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Abstract

In order for the United States, as well as otlations, to decrease their dependency and reliance
on imported fossil fuel, to control and reduce lgest source of their carbon emission, and torsec
their national transportation system, a fastersitaom from the Internal Combustion Engine to the
Electric Vehicle has to be promoted. The publid gnivate sectors will have to work hand in hand to
ensure reaching such a national goal.

This paper lays out a technology roadmap for aapeicompany ‘Tesla Motors’, proposing a balanced
mixed basket of Technology Push and market Pudtesy in order to get closer and closer to theredsi
goal. Fossil fuel does not have to run out in pffde the transition to take place. After all, theason
why humanity came out of the Stone Age was nottduke lack of stones, there still plenty out there

Introduction

The ongoing increase in the fossil fuels’ consuamptthe uncontrollable rise in the price of crude
oil, the natural and logical increase for energmdad due to global population growth which is expec
to reach 10 billion by 2050 [1], and the generaliemmental awareness, added to the growing
importance of sustainability and preserving natueaburces and ecosystems in recent years have been
major factors in product innovation. Efficiencyshalso been pursued by all energy related indsstrie
and been promoted for its immediate and long teositipe financial benefits. For the auto industry
leading manufacturers, those were key businessrdrio develop and produce vehicles that rely dess
fossil fuel. The Electric Vehicles, whether bemge electric or hybrid (EV/HEVS) and that once evar
dream, are becoming realities, commercially avédlaBbnd began gaining acceptance among the
mainstream consumers. Toyota, Honda, Ford, Nis&W, and Audi are among the leading
automobile manufacturers that introduced hybrid eledtric vehicle models. Tesla Motors decided to
differentiate itself by solely manufacturing eléctvehicles that will stand out in the market andvé/e
the competition with the major well establishedrgsin the market.

This paper will focus on the Tesla Motors, an Aroani electric vehicle (EV) company. As it will be
defined in a later section, the EV technology hagide range of products, in this paper a technology
roadmap for an affordable Tesla Sedan is the gola¢tachieved. We will analyze the market to iifgnt
its drivers, define the market needs to fulfill tgeps with new products, suggest the technological
capabilities needed to achieve the realizationhef product gaps, and finally identify the necessary
resources and link them to the suggested needbddiegies. Figure 1 shows the flow to the final
outcome; a Tesla Technology Road Map that willvaltbe newly established electric auto manufacturer
to stand ground and gain more market share.

Technology N\ Resourges Tesla TRM
Assessment Analysis
\{ ‘ “

N

Drivers
Identification

Product gaps
Definition

Figure 1: Flow of technology roadmapping (TRM) analysis




Background

A. The Electric Vehicle

1. Definition & history

The Electric vehicle (EV), as defined by the emagedia Britannica, is a motor vehicle powered
by battery that originated in the late 1880s andt thas been used for private as well as public
transportation [2]. An electric vehicle can be iayble, a motorcycle or any type of four wheeled
automobile, being private or commercial. The HElecautomobiles competed very well with the
petroleum-fuelled ones from the early days of th# andustry up until the 1920. They were preférre
for their quietness and low maintenance costs. WBitlh the highways system coming into use,
automobile owners wanted to travel longer and fasibe Electric car fell short on fulfilling thatedire.
The fuel powered vehicle, with Internal Combustiemgine (ICE) that continued on improving, did [3].
Now a day, after almost a whole century of ICE ekhdominance of the private transportation sedtor,
seems like the EVs are back in the picture witm&aedous opportunities to revolutionize and reshipe
transportation sector during this current decadle [4

2. Forecasted growth

Multiple service companies, Price Waterhouse Cogpie international research consultancy
firm Mckinsey, and Deloitte Consulting LLP to namdew, have reported promising forecasted growth
figures for the Electric Vehicle market globallydaim the U.S. Price Waterhouse Coopers forecast th
the global market will continue to grow in a wawathby the year 2020 the EV market could be aslarg
as almost 2.5 million or as low as 750 thousandnboite realistically around 1.5 million vehicles.[5]
Deloitte consulting LLC also provided three sceosifor the U.S. Electric Vehicle market penetration
and trend. The aggressive, most probable and n@ise vehicles forecasted figures for the yeat50
are 75000, 60000, &45000 respectively, and for ybar 2020 the figures were 840000, 465000, &
285000 units [6].

The task is not an easy one, the success and aluofithe EV require lots of efforts and collabarat
among multiple players; the auto industry, the giei makers, the financial institutions, the energy
sector, the media industry, and importantly theegahpublic to name a few. Figure 2 graphically
displays the relation or the nature of collaborateeded to the EV success. A later sectioneoptper
will also identify the drivers for the Electric Viele positive trend which are rooted in various lif
aspects. Social, technological, economic, enviemtal, and Political factors are directly or indilg
linked to the success or failures of the ElectréhMle completion survival.




Auto Industry
& OEM focus
onan
Economy of
scale target

—

General Public
Awarness &

Policy Makers
Support
Grants &

. (
commitment {egulations)

Success &

\ Survival

,»

\ Financial
Media \ Institutions
Ppositive } Backup (lower

Propaganda | rates for EV
loans)

Energy Sector
rejuvenisation
(expediting

the Smart
Grid rollout)

Figure 2: Collaboration cycle needed for success

B. Tesla Motors [7,8]

Tesla Motors is a fairly new and ambitious Amenicmpany that started operation in the year
of 2003. Ever since, Tesla Motors differentiateself by making it clear that the company will dple
focus on the development, manufacturing, and dsflieé nothing short than a high end performance
electric vehicle; a pure electric vehicle (EV). eTtirst vehicle, Tesla Roadster, was deliveredsmew
owners in 2008. The introduction of this first nebdvas very important to the company. It was a
showcase to the advanced technologies used, arabhtp Tesla Motors ability and willingness to dea
the pure EV market. The advanced battery packgatither sophisticated parts of the vehicle, albwe
the newly delivered EV a longer range on a singlrge, a decent 236 miles.

In 2010, the company secured a long term loan ftben Department of Energy to finance further
development of EVs, powertrains, and purchasingratabling of manufacturing facilities. Tesla even
negotiated with its suppliers an integrated martufarg approach to manufacture parts on Tesla&s sit
to alleviate the dependency on the suppliers’ parémce. The positive indications to Tesla’'s sugces
were noticeable and translated into actions by sofnthe automaker leaders. Daimler uses Tesla’'s
battery pack in its a-class EV. Daimler also inseés the outstanding capital stock of Tesla by iogra
good 8%. Furthermore, Toyota has a 3% equity invest in Tesla Motors in addition to the agreement
of relying on the company (Tesla) as a source fajomparts to the all-electric versions of RAV4uc8
actions are strong assurances to the investorg #gimyoung Tesla’s products and in the house dedig
and developed technologies. The following is éra long innovations list backed by multiple paten
applications.

* An advanced & efficient battery system.




* A sophisticated battery cooling, power, safety &iagement system.
* An exclusive alternating current 3-phase inductimtor & its power electronics.

» An all-encompassing software system to manageysaficiency, as well as the overall vehicle
control.

As mentioned in the previous section, the patthefEV or EV manufacturers is not free of obstacles.
case of tesla, the company has to focus on brintji@deV high tag price down a bid, a focusing paoiht
this paper. Also, the company has to maintairstésidards high in order to keep on gaining conssimer
appreciation and trust in an environment wheregingeral public is lacking the awareness of EVs. As
for the infrastructure, the slow, but steady ralland development plans may hinder Tesla’s and the

EV industry ambitious expansion efforts.

Technology Roadmap Development

A. Electric Vehicles Market Drivers

In recent decade, car buyers have inclined usikg Hue to several drivers in the USA
environment. These drivers have been emerged froomls(S), technological (T), economic (E),
environment (E), and political (P) environments. &mplain how these drivers affect the electric car
market, STEEP analysis is used. Recognized faatershown in Table 1.

Increasing Demand for Green Transportation v v
Tax benefits and US government’s incentives v |V v
Increasing demand for lower cost transportation v v
Smart Grid Implementation with relation to V2G v
technology
Emerging new technologies in EV's main parts v

(battery, electric motor,...)
Table 1- STEEP factors affecting EV market

1. Increasing demand for green transportation

According to increasing anxieties about environtaemssues such as CO2 emissions and
increasing GHGs, green transportation includinglipuipansportation like bus, walking, and bicycling
have being noticed more and more. Electric vehasl@ne of the green transportation has been noticed
widely by societies and governments so that ansalak of different types of electric cars includigd's
will have a remarkable growth by 2050, and the neindd sold conventional gasoline and diesel calls wi
be decreased dramatically by that time [9]. Inteomal Energy Agency's studying shows that the neimb
of EV and PHEV cars sold globally by 2050 wouldaseund 106.4 million cars — Figure 3.
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Figure 3 - Annual global EV and PHEV sales in BLUE Map scenario

2. Tax benefits and US government’s incentives

Increasing gas prices in recent years made ensegyrity as a one of federal and states
governments' main concerns. Moreover, environmassales and related international commitments led
the governments to enact some incentives.

The most important incentive is the Recovery Achdal As part of DOE's $12 billion investment in
advanced vehicles technologies, the Departmemtvissting more than $5 billion $ to make the USA's
transportation system electrified. These investsiang¢ supporting the development, manufacturind, an
deployment of the batteries, components, vehicteb reecessary charging infrastructure and facilities
[10]. Other main incentives are shown in table 2

Table 2Table 2- Incentives deployed by federal and some state governments [11]

3. Increasing demand for lower cost transportation

Dramatic changes in gasoline, shown in figureat/ehbeen a big challenge for car drivers over
recent years. Increasing gasoline price more tH20%e2between 2009 and 2012 indicates that fuel
consumption cost is going to be a big problemamgportation cost. Also Kenny ham, vice presidént
Apocalyps EV, reported [12] that 70% of America'aily oil consumption relates to automotive
transportation.

Despite of the high price of EVs, cost analysisadanced EVs shows that they could be competitive
with gasoline-powered vehicles over the time dudess maintenance cost, and energy cost reduction
[13].




Crude Oil and Gasoline Prices
(Sep 2, 2011-Feb 15, 2012)

S140 $4.50
S$120 J\P $4.00
_ vy $3.50
$100 AP
% / $3.00 £
_?: 380 f:&/ f//ﬂ"’ lw yp' V\J —E‘
z YV $2.50 &
$60 —West Texas intermediate (left axis) %500
. i —Brent (left axis)
$40 . S ' $1.50
Gas at U.S. service stations (right axis)
$20 : ! $1.00
2009 2010 2011 2012

Figure 4- Changes in Crude oil and gasoline prices (2009-2012) [14]

4. Smart Grid Implementation with relation to V2G* technology

Smart grid implementation is a basic prerequiit@promote using EVs nationwide. Upgrading
distribution level transformers to make a reliabégvice to homes and charging locations, investing
smart meters and smart charging software, investifif infrastructures to support applications udihg
EVs are main parts of smart grid development thilities have to follow. $3.4 billion were assignad
2010 by the federal government as stimulus furdkteelop smart grid and modernize the current one
According to the U.S. Department of Energy's Alegive Fuels Data Center, there are currently around
4150 EV charging stations in the U.S. It's repottest the number of EV charging stations will bé 4.
million by 2017 [15].

5. Emerging new technologies in EV's main parts (battery, electric motor,...)

The technology of batteries has had a great pssgafter emerging lithium ion batteries in 1999.
By emerging lithium batteries, the dream of ridialgctrical vehicles for long distances got more
possible. As shown in figure 5, today's automotii#on cells are capable of supporting higher e
around 70 miles for a 200 kg pack. It's predicteat ti-ion batteries will reach 400 Wh/kg by usimigh-
capacity cathode materials and alloy anode maseiialair batteries, which will be emerged in asdo
future, potentially surpass the battery technologed today. Li-air batteries may reach 400 Wh/kg.
Theoretically, achieving 1000 Wh/kg is attainaldlsome technological obstacles would be overcome.
This generation of batteries make possible to dmneee than 380 miles on a single charge [16].

! _Vehicle to Grid
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Figure 5- Driving range and battery weight for different cell-level specific values [16]

B. Product Roadmap & Gaps

Tesla Motors is well known for its premium cariey maintained the top score features in all
their products [17]. To understand what should beedfor Tesla’s product roadmap, we performed the
gap analysis between the current features andrésathat are required for Tesla to make a diffezanc
the market. We focused on identifying potential gapd also tracking known gaps [20]. We are also
focusing on Electric vehicles.

Current Position

Figure 6 shows the current features in the Test@del-S. It has features targeted for premium marke

[ 24
b j§ Performance -85 KWh battery, agility & grace, active air suspension, power steering

o3

~

(‘ Battery — estimated range at 55mph is 300 miles, plug — in anywhere

@ Styling — panoramic roof, hidden in plain sight, stylish key with door handles

-
Interior — touch screen with all you expect, seats, 5+2,31.6cubic feet of storage

.

Safety — strong, rigid and light, complete control

= Environment — No tail pipe emissions
“

Figure 6- Present - Features of Tesla motors latest model-S [18].
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1. Performance
It has one of the best performances in electrigole industry. It rises from 0 to 60 mph in just
5.6 seconds. 125 mph is the top speed with zdrpige emissions. Few of the important featuretuithe
its 85 Kwh battery and its active air suspensid@j.[1

2. Battery

Battery is the major part of the electric car. Ehés a lot of research going on to optimize the
performance of the battery [21]. Understandingisisees with the battery and improving its perforosan
is important for Electric vehicle’s success. Cutheiesla is leading in this with 85 kWh batterighich
enable the car to farther up to 130 mph [18].

3. Styling
Focusing on the premium; this car delivers all ftures that most of the luxury cars deliver.
Comparing with the competitors it has all the pangc view with maximum efficiency. It has all the
features that are expected in a premium car [18].

4. Interior
It has 5+2 seats with maximum capacity for the sizthe car and also the touch screen with top
most features in the present internal electroritesy of them include integrated media, navigation,
communications, and cabin controls [18].

5. Safety
This is one of the most important features. Tegtzeeds in the safety domain also with the rigid
battery. The traction and stability also gives mphete control over the car. With high strengtlekie
provides maximum capacity for occupant safety [18].

6. Environment
Being an electric vehicle it is already favorihg tenvironment. With zero tail pipe emission is
more efficient than any of the gasoline or petroidaurned vehicles. The sources of electricity dse a
efficient technologies. Thus it is less harmfuthe environment [18].

7. What will it cost?
With all of this we also looked into the price rarfgr different performance levels as shown below.
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Figure 7- Current pricing structure for Tesla model-S [19].

Future of Tesla

Understanding the current features and also Igpkito future of EV, we identified the potential
gaps and known gaps [20]. Surveys on the intermettiterature review provided the information onath
customers want to see in an electric vehicle. Eidudepicts our understanding on where Tesla sHmauld
in the future to become a market leader.

Using Renewable Energy as much as possible

Less Toxic Battery

Longer mileage between recharging

Availability of recharging facilities

Lower EV price

Lower recharging price

Figure 8- Features- Tesla market leader [22,23,24,25,26,27]
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Known gaps

1. Lower Electric vehicle price
Electric vehicles are now not being purchased dégullar salaried persons. They are mostly
targeting the premium vehicle range. The most esiperpart of the electric vehicle is the batterye W
need to consider reducing the cost with reducirgg ob battery [22, 23]. Understanding Tesla’s desig
we came up with negative gaps like reducing theriot features and styling to make the car affokelab

2. Less Toxic battery
To improve battery as environment friendly, th&icobattery needs to be changed. There is
research going on this subject and Lithium ion dygitis an alternative that is being considered.[22]
Considering this will make the vehicle greenerhi® énvironment.

Potential gaps

1. Using Renewable Energy as much as possible
Even though electric cars are considered envirotahdriendly, they are still ways to make it
absolutely environmental friendly. One of whichusing photo voltaic power to improve the efficignc
and performance of electric vehicles. Power cargdmerated from the PV powered vehicle and PV
powered charging stations [26].

2. Longer mileage between recharging

The major part of the EV is the battery. Increasihg performance of battery will increase the
mileage and also other technologies that are cdviereaechnology will increase the mileage between
recharging [22,23,24]. This is one of the majopgyan the market. The target for mileage keeps on
increasing with technological changes.

3. Availability of recharging facilities

This is considered to be gap for the entire EV marBecause the availability of charging statians i
currently less, rolling out new facilities and imping these stations in collaboration with techggland
electricity companies is essential. Measures havebé taken to standardize the availability by
government and companies [23, 27]. Plugin stasago a priority from customer surveys [24, 25].

4. Lower recharging price
Lowering the recharging price is another gap tiesgds to be addressed. This is mostly related to
technological changes that are coming up in thareMstry like smart grid and PV powered statiors;, [2
27]. This is a potential gap that is dependentartinuous improvements of the technologies.

The next step after identifying the product gapgo map them to the market drivers. In the
technology road mapping process understanding taekan will give the insight to understand the
product needs. This gives the opportunity to settéingets for the market. To map this product gefs
the market drivers we used a QFD (quality functi@ployment) tool. House of quality process will
provide the relation between each of this gapsteigs to analyze the priorities. We can understahad
immediate needs of the market and proceed withsioguon them [28, 29]. Table 3 shows the
implementation of QFD matrix between the driverspreduct gaps.

11



Drivers | Green | Emerging Tax benefits | Lower cost of | Performance
transp | technological & US transportatio

ortatio changes government’s n
incentives

Using Renewable S v v -

Energy as much as

possible

Efficient Power v Vv VY, v v

electronics

Longer mileage v 7 i R

between recharging

Charging Interface 4 4 v
v Vv v Vv v v

Lower EV price

Table 3 - QFD Matrix - Drivers vs. Product Gaps

All of them have equal importance. But considering availability of technology and the top market
drivers the prioritization for product features vemdected. Understanding the prioritization angbpirag
them to the market needs helped to understandhipkeientation of the product and its lifecycle. We
focused on the Sedan model for attracting the madké drives towards satisfying the market needs.
Table 4 below represents the Products featuregedeti with each product and also gives on ideden t
time line.

Time(years)

Efficient power

electronic v v
longer mileage v v
lower price v v
charging interface v v v

Using renewable
energy v
Table 4 - Product Gaps vs. Products

The products are designed for implementation fer thadmap only focused on the Sedans. This is
planned for a time interval of 5 years. The firatget is to make the Sedan affordable and add the
technology changes that improve efficiency of th#dyy and charging interfaces. But lowering pige
the main focus for the short term goal. The nexp $¢ to understand the technology gaps and mapping
them to the product gaps.

12



C. Technology Roadmap & Gaps

Technology roadmapping is a process that can p&edpto identify any existing technology
gaps, critical system requirements, and milesttmatsare critical to the development of a produtis a
method by which one can assess the different pgthwih any, for meeting a requirement, and is
especially useful when there are high risk elementse product development process. In which case
one could pursue more than one path for fulfillengpecific requirement, and help in reducing tbk of
execution. This sort of strategy management igliglelone before making any technological investiaen
or starting the execution phase of the projectrodpct. For a given set of needs and a timefrarRd/
provides a method to organize and analyze infoonadbout critical requirements, targets, perforreanc
metrics, etc. and the time frames by which theyehavbe accomplished so as to meet the needs of the
product roll-out planned. It also helps in ideyitify alternative pathways, and making trade-off®agn
them to better mitigate the risks identified. [30]

In this first stage, typically the timelines are imor less defined, but not the means to achievi/ithin
the scope of this project, the targets and timelimeeve been decided as shown below in table 5

[ curent | ~ays | ~gym | ~ioms

Model Sedan Sedan B Sedan XY PV Powered
Sedan
Car Cost ~ $50K $40K $50K $60K
Battery 45mins 45 mins 30 mins 30 mins
RE-Charging
Time
Battery Range  ~160 miles 200 miles 500 miles 500 miles
Motor ~245 ~275 ~500 ~500

efficiency (KW)
Table 5 - EV product targets

These technology gaps and challenges have bestifieibbased on market drivers and product gapd, an
further technological assessment and adoption cate$ielp in multi stage product development.
Following are some of the limitations with proposedutions in the current state of the art EVs:

a) Battery Technology and Performance: Need for improved reliability, and capacity

Energy density in existing batteries is by far lggest limitation in EV industry in terms of the
amount of power that can be delivered per unit Wteigf the battery. It also plays a huge part in
determining the overall price of the EV. So fiwe only way to overcome this has been to use beavi
batteries to improve the working range of a caraf@ingle charge. However, this leads to a redoati
responsiveness of the car due to the extra wedgiut,slower acceleration in uphill climbs. One loé t
emerging technologies for improving energy densgyto go for Lithium-air based batteries as
demonstrated by the engineers at IBM [31].

In terms of reliability, while current estimateg fdickel metal-Hydride (NiMH) based batteries susfge
that their life could be as high as 15 years basecegular usage of the EV, these estimates aexllas
projections based on extrapolated data, and high@bilities would be a welcome addition to the
existing list of market drivers. [22] One way ofseining higher reliability is to slow the rate ofazhe-
discharge cycles, and in this context, the usagdtat-capacitors [22] for short term booster pawer
for storage of energy in regenerative braking wolikely answer some of the above mentioned
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challenges. Another competing technology as dematest by scientists in Stanford University has been
the usage of Nickel-lron batteries for intermedisgem storage supplementing the storage of the main
batteries [32]. These batteries have a much ldiigebased on the charge-discharge cycles, andehen
can definitely pave the way to improved reliab#i

b) Safety — Thermal management of batteries

Storage of energy in a confined space whethee iliduids, gases (such as petrol, compressed
natural gas) or batteries (fuel cells, lead-acal)ld lead to safety hazards, and give rise to egguis by
government or its agencies. One such exampleeifirh hazard in vehicles such as the Nano devdlope
by Tata Motors [33]. The solution of this problésman important step in addressing market and human
concerns and is an important gap to be addredseerestingly, the temperature control of the brgtie
not only an important step in mitigating fire hadait is also a means to improve battery efficieaog
usable-life. A team at Fraunhofer Institute in @any devised a phase change material as a coolant t
keep the battery temperature at an optimum levbebfieen 20 and 35°C to improve the efficiencyhef t
battery as well as reduce fire hazards [34].

¢) Environmental issues: Battery recycling and re-purposing

Primary costs of the batteries come from the ob&ithium and other scarce metals. Proper re-
cycling and re-purposing of such metals is essettti@nsure lower costs and also to ensure zeab tot
emissions of EVs. Thus, development of a mecharfsh allows end-users to trade-in their used
batteries is essential to recover some cost anéqirthe environment, and as such adds to the bppea
owning a zero-emission vehicle. Possible usageetaddclude re-purposing these batteries into indoo
converters, or in utility vehicles for which thengee may not have the same requirements as passenger
vehicles. Existing companies such as Toxco alrgadyide a range of services which could be tapped
for closing the gap in this area. [35] Tesla cutlseships the end of life batteries to Toxco fosrdantling
and reuse, recycling.

d) Use of renewable energy — Photovoltaic (PV)

Even though EVs have zero emissions, they arerslidint on electricity which is available from
the grid, and more often than not, the electrigtproduced by coal-fired plants, and hence the &¥s
not truly zero-emissions. One of the readily avddatechnologies is the use of solar PV panels kwhic
provide a truly zero-emission renewable energy dhasamsport solution. Cost of electricity by PVane
is expected to equal or drop below that of the -baaled electricity by 2025 [36], and this withireth
timeframe for using PV-based sources for the EM$iese could either be in the form of in-vehicle
charging capabilities, or using roof-top PV par(sly in the garage) for providing charging and eiehi
to-grid technology.

Implementation Steps

The resources for these gaps could either be ush®&D or existing commercial or emerging
solutions. There could also be outsourcing anaimgpns with partners or alliances with natiolsdds
and standards institutes such as NIST. Manufagjuroncerns are not as important due to the already
existing leadership role taken by Tesla in the Etmobile manufacturing sector. Tesla already
provides services to other auto giants and coudth egly on the goodwill to develop partnershipstimer
areas as well.
In order to accomplish the timeline set for theduat roll-out, Tesla would need to address the abov
gaps using the methods recommended so that thedlegy is available in a timely manner.
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D. Resources

1. The R&D Resources

Resource management is to manage the investmeaheofompany’s R&D resources, which
includes human resource, information resource, taoypeesource, and material resource. There are
concerns about the availability of skilled workferdnformation and material resources when needed.

The cost of securing these resources is usualgrmeted by their usefulness and scarcity. Thatpld

get all the needed resource in a cost-efficient wagignificant to the success of R&D programs, and

hence to the success of the future of the comg@nys need to utilize strategic decision makingirayr
the acquisition of the R&D resources to maximize dility and eliminate the risks in R&D proceskne

point of concern is to maximize R&D overall produtty of resources, which is beyond R&D job itself,

and the purpose is to find the best balance betimemal and external R&D productivity.

There are four ways to acquire the R&D resources, iin-house R&D, alliances/partnerships,

outsourcing, and acquisition. The definitions, paias cons of all four ways of getting R&D resouraes

listed in table 6 below.

Definition

In-house R&D

Do it by yourself,
with your
employees, your
R&D facilities

Pros

1. Ownership of
technology

2. Exclusiveness

3. Core competencies in
the value chain

4. Strategic advantages

Cons

5. High fixed costs

Mobility of researchers

7. Risks of substituted by
disruptive technological
progress

o

Alliances/Partnership

Do it together
with partners with
knowledge share
within alliances

1. helpto get more
resource at low prices

2. Complimentary in the
vertical alliance

1. safety of exclusive
technology

2. competition from partners
usually in horizontal
alliances

3. Knowledge and brain drain
among alliances partners

Pay the R&D
suppliers to do it,
get the outcome

1. Quick progressin
R&D
2. Less cost of R&D

1. Dependency on the R&D
suppliers.
2. Lack of control to the

Tech Acquisition

technology in the
form of patents,
business secrets,
etc.

technology fast, when a
specific technology is
need

Outsourcing of R&D as the team technology progress
result. 3. Flexibility when 3. Knowledge shared by the
disruptive R&D suppliers
technologies bring
substitution
Buying the Get the required Conducting a technology

acquisition project every year
would be very costly.
(Therefore, you should do your
best to select a vendor and a
technology that can grow with
your business for the next 2—3
years.)[37]

Table 6 - The Comparison of Four Ways to Acquire the R&D Resources
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2. Strategic Decisions in Resources Acquisition

There has been research about the strategic aeai$iadopting in-house R&D, alliances or
outsourcing. [37] Rajneesh Narula suggested whaahuader what circumstances it is advantageous for
firms to engage in R&D activity internally or extely, distinguishing between the use of in-hougdR

activity, R&D outsourcing and R&D alliances.

Granstand et al viewed the competences of techypdlaged firm as four types as demonstrated in Eigur
9. Rajneesh Narula maps the four quadrants to isdn&®&D, outsourcing and alliance as the oval escl

show.

Outsourcing

/ — \l
Quadrant 2: Background comp 2tencies

Enables firm to coordinate ana
benefits from technical change in
supply chain

High share of technological assets
Low level of competence

In-house R&D

—~/

Quadraat 1: Distinctive competencies

énables firm to coordinate and
benefits from technical change in
supply chain

High share of technological assets
High level of competence

Quadrant 3: Marsit:al/peripheral

competencies

e IvVlay become important/were
important

¢ Low share of technological assets

+ Low level of competence

golant SVStem

pesig®
Quadrant 4: Niche competencies seda”
' Low share of technological assets td.
q (]
¢ High level of competence i fac
tronic>

Alliances

Figure 9 - The static view: relationship between distributed competencies and internal/non-internal R&D

Rajneesh Narula then looked into the dynamic viéthe evolution of technological paradigms and came
up with a decision tree for selecting mode of R&ID fre-paradigmatic technology shown in Appendix-
A. Instead of using decision tree to express thasd® model as in Rajneesh Narula’'s research, a
decision table was used to express the decisiorsnasi shown in Appendix-B.

16



3. Tesla’'s R&D Resources Decision

Several technological gaps were identified basetherearlier research performed above. Based on
the R&D resource selection framework defined in phevious section, we will identify the appropriate
R&D resource for each of these technological g@ips.technological gaps to be analyzed are:

* Economic Sedan Design

* Charging Interface Standard
* Coolant System

» Battery Recycling

e Li-Air Battery

* Photo Voltaic R&D

* Sensors & Electronic

» R&D for Integration

The appropriate R&D resource for each technologjegl is derived by evaluating each of the gapsabov
against the selection model utilizing Tesla’'s siggt and current market status. Table 7 shows the
recommended R&D resource outcome of each techndlaggd on the selection model.

. . Sensors
Economi Charging Battery . Photo R&D
Coolant . Li Air . & .
cSedan Interface Recyclin Voltaic . Integrati
. System Battery Electroni
Design  Standard g R&D on
C
Slow/rapid
technical Rapid Rapid Slow Slow Slow Rapid Slow Rapid
change?
Systematic
effect/marei Systemat | Systemat | Systemat Systemat Systemat
nal effect on .y .y .y Marginal .y Marginal | Marginal .y
. ic ic ic ic ic
existing
technology?
Is Internal
resource Yes Yes Yes No No No Yes Yes
available?
Multiple
substitutable Yes Yes Yes Yes Yes Yes Yes No
sources
available?
Is the
entrance to
the No No No No No No No No
technology
late?
In-house | In-house | In-house In-house
R&D R&D R&D R&D
.. Outsourc . Outsourc In-house
Decision Supporte | Supporte | Supporte o Alliance o Supporte R&D
d by d by d by d by
alliance alliance alliance alliance

Table 7 - Tesla’s Decision among In-house R&D, Outsourcing or Alliances

s
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4. Tesla’'s R&D Alliances

Based on the above analysis, we try to identifyptbkential external resources required for Teda, a
shown in Table 8.

In-house R&DSupported bjDaimler and Toyota
alliance Fresno Design Alliance

SAE International

China Enterprise Confederation and
China Electric Power Research InstiflifA
International Electrotechnical
Commission

Fraunhufer Inst.

DENSO Corporation
In-house R&D Supported | Alliances with

alliance SAE (Society of Automotive
Engineers)

TBA

In-house R&DSupported b
alliance

TBA

Interstate Batteries, Inc.
Outsource Toxco TBA
Battery Solutions, Inc.

In-house R&D Supported lIBM

alliance Chengdu Jianzhong Lithium Battery TBA
Kyoecera
Mitsubishi
SunPower
Outsource Corporation, CleanTech Institute TBA
Toyota
In-house R&D Supported tLarge Number of Providers (634) TBA
alliance
In-house R&D Supported | TBA

alliance

Table 8 - The External Resources pool for Tesla

After Tesla has got the decisions of selection betwin-house R&D, outsourcing and alliances, It sti
needs to set up the outsourcing provider and trameé partnership. There are 5 steps to do this:

» Stepl: to find out the available providers/partners

e Step2: to do technology assessment, make surththtgchnology is what Tesla need
» Step3: to select some of the providers to negotitteaccording to the result of Step 2
» Step 4: to negotiate with the candidates

» Step 5: to make decisions about the selectionafigers/partner
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Proposed Sedan EV Roadmap

Roadmap is an integrated plan linking all factorsnarket, product, technology, and resources

parts, so three main tasks must be accomplishedat@ an integrated roadmap: timing, prioritization,
and naming product generations. To make a reabofaiesight and adjust our timing to the realitids
the business, we divided our timing to:

Short range: one year, to make more economic dupreduct

Medium range: five years, to make more improvesé@mthe main parts of the product and its
performance

Long range: ten years, to apply new technologiestiqularly Photo Voltaic, to make new
generation of EVs

To make priority among all factors and anticipagéetivities, each was discussed and its relationstip
others was determined. Timing was another poinsicered in making prioritization. The roadmap
focuses on three main product generations offeringsupport the described market drivers discussed
earlier. The product offering will be derived by&B programs that are precisely linked to the
technology and product requirements. The thredymiogenerations in the roadmap are:

Basic (B): introducing the product with some mird#sign changes to the current product in
order to make it more affordable.

XY: introducing the product with significant envimmental, performance, and operational
enhancements at an affordable price.

PV Powered. Explaining next generation of Tesla®lpcts which will be powered by Photo

Voltaic technology

The integrated roadmap of Tesla's Sedan EV is slifigure 9 below and Appendix C.

1year 5 years 10 years

Model B XY PV powered

Styling I Lower EV price - 20% I
S
- Q i —4 Renewable energy
g Q e I Energy management I + = I
= E Charging Y - -
© o Battery interface I Efficient power electronics I Protection & })lmd spot
= A vy detection

A
Ru Performance I Mileage-68% L_. 1
Manufacturing Seating Interior Standard
& design capacity styling Charging 5

Q < y interface Recycling & <

Energy repurposing battery 1
(=) 4
— Management
=] >
= Material Coolant |— I >
= Science T -
8 Lithium air I Soaors I Car
Il IT / Electronics Touch aliony Y electronics

screen A f
Design and : s PVR&D
R&D +andardization R&D o~ Batteryand coolant R&D
standardization
= 7'y A
w I
8 Partneri ith NIST Partneri ith
i artnering wi artnering wi X A 3
; Partnership to develop charging Fraunhufer Inst. To Partneqns o Partnering with Kyocera and
i 3 ) develop Li air battery Toyota to applyand develop
=) interface standard develop CrySolPlus linolozy PVin th a
@ coolant system technology in the products
Q
~ ||
1 Sensors& Touch screen OLEDs I
Outsourcing
I Batteryrecycling - Toxco I

Figure 9 — Proposed Tesla Sedan EV Roadmap
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Conclusion

In order to maintain sustainability in today’'s €lige and competitive automobile market, it's
imperative for Tesla Motors to design, develop, andgrate TRM as a strategic planning tool toralig
their technology strategies with business stragegie

A preliminarily technology roadmap was createdddrass the short and long term business strated)y an
market penetration for Tesla sedan EVs. A typldaM development model was adopted throughout this
study which focuses on analyzing the market totifleits drivers, defining the market needs to iluthe
gaps with new products, suggesting the technolbgagaabilities needed to achieve the realizatiothef
product gaps, and finally identifying the necessasources and linking them to the suggested needed
technologies. Throughout the study some spetfits and/or frameworks were utilized during each
stage of the roadmapping development process. nAaxample, STEEP analysis was used during the
market driver’s definition stage. To map produapg with the market drivers QFD technique was used
during the technology analysis stage. At the resoanalysis stage a combination of decision trek a
decision tables were used to determine the bestnawat effective method of securing the required
resources for each technology defined.

The study focused on creating a high-level roadfeapmne product segment which is the Sedan EV.
Additional research can focus on expanding thisimegp to include other segments such as compact and
SUV vehicles. This might entail using addition reew tools, models, and/or frameworks during the
roadmap development stage.

This study was done based on the current marketeahology status and taking into the considemnatio
Tesla’s current positioning in the market. Additb research can be performed in the areas ofginayi

a continuous maintenance to the roadmap and addptiiuture market and technology changes.

Finally, Tesla should plan for the after technoleggdmap development stage, which is the continuous
integration and implementation of TRM into an omgpstrategic planning process. TRM integration and
implementation will require adopting change in sdmginess process, organizational structure, an eve
working culture. Additional research can be conddcon how Tesla can effectively integrate this
roadmap into its business process and organizéitbaages are required.
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Appendix B: R&D Decision Table Analysis

1 2 3 4 5 6 7 8 9 1 n 12 13 14 15
Slow/rapid
technical Rapid | Rapid| Rapid| Rapid Rapid Rapjd Rapid Rapid wSlg Slow | Slow | Slow | Slow | Slow| Slow| Slow
change?
Systematic
effect/margi . . . . . . . .
nal effect on Syste | Syste | Syste | Syste | Margi | Margi | Margi | Margi | Syste | Syste | Syste | Syste | Margi | Margi | Margi | Margi
existing matic | matic | matic | matic | nal nal nal nal matic | matic | matic | matic | nal nal nal nal
technology?
Are Internal
resources Yes Yes No No Yes Yes No No Yes Yes No No Yes Yes No No
available?
Multiple
zggrségl;table Yes No Yes No Yes No Yes No Yes No Yes No Yes No s Yel No
available?
Is the
entrance to
the No No No No No No No No No No No No No No No No
technology
late?
In-house | In-house | In-house | In-house Eé‘hs)use g{—gg)use

e R&D R&D R&D R&D with In-house Qutsourc M In-house In-house In-house In-house with In-house Qutsourc M

Decision dSLg;porte dSLg;porte g‘;}‘;po"e dSLg;porte support | R&D e Alliance | pep R&D R&D R&D support | R&D e Alliance
alliances alliances alliances alliances tarI(I)i:nces Tarlolirannces
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17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Slow/rapid | Rapid | Rapid| Rapid] Rapid Rapi Rapjd Rapid Rapid wSlo Slow | Slow | Slow | Slow | Slow| Slow| Slow
technical
change?
Systematic | Syste | Syste | Syste | Syste | Margi | Margi | Margi | Margi | Syste | Syste | Syste | Syste | Margi | Margi | Margi | Margi
effect/margi | matic | matic | matic | matic | nal nal nal nal matic | matic | matic | matic | nal nal nal nal
nal effect on
existing
technology?
Are Internal | Yes Yes No No Yes Yes No No Yes Yes No No Yes Yes No No
resources
available?
Multiple Yes No Yes No Yes No Yes No Yes No Yes No Yes No, sYeg No
substitutable
sources
available?
Is the Yes Yes Yes Yes Yes | -1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Ye
entrance to -
the
technology
late?
Decision In- In- In- In- In- In- Outsour | Allianc In- In- In- In- In- In- Outsour | Allianc
house house house house house house ce e house house house house house house ce e
R&D R&D R&D R&D R&D R&D support R&D R&D R&D R&D R&D R&D support
Support | Support | Support | Support | Support ed by Support | Support | Support | Support | Support | Support | ed by
ed by ed by ed by ed by ed by alliance ed by ed by ed by ed by ed by ed by alliance
alliance | alliance | alliance | alliance | alliance alliance | alliance | alliance | alliance | alliance | alliance
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Appendix C: Technology Roadmap for Tesla EV Vehicle- Sedan

1 year 5 years 10 years
Model B XY PV powered

- p Increasing Demand for Green Transportation
§ s Tax benefits and US government’s incentives
; 2 Increasing demand for lower cost transportation
E = Smart Grid Implementation with relation to V2G technology
= Emerging new technologies in EV's main parts(battery, motors,...)
Styling Lower EV price - 20%
o Environmental Energy management Renewable energy
Q 9
.- S f . .
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