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Mukepia Kapaykouvn 1



TECHNOLOGY ROADMAPPING

Roadmapping: EpyalAeio ylia v €pevva/ KatvoTtopio
KOLTALEL UTIPOOTA O€ KATOLO £(60G HEAAOVTIKIIG KATAGTAONG KL 0T OUVEXELA TIAPAKOAOVOEL TTiow oTA
OTASLK TIOV ATTALTOVVTAL YLK VO (PTACOVE OE AUTNV TNV KATACTAOT).

Me dAAa AdyLa, Snpovpyel Evav "odiko xaptn" yla To TL MPETEL VA YIVEL YLX VA (PTACOVUE EKEL
Technology Roadmapping:

Y& TOV TTPOGSLOPLOUS TWV TEXVOAOYLWV KAL T®WV TTOP®WV TIOV ATIHLITOVVTL YIX TN XPH0T] QUTWV TWV
TEXVOAOYLWOV TIPOKELUEVOL VA Snovpyn el kat v Tapadobel KATOL0 TEPOIOV 1] VTN PEGLA 0TO HEAAOV.



TECHNOLOGY ROADMAPPING

Origins : Motorola /1970’s

'Eva 1o)upo epyaleio Stayeiplone g
TEXYVOAOYLAG YLQ:

a) yla ™V evOvuypauuLton tng TEXVOAoylag Kol NG
QVATITUENG TIPOTOVTWYV YLt TNV KAAL YT avayKwV NG
ayopag

B) yia tnv amoteAeopuatikn dtayelplon tng
TEXVOAOYLOG KOL TNG KALVOTOULAG KOl TNV EEXTPAALOT
TOU QVTAYWVIOTIKOU TTAEOVEKTI|UATOG.

Robert Galvin
Motorola CEOD

1922 - 2011

Bob Galvin, defines a 'roadmap’ as:

"an extended look at the future of a
chosen field of inquiry composed from
the collective knowledge and imagination
of the brightest drivers of change in that
field"



TECHNOLOGY ROADMAPPING

O 001KOC XAPTNC EMITPETEI TV TAUTOXPOVN AVATIAPACTACH TWV TTAPAYOVTWY TNG «TEXVOAOYIKAC WwOnaong»
(technology push) kai Tng «¢Agng ayopdg» (market pull).

2uvdéel Ta Ppacika epwrnuara:

- TToU PpioképaocTe ohpepa (EUEIC Kal o1 aVTAywVvIoTEC);
TToooTikéG peTpnoeig, dedopéva, aAAd Kal WG PeATILUVOVTAI 01 TEXVOAOYIEC E OPIOUEVEC HETPATEIC

- TToU ©a pmopoUcape va Tdpe;
- TToU mpéwnel va mdape;
- TToU wpaypartika mape;

Acutepelovoec epwTAOEIC:

- TTwc Ba mdye;

- Ti tpémel va KAVOULE;

- TTwg mpémel va To KAVOUUE;
- 2.€ Told XpOVIKd TTAdigiq;




TECHNOLOGY ROADMAPPING

Ta otddLa:

1. Tlpoodlopiote HEAAOVTIKA TIPOIOVTA 1) UTINPECLES TIOV
utmopel va €xouv ala 6To HeEAAOVTIKO TIEPLPAAAOV - a¢
movue 5-10 ypovia amwo onjuepa. Profut 1 B

2. TMoweg Texvoroyleg Oa epllapBdvovtal o€ autd T0
TTPOIOV N TNV VTN peoia; ;‘ A f
Componant

3. Iowx péTpa TpEMEL va apyicouvpe vo AdpuBAavoupE Yo N[ 1 *
VO ATIOKTI|OOVLE TNV TEXVOAOYLKI] LKAVOTNTA VX

XPNOLUOTIOLOVE UTEG TIG TEXVOAOYIEG 0TO UEAAOV; Techwology
[otec 6eé10tnTec; Emevdvoeic o véa E&A; Amoktnon

’ 7 J 7 Ti ——
Paocikwv mopwv 1 eéomAiouov; KA. e

., , , Fig. 1. First generation readmap general tool.
4. Amo onuepa, MOLX ELVAL TA BRATA Yo TNV

0LKOSOUN 0N AUTWV TWV TEXVOAOYLKWYV LKAVOTNTWV;



TECHNOLOGY ROADMAPPING




TECHNOLOGY ROADMAPPING
OdbKol XApTEeCG TEXVOAOYiOG

ALTACOOVTOL PE TETOLOV TPOTIO WOTE v Seixvouv HETABOAEG e TO XpOVo (0ptldvTioc GEovag) Kat
SLAPOPETIKEC OTITIKEG YWVIEC (kAOeTOG GEOVG).

Sector A
Market
Product
Group
Field 1
Technology - _
Field 2
R&D Prog.P1
Programmes ~—~~ "]
Prog.P2




Technology Road-Mapping

Eva toxupo oAokAnpwuévo epyaleio yia tn Stauoppwon teXVoAoyLKNG OTPATNYLKNG.

‘Evag texvoAoyLKOC xaptn¢ mopeiag Ba dtepeuvnoet kal Ba KOWVOTIOLNOEL TIC SUVAMLKEG CUVOETELG LETAED TWV TEXVOAOYLKWV TIOPWV, TWV
OPYOVWTLKWV OTOXWV KoL ToU peTaBaAAopevou teptpaAAovTog.

EVvowUaTWVEL:

* Texvoloylkéc tpoBAEYELG

* A&loAoynon tng texvoloylog

*  IXeOLAOUO TEAIKWV TTPOIOVTWV

Moag Bon0a va i -
*  EVTOTILOOUE VEEC ETUXELPNMATIKEC EUKALPLEG, TEci{NOLOGY
*  EMLKUPWVOUV TNV ECWTEPLKN YVWON KL ETILKOWVWVOUV LOEEC A . ROADMAPPING

* afloAOyoUV TOV QVTIKTUTIO OPLOPEVWY TEXVOAOYLWYV 0T e WS — i —
*  ETUXELPNMUATLKA OXESLO KOIL CUCTA AT

*  BeAtiwoou e TI¢ anmodACELS TOU TEXVOAOYLKOU XOPpTOPUAOKLOU HOC, KAL VO AVATITUEOUUE QTOTEAECHOTLKA TEXVOAOYLKI) OTPOTNYLK).




Technology Road-Mapping

Eva toxupo oAokAnpwuévo epyaleio yio

™ SLaUOPPWaN TEXVOAOYIKNG OTPATNYIKIC.
«OL KaAUTEPEC eTALPELEC SlATNPOUV 08L1KOUG XAPTEG TTOU
kaBopllouv TIC EMOUEVEC TEXVOAOYLEC TTOU Ba aakoAouBroouv Kal To
QTTOULTOUEVO XPOVOSLAYPOLLUA TNG KOBEULAG.

AuTol oL TexvoAoyLKol xapTeC mopeiag Talplalouv YE TOUG XAPTEG
ToPELOG TWV IMPOILOVTWV Tou¢ yLa va dtaodaAtotel otL ta Svo
ocuyxpovilovtaul. assess

% o o
TECHNOLOGY
ROADMAPPING

= - _—=a

NapakoAovBouvtol mAVTa TOUAAXLOTOV U0 YEVLEG TEXVOAOYLWV,
TLPOLOVTWYV KOl UTINPECLWV.

Ot texvoloyikol oSikol xapteg OxL Lovo mpoodlopllouy Tig
TeEXVoAoyieg, aAla kaBopilouv tn petdfacn anod tn pic otnv
AAAR, KaBwg KoL EVTOC TNG ETOLPELACY.

"AvATTTUEN GTPATNYIKAC HECW OAOKANPWHEVNC TIPOGEYYLONC O8LKAC XapToypddnonc”, Akio Kameoka 9



Strategic Areas of Focus | Pri.| 2005

Q3

Small Varmint Kill Traps 1

Useable Baits
Kill Probability [

Release Force

Set

This is pretty
important...

Small Varmint Cive Traps

p—
t.tcan we
_l ?
do this? \

Technology

Large Varmint Kill Traps

Q3

Actuation

Small varmint kill traps

Large varmint live traps

Pri.| 2005
Q1 Q2 Q3

W ON =

A

-

Gap Analysis:
What do | need

But we have a
project to do this.
3

to work on?

> NUAVTIKN cUUBOAN Tou XapTh!

H emtikolvwvia LETAEY SLOPOPETIKWY ORASWY,
TUNUATWY, ETILXELPIOEWY, KATT

To «KTloWwo» Touc Bonba:

* OTO OUYKEPAOUO ATIOYPEWYV Kal

e OTHV €MITEVEN CUUPWVLIAC LETAED TWV
SL1aPOPETIKWY LEPWV.




TESLA MOTORS, AN AMERICAN ELECTRIC VEHICLE (EV) COMPANY
TESLA SEDAN

- AvaAvo1 ayopdc Yo EVTOTILOUO TWV 08N YOV TN

- KaBopiopds Twv avaykov TG ayopds yia va KOAVPEL T KEVA LE VEQ TTPOIOVTQ,

- TexVOAOYIKEC IKAVOTITEC IOV ATIALTOUVTAL YL TNV ETTEVEN TNG VAOTIOM OGS TWV KEVWV TOU TIPOIOVTOG

- EVTOTILOHOG TWV ATMAPALTITOWV TIOP®WV KAl CVVSECT IUE TIC TIPOTELVOUEVEC ATIALTOVUEVEG TEXVOAOYLEG.

Drivers
Identification

Resources
Analysis

Product gaps
Definition

Technology
Assessment

To mpeaTo
NAEKTRORT

Figure 1: Flow of technology roadmapping (TRM) analysis

11



TESLA MOTORS

2008

2020

2023 Tesla claims it will offer the base Roadster for $200,000
The 200-kWh battery is said to provide up to 620 miles of range - achievable only under very light use

12



TESLA MOTORS - ITATENTEX

* 'Eva ponypévo Kat amtoSoTiKO CUOTIUA HTIXTAPLOV
* 'Eva e€gAtypévo ovotnua PuEng, .oxVog, ac@aieiag Kot Stayeiplons pmataploc.

* 'EV0G aTOKAELOTIKOG EMAYWYLKOG KLVI TN PAG EVHAAAGGOUEVOV PEVUATOC 3 PACEWV KL TA
NAEKTPOVIKA LoXVOC TOV.

* 'Eva oAoKANpwpévo 6V TNUA AOYLOULKOU Yix TN Staxeiplon ™S ao@EAelag, TG amoSoTIKOTNTAC,
KAOwWE KoL TOU GUVOALKOU EAEYYOU TOV OXT]LLOLTOG.

13



TESLA MOTORS - ELECTRIC VEHICLES MARKET DRIVERS

Increasing Demand for Green Transportation v

Tax benefits and US gm’ernment’s incentives

Increasing demand for lower cost transportation 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

vehicle-to-grid (amo6 to dynua oto diktuo),
ETUTPENEL OTO AUTOKIVNTO VX YIVEL TTUAWVAC TOU NAEKTPLKOU SLKTUOU.

120

100

80

60 mEV

m PHEV
40

20 -

0
2010 2015 2020 2025 2020 2035 2040 2045 2050

Plug-in-hybrid-electric vehicles (PHEVs)
14



TESLA'S MODEL-S 2013

2013 Position

0 to 60 mph in 5.6 seconds. 125 mph top speed with zero tail pipe emissions

# 7

'L‘ Performance -85 KWh battery, agility & grace, active air suspension, power steering

o

(. 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

STARTING
- erice | G CED S (55 PREMIUM MARKET
SEEITEY | $49.900 $59.900 $69,900 $84,900 $87.900 $97,900

Includes upgraded interior,
suspension, and wheels 15



TESLA'S MODEL-S: POTENTIAL GAPS

Using Renewable Energy as much as possible

Less Toxic Battery

Longer mileage between recharging

Availability of recharging facilities

Lower EV price

<M | ower recharging price

16



Drivers | Green
transp

ortatio
n

Using Renewable Vi
Energy as much as

possible

Efficient Power v v
electronics

Longer mileage ¥

between recharging
Charging Interface

Lower EV price

Emerging
technological
changes

TESLA EV - DRIVERS VS. PRODUCT GAPS

Tax benefits
& US
government’s
Incentives

v v

Lower cost of
transportatio
n

Performance

17



TECHNOLOGY ROADMAPPING

18



TESLA EXAMPLE - EV PRODUCT TARGETS

S Current | ~ayrs | ~5ys | -1oyms

Model Sedan Sedan B Sedan XY FV Powered
Sedan
Car Cost = $50K $40K $50K $60K
Battery 45mins 45 mins 30 mins 30 mins
RE-Charging
Time
Ballery Range =100 miles 200 miles 500 miles 500 miles
Motor =245 =275 =500 =500

efficiency (KW)

19



TESLA EXAMPLE - LIMITATIONS

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

H evepyslaki) TUKVOTNTA 0TI UTTATAPIES £ival 0 HEYOXAVTEPOG TIEPLOPLOUOS 0T BLOUNXAVIX NAEKTPLKWOV OXNUATWY 600V APOopi
NV TooOTNTA Lo} VOGS avd povada Bapoug ¢ umatapiog KAI

0TOV KAB0PLoUO TNG GUVOALKTG TLUNG TOU NAEKTPLKOU OX1LOTOG.

O Bapitepeg pmataples: BeAtiwon g epPferelag amdSoons evdg auToKIVHTOU Ue pia pévo @option. Qotdoo, autd odnyel o€
UELWON TNS ATOKPLOTS TOV QUTOKIVHTOU AOYW TOU ETITAEOV LAPOUC Kat fpadUTEPT EMITAYVVOTN OE AVIPOPES.

Mix amo TI§ avaSvOpEVEG TEXVOAOYLEG

Safety - Thermal management of batteries
Environmental issues: Battery recycling and re-purposing

Use of renewable energy - Photovoltaic (PV)

20



TESLA EXAMPLE —TECHNOLOGICAL GAPS AND HOW TO ADDRESS THEM

Definition Pros Cons
Do it by yourself, 1. Ownership of 5. High fixed costs
with your technology 6. Mobility of researchers
employees, your 2. Exclusiveness 7. Risks of substituted by
In-house R&D R&D facilities 3. Core competencies in disruptive technological
the value chain progress
4, Strategic advantages
Do it together 1. help to get more 1. safety of exclusive
with partners with resource at low prices technology
knowledge share 2. Complimentaryinthe | 2. competition from partners
Alliances/Partnership | within alliances vertical alliance usually in horizontal
alliances
3. Knowledge and brain drain
among alliances partners
Pay the R&D 1. Quick progress in 1. Dependency on the R&D
suppliers to do it, R&D suppliers.
get the outcome 2. Less cost of R&D 2. Lack of control to the
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

Tech Acquisition

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

technology fast, when a
specific technology is
need

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]

OKOVOULKOG oxedLo OGS ToL sedan
[IpoTUuTIO SLlETTAPNS POPTLONG
ZvoTtnua PuKTIKoU VYpoU
AVaKUKAWOT UTTATAPLWV

Mmatapla Li —Air (Lithium-air based)
R&D yix ta pwtofoAtaika
AloOnmpeg & HAekTpovika

E&A yia evowudtwon

21



TESLA EXAMPLE - RECOMMENDED R&D RESOURCE OUTCOME OF EACH TECHNOLOGY

Sensors
Economi | Charging Battery Photo R&D
Coolant 2 : & .
cSedan Interface Recyclin Voltaic Integrati
E System Electroni
Design  Standard g R&D . on
Slow/rapid
technical Rapid Rapid Slow Slow Slow Rapid Slow Rapid
change?
Systematic
effect/margi
nal effect on ?vstemat fjvstemat f&ystemat Marginal T&y‘stemat Marginal | Marginal ?vﬂtemat
£ ic ic ic ic ic
existing
technology?
Is Internal
resource Yes Yes Yes No No No Yes Yes
available?
Multiple
sgEnbble 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 1 Outsourc In-house
Decision Supporte | Supporte | Supporte Alliance Supporte
e e R&D
d by d by d by d by
alliance alliance alliance alliance

22



5 BHMATA

Step1: Siepeviviion yia SlaBEoioug Tapoxoug
/ouvepydaTeg

Step2: afloAdynon texvoAoyiag, (elvat autd Tov
XPELAlOUaoTE;)

Step3: eMAEYOULE OPLOPEVOUS ATIO TOUG
TAPOXOUG LLE TOUG 0TTol0VGS B
SLATPAYUATEVTOVUE CUUPWVA [LE TO
amoTéAeoua Tov Brjpatog 2

Step 4: Slampaypatevon

Step 5: ANYn AmOPACEWY OXETIKA UE TNV
ETILAOYT] TAPOXWV /GUVEPYATWV

TESLA EXAMPLE - RECOMMENDED R&D ALLIANCES

-house R&D Supported by Daunler and Toyota
alliance Fresno Design Alliance
SAE International

-house R&D Supported by
alliance

China Enterprise Confederation and
China Electric Power Research Institut
International Electrotechmcal
Commission

-house R&D Supported by
alliance

Fraunhufer Inst.

DENSOQ Corporation
Allhances with

SAFE (Society of Automotive
Engineers)

Interstate Batteries, Inc.
Toxco
Battery Solutions, Inc.

TBM
Chengdu Jianzhong Lithium Battery

Kyoecera

Mitsubishi

SunPower

Corporation, CleanTech Institute
Tovota

-house R&D Supported by
alliance

Large Number of Providers (634) 23

-house R&D Supported by
alliance




SEDAN EV TECHNOLOGY ROADMAP

OL TPELG YEVIEG TIPOTOVTWV OTOV XAP TN TTopElag
elvat:

- Baoko (B): seloaywyr| TOL TTPOIOVTOG UE KATIOLES
HIKPEG dAAYEG oXESLAG OV GTO TPEYXOV TIPOTIOV,
TIPOKELUEVOU VA YIVEL TILO TIPOGLTO.

- XY: T0o TIpoioV e ONUAVTIKEG TIEPLBAAAOVTIKES,
EMSO0ELG KAL AELTOVPYIKEG BEATIWOELS OE TIPOOLTY)
TLUN.

- PV Powered Tpo@odooia e @wToPfoATaika.
ETIOUEVT YEVIA TIpOiOVTWYV TN G Tesla, Ta ool O
Tpo@odoTovvTal amod texvoroyia PV

Maodel

Product/

Technology

Resources

Service

5 years

10 years

T :
PV powered
Styling I Lower EV price 20% I
Enviranten ..—4 Renewahble ene
e tal I F‘.rll'rjs._',' IIEH“HJ_."I'.I'I'H‘"I I 2 ]‘E‘? I
Charging r = -
Raltery interface I Efficient power electronics | Pm:z:ei[’lmd spot
—- - ion
Parformance I Mileage 68% I‘_.
Manufacturing Seating Interior Blandard
& desigr capacity siyli Charging e
I y 3 r 3y interface R’“"‘.’""‘& *
Energy - repurposing battery
Management
Material I Coolant = I Lo
Seienee v .
# Toush Tittort == s
IT / Electronics T - .
SCTRETL b *
RED Design and . & Eatteryand coclant RED I PV RED I
standarlizalion REcT y
F 3 1 i
Partner ith MIST Partner ith z F
Partnership ardnolr;np‘ w|1l . F ) :‘F nl; = .;. Partnering IBM bo Partnering with Kxocera and
1o t;.f“ P & ﬁ;ﬁ:éﬁ d::u]u li.;r.;n?ﬂ i develop Li air ballery Toyota to applvand develop
e ey Ly ke technology PV i the products
coclant system
: Sensorsi Touch screen OLEDs I
Dutsonreing

L}

Rattervrecyeling - Toxoo I

24



SEDAN EV TECHNOLOGY ROADMAP

1 year 5 years 10 years

Model B XY PV powered
- Increasing Demand for Green Transportation
i 5] Tax benefits and US government’s incentives
=P Increasing demand for lower cost transportation
g g Smart Grid Implementation with relation to V2G technology
e Emerging new technologies in EV's main parts(battery, motors,...)

Styling Lower EV price - 20%
= Environmental Energy management Renewable energy
Q9 9

— f R 5

1? 2 Rafey Efficient power electronics Protection &led Apak
c o Battery Charging interface detection
=W
2™ Mileage-68%

Performance

Recyeling &

Maanachuing Seatin_g Interior Standard repurposing battery
R & design capacity styling Charging
= Energy interface Coolant
g Management
= Matesial Touch Lithium air
g Science screen battery I Sensors | Car

IT/ electronics

Electronics

RE&D Design and standardization R&D Batteryand coolant R&D PVR&D
E Partnering with
E Partnership ( : 1 to
z hep
/] 1IN The Produc
&

Sensors& Touch sereen OLEDs
Outsourcing

Battery recyveling - Toxco




I
Increasing Demand for Green Transportation

T E C H N D I_O GY AS S E SS M E N T (TA) Tax benefits and US government’s incentives
Increasing demand for lower cost_transportation

Smart Grid Implementation with relation to V2G
technology

2023 Tesla Model S Emerging new technologies in EV's main parts
Starting at $90,130

(battery, electric motor,...)

long-distance travel. Fuel Economy and Real-World MPGe “miles per gallon of gasoline-equivalent.

1020-hp tri-motor Plaid performance model leaps to 60 mph in
just 2.1 seconds, which is as quick as a multimillion-dollar
hypercar.

T ourent | ~ayrs | ~5ws | ~sors |

Model Sedan Sedan B Sedan XY PV Powered
Sedan
Car Cost = $50K $40K $50K $60K X
Battery 45mins 45 mins 30 mins. 30 mins,
RE-Charging «
. . Time
cutti ng_edge competitors Ballery Range =160 miles 200 miles 500 miles 500 miles

BMW i7 and Lucid Air Motor =245 =275 =500 =500
efficiency (KW)

26



TECHNOLOGY ASSESSMENT (TA)

s . iy .
o L‘ Performance -85 KWh battery, agility & grace, active air suspension, power steering Battery Pack: liquid-cooled lithium-ion, 99.3 kWh

(. Battery — estimated range at 55mph is 300 miles, plug — in anywhere up to 405 miles of range on a single charge

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

storage binsinterior fails to meet luxury price,
yoke steering
wheel is gimmicky, too few interior .

~ 1 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

27




Four Dynamic Roadmaps Yield Four Dynamic Portfolios

ROADMAPS REVENUES
> & PROFITS
O Technology ||_Jl>
< Income
% Intellectual Property ||_Jl> Eres
w)

D Income
Ly Platform & Product t ||j> Giate ey
%)

2 || Program & Project ||_Jl>

2015 2016 2017 2018 2019 2020

\\\\\\

Technology Platform &
PORTFOLIOS Portfolio Product Portfolio

Successive
Realizations

of Integrated

Portfolios Program &
Pr0|eci Portfolio Porh‘oho

Source: Goldense Group, Inc., Needham, Mass.
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