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Executive summary 

Electric vehicles (EVs) will replace the traditional internal combustion cars (ICs) in the next two decades or so. China will only allow registration of new energy vehicles from 2025.  EVs contains two principal components of powertrain and battery pack. Many people know very well that Tesla is the leader of EVs, employing more than 100,000 employees globally in 2021 and selling in China 600,000 Tesla EVs in 2021 (Lambert F. Dec 8 2021) Yet, only a few people know that from late 2018 to mid-2019, Tesla encountered a distressful period of sluggish production to a point that Tesla’s Co-founder and CEO, Elon Musk claimed the period as hell and Tesla was going to become bankrupt in one month’s time if the problems remained unresolved. From late 2018, Tesla’s production of Tesla’s popular EV of Model 3 was delayed owing to the battery production bottleneck by Panasonic, which is Tesla’s battery outsourcing partner. With an excellent decision, Tesla was able to break through the bottleneck and entered into as an era of success in selling the popular family sedan Model 3 thereafter. 
Part A - Introduction

Replacement of the traditional internal combustion cars (ICs) by Electric vehicles (EVs) will the trend in the coming 2 decades or sooner. China will disallow sale of new ICs in 2025 and will only allow new energy vehicles on the road by 2035. (Shinseki T. 2020) (YouTube CNCB,  2021) New energy vehicles include electric and hydrogen vehicles. Countries in Europe have similar objective of combating air pollution. Mercedes Benz said customers would be able to choose an all-electric car in all segments of sedan, special utility vehicle and truck by 2022, an all-electric alternative for every model by 2025, and will not produce any more new IC models from 2025. It will make and sell electric cars only by 2030. (The Driven, 23 July 2021)
Tesla, as the leader of EV producer, produces all-electric vehicles. Tesla sold its first EV sport car model the Roadster, Roadster 1, to Elon Musk in 2008. China followed closely 2 year later. In the 2010 Expo Shanghai, China used electric buses to travel within the Expo Shanghai area. 13 years later in 2021, Tesla sold more than 936,000 EVs globally (Statista, 2021) An EV consists of 2 principal components: the powertrain and the battery pack.  In 2018, Tesla encountered a bottleneck in battery production by its battery outsourcing partner Panasonic. The bottleneck to break through was so difficult that Elon Musk exclaimed that it was a period of hell and Tesla would be become bankrupt within one month if the bottleneck problem remained unresolved. (Kolodny L. 2020) The bottleneck problem was finally resolved by Tesla’s acquisition of the well-known battery producer Maxwell Technology which possessed technology to produce dry electrode cells, rather than wet cells, for use by EVs at a lower production cost.
Part B - Main findings

Part B1 – Origin and development of Tesla

Founding of Tesla Motors by Martin Eberhard and Marc Tarpenning
Nowadays, Elon Musk is commonly known to the public to be Tesla’s Co-founder and CEO. The truth is that the company originally named as Tesla Motors, which was founded in 2003, was not set up by Elon Musk, who 5 years later, was able to take control of the company in 2008. Tesla Motors, which was found by two engineers namely Martin Eberhard and Marc Tarpenning in San Carlos, California, was named in memory of Nikola Tesla, who was an employee of Thomas Edson, the great American inventor.    Nikolas Tesla discovered the properties of rotating electromagnetic fields, invented the induction motor and alternating–current power transmission and got the patent in 1888 by the US Patent and Trademark Office. (Rothaermel F. T. 2020) In 2003, Martin Eberhard, as an engineer and an entrepreneur, who was concerned about the global warming environment, had an idea that electric cars which emits no carbon dioxide was a possible solution to resolve pollution problem. Yet, at that time, batteries were mostly acid-lead driven, heavily weighted and not efficient in the output of power. Martin Eberhard, was then aware of the lighter lithium ion battery, which was used in laptops, could be, as he and his partner thought, used as energy source in running cars.   Around that time, an engineer called AC Cocconi, who had just left General Motors, had designed and produced an electric car, namely tzero, using acid-lead battery with good performance of reaching 60 km per hour from 0 in 4.1 minutes which is faster than a Ferrari Testarossa, (Steen E. V. D. 2015).  Yet, General Motors did not sell a single electric car. AC Cocconi set up his own company called AC Propulsion.  In 2006, Martin Eberhard negotiated with AC Propulsion and licensed therefrom the technology of making electric cars.   Thereafter, Tesla Motors produced a prototype sport car of Roadster but was not able to serve the market because it would take 24 or even 48 hours for one single charge and it would incur a production cost USD 100,000 to produce one Roadster, even though the running hours on the road, acceleration and top speed could meet the demands of the customers. Thus, the Roadster, which was powered by electricity, had only a limited commercial value.  (Tesla Inc., Wikipedia) (Tesla, Wikipedia) (Rothaermel F. T. 2020) Finally, Tesla Motors only sold less than 2,500 Roadsters in late 2008. 
Elon Musk joining Tesla Motors
Elon Musk was born on 28 June 1971 in Pretoria, South Africa by his father, an electromechanical engineer, pilot, sailor and property developer. Elon Musk is an innovator by birth. At 10-year old, with an interest in computing and video games, Elon Musk learnt programing and developed a BASIC-based video game which he later sold it for USD 500. At the age of 18, he went to Canada and finally to America to obtain an economics and an engineering degree from University of Pennsylvania.  After graduation, he was admitted to Stanford University for a doctoral degree programme. Later, he set up an online payment company which was later called PayPal and a space exploration company called SpaceX.  With these innovation experiences and business background even though without car manufacturing experience, Elon Musk, deeply interested in making electric cars, in February 2004, joined Tesla Motors as the Chairman of its Board of Directors after putting in USD 6.35 million as a long term investment in Tesla Motors upon sale of the PayPal to eBay at USD 1.5B (Elon Musk, Wikipedia) while Tesla Motors was suffering losses for investments because of no sale since its foundation. The ambition of Elon Musk and Tesla Motors was to make the combustion cars obsolete by the new EVs. (Kane M. Oct 8, 2021) 

Master plan of Elon Musk in 2006 
Elon Musk, CEO and Co-founder of Tesla announced the following master plan in 2006:

(1)
Build a sport car.

(2)
Use that money to build an affordable car.

(3)
Use that money to build an even more affordable car.

(4)
While doing the above, also provide zero-emission electric power generation option.

(5)
Don’t tell anyone. (Tesla’s part 2 strategy pronounced in 2016) (Elon Musk 2006)
Then, after departure of the two original co-founders of Tesla Motors, Elon Musk, in 2008, took up the CEO position of Tesla.
Financial crisis of America in 2008 and crisis of Tesla and its survival 
America suffered financial crisis upon collapse of Lehman Brothers in mid-2008.  In 2009 Tesla faced significant financial problems as it had less than $10 million cash which was required to produce the number of cars for what it had contracted to sell.  To save the whole economy of the country, the Department of Energy of the United States lent USD 465 million to Tesla as its working capital for survival. In May 2009 Daimler AG invested USD 50 million to buy a 10% stake in Tesla for. In 2010, Tesla went public on the NASDAQ at USD 17 a share and was able to raise USD 226 million in its Initial Public Offer (IPO).  (Tesla, Wikipedia)  Thus, Tesla resolved its financial problems. Additionally, replacement of the sport car Roadster by the family sedan Model S at a lower sale price of USD 76,000 to the mass consumers’ market also help increase the sale income of Tesla.

Finally in 2012, Model S, a luxurious sedan was in full production. With acceleration from 0 to 60 mph in 5.6 seconds, horsepower of 302 at 5,000 revolutions per minute, annual fuel consumption cost of USD 468 per 15,000 miles and cargo capacity with all seats of 26.3 cubic feet, Model S outperformed BMW 528i (acceleration from 0 to 60 mph in 6.1 seconds, horsepower of 240 at 5,000 revolutions per minute and annual fuel consumption cost of USD 2,112 per 15,000 miles and cargo capacity with all seats of 14 cubic feet). (Eric Van Den Steen E. V. D. 2015).
Acquisition of General Motor’s plant in 2010 for later production of Model S
In 2010, Tesla bought NUMMI, a ready-made car factory from General Motors/Toyota at a bargain price of USD 42 million, following General Motors’ bankruptcy in 2009. This NUMMI plant produced Model S in 2012. Tesla also began its first freestanding charging stations, called Superchargers with six located in California. In 2013 the company made its first quarterly profit.  About 20,000 units of Model S were finally sold in 2014 at a price of USD 67,000, after government subsidy of USD 7,500 per vehicle, which is competitive with BMW5 series. Model S, with all aluminium light weight body could run 300 miles range after a full charge. Acceleration to 60 km per hour from 0 was in less than 3 seconds. Model S was a success. Later on in 2016, Model 3 which was comparable to BMW528i was produced to enter into the mass consumers’ market. Indeed, in the fall of 2017, delivery of Model 3 began. (Steen E. V. D. 2015)
Elon Musk’s second master plan in 2016
In 2016, Elon Musk announced Tesla’s the following second strategy:

(1)
Create stunning solar roofs with seamlessly integrated battery storage.

(2)
Expand the electric vehicle product line to address all major segments.

(3)
Develop a self-driving capacity that is 10 times safer than manual via massive fleet learning

(4)
Enable your car to make money for you when you are not using it. 
Step 1 was to create solar energy. In 2016, Tesla acquired SolarCity for energy production and reservation.

For step 2, Tesla produced electric vehicles of all major segments including special utility vehicle, (SUV), pickup trucks and Model 3 sedan.
Step 3 is to develop autonomous vehicle without driver.
Step 4 is to rent the autonomous vehicle while the vehicle is idle to serve the owner. 

(Rothaermel F. T. 2020)

In 2016, amidst competitions from Toyota of Japan, BMW of Germany and BYD of China. Tesla announced its Model 3 sedan. This was Tesla's first car targeted at a mainstream market, with a price point below $70,000. Elon Musk, arguably, got overexcited, announced that the company would deliver up to 200,000 Model 3 in the second half of 2017, which was 4 times as many as Tesla actually produced.  Yet, in reality by January 2018 Tesla was producing its Model 3 sedans only at a fraction of the rate it had announced. Tesla, as a listed company, must be responsible for its public announcements.  In February 2019, the Securities and Exchange Commission filed a motion for contempt after Elon Musk published a tweet regarding Tesla's production capacities. The Department of Justice then launched an investigation of Tesla to determine if it misled investors regarding its production capacities of the Model 3 and finally, Tesla was fined.   Tesla claimed that many of these problems came from its supply chain and not its manufacturing capacity or ability in its Giga-factory 1 at Nevada.
Model 3 production and its production crises
Owing to the belated supply of battery pack for use by Model 3 by Tesla’s battery supplier, Panasonic, Tesla suffered losses in the first quarter of 2019.  Capitalisation of Tesla stock dropped to a historical low of USD 32 Billion in 2019 from USD 65 Billion in 2018. (Rothaermel F. T. 2020) Details of the crises will be elaborated in Part B B2 on acquisition of Maxwell Technology to overcome Tesla’s difficulty in battery production.

Besides, Tesla was suffering losses of USD 900 million, USD 675 million, almost USD 2 billion, close to USD 1 billion, and over USD 860 million in the 5 years of 2015, 2016, 2017, 2018 and 2019 respectively.  After improvement of the battery pack with the dry electrode cells from mid-2019, more than 450,000 Mode 3 were delivered. (Rothaermel F. T. 2020)
Vertical expansion and change of name to Tesla Inc. from Tesla Motors in 2017
After opening of the 6 Supercharge stations in 2012 at California, Tesla made its first quarterly profit. With the profit in hand, in 2013, Tesla announced its Gigafactory 1 in Nevada, an EV production plant.  In 2015 the company went beyond making electric cars and announced a new line of solar energy products designed to power homes and businesses through rechargeable batteries. Indeed, on 1 February 2017 Tesla had changed its name from "Tesla Motors" to its current name "Tesla, Inc." to indicate expansion of the business lines of Tesla to include battery manufacturing.  (Reuter staff, 2017) Elon Musk, in several public writings and statements, said that he would like the company to eventually become an energy solution company across many sectors, and not merely an electric car producer.   The building of the Giga-factory 1 was to produce more batteries.   Tesla have plans to sell batteries for home use for other use, including Powerwall for home use.
Building of Giga-factories in China and Germany
For Tesla China, by 2020, the Tesla China Gigafactory 3 was delivering cars to customers. For Tesla Germany, in late 2019, Tesla announced that German Giga-factory 4 was expected to make to 500,000 cars per year. With the production capacity enhancement in these two Giga-factories on the wave of a strong fiscal quarter and analyst upgrades, Tesla stock price surged, eventually reaching over USD 900 in 2021. Thus, Tesla matched Ford and General Motor’s market capitalisation. 

Advertising, marketing and distribution and Tesla’s charging stations 
Unlike other motor car companies, Tesla spends little money on marketing and advertising or engage marketing companies to promote its products. Instead, Tesla set up many sales stores to sell its electric cars.   Or cars are sold online, delivery of cars its own staff to customers and thus saved lots of money for other uses of Tesla, like research, improvement of quality of the batteries and cars (Steen E. V. D. 2015). Tesla built 500 charging stations with 6 to 7 chargers each for customers’ use across America. It resolves the customers’ problem of charging the electric cars.  Tesla claimed to take 45 minutes to charge a battery for 175 miles and an hour for a full charge. 
Differences between traditional internal combustion car (IC) and electric vehicle (EV) and the key concern of EV producer is the battery 
Traditional internal combustion car (IC)

Understanding the differences between traditional internal combustion car (IC) and electric vehicle will appreciate the importance of the battery in EVs. An internal combustion car consists of (1) powertrain and auxiliary parts, (2) body and (3) chassis. The most complicated part is the powertrain which moves the car and it consists of an engine and transmission system. The engine is an internal combustion which convert gasoline into power in the form of a fast-rotating exile. The transmission transformed the rotation of the engine axle into an appropriate speed for the wheels through a variable set of gears. The rotation of the axle may generate power from the top of, say, 7,000 revolutions per minute to 700 revolutions per minute when the car stands still. The powertrain is heavy and usually placed between the front wheels, though between the back wheels is not uncommon.  The auxiliary system consists of the fuel storage and injection system, the exhaust system with catalyst to eliminate polluting fumes, the cooling system from preventing the engine from overheating and oil system to lubricate the moving and hot part of the engine and electronic system to control the engine and all related system. (2) The chassis is the foundation of the car and included a supporting frame, wheels, steering system and the braking system. (3) The body includes the space where passengers are seated, the dashboard and the air-conditioning system. 
Electric vehicle (EV)

An EV is simpler than an IC to construct and repair. An electric vehicle consists of the powertrain which is composed of electric motors and battery, the body and the chassis.  The most expensive and challenging part of an EV is the battery. The Japanese Nissan Leaf battery is about USD 15,000 and its weight equals the engine of an IC. The electric motor is usually situated between the front wheels of the vehicle with some models, between both the front wheels and the rear wheels. Some EVs allow the motor at the rear wheel. Battery is located at the middle and lower part of the vehicle and thus lowers the gravity of the vehicle to the ground, making the vehicle more stable when the vehicle is running on the road. Motor is not a problem for EV producers because once the motor is powered by the battery, the vehicle can run.  Battery, which is the power source, demands more attention. In 1990s, Lithium ion battery was introduced. Up to 2016, the annual sale of Lithium Ion battery was USD 22.5B with 25% consumption by EVs.  (Steen E. V. D. 2015)  A desirable battery, if rechargeable, should take less time to recharge, have a longer running range or time after one recharge, afford a high level charge of electricity so to achieve a good top speed, a good acceleration in shorter time, achieve safety such as without liquid and smaller size and lower weight. Tesla is very concerned with battery. Prior to 2019, Tesla had a partnership with Panasonic to build a factory which later was known to be Gagafatory 1 in Nevada to produce battery to Tesla. Yet, the people of the Nevada Gigafactory 1 was the employees of Panasonic and not Tesla’s. Prior to 2019, Tesla had disagreement with Panasonic on the supply and scale of the battery production. Thus, Tesla looked for alternative to replace or substitute the battery supply by Panasonic and led to the acquisition of Maxwell Technology which is the expert in the research and development of ultra-capacitors and dry batteries. 
B2 - Acquisition of Maxwell Technology to overcome Tesla’s difficulty in battery production
Company profile and strength of Maxwell Technology
Maxwell Technology was founded in 1965 as Maxwell Laboratories Inc. by Raymond C. O'Rourke, Alan Kolb, Bruce Hayworth, and Terrence C. Gooding in San Diego, California. Maxwell Laboratories was originally a government contractor, providing advanced physics, pulsed power, space effects analysis and other research and development services to the U.S. military and other government agencies. In the early 1990s, the company began to sell its technologies and products.  In 1996, Maxwell Laboratories, Inc. changed its name to Maxwell Technologies, Inc. (Maxwell Technologies Wikipedia). In December 2013, Maxwell Technologies joined SK Innovation to develop the next generation energy storage with Maxwell's ultra-capacitors and SK's lithium-ion batteries (Morris C., 14 December 2013). By 2014, it received all revenue from commercial customers. (The San Diego Union-Tribune, April 5, 2021). Thereafter, Maxwell Technology was well known for its technology and production of ultra-capacitors and dry lithium ion batteries. Ultra-capacitors is good for start-stop function for hybrid electric cars. Indeed, Geely of China had a partnership with Maxwell in the supply of ultra-capacitors from 2018 (Randall C. May 12 2018). Dry electrode cells of Maxwell was easier to produce (Randall C. Feb 4, 2019). Yet, Tesla does not produce hybrid cars but only all electric vehicles and hence was merely interested in the dry batteries. (Rothaermel F. T. 2020) 
Corporate vision of Tesla in vertical expansion
Elon Musk, in several public writings and statements, said that he would like the company to eventually become an energy solution company across many sectors, and not merely an electric car producer (Elon Musk 2006). With the long-term vision of vertical expansion, Tesla changed its name from Tesla Motors to Tesla Inc. on 1 February 2017 to indicate expansion of its business line to include battery manufacturing. (Tesla, Wikipedia). The building of the Shanghai Giga-factory 3 was to produce more batteries from 2020.   Tesla have plans to sell batteries for home use for other use, including Powerwall for home use.
Tesla’s difficulties of 2008 in producing Model 3 owing to belated supply of battery pack 
Model 3 development was not without crisis. In the later part of 2018, there was a delay in Model 3 production owing to the belated supply of battery pack for use by Model 3 by Tesla’s battery supply partner Panasonic, leading to losses in the first quarter of 2019 when the capitalisation of Tesla stock dropped to a historical low of US$32 Billion in 2019 from USD 65 Billion in 2018. (Rothaermel F. T. 2020) Besides, Tesla was suffering losses of USD 900 Million, USD 675 Million, almost USD 2 Billion, close to USD 1 Billion, and over USD 860 Million in the 5 years of 2015, 2016, 2017, 2018 and 2019 respectively. Tesla’s  disastrous position was evidenced by Elon Musk remarks to reporter that Tesla was close to bankruptcy in about a month when the Model 3 ramp was extreme stress and pain for a long time from mid-2017 to mid-2019. It was a period of production and logistics hell. (Isidore C. 2020) Panasonic’s prediction in February 2019 to suffer loss in that first quarter of 2019 owing to delay in production in that quarter (Randall C. Feb 4 2019) collaborated Elon Musk’s statement of hopelessness in November 2020. 
Battery pack and production cost problems resolved by acquisition of Maxwell Technology

From Maxwell Technology’s announcement on 8 February 2019 of its patented technology in dry electrode cells, the public knew that Maxwell Technology was able to produce solvent-free cells at a lower production cost with improved performance, better longevity and shorter charging time and lower price. It was then clear that Tesla was interested in Maxwell Technology’s production of dry electrode cells. (Randall C. Feb 8 2019) Meanwhile, on 24 April 2019, Tesla announced its losses suffered during the last quarter of 2018 and first quarter of 2019, which was caused by another problem of a higher vehicle return rate. In April 2019, Tesla announced to have the Giga-factory 3 to be built in Shanghai with view to reduce the production cost by 50%. (Manthey N., April 2019).  Thus, Tesla encountered battery supply problem, a higher vehicle return and was under financial pressure to reduce its production cost to maintain a position in the competitive EV market in the early part of 2019.
Tesla’s EV production was increased and Maxwell Technology’s stock price went up after being acquired by Tesla
In February 2019, Elon Musk announced acquisition of Maxwell Technology resulting a 50% increase in the share price of Maxwell Technology to USD 4.58 (Marino-Nachison D. 2019). Maxwell’s CEO Dr Franz Fink was happy about their new corporate mother company. (Randall C, Feb 4 2019) Finally, on 15 May 2019, Tesla’s acquisition of Maxwell Technology was completed by buying all the shares of Maxwell Technology at USD 218M. Having acquired Maxwell Technology in 2019, Tesla was able to produce dry electrode cells to improve production of cells, in terms of energy density and production costs.  Thereafter, more than 450,000 Mode 3 were delivered. (Rothaermel F. T.) After acquisition of Maxwell Technology, Tesla aimed at lowering the production cost in producing battery of lithium-ion cells of energy density of over 300 Wh/kg and a potential of over 500 Wh/kg by working on so-called dry electrodes within six months. (Hampel C. May 17 2019) Therefore, Tesla’s acquisition of Maxwell Technology was a win-win decision.
Longer term solution to resolve the supply of battery pack

While Tesla absolved the acquired energy storage specialist Maxwell Technologies into its corporate structure, the cooperation between Tesla and Panasonic was declining. Tesla built its Gigafactory 3 in Shanghai and began the manufacturing operations from the end of 2019. The Gigafactory 3 produced both EVs and batteries. Tesla officially laid the foundation stone for Gigafactory 3 at the beginning of January 2020. (Hampel C. May 25 2019)  The new Shanghai facility, Gigafactory 3, also bought batteries from LG Chem’s local production in Nanjing. LG Chem had started the production of battery cells for the China Model 3. In making the cells for Tesla, LG Chem uses NCM-811 chemistry, i.e. 80 per cent nickel and 10 per cent each of cobalt and manganese. Tesla then relied less on Panasonic for battery supply. (Manthey N. Oct 9, 2019) Tesla exclusively uses cylindrical cells. Prior to 4680 cells (46 millimetres in diameter, 80 millimetres long), Tesla used 2170 cells (21 millimetres in diameter, 70 millimetres long) which were only used in Model 3 in 2019 and later also in Model Y. (Manthey N. Aug 25, 2019) By 4680 cells, it means only about 960 “4680” cells are needed to fill the same space as the 4,416 “2170” cells in the same amount of space, but with added benefits such as a lower cost per kWh production and a significant increase in power using the 4680 cell pack. The 4680 is expected to provide 5 times more energy storage with 6 times more power resulting in an increase from 82 kWh to 95 kWh in the newer Tesla’s, translating into an expected an increase of a longer road range of up to 16 percent. (Boyer T. 2021)
Tesla kept the dry cell technology because as confirmed by Musk that dry electrode is one of the key pieces for lowering cost of lithium ion batteries and increasing energy density by cobalt-nickel batteries, while cobalt-free lithium-iron-phosphate batteries is for low energy density batteries. Musk also pointed out that while Tesla used the dry cell technology developed by Maxwell, it has done a lot of grunt work in bringing the technology to a commercially viable product. Tesla was able to produce the commercially viable product of 4680 cells to increase energy density. Production of a dry electrolyte reduces production costs because the traditional format was wet, the new format is less messy and takes up less room on the factory floor. (Schmidt B. 2021). (Boyer T.  2021)
Tesla’s Professor Jeff Dahn, an expert in battery research, and his team published test results for a new battery cell that could have a life of 1 million miles (1.6 million km) (Hampel C. Sep 9 2019) and thus could be suitable for Tesla’s planned robot taxis. Professor Jeff Dahn and his team are listed as inventors, filing a new patent for a new and more durable battery cell. The cell uses two additives in the electrolyte, vinylene carbonate (VC) combined with 1,2,6-oxodithiane-2,2,6,6-tetraoxide, in order to boost the performance of the cell. (Schmidt B., July 22, 2021)
Disposal of Maxwell Technology by Tesla
In July 2021, Tesla sold Maxwell Technology to UCAP, which is a company formed by the former executives of the latter, retaining the dry electrode technology and its patent, without the ultra-capacitor business, for USD 235 million. Notably, UCAP employs several former staff of both Tesla and Maxwell Technologies. UCAP’s CEO Gordon Schenk, GM and president Troy Brandon were both formerly employed by Tesla while global sales manager Andrew Garcia was a sales director for Maxwell Technologies. (Lambert F. Jul 21, 2021) The sale of the Maxwell Technology was a management buyout.

Benefits obtained by Tesla after the acquisition of Maxwell Technology
The following are the benefits obtained by Tesla in acquiring Maxwell Technology:

(a) Increase production of battery output in energy density from 300Wh/kg a year to 500 Eh/kg a year since there had been a cooling of relationship with Panasonic which was not able to produce batteries at 35 GWh a year at the Gigafactory 1 at Nevada, 
(b) Increase EV battery life by 2 times from its 2170 battery package (of cells of 21mm. in diameter and 70 mm. in length) to 4689 cells to achieve longevity of 1 million miles in a car, 

(c) Achieve 16 times production density increase,
(d) Reduce cost of production by 10% to 20%,
(e) Increase vertical expansion of its business by in-house production of battery instead of outsourcing out of battery supply.  Prior to the acquisition, partnership of Panasonic was only a sourcing arrangement where the staff in the production of the battery was the employees of Panasonic and not Tesla. (Kane M.  May 17 2019)
Crux of the acquisition of Maxwell Technology by Tesla was termination of sole reliance on Panasonic in the supply of battery pack. This can be gleaned from comments from Elon Musk, JB Straubel and Drew Baglino at Tesla’s general meeting (Hampel C. Jun 13, 2019), which showed management conflicts between Tesla and Panasonic. Tesla complained that when the battery of 18650 cells for Model S and Model X were provided by Panasonic, that the battery of 2170 cells for Model 3 were, even though produced at the partnership Gaga-factory 1 at Nevada, the facilities and staff were under the control of Panasonic in that the employees of the cell production belonged to Panasonic. Tesla got to have a direct control of cell production team and employees. Panasonic putting blames on financial loss of Tesla and uncertainties in the future demands. In April 2019, although Panasonic claimed that it was able to increase the production of battery to 35 GWh a year, Tesla told the press that Panasonic was only able to produce 24 GWh per year in Giga-factory 1 at Nevada which could not be able to meet the demand of the production of Model 3. At the same time, Panasonic claimed that Tesla had financial problems and uncertainties in the future. Elon Musk also stated that Model 3 was designed for a service life of one million miles. Yet, the battery produced by the Panasonic Giga-factory 1 could only have a life of 1,500 cycles or 300,000 to 500,000 miles and cost between $5,000 and $7,000 to replace. (Hampel C. April 15 2019) It is clear that the battery produced by the Panasonic Giga-factory 1 could not meet the demands of Model 3 expected specifications in terms of service life and cost of production.
B3 - People management of Tesla and Elon Musk  

People management includes leadership style, team management, decision making, working in a multi-generation work team, managing work effectively through a team, innovation and change management.  (Ho L., 2021)

Characters and social-human capital of Elon Musk

Elon Musk is a workaholic (Khan R., 2021) working 80 to 100 hours a week but gained lots of social-human capital. He tweeted a total of 5,266 times including tweets, replies and retweets (Law L, June 2019) 
Elon Musk is innovative. 
In the sale of EVs, Tesla adopted an innovative way of doing business: direct online selling to the customers without sales agent and direct delivery of EVs to customers and provision of electricity by itself by building charge stations to serve directly its customers.  (Kim H. 2020)

Elon Musk is adaptive to change 
He changed production of sport car of Roadster to sedan Model S. He changed from wet cells to dry electrode cells after the bottleneck of battery supply problem in 2019, resulting in mass and efficient production of Model 3 in 2020. Innovation of Tesla include those relating to vehicles and recharging system. (Joy M. M. 2021)
Elon Musk’s leadership is transformative. 
Transformation leaders broadens and changes the interests of their followers and generates the awareness and acceptance of the purpose and mission of the group. They stir their followers to look beyond their self-interests for the good of their group. Transformation leadership consists of four factors: (a) charisma or idealised influence, (b) inspiration leadership or motivation, (c) intellectual stipulation and (d) individualised consideration. Though Bass considered charisma as a factor of transformational leadership, authors generally consider transformational leadership and charism interchangeably. (Bass B. M. 1985) (Bass, B.M. 2010)  James MacGregor Burns, a political science and leadership researcher, who in the 1970s defined the actions of transformational leadership as when one or more persons engage with others in such a way that leaders and followers raise one another to higher levels of motivation and morality. In 1985, Bernard M. Bass, leadership researcher and professor at Binghamton University, expanded on Burns’ ideas to develop the Bass Transformational Leadership Theory, consisting of four main components of transformational leadership: (i) intellectual stimulation when transformational leaders encourage and empower the employees to constantly be learning and looking for and acting upon opportunities, rather than playing it safe in comfort zone; (ii) individual consideration where the transformational leader gives employees a feeling of ownership in company goals and independence in the workplace and all employees are encouraged to think creatively to find new solutions to longstanding challenges; (iii) inspirational motivation when transformational leaders give employees a strong sense of purpose and setting high standards and expectations for achievement and employees now have a strong sense of purpose and “mission mind-set” to achieve their goals; and (iv) idealized influence when transformational leaders serve as role models for employees, which includes modelling ethical and socially desirable behaviour, maintaining a dedication to work goals and exhibiting enthusiasm about company strategy and leaders are trusted and respected by employees to make good decisions for the good of the organization, the team and for staff themselves as individuals. (Michigan State University 2022)

Elon Musk aims at high level performance, works hard and fast himself, setting a model for his team to follow suit. Elon Musk elevated the expectation of electric sport car to better perform the famous fossil fuelled sport car Lotus. He also improved the energy density of cells by using dry electrode technology to produce 4680 cells for the use of Model 3. Elon Musk is able to bring the expectation of the public to a new high level in the design and production of all electric vehicle, in term of speed, acceleration and mile range. Elon Musk’s capital investment into Tesla Motors gives followers’ trust to believe his decisiveness of making use of his innovative idea to produce EVs. It is charisma or idealised influence of a transformative leader (Konrad A. M., 2012) Elon Musk 2006’s master plan convinced the public that Tesla holds a product strategy entering from high-end market and moving to the mass market, with a high level of innovation adaptation and learning by doing; pays considerable attention to reduce range anxiety by high performance supercharger station network and high capacity battery; shows a very high level of integration of information technology into many aspects of the EV business model, such as advanced in-car services and digital distribute channel; and shows a new value configuration which involving in high level of vertical integration towards battery and recharging network. Finally, Tesla and Elon Musk did realise the goals originally set.
Elon Musk’s leadership is visionary 
Visionary leaders recognise that the individual, collective team and the company and even the nation align with the vision, have a clear goal and understand their role in making this vision for the future a reality. Visionary leaders see the World differently, help others see the vision and turn the vision into reality (Michigan State University 2021) 

Elon Musk showed his 2006 master plan to the public on steps to achieve comfortable family EV. Later, Tesla, after the Tesla Roadster, encouraged his Tesla team to produce the family EVs of Model S and Model 3. Elon Musk’s 2016 master plan also provided steps in developing energy and EVs of creating solar energy, expanding EVs to have variants, developing safe robot EVs and renting EVs which are idled by users. He had the visions, made the visions clear to his the World and his working team and turned the visions into realty. The 2 master plans and later realisation of the plans demonstrated the visionary leadership of Elon Musk. 
“Visionary leadership” and “transformational leadership” are used by some interchangeably. Visionary leaders look for new possibilities for the future of an organization, team or product. Then they help others to conceptualize those visions and inspire them to develop their own solutions. The difference between these leadership styles lies in a true transformational leader’s ability to inspire the development of new ideas, even if the vision is not their own, transformational leaders can turn it towards reality, while visionary leaders invent their own visions. (Michigan State University 2021)
Elon Musk’s leadership style in summary

To conclude, based on his behaviour and working passions, Elon Musk exhibits a leader of multiple styles. He is a transformative, innovative, adaptive and visionary leader. 

Elon Musk is well known for change management 

Elon Musk was quoted to be much intellectual and believes in change management and that he is always ten steps clearly ahead of others. (Khan R. 2021) Thus, Elon Musk is adaptive to changes in environment in his business development.

Elon Musk displayed lots of innovation capital and exhibited good skill of innovation management 
A good innovation leader should build up innovation capital which consists of the following 4 factors:

1.
Innovation-specific human capital. It refers the innovator’s capacity for forward thinking, creative problem-solving and persuasion.

2.
Innovative-specific social capital. It refers to the innovator’s social connections with people who have valuable resource for innovation.

3.
Innovation-specific reputation capital. It refers to the innovator’s record and reputation for innovation

4.
Innovator’s ability to create public attention and credibility for the innovator and the innovation idea. Simply put, it is impression amplifier. (Furr N. and Dyer J. 2020)
Elon Musk’s vision for electric vehicles when he joined Tesla in 2008 with capital investment shows his ability and ambition to create or materialise electricity as power source to move a vehicle. When he tweeted to his 29 million followers on the Roadster 2.0 with 10 small rocket thrusters demonstrated his innovative-specific social capital to attract lots of fans on Tesla. He was able to locate Maxwell Technology for dry electrode cells to resolve the bottleneck problem of battery supply with Panasonic. The bottleneck problem of battery pack supply was real and imminent and finally resolved.  After the first Model 3 was delivered in July 2017, 100,000 to 200,000 was projected for production for 2017. Yet, only 3,000 Model 3 was delivered and Tesla was unable to produce the promised price at USD 35,000. (Berrone P. at el 2021). Tesla was under a great pressure to reduce production cost and improve energy density of the battery pack. Finally Tesla was able to reduce production cost of the dry electrode cells after acquisition of Maxwell Technology to make use of the new technology in cell production.  
Transformation from a motor company to an energy company is hard to achieve; yet, finally accomplished.  

Only 28 out of 128 companies were successful in transformation between 2016 and 2020. (Argenti at el (2021) in Ho L. (2021)). Yet, the transformation from relying on outsourcing to in-house production of battery cells was successful because Tesla, which was under financial pressure to produce Model 3 and the Elon Musk’s excellent social-human capital, was able acquire the technology of producing dry electrode cells from Maxwell Technology. The technology was acquired by purchasing all the stocks of Maxwell Technology.  Elon Musk told reporter that Tesla was close to bankruptcy in about a month when the Model 3 ramp was extreme stress and pain for a long time from mid-2017 to mid-2019. It was a period of production and logistics hell. (Isidore C., 2020) With much diligence and skilful innovation management capability, Tesla and Elon Musk were able to extend the EV producer business to include battery manufacturing.

Innovation culture breeds successful innovation 

Elon Musk’s skilful innovation management capability has its innovative origin.  Successful innovation requires innovation culture which requires practising ‘innovative parenting’, bust hierarchy, encourage the unreasonable, don’t die of indigestion and cultivate external relationships, hire the best and fast. (Ishak W.  2017 in Ho L. 2021).  Elon Musk in the first place is an engineer and innovator since he was young in developing a computer game for sale and promoting PayPal which finally was sold for cash for capital investment in Tesla to develop electricity as the power source to run a car (encouraging the unreasonable), and always looking for new way (cultivating external relationships) of production as in the acquisition of  the whole company team (hiring the best and fast) to take a new technology in dry electrode cell production.  Tesla’s successful innovation has its roots of innovation culture from the input of Elon Musk.

To conclude, Tesla and Elon Musk are excellent and skilful in innovation management. 
Multi-generation management 
Tesla is a multinational company employing more than 100,000 well-qualified employees of various nationalities and ages in 2021 in the United State, Germany and China, with 30,000 new recruits after the opening of the Gigafactory 3 in China in 2020, adopts principles of Diversity, Equity and Inclusion in its human resource management. (Caballero N. 20220) Tesla continues growing, increasing its staff at a steady pace. Kristen Kavanaugh Director, Inclusion, Talent and Learning of Tesla said, “Along the way, we are continuing to build a culture that is safe, respectful, fair and inclusive for all of our employees.” (Diversity, Equity and Inclusion Impact Report 2020). The medium age of Tesla’s employees is 30. (Tess Townsend, March 7, 2016) Leadership or directorship level includes 83 % male and 59 % white. (Kolodny L.  December 5 2020)
Tesla displayed to practise diversity, equity and inclusiveness in multi-generation management 
Elon Musk is demanding in managing his working team

Elon Musk is demanding in performance and work effectiveness in managing a team.  Elon Musk has no hesitation to fire people of no passion in work. He said that Talent is extremely important and it is like a sports team. The team that has the best individual player will often win but then there’s a multiplier from how those players work together and employ the strategy they adopt.  He got to maintain a team of collaborative and efficient talents. Elon Musk is criticised to be a micromanager. (Franco A.  2018)
Tasla’s intrinsic value 
Elon Musk is innovative, obsessive, demanding and fast acting; yet, he is demanding from his working team.  Elon Musk’s people management is so successful that the intrinsic value of Tesla was stated to be deeply understated and Tesla’s valuation should be USD 1.4 trillion, implying a share price above USD 6,000 (IMD, 2020) while Tesla’s price was only at the highest of USD 1,250 up to date.
Part C – Conclusions
Tesla’s acquisition and sale of Maxwell Technology

Crisis breeds opportunities. Tesla’s acquisition of Maxwell Technology is a good example. The acquisition was necessitated by the belated production and delivery of Model 3 to its customers in late 2018 owing to the belated supply by the outsourcing battery pack partner Panasonic.  Fortunate at that time, Maxwell Technology was in possession in the technology in producing dry electrode cells and with further research and design work, Tesla was able to produce cells of higher energy density and at a lower production cost. 

The decision to buy Maxwell Technology was excellent. It is better than an option to buy merely the patent.  Buying the whole company could retain the existing team of research and design staff because a lot of research work was required before the final product of the 4680 cells could be produced at a lower production cost.

Upon obtaining the full technology of producing the dry electrode cells, Tesla sold Maxwell Technology to the former executives, retaining the dry electrode cell technology and business.  In short, the acquisition and sale of Maxwell Technology within a retention period of 2 years was an excellent decision and for the long term benefit of Tesla.

Leadership of Elon Musk
Elon Musk leadership is of multiple styles. He is visionary, transformative, innovative and adaptive, believing in changes, all of which charted the way of building up Tesla to be a company of excellent innovative capital and performance in the production of the state-of-art EVs and advanced energy production, storage and solution.
2016 Master plan
Elon Musk planned in 2016 to first develop the prestigious sport car of Roadster of super performance even better than Lotus which used traditional internal combustion engine and then charted Tesla to produce and sell the luxurious family sedan of Model S in 2012 and then later, Model 3 sedan in 2018 to the mass customers’ market had proved to be successful. Success of this line of development from luxurious top end model vehicle to the common vehicle can be reconciled with the sale strategy of Mercedes Benz in Hong Kong where some 30 years ago, models of large size were sold to Hong Kong first to gain the fame of “Big Benz” and then gradually sells the smaller size variants to enter into the mass customers’ market. 

Tesla’s vertical business development 
Tesla adopts vertical business development in the production of motors, battery pack and charging stations. By acquisition of the dry electrode battery technology of Maxwell Technology in 2019, Tesla strengthens its vertical business development, gaining a tighter and direct control of energy production, a alongside with its EV production. Thus, the acquisition Maxwell Technology was an excellent decision. 
Part D - Recommendations 
Tesla is taking part in the fourth industrial revolution 

The first industrial revolution used water and steam power to materialise production. The second revolution used electricity to create mass production. The third industrial revolution used electricity and information technology to automate production. The forth revolution occurred in the 20th  century when it started as digital revolution and now comes to achieve velocity and has a great scope and system impact and involves internet of things. (Schwab K. 2015) In the fourth industrial revolution, Tesla, as an innovative electric vehicle and energy company, will be making use of Artificial Intelligence, 5-G to develop autonomous vehicles and produce clean and safe energy for the good of mankind.    
From electric vehicles to hydrogen cars
China used electric buses in Expo Shanghai 2010. China’s electric car leader BYD predicted that new energy vehicles will account for 60% of the new cars on China’s roads by 2030 (Liu R. P. 2021). BYD founder Wang Chuanfu said he expects Chinese car brands will account for 60% of the local new energy vehicle market by 2030. (Cheng E.  2021).  Therefore, competition of the EV market will be severe in China where Tesla has a large share of the market.
The next battle will be on hydrogen powered vehicles. Just now in Beijing Olympic Winter Games 2022, China has used hydrogen buses to transport the athletics and other participants of the event.  Tesla, which claims to provide clean and green energy to the globe, should have a strategy starting research and development of manufacturing vehicles powered by clean and green energy of hydrogen. Hydrogen powered vehicles should be much cleaner and safer than lithium ion battery powered since the former vehicles only emits water. 
Buses powered by hydrogen is a realty in the Beijing Winter Olympics Games 2022. Family sedan powered by hydrogen is not a dream.  In Wales of Britain, an auto engineer called Hugo Spowers   designed and hand-built, for his own use, a hydrogen powered 2-seated car which can be fuelled in 3 minutes with a running range of 500 km, a top speed of 96 km per hour, and emits only water. By comparison, a battery electric vehicle takes a much longer time to recharge after 550 km for Tesla Model S. The hydrogen powered 2-seater car weighs only 580 kg, 40 kg more than the battery of a Tesla Model S. The biggest barrier for hydrogen cars is absence of charging station of hydrogen which needs the development of car manufacturer.   (Bloor O., Scott-Clarke Ed., and Scott K. 2017) 
The entry barrier to manufacture EV, the principal components of which are only motors and battery, both of which are not difficult to produce. As such, competition of EV market is sever. To maintain the leader of vehicles powered by green and clean sources in the globe, Tesla’s next strategy should be starting research, design, development and production of hydrogen vehicles amidst the competitive global EV market.
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