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Purpose: The main objective of this paper is to rank the executive actions of the technology roadmaps
with emphasis on resources and technology acquisition.

Methodology: In order to achieve this goal, firstly, literature on the role of technology, including
approaches, frameworks of roadmap drawing, technology uses, and a number of technology maps that are
mostly up-to-date, were reviewed. In the next step, to rank the executive actions, two technology
roadmaps published by the International Energy Agency were selected. These two roadmaps are produced
in 2011, with the horizon of 2050. These two roadmaps were studied and the infrastructure needed to
achieve their goals was extracted. Eventually, the battery was selected as the main challenge in the resource
layer and technology acquisition for ranking.

Findings: By this way, five batteries from the family of ion-lithium batteries (with six technical
characteristics) were ranked by TOPSIS and PROMETHEE and for the sake of clarity, the six common
electric cars on the world market have been compared and ranked.

Originality/Value: The results of this research can be used to increase global competitiveness, used by
domestic car manufacturers, as well as a guideline to determine the priorities of the executive actions need
to be undertaken by Iranian firms.

Keywords: Technology planning, Executive activities ranking, Technology roadmap.

JEL Classificaton: O21, 032, C81.

* Corresponding Author
Email Address: mo.mohseni@umz.ac.ir
10.22105/imo0s.2020.262855.1019



www.journal-imos.ir

YEP XY taman F o)ledi ) 0y50 s dllec slas il 5 (5 y5les oy

g ‘e £gi
920 a5 (5 5l ol y iy 2! loladl gonivens
Sl2g395 (S ol 4l 93 (6390 anlllan) 1 5 U8 L]
(Whoulog (gloaSini g (So Sl oy ol g So 2SI

#Y . M Y oage a8 o
S rolS (s hlazs & U8 LS
.[)\J._.I‘Ql,@J‘deigu\:‘d”u)vhdigaw&umjk“_;J)l;éjvl.cwuL;”Uﬁ‘

Ol DLl L3l oKl (g8l 5 (s3lasl o she 0aSisls ( axs y s 05 ST

WA/ Ve /Yot \¥A4/-9/¥4 2ol ‘ WA/ -4 /) ety ‘ WAR/ -V /Y- tedlye ‘

0ALS>

. -

bl o 6555 LST g qlin o AT b (6,58 o, s Ll ol leladl g, Sallie ol Lol G cdun
Slocgz)lr oo Sog) 5l wel (65918 of) 4y (geienn) ) 39290 Slosl il sdue ol 3 jglied 1 mgsy (owlid g,
2% NS H9ye Bl e j9)4 Bdas & 0ddnens 5 (5)9L8 of) (slaalds 5| golas 5 (5,5l o) Al (Slad )5 porns 3
Jlo o ol 4 50 ol st Bl 5,50 el el 655 ol 4 30 1oy ! Lolad] (ga2as, gy skms Al o
Sl o050 sl 5 4ib S 15 axllland o 1 ysSike ol ) Al 50 .ilodb gl 5 dugs Yoo+ Jlo 31 L g Vo1
Sy sl k8 olaST s b s o (e (el Glyear sk Caleds s S gl gl Slasl i
PROMETHEE g TOPSIS b5, 5 b (o8 (saasrive (id L) pid (92 slos 5L oolgils 51 6 5L g jalaie paay ol Gloes]
8518 (guasad, g0

58,5 )18 (904 g dmliie )90 Slez sla) ik o 35250 (oSl (59,095 (b (SaS) 092l sl eslinal L tlaadly
)55 oy )90 Syiien SlatSlu ) (3L sl Wagn SladSiid ol 4t 5 (S5 28Ul lag 55 o) 4l oo (L 5
WD oyl (fateo diz (6,9l ol y Al lgie S ol 4l g0 STl blas g

B I plileg oss eolinuls e s Sz s bl SRl Gl Wl 1BimS Cnl @l 1 gale 039381 35,1/ Lol
D9h a3 S5 4 Slal Gadg slaolls bwgs (o2l lacuglgl s jslieas loialy (o8l Glgieds 55 908

6)5L3 o‘) el /‘5>|).>‘ Slaladl Lgd.ud.u) /6)9L$ Lg).v)MLv).v :Lfao}"‘j..x:lf

.021,032,C81 :JEL (goisdals

Jstens o0t ”
mo.mohseni@umz.ac.ir :4sbLl, w0l

10.22105/imo0s.2020.262855.1019: Jtuzws dwlil



8

e glaopealys g pglgh a0

v

6)5L1..9 ULAMS‘ 9 CJLA)J »A.‘SLS L) 6)51;5 c‘)dwu.a.s (5")‘>‘ Sleladl 6MM)

dodde —)

ohaidi .90 I 4 (5,9L8 Solinl Copae Slesdy By e (lsie 4 Slos 2 j5b (5,5l of jans
5 4 aseiin Sloj o3l 53 50 Locs 5 5 S ¥game ol e Bl 5 BT sy (ST 3l 5, 651
Sleige Wl 1) DYgame sboaasin anng 5 BsenS 35lrml G Lal) o G5 55k o At .55, 00
ol s /a5 ol j5kaie 4y [l S g (555l8,Le8 Jale 50 (o Jolai ol agzg 4 (YooY LS 5 ol )
Bas el (6,518 0l Al s 5 )0 ot Sl Slon 5l (S0 098 ol (ylosan |y (55503 5 (5,1 e 9o
(Sl Sl (srpe Rl o Glsie @ (6)5ld STl S e ave) (09,5 wal8 (5,5L8 ol pasis Lol
(Ver0 Sk 5 ) el b ) 5 S aome S5 50 Capie 5 (st

o Vo amo bilgl 10 50 el (g3lwg 095 s 10 43 (5,98 ol jaids Il 5l solisw! gl Su,b s s 5
5 Ysy5ge Seilotns 9,509, b (YooY LTl 5 Splp) <85 @50 Ol 5o 285 Ol Sen S @
oAt 5,535, 2Bl bS5 y5lid ol ats 5l oolicil s godes Ae and sl o Vo ams gl o K )sS
SLESph 3ges (g BB SeST Soig Sl 0592 50 Vgygige (b g pdey 4 ative b 40 Y5550 (55l
st I ol 3158 (X1 S 5 ) (5505585 sl 5 (VAAY /5a5cs5,5) e cr500 5,500
2505 0542 355 )15 g canS )0 (g3l sl (558 ol jaddi 515 o LT g wings JBle

5181085 D9 pd slirino 9 ol grhaws 10 (5,9l o)Al wlgd g Loenl 550 0 ouds andS Clas @ axgi
240 Slaal el oje> cpl 15 w5 L slo)lnl 51 (S0 (5)9L8 ol )4t & cunbin (555L8 S3)20b e S
N

Yl o1 o o sauled slgninn | @97 318 S5 )3 45,9k olyalds o 5 sla e (1335 1 5o b allis ol
Sl aslI b Logs ool b olacST 5 golin 0SB L olatis ol 21 Sleldl gazuas, slp 2ezle JLs &
oAb 5l (6518 0,2 e 3 9 (g 0iT3 53 (6,5 Lol 5 a8Lal slaciuim ()3,8 Bi 15 s (515 g
wald /WS 15l ol 51 st o oolinal (sl 03 (50555 1ol (sladoze 50,5 oS L lgm & Sas
o3 ) IS8 ;0 a5 jeblan el oud (L (65908 o)Al s 5 sl 25 5 (soges slaaY ) ISCE )0 0900
o )AL rnns i 28 o] (s 03515 S j3e0 10 5 st jluiailys slaa¥ (g,5k8 DlusST bis 05 o
3,5 dalgs 00,90 Lo HUazil 0 g0 ol 15,5k

@ 385 cpl jo el oats wSlo (658 ol jands ol Sl guauglsl () & gy 4 0SB
5’655 Sl Olojbe 1Sl (69Ld ol )add 53 gy b I spprins Slosl o SIS (pl (30,5 Byb JLso
(S s 5l b 5 0 e ol 3555 ol Jolge e & ol Lol sla 2l gl
2 98lgS ol Gyl o T saly (295 Gk 5l bl sloasln gaias; 4 S aaSli v

! Albright & Kappel

2Lee & Park

3 Probert et al.

“Groenveld

> International Energy Agency
° Promethee



@}

o 51830l 5 S pglyd Syt

Y'Yy

(\YAQ ‘)9“56@5‘9’“ rou" > CAAZK.SO)S Wywu.:9w 039)'4:) o‘) WW@LJA& loludl J.>‘)A -\ JS\M.»
Figure 1- Steps of operational measures to prepare a roadmap (project to develop a document and guide the aerospace sector
of the country, 2010).
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Figure 2- Product and technology roadmaps (Lee and Park, 2005).
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Figure 2- Product and technology roadmaps (Lee and Park, 2005).
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Table 1- Classification of road maps.
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Figure 2- Comparison of energy and power of different types of batteries.
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Table 2- Technical specifications of lithium cell family batteries (Gibert, 2009).
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Table 3- Quantitative technical specifications of lithium cell family batteries. )
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phosphate polymer mangenese- and aluminium oxide (LiCo0z2)
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Table 4- Results of battery specifications.
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Table 5 - Sales of electric vehicles by number (million) from 2010 to 2050.
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Figure 3- Annual sales of electric and dual-fuel electric vehicles in the blue map scenario.
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Table 6- Specifications of electric and dual-fuel electric vehicles. ('
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Figure 7- Net battery rating current and position of each indicator relative to it.
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Figure 8- Net current rating of batteries and the position of each of the options (batteries) relative to it.
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Figure 9- Net current rating of batteries and the position of each of the options and indicators relative to it.
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Figure 11- Complete ranking of cars with PROMETHEE II.
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Figure 12- Partial ranking of cars with PROMETHEE 1.
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Figure 13- Net flow of vehicle ratings and the position of each indicator relative to it.
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Figure 14- Net flow of car ratings and the position of each of the options (vehicles) in relation to it.

e gloal it 4 (28 Slaseie ol wlanilys (Sopsdl slag e jie &5 350 oo blosul (ri ol 0l
3 - Bbge oby (SuS T Il (g (e (gazman 13 lag,095 mjes LS (e 4y g Yoy St mhans
el oalionls ioled lojee ;S g by asls s gasds, oL N0 S



(|i>

e glaopealys g pglgh a0

Yy

5td LS g aolin s ST b g5kd ol as lpa] SLeldl gussas,

0l & S Lo as L g Laasy 335l 2y CapBge 5 ganasy alls bz -0 UK
Figure 15- Net ranking flow and position of each of the options and indicators relative to it.
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Figure 16 - Decision matrix for ranking batteries.
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Table 8- Results of battery classification by TOPSIS method. YA
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Battery Capacity Mileage Size Weight Price

Nissan 24 160 2586 1520 32800
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Figure 17 - Decision matrix for car ranking.
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Table 9- Results of car ranking by TOPSIS method.
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0.155902971 cl6= A6(Mahindra)
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0.124152817 cl2= A2(Mitsubishi)
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Table 10- Comparison of car rankings with two methods TOPSIS and PROMETHEE.
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A4(GM) A4(GM)
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Table 11- Majority rule.

A;r A2 A3 A+ As As XC

A - M X M X X 2 (

A2 X X M X X 1

A5 M M M M X 4 é}]
A X X X X X 0 Al st
A5 M M X M M 4 ve.

A M X X M X 2

SR 3 3 0 5 1 1
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A3=A 5>A1 =A6>A2>A4
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A2 & Ll = 5C- ZR=1-3 = -2
A3 &S el = 5C- ZR=4-0 = 4
A4 35 5Lesl = 2C- IR= 0-5 = -5
A5 405 jLiel = 5C- ZR=4-1=3
A6 &0 el = £C- ZR=2-1 = 1
SO U PURCUNK g 3 PR FS J RS

A3>A5>A6>A1>A2>A4
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! Partially Ordered Set (Poset)
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Figure 18- Final ranking of vehicles by the integration method (two methods of Borda and Copland).
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! Wide-area monitoring & control

2 Information & communications technology (ICT) integration
3 Renewable & distributed generation integration

4 Transmission enhancement applications

> Distribution grid management

¢ Advanced metering infrastructure (AMI)

" EV charging infrastructure

8 Customer-side Systems (CS)
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Figure 19- Technological areas and description of each of them.
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Figure 20 - Relationship of smart grid roadmap with other domains.
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Figure 21- Key elements in the success of technology roadmap.
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Table 12- Battery rating results.
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Table 13- Car ranking results.
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Figure 22- Final ranking of vehicles by the integration method (two methods of Borda and Copland).
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