be/_uKpn3zflBE 

One side of the copper sheet is pasted with a black powdery material.  The other side of the copper sheet remains clean as a shiny copper metal.:  
https://youtu.be/_uKpn3zflBE 

The anode is a black graphite powder pasted to the copper sheet which intercalates lithium ions to make the negative terminal.:  https://youtu.be/
_uKpn3zflBE 

The cathode is made up of LiNixCoyAlz, and it is, also, black pasted on an aluminum foil to make the positive terminal.:  https://youtu.be/_uKpn3zflBE 

The salt used is probably LiPF6 with the addition LiBOB for performance improvement.:  https://youtu.be/_uKpn3zflBE 

The electrolyte is a lithium carbonate salt dissolved in an organic solvent, and deposited on an aluminum foil, and it is not dry.  The pure lithium in a 
Tesla battery cell is about 2% of its weight.:  https://youtu.be/_uKpn3zflBE 
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The jelly roll is approximately 32” inches long which is roughly about 30% longer than the battery cell, 1865, for the Model S. :  https://youtu.be/
_uKpn3zflBE 

Ultra-high strength steel: 

Ultra high strength steel coil prices:   alibaba.com


Ultra high strength steel, UHSS:  https://www.teslarati.com/tesla-model-3-body-structure-steel-aluminium-
composition/


Hot forming boron steel, called ultra-high-strength steel (UHSS) can reach a yielding strength of 1,500 MPa 
(217,557).  These advanced AHS steels are approximately 5.2 (1,500 / 290) times stronger than aluminum.  This 
means that approximately 80% (1 – (1 / 5.2))(100) less steel sheet thickness may be required to achieve a similar 
strength to that of aluminum.  Volvo is an example of a car manufacturing company using these steels.


Advanced high strength steel:   

“For car body and closure applications, AHSS currently costs between US$ 2 and 2.5 for each kg of weight 
reduction, mostly, depending of type and grade. Aluminium alloys are in the range of US$ 3-6/kg, 
magnesium between US$ 5-12/kg, and carbon fibre starts at about US$ 16/kg. Apart from cost, each 
material has unique processing characteristics.


The prices that OEMs are willing to pay for lighter weight will probably increase in the future, as regulations 
become tighter, other material options are exhausted, and the number of electric vehicles on sale grows. 
While in the past vehicle manufacturers would willingly pay US$1-2 per kg of weight reduced, currently they 
pay US$4-12, depending on segment. In the future, analysts project that they would be ready to pay up to 
US$20 per kg. This upper limit applies primarily to luxury and performance cars. Acceptable costs for mid-
level premium models will probably range between US$5-15 per kg, and for smaller segment cars about 
US$3 per kg. Other than segment, the willingness to pay is a function of the position of the weight saved in 
the car and on other factors not always related to pure economic factors.”


Advanced high strength steels can reach strengths of 980 MPa (142,137 psi) or more.  These advanced AHS steels 
are approximately 3.38 (980 / 290) times stronger than aluminum.  This means that approximately 70% ((1 – (1 / 
3.38))(100) less steel sheet thickness may be required to achieve a similar strength to that of aluminum.  Honda is an 
example of a car manufacturing company using these steels.


High strength steel:  

High strength steel is approximately 15% (115 - 100) / 100 more expensive than regular steel, but aluminum is 30% 
(130 - 100) / 100 more expensive than steel.  This ends up making high strength steel 13% (130 - 115) / 115 more 
expensive than aluminum.  The only other alternative currently is carbon fiber; however, this is 470% (570 - 100) / 
100 more expensive than steel and 396% (570 - 115) / 115 more expensive than high strength steel.


High strength low-alloy steel:  

High-strength low-alloy steels generally have yield strength of less than 550 MPa (79,771 psi).  These and other 
conventional low to high strength steels are, also, known as mild steels.  These mild steels are approximately 2.03 
(590 / 290) times stronger than aluminum.  This means that approximately 50% ((1 – (1 / 2.03))(100) less steel sheet 
thickness may be required to achieve a similar strength to that of aluminum.  Mild steel is used by the majority of car 
manufacturing companies (used over 40% by weight of cars usually in body structure, closures, and other parts).


Metal roll sheet prices:   alibaba.com 
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Mild carbon  steel coil prices:   alibaba.com 

Aluminum:  

Aluminum sheet prices:   alibaba.com


Aluminum sheet prices: agmetalminer.com


Aluminum has a an ultimate tensile strength of 290 MPa (42,000 psi).


Aluminum chasis:  https://aluminiuminsider.com/aluminium-vs-steel-in-electric-vehicles-the-battle-goes-on/


Aluminum space frame:  https://www.teslarati.com/tesla-model-s-weight/


Aluminum total:  https://aluminiuminsider.com/aluminium-vs-steel-in-electric-vehicles-the-battle-goes-on/


Glass:  
Density of common glass: 2.4-2.8. 

Density of aluminum: 2.7. 

Density of steel: 7.8.


“Tempered automotive glass is generally available in 3, 4 and 5 mm thicknesses. (St. Gobain), in this fixed 
panel application the 3mm is most likely. Automotive steel panels are about .6 mm thick, so about 1/5 the 
thickness of glass. However steel is 7,700 kg /m3 where glass is 2,500 kg / m3, so The math says that a steel 
panel is about 60% of the weight of a glass panel. However, the steel needs a headliner, sound dampening 
material, paint, as well as a join area for some kind of glass panel anyway (still have to see out the back), so it 
is probably the same or less weight overall than steel in the finished assembly.”


“Tesla chose glass because it looks great, adds headroom, has a lower total installed cost over a painted 
panel with little or no weight penalty.”


https://www.statista.com/statistics/205346/advanced-flat-glass-prices-by-glass-type/


Glass (pano-roof):  https://www.teslarati.com/tesla-model-s-weight/


Glass (windows, windshield, hatch):   https://www.teslarati.com/tesla-model-s-weight/
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II. Appendix on Model 3 body structure and metals used 
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III. Appendix on chart prices of mined materials 
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IV. Appendix on coil, plate, or sheet metal prices 
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V. Appendix on battery and battery electronic components 
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VI. Appendix on battery cell components 
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VII. Appendix on battery cell manufacturing and battery assembly 
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VIII. Appendix on battery chemistry 

The following nine tables (see below) 
allowed me to convert measuring units 
from meters or liters to kilograms shown 
in the third column of the first two tables 
shown in the next appendix (see below), 
and this allowed me to estimate the 
amount of kilowatts per kilogram as 
shown in the second table of the article 
(see below). 
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IX. Appendix on Argonne National Laboratory’s battery research on costs 
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X. Appendix on Fuji Corporation’s research on battery cathode costs 
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The title for the chart below is incorrect labeled by me.  These are the original costs presented by Fuji Corporation in 2002 
on cathode costs and updated by me with  costs for 2018. 
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XI. Appendix on additional electric and electronic battery components of Tesla’s Model 3 battery based on EVTV’s Jack 
Rickard 
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XII. Appendix on obtaining the weight and volume of a single battery cell container  
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XIII. Appendix on obtaining the weight of all the battery cell containers in a Model 3 battery 
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XIV. Appendix on obtaining the weight of all the chemicals in the battery cell containers in a Model 3 battery 

XV. Appendix summary of Model 3 battery costs 
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XVI. Appendix summary of Model 3 costs
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