POMIOTIKH KAl BIOMHXANIA

H emavaotoon HOALC apyilet



H BIOMHXANIA XPEIAZETAI:

* [TpwTteC UAEC
* MnyowvroTa Kol TEXVLKN UTTooTNPLEN

* Epyacia
* AtO avOpwmnouc
* ATtO unXavec (pourmnor)

[MoAAEC epyaoiec Tov yivovtol amo avlpwrouc prnopouv va yivouv
KOLL OLTTO POUTIOT



AIAMOIPAZMO2 EPTA2IQN

* OL epyaoiec Stapolpalovtal aVAESO 0 AVOPWTITOUC KL NXOVEC
(popurmort)
* Tl Baolka KpLTAPLAL ELvOL
» OLKOVO LKL KOLL
» Texvika

2 € TIOAAEC TIEPUTTWOELC ELVAL KOO TILO OLKOVOULKO VO XpNnoLpomnoLlouvtal
EPYOATEC AVTL YLO KATIOLO POUTIOTLKO cUuoTnUa Ttou Ba ekave TL¢ LOLEC
EpPYaOLEC.



H AYNAMIKH

* POMIMOTIKH

* OL TIMEC TOU UALKOU Ba peltwBouv mepimou 20% ewc to 2025

e OL TIMEC YLO TO amaPAlTtNTO AOYLOULKO MELWVOVTOL TTEPLTOU 2% €TNolwg

* H amodoon Twv pOUTTOTIKWY CUCTNHATWY auéavetal tepimou 5%
£TNOLlWC

* JNUELWVETAL TPO0OOC o€ TEXYVoAoyiec atcOntnpwv, cLAANYNC,
nANPoPopLKAC, TEXVNTNC VOoNUooUVNE Kot SLKTUWONG

* EPTA2IA

* To KOOTOC €pyaciac avéavetal mavtou

* H umoyevvnTLKOTNTA TIPOKAAEL EAAELPN «KVEWV XEPLWVY» OTIOTE O MECOC
OpPOC TWV EPyATWV aveBaivel



TI ANAMENETAI 2YNONTIKA

* To TOCOOTO TNC POUTTOTLKNC Epyacioc Oa aveBeL ano 10%
onuepa o€ 25% pexpLto 2025

* MEPLKEC XWPEC ELVOLL TILO TOAUNPEC OTNV ULOBETNON POUTTOTLKNC
£pyaolog AKOLLO KoL KATTOLEC TTOU €£XouV TOAU $ONVO epyaTIKO
kootoc (m.x. Kiva)

* H poumotikn epyacia Ba dtaxuBel o oAoeva KAl TTILO KULKPNC
KALLLOLKOLC ETTLXELPNOELC

* To KOOTOC TWV TIPOLOVTWYV ATTO XWPEC UE TTAATLA POUTIOTIKA Baon
Oa pelwbel

* ...KOIL OL VOAOYEC OUVETIELEC (aveEpPYLO, LLKPOTEPEC EEAVWVEC,
KATT.)



H KATA2TA2H 2HMEPA

* Meta amo 55 ypovia vrntapyouv onuepa 1.400.000 poumot nepimou

* H ditelobuaon elval TTOAU LLKpn. M.x. otn xnuikn Bopnxavia (mepth. HeETEAAwWVY)
otnv ItaAla, povo 0,5% twv epyaciwyv eKTEAOUVTOL ATTO POUTTOT eVw Ba pumopovoav va
ekteAovvtal 14-16%. 2tn Blropnyavia petadopwv twv HMA 8% Twv EpyacLwyv EXouv
avTtopatonolnBetl evw Ba pnopovoav 53%

* Ol EYKATOOTACELG POUTIOT avéavovtol e puOUO 2-3% £TNCLWC

* 80% TwV poumot Bplokovtal o 5 xwpec: Kiva, Fepuavia, lanwvia, N.
Kopea, HMA

* Baowka, oL tuTtoL Bropnxaviag mou XpnoLUoroLloUV pournoT lval:
* YITOAOYLOTEC KAl NAEKTPOVLKA TIpolovIa
e HAeKTPLKOC €EOTTIALOOC, OUOKEVEC Kol E€apThpaTa
 Méoa petadpopwv
e MnXavoAoylKOC e€OTIALOOG



[TPOBAEWH

EXHIBIT 1 | Global Robotics Installations Will Increase by About 10 Percent Annually Over the
Coming Decade

GLOBAL STOCK OF OPERATIONAL ROBOTS, BY INDUSTRY
Units (millions)
8 Actual

Projected

0
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—— Actual global operational stock — — Baseline projection —— Aggressive projection ---- Low projection



KO2TO2 KAl AINOAO2H

* To 0XeOOV ATTOKAELOTLKO KPLTNPLO VLA TNV ELOAYWYN
auUTopATOTIOLNoNC €lval N cUYKPLON KOOTOUC METAEL avBpwTtvNng
KOLL POUTIOTLKNC EPYOLOLOC

* [Tolo ilval To KATWPAL;

* JUVTNPNTLKEG EKTLUNOELG SELXVOUV OTL pLa Stadopad KOOTOUG TAG
Ta¢NG Tou 15% elval apketn ya va dikatoAoynOel n allayn
* EtoL av n avBpwrvn epyacia eivol Ewc kot 15% 1o akplBn amo

TO KOOTOC TNC avtopatomnolnong, n enweilpnon Ba ocuveyioel va
XPNOLLOTIOLEL avBpwTivn epyacia



KO2TO2 KAl AINOAO2H

* OpWC, TO KOOTOC TNC avBpwTvNG epyaciac ouvexilel va avePalvel
TTOLYKOOMLWC EVW TO KOOTOC TWV POUTTOT HELWVETAL: TT.X. TO OUVOALKO
KOOTOC (e «TO KAELOL OTO XEPLY) YLOL VA TTANPEC POUTTOTIKO cUOTNUAL
ouykOAANnonc¢ (spot welding) exel meoeL amo 182.000 doA. to 2005 o€
133.000 to 2014 kat tpoPAEneTaL otL Oa ptaocet ota 103.000 to 2025.

* To KOOTOC UALKOU KOl AOYLOMLKOU YLaL EVOL POUTTOT £lval epimou 25%

TOU OUVOALKOU KOOTOUC KoL AUTO €xeL TteoeL kata 40% ta teAevtaia
10 xpovia

* To KOOTOC TOU systems engineering (eykataotaon, TOTILKOC
TIPOYPALUATIOMOC Kol ONOKANpwon 0To Blopnxaviko meptpfaiiov)
EXEL TIECEL AKOMOL TIEPLOCOTEPO: O HECOC Opo¢ To 2005 ntav 81.000
&0A. evw 1o 2015 nrav 46.000.



KO2TO2 KAl AINOAO2H

* O tepLdpepelakoc e€omAlopoC (e€wTtepkol aoOntnpec, oBovec,
KOTOLOKEVEC aodaAelac Kal TpooTtaoiac, KATL.) KOOTI(OUV TIEPLOCOTEPO
Qo TO LOLO TO POUTIOT, ETILIONC LELWVOVTOL

* TautO)XpOVA N ATTOO00N TWV POUTIOTIKWY CUCTNMUATWY QUEAVETOL UE
pUOLO 5% eTnolwg

* JUVOALKQ, TO «KEPOOCH» QTTO EVA POUTIOTIKO cUOTNUA CUYKOAANGONC
EXEL PTAOEL TO 8%

* AUTO onUOLVEL OTL peTa amo 10 ypovia pla eTtevduon o€ Eva TETOLO
POUTIOTLKO cuoTnUa «oyopalewy SutAdola «Epyocio



KO2TO2 KAl AINOAO2H

EXHIBIT 2 | While the Costs of Advanced Industrial Robots Fall, Their Performance Is Steadily
Improving

Cost ($thousands)?
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TOTAL SYSTEM COSTS OF A TYPICAL SPOT-WELDING ROBOT

2005
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2014

IN THE U.S. AUTOMOTIVE INDUSTRY

2020 2025
<«<—— Projected —>

FUTURE COST TRENDS

[ ] Project management o
Has consistently been 5-10 percent

of total system costs; absolute
costs are expected to decline

Systems engineering

(such as programming, installation) o
Cost reductions are expected to slow
because possible gains in offline

programming have mostly
been achieved

Peripherals

(such as safety barriers, sensors) 0
Costs will continue to drop as a

result of the removal of safety

barriers

Robot o
(including software)
Minimal declines are expected because

pricing is close to material costs, and
production volume for the auto
industry is already high



KO2TO2 KAl AINOAO2H

* Y& oUYKPLON KE TNV avOpwrilvn Epyacia, evoc cUYKOAANTNC
kootilel 25 doA./wpa (e aodaAion kAT.) To 2015

* Eva poumnot ouykoAAnonG kootilel 8 SoA./wpa (He 5etn
arnooPeon)

* >€ 15 ypovia to pounot Ba kootilel 2 SoA./wpa

* Eva yeviko poumot pe vpnAotato Babuo mpoocapUooTLKOTNTOC
kootilel 28 doA./wpa to 2015 evw to 2020 Ba kooTtileL 20
SoA./wpa, dnAadn ¢Onvotepa amod Eva cUYKOAANTNA

* JUVOALKQL OLVOLLEVETOL OTL TO TTOCOOTO KABNKOVIWV 1ou
geKTEAOLUVTOL ATTO POUTIOT Bt aveBeL amo 8% oe 26% cwc to 2020



KO2TO2 KAl AINOAO2H

EXHIBIT 3 | Robotics Are Already an Economically Viable Alternative to Human Labor in Many
U.S. Industries

AUTOMOTIVE ELECTRICAL EQUIPMENT FURNITURE?
2013 industrial-robot  [EEFNESES 2013 industrial-robot 3328 2013 industrial-robot 23
shipments (units) ’ shipments (units) ’ shipments (units)
Wages and operating costs adjusted Wages and operating costs adjusted Wages and operating costs adjusted
for price and performance ($/hour) for price and performance ($/hour) for price and performance ($/hour)
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TEXNOAOTI'IKH E=EAI=H

* Tat madoita Kot ToAAQ cUyxpovo pourtot AEN €xouv TTOAAEC
LKOLVOTNTEC:
JEival otaBepd mpookoAANUEVO KATIOU

A Xepilovtal povo opolopopd o AVTLKELUEVO TTOU £XOUV CUYKEKPLULEVO
TPOCOVATOALOMO Kal KlvouvTtol Ue otaBepn taxvtnta

JAKOMA KL OLUTA TTOU £XOUV KATIOLEC LKAVOTNTEC OVAYVWPELONG
QVTIKELMEVWY, OV €XOUV LkavoTnto AP Nnc amodpAcewV

JEmti mA€ov amattouv BapLlec, TTOAUTTAOKEC KOl YL AUTO OLKPLPBEC
KOTOLOKEUEC TTOU TIPOOTATEVOUV TOUC alVvOpWIOUC altO AOTOXLEC

dMotpaia, moAU cuxva ta BAEMOUUE OIMTOUOVWLEVA OE KATIOLO YWVLA




TEXNOAOT'IKH E=EAI=H

* Tol MPOXWPNMUEVA POUTIOT UITOPOUV NON va EPyAcTOUV OE XWPOUC
Xwplg dopn
* BEATLWOELC OTNV TEXVOAOYLA ETIITPETOUV:
> TILO EAEVBEPEC KWVNOELC
> gpyaoia pe SL1adhopETIKA QVTIKELMEVDL
» KoAUTEPN «avtiAndn» xapLc o€ MPONYUEVOUC alocONTAPEC Kol
AOYLOULLKO
» KOAUTEPN TPOOAPHUOOTIKOTNTA KL ETIAVOTTPOYPOLULULOTLO O
» xpnon kamotov BaBdpou vonuoouvnc
» LeyoAUTEPN oo AAELO VIO TOUC avVOPWTTOUC



TEXNOAOT'IKH E=ZEAI=ZH-TTAPAAEITMA

To pounot cuvapuoAoynong IRB 140 tn¢ ABB [15 000 €]
e OuAS O TPLWV POUTIOT UE “ ..\.

PnPLoKeC KAUEPEC OE 2 BWPEC
Bapdlec

* JuvappoAoynon OutAnc npilog
suko o€ 2,3 deutepoOAemTa

* Enavanpoypappatiletol og 10 b
Aemta yio SLopopETIKO TPOiLoV \‘ 4

9 popEc peyalutepn anodoon (epyatec: 9x950, pournot: 8500)



TEXNOAOT'IKH E=ZEAI=ZH-TTAPAAEITMA

3x robot IREB 140T Multimove

Application:
Electric soket assembly line




TEXNOAOT'IKH E=EAI=H

*lowc n o oroudala MAPAUETPOC
yLa To pEAAOV elval n tpoofaon
LLKPWV KOl LLKPOUECOLWV
ETILXELPNOEWV OTN POUTTOTLKN

* Mapadetyua: Svo UR-5 (5 kg max

doptio, 30.000 € €kaoTO) TNC

Universal Robots pumopouv va
ouvepyalovTal yLa CUVOPHOAOYNGCN LUIKPWVY KOTOLOKEU WV

* Juvepyalovtal €TioNC LE avOpwWTTOUC Kal Tpoypoappati(ovtal
Ao PN eOKoUC



TEXNOAOTIIKH E=EAI=H-TTAPAAEITMA




Ol 2YNTEAE2TE2 TH2 EZEAIZH2

* To epyaTkO KOoTOoC otnV Kiva mptv armo pa dekaetia nrav to 1/20 tou
avtiotolyou otic HMA Znuepa eivat oxedov 16lo kat avaloyn e€EALEN
glyov KoL TOL EPYATLKA KOOTN 0€ TIOAAEC (Mpwnv) «dONVECH XWPEC

* H avtibpaon og autn tnv €€€ALEn ntav n maAld cuvtoyn: npoonadeLa
yLla avénon Tne mapoywylkoTnNTaAC KE KAOLGLKOUC TPOTIOUC

e Kamotot ta katadepav (Me€iko, ONavdia, M. Bpetavia, HIMA) kat
karowot oyt (AvotpaAia, Bpaliia, Kiva, kot oxedov oAn n Aut.
Evpwmnn)

* H pOUIOTIKA UITOPEL VO Elval 0 KUPLOC TTApAYOVTOC yLa VoL auénOeL n
TOPAYWYLKOTNTA



Ol 2YNTEAE2TE2 TH2 EZEAIZH2

* MeAetnOnke n enidpoon TNC POUTTOTIKNG O SLOPOPETLKEC
Blopnyaviec Kot OLOPOPETLKEC OLKOVOLLLEC

* H Baowkn napadoxn ntav OTL Ta POUTIOT Bl EKTEAOUV TOUAAXLOTOV
10 25% TWwV AUTOMATONMOLNCLUWVY epyaclwV (11% onuepa) peoca
oTNV EMOUEVN dEKOETLA

* To KEpON O0€ MapAYWYLKOTNTA pUIopouVv va ¢tacouv to 30% to
2025 oe oxéon pe onuepa

* H avaAvon mpeEmeL va yivel kot otn Baon tou eidouc TAC
Blopnxowviog Kot TG cUVOALKNC OLKOVOLLLOLC



Ol 2YNTEAE2TE2 TH2 EZEAIZH2

EXHIBIT 4 | Some Industries Are More Likely to Benefit from Robotics Because of High Wages
and Automatable Tasks

Highly

automatable? Adoption in high-wage economies only Most likely to lead global adoption

Plastics and rubber products e ®Machinery o &—

Computer and
electronic products

Transportation

Miscellaneous ® equipment

Electrical equipment,
appliances, and components

Ability to
automate
based
on currently Textile products g m
. urnture :
available Apparele ) o Fabricated metals o Primary metals
technology Leather® /" Yarns and fabrics Paper o g
F ° . . i
oode » Nonmetallic mineral products Chemicals
Wood Beverage and
products tobacco products
® Printing
Li?;tfg r&gggt}f Laggards Technologically limited
—40 - 20 0 20 40

Deviation from global average manufacturing wage (%)



Ol 2YNTEAE2TE2 TH2 EZEAIZH2

EXHIBIT 5 | Four Industries Will Lead the Adoption of Advanced Industrial Robots

INDUSTRY

Computers and electronic products

Electrical equipment, appliances, and components
Transportation equipment

Machinery

Plastics and rubber products
Miscellaneous
Petroleum and coal products

Primary metals

RATIONALE AND IMPLICATIONS

» More than 85 percent of production tasks within the industry are
identified as potentially automatable

 High manufacturing wages in the industry will lead to economical
adoption in most economies

« Will reach near saturation in the late 2020s

« Limited penetration today; high percentage of automatable tasks
« Moderate factory wages

« Likely to be adopted only in hifgh-wage economies in the near term;
future decreases in the cost of robotics will drive further adoption




Ol 2YNTEAE2TE2 TH2 EZEAIZH2

* [La KATTOLEC BLopNn)ovVieg N HeETABOON OE POUTTOTIKN
auvtopatonoinon eivat 8uokoAn €€ attiog TS pUoNC TouC:

AXNnukES Blopnyavieg

dMNpoidvta EVAou

ATpodLua

JdYdaouato/Pouya

* H 6leloduon poumoTIKNC O€ TETOLEC Blopnyaviec, ou
xapoktnpllovtal Kat oo yopunAouc nobouc, 6gv avapEVeTaL Vol
¢emepaoel 1o 5% tnv emopevn dekaetia



EFKATAZTA2EI2 POMITOT EQ2 TO 2025

EXHIBIT 6 | Four Industries Will Account for About 75 Percent of Robotics Installations by 2025

GLOBAL STOCK OF OPERATIONAL ROBOTS, BY INDUSTRY?
% Actual

100 | oo

Projected

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

------- Industry leaders in adopting robotics -------

Other Petroleum and coal products B Machinery
Il Chemicals I Plastics and rubber products B Computers and electronic products

B Food Primary metals ' I Electrical equipment, appliances, and components

Miscellaneous I Transportation equipment



Ol EONIKE2 OIKONOMIE2

* OL O0pol epyaciag (vopol, kavoviopol, aopalion, KAT.) ival
KalBopLOTLKOC TTapAyovVTaC 0TNV ULOOBETNGN POUTTOTIKNC

* Ac BupunBoupe kat touc Aouditec (Luddites) ota 1800 kat to
sabotage

* H yeviKOTEPN KATAOTOON LOC OLKOVOLLLOC, Ol CUYKUPLEC OTLC
ayopec (dltaBeopotnta VALKwY, KePaAaiwv Kat TeExvoAloylog) Kot
ol KatevuBuvoeLc Twv KuBepvnoewyv Ba atéouv Kupilapyxo poro



[MAPATQI'H POMIMNOT EQ2 TO 2025

EXHIBIT 7 | Five Economies Will Account for Nearly 80 Percent of Robot Shipments Through 2025

Total robot . ;
shipments %) Actual ; Predicted
100-. .------------
]  EmEESEEEE s R
30 aE B EEE
60 :
40 :
20 i
0 | |
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
UNITS 112 151 146 163 200 250 300 350 400 450 500 550 550 500 500 450
(THOUSANDS)

TOP FIVE (%) 79 77 76 78 80 81 83 83 84 84 84 83 83 81 80 77

Il Other I Australia Il France [ Russia I Germany Il China
Taiwan [ Brazil Italy UK [ Japan
Mexico I Thailand Canada I South Korea Il uUSs.



>50%
— 2025

35-40%
— 2025

30-35%
— 2025

<15%
— 2025

H NPO2APMOI'H

EXHIBIT 8 | Major Goods-Exporting Economies Follow Four General Patterns of Robotics

Adoption
ADOPTION
CATEGORIES 2EChIRLAES
- Bl =
AGGRESSIVE S
Indonesia South Korea  Taiwan Thailand
e N\ LZ
il o mm ==
Canada China Japan Russia UK u.S.
p— ey == p—
Australia  Czech Republic  Germany Mexico Poland
=N I g o QI g==§ § gu—p-i—Qro=l +

Austria

Belgium

Brazil France India Italy  Netherlands Sweden Spain  Switzerland



H NEA EMNOXH

* Tot poumot Ba emavoploouv TNV AVTAYWVLOTIKOTNTO

* OLKOVOULEC OTLC OTIOLEC TO KOOTOC EXEL EETIEPACEL OLUTO TTOU
SLIKALOAOYEL N TTAPAYWYLKOTNTA, OTIOTE KOl N AVTAYWVLOTLKOTNTA
TOUC €XEL TPWOEL, B SBuokoAeuBouUv va eKPHETAAAEUTOUV KoL VAL

emtevOUooOULV o€ pournotikn. Mapadeiypota: BeAyro, NAAla,
Bpadlhia, ItaAla
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KEPAO2 2E EPTATIKO KO2TO2

EXHIBIT 9 | Greater Adoption of Robots Could Lead to Global Labor-Cost Savings of About

16 Percent by 2025

Labor-cost savings from
advanced robotics in 2025 (%)
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10
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Republic

Global total
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Tasks performed by
advanced robots in 2025 (%)

Sweden Brazil Spain India
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EMEPXOMENEZ ANAKATATAZEI

EXHIBIT 10 | Robots Could Shift the Economics of Global Manufacturing

THE POTENTIAL CHANGE IN BCG'S MANUFACTURING COST-COMPETITIVENESS INDEX AS A RESULT OF ROBQTICS, 2014-2025"

10

Gain ground Lose ground

versus the U.S. versus the U.S.

4 4 4 4
R
2 2 2 2 2 2 2
o 1 1 1

0

South Canar:la Czech U.S France Italy Austraha Swﬂ;zer— Sweden Austna Spam Memco Indo-
Korea Republic land nesia

Germany China Japan Taiwan Poland Belgium Thailand Nether- Brazil Russia India
lands
SCENARIOS
Aggressive -11-12 -3 -5 4 -2 0 0 61 -51 1 -2 -2 2 00 O 1 2 6 6 7 7

Conservative -4 -0 -1 -0 0 12 0 -0 -0-0-01 1 0 0 1 0 0 1 1 1 1 1 2 2



TI TIPEMEI NA TINEI

* Katavonon Tou maykKooulov yiyveoBo

* XTEVN TTApaKoAoUONOoN TWV AVIOYWVIOTWV

* YLOBETNON VEWV TEXVOAOYLWV

* [lposTOlLOCLO TOU TIPOOWTILKOU YLa TLC VEEC OUVONKEC

* Mpostolpacia tn¢ Sloilknong Kol avampooappoyn tTng SIKTuwonc
oTnv ayopa

* O dtaBeopoc xpovoc dev eivatl moAuc!



[l tepLoocotepQL:

The Robotics Revolution, Sirkin et al., BCG Report, Sep. 2015



