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Abstract The purpose of this study was to suggest effective educational strategies by investigating and
analyzing related educational demand for SMEs (small and medium-sized enterprises) in the area of
sustainable energy. To derive these educational strategies, importance-performance analysis (IPA) and
Borich's Needs Assessment Model were used based on the relevant parameters of the sustainable energy
technological field. The survey showed a high demand for education relating to the energy environment
and mechanical systems. Further detailed analysis of Borich's demand, showed that hydrogen refining
technology (5.74), hydrogen production technology (5.36), and hydrogen storage technology (5.19) were
high in the order of demand for education. On the other hand, energy-saving pump and blower
equipment (2.33), small-scale grinding resource intervention technology (2.33), and hybrid metal-air
battery technology (2.33) showed low demand. Based on this, the results of the IPA portfolio analysis
showed that hydrogen refining technology and hydrogen production technology were the focus areas
that urgently needed education. On the other hand, the surplus area where education offered was more
than the demand involved the industrial energy management system. The results of this study can be
applied to the planning and operation of education programs tailored to industrial sites in the field of
sustainable energy.

Keywords : Sustainable Energy, SMEs(Small And Medium-sized Enterprises), Ulsan, Importance-Performance
Analysis(IPA), Borich’s Needs Assessment Model

*Corresponding Author : Geum-Ju Park(Dankook Univ.)

email: 12171176@dankook.ac.kr

Received June 10, 2021 Revised July 20, 2021
Accepted October 1, 2021 Published October 31, 2021

636



A&7k oA Aoty RSR B4 A7 249 34719 ¥ WAY|YS FHoE
1. M2 2. XI&7ks AWX HTlEe EF

SAR A&7 P A= $](2017.10.25.) & B3
20154 |<lloflA ggst 7\]—‘—7}—‘:,1__1'14Eji(SDGs) o]
A FHokal AWHRY SDGs oS At 7ho|=
2RRIE miste] o]Fdl, &4 FE A&7ks AvA
TAZ st A9 2HE sHoke 5 98U
g A3 o] A 2030 AA H1 FATA] A
32(2019.2.26.), SAAARGTI7 AATY
FHAAH2021.1.14.)02 AHsI= ofq%]
A g9l FAARI0R A&7t & ﬂﬁm At

oj7]o] 2020 7€l HES =Y F

mlo

l..

4

o
o=
=

o

a

-

1S .
of gt
o= 2AZIA HiES A= (net- zero) —,—r~§ =
o, AT B FARMT
Act. FE AR A&7MsE MZ] ;q% sk 9
A ALY F 4T AAEERA] ST, 47A,
S5oF 2d 9 7tA B, AHSAA)S Bol A&7t
5 olvA] Eofd] ulgulHE $Hste] 3 Folth

0

=

(2020.6.28.)[1]. ©] Z2 ZHO|A 24F 9] 4538
sk ouix] FAl9] F41Y9] Wet "a o] AsHA
A71E 1 UoH2]. ESF Ao AYsiEE F47|Y

2 WA AU A AG R T2 At 2

o
T Hof JARY] 1&

Bk, olo] rqa} %& 1=
S sfotsla A141e] B FEE &S X437} 7]
28 $5% 4 31% AL I A Tk
2 AT oloh 2L A7A FAEA g3t nje
A1gle] Mgoleks ZHolA A|47Hs%t oUA] Hofol
AIlo] AYstEls 34719 D WAYIe] SRS

AT 8 UEY ASTETH AFE A APAT
olch.

| 22 =99} @4 7IWte g 2 As S4k
FAHRAE 12T F471 D A7 SARE 9
ISR E BEoh AAZeR st Aok WO
2 [PAEAT} Borich 8% B4 g-83}0] Atk

=

[e]

2
5

gl

¢

jui|

0l

4 gtk o2 B9} BakAel RAERTWE AASKT
B2 ok sHol ABI] 91 8ol £l
£ qi7o] ol ol Sle) 24ke] Hekarel o
A Bobg WSO i, 24k oful|Hok Tl
4719 9 WA\ ge 2ARFOR Shr.

£ Q7] TS AVGOIN BYEAEG S, A3

Aol @l 9 ZAL A chel At Aol
£ A0S 9 @3, Do A5 A8 i
2 9ot LEHF U A AUES A

637

2.1 X&E7ts HIHX| A

20509 AMJEE getasts el S-uete] dix
ZQ1 o] thaH] AkiQl A7t Hgslstol A Dxth
ste] "B a Aol 7&5%4[3] o1& SafiAl AgkA MdHE
A AAAY, SAAY 2 2A47kA Ao BaHAA
Sjadhe o] "asitt. E3] o |4tgdEool of
73Eet R&D HIHE 7|Hko g ikl AAlska A
ZHk ARl V&R T o2 AASto] T AR A9
LsHE =u g 5= qlojok g3l Iy Ak Ao
2 QIg AT £A19 dtsiaS gt chaet At
2] vy, AGuSHA AFJY] Fxlo] " Qasit. Eo] @
H FRRAL WSE2 I o] 9T QlrH2]

H3][4]9] Aol wEd &7 Hs ofu A9 Hehe
AEF o7t a7EH, ol A&7Hs ofuiR]of tHﬁP
AIRIALE] 9] S5t AFd A SeFo] 2E|ojof AHE
okl Zzgict. oleh 22 2 [5]¢9} [6]9] OHOM

T ZRISH 4= Qlth. & A&7HsE olvAE ARF4
glejio] QA=A A Folg 5o A3 5 9
ol Rt E3] A1S FA4sks TRl olsiEA|
A} ZF A&7Fs 3 o|A9] mjefAgH o] it v
o HIENA, GAFA 2t shso] Wa A4S 353
o Arstal etk

=
=2

ol mlo

1A

2.2 X&7ts OUX] HA7I=R0F =5

A&7ks olvAArg el 71&egoks Tt Table 1 3
Zo] 67] Bofz o] E&3lgir) 78 WR7|ES
oz & % 71A AlLE, AR d 2 A
H], ofvA] =8 e, 22 A, oAA] doF 3 523,
A3y FsEAA"HOo R LAFHTH

Table 1. Core knowledge in the sustainable energy
field

Classify Core Knowledge (Educational Content)

Machine and material tech.

Energy efficiency tech.

energy

Environment |Air Conditioning System(inc. Smart Air

and Conditioning)
machine  |Water treatment and water pollution prevention
system facility technology
@ Air pollution prevention technology
Waste disposal and recycling technology
Renewable |[Solar power system
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Classify Core Knowledge (Educational Content) Table 2. Curriculum Identification and Survey Process
Solar process equipment Steps Period Outcomes
the 1% Advisory council -
Small wind power generation system meeting for Education 25" July-10" Sep, Training target
; 2020 Field setting
energy Wind Rotor Hub Related Technologies program in energy sector
Development |Hydrogen Production Technology Primary Curriculum 13~22" Sep. Major fields: 10
And - 2020 Courses: 64
i Hydrogen Purification Technology ; - ;
equipment the 2°¢ Advisory 25" Sep.-10" Major fields: 6
®) Tank storage technology council meeting Oct. 2020 Courses: 34
Fuel cell technology Final
- Fill out the questionnaire[23-24™ Oct. 2020 . .
Fuel cell separator material technology Questionnaire
cth th .
M-BOP Technology for Fuel Cell 25" Oct.-14 Sample: 500
Survey to Employees Dec. 2020 By Email
LVDC power distribution technology et A 15-24" Dec. Analysis and
energy  |YEMS management technology aly 2020 results
demand |Hybrid power control technology
mana(gét;mem Smart distribution operation technology
AEJALS. 2 X i o olE EJ
Small scale distributed resource brokering dedid2 SAtE Ak aet oS F3 1,0007
technology = k]?ﬁ o]—_]_ RS _g__lx_/\]-‘— __rL_L_g].Q /‘K:—_]t';(] __[L/H o]—
Hybrid metal air battery technology Oq 7\/\}_134/\]—:- = 23 7_.“ O}g:ﬁ:], 7]/\ gyl 2 % 1_7]__’] 7‘;]
Secondary High Cz/tpacuy capacitor technology E= %ﬁﬂ —Q’%‘?} /é:r:x]% E]%EE Q'qu%]‘%ﬁl‘. /é%
battery  |Power / Power Control System Technology L
) < el A olw| Y-S 8sto] 20209 1049 25¢
Energy Storage System (ESS)
1E 2] Q] A A5 pSh= (ol Pat=]
Secondary Battery Electrode E] 20204 12 d 14 EW]—X] E/\] o]-”\ E—‘EX] =
Energy Harvesting Renewable Energy Interface “(H—BH %ﬁ % %:‘5:]—2_‘ %636]'%\]:]'- Q'E"‘i]'/l\"%‘% 51%=
Technology 1,000719] A& 5 510712] o] 2lEHiH. +Hd
energy Industrial energy management system — o= -
Saving and T AFLS SPSS 25 T2 13We &-835fo] BASHYIc)
- Building Energy Management System
Efficiency
B Home energy management systems
A H A
Transportation Logistics Energy Management 3 2 TR—J'C—AI' Ly | Ay leg
System -
e A&7Rs odA] TlERole] Bg4e P kS B2
Eco-friendly Electric Vehicle Infrastructure Technology _ % = ) N
k) T o
transport |Hydrogen Vehicle Infrastructure Technology op7] flate], AR ZlEZokl diet S8k, A= 2
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Table 3. Profiles

Ages Education

Contents unit % Contents unit %
20s 84 16.5 Under high sch. 23 4.6
30s 211 | 41.3 College 78 15.2
40s 136 | 26.6 Bachelor 312 | 61.2
over 50s 79 | 15.6 Master 65 12.7
PhD. 32 6.3

Years of Career Position

under 3 149 | 29.1 staffs 215 | 42.2
4~6 136 | 26.7 manager 84 16.5
7~9 83 16.3 senior manager 88 17.3
executive level 120 | 23.6

over 10 years| 142 | 27.9 e, 3 04
Industrial areas Path of knowledge acquisition
energy 91 17.9 Internet search 256 | 50.2
automobile 68 13.3 colleague 60 11.8
shipbuilding | 90 17.7 | external education | 76 14.3
convergence | 172 | 33.8 | specialized book 106 | 20.7
chemistry 89 | 173 outsider 15 3.0
Total 510 | 100.0 Total 510 | 100.0

4.2 TKAQ0) T3t Borich % IPA 24 Zi}

42.1 IPA &1}
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Table 4. The results of IPA

Importance Performance
Average 3.35 2.23
Maximum 3.43 2.38
Minimum 3.27 2.09

639

Table 59} Zo] TIEZoAE WA 58 P 7|&
(4.11), 714 £ &4 714(3.89), & oA B AlAE
(3.75), Ao BAAE(3.63), BIFF A A&
H(3.56)9] o2 A9 IFO= YepTt

U, A BARME A 713 stolHE|E F4
371 AA71&€(3.0), $% EF v T AxH
(3.13), A9 9 £ AYA] Au7iedt dedA] &
gt &4 7]&, LVDC A 7], stolBet dgz3d
71€(3.22)°] & I1F07 yehgth oux] dek %
88310 971 3.4308 7P &Qkon theo g of
Uz 4 9 7A AARI(2.89), HUE WA AAH
(2.67) 5°l =2 AH=E Hrt 5H, ¥ 3=
FAFA7ET FANE 7]1€(1.78), FAAR 7|&Tt
AZAAE M-BOP71%(1.89) 502 eyttt Hopd
AFE Gt oy 2 2 71A AAR(2.38)0] 7P
Eokon Ao ] Whd E AH|(2.09)7F 7P W
A= Bds Bk

Z8=et AHE 7H9] AJol(I-P)2] B2 1.160]H,
Az27F 2 Hohs £AHA74(1.66), FAAR7|ET}
FAAR714(1.55), 472t Ql=Et 714(1.37)2 Y
ERgt) o]E Eoks $8EE Eou A= A U
ERgT}.

4.2.2 Borich Q7= &M Zu}

A&7k s o X0k & 34709] 7]&ol| t3t Borich
8% 29| L 5.74%0 SAFA7|EE UERE
o, £AAR7|E(5.36), £AAA7&(5.19) 59 «
o= FAT9} HFE Ao] gro] F 7|&woel 5Yst
Al vrEbsttt.

YA, Borich #to] 7P W2 7|&2 oyA H33
g g $34Y] At B4R S 714, StolBE
537 AX 712 747} 2.33082 UEEoH 4
E5 olvA #2(2.78), stelBdE HAHxA &
(2.80) 59 <& Uyt EopdRE Ao A]
Hd 2 A7 4272 7P =9k AU A =8 Bt
3.228 7} @2 3% Q7S HYth 2o g 43
oA 71A 2 2A ZlEeT YA 52E F Ve
3.42, A8 55 A2 3.38, AAAY ofjufx] A 2
AH] 3.37 ojrt. ¥ o A] =8 et 23 HA|=
3272 @2 3255 Heth

o |r



ol

AR &8k 5|52 #1229 A|10%, 2021

4.3 IPA ZEZZ|Q % Borich 24 (2.11), #2AFs2E 12t 714(2.13), AFERE 29
9FH IPA EEZe|QL Fig. 33 o] oz g 18220001 AL AUt
4 G ABY 5 AT WA YEYAY Sgyory TR BIRAINS FF ol A= Tfanold
20 2479 @ WMH7IQ0) B 297 =y xg  NE BEFH £87F glof AEHOR g Faiel
el e u Selo] mag aeol o W Fotel sk of ool X B8 B4 7]
Aol 4a HA 714(1.78), 44 A 71%(1.89), =289 7 S A 715(2.89), HIF 2 AE
WAE AE W S 716218, xEMS Bl Alg  (E50. F NN wel A29, WGl el A7)
(2.50) 5ol AL k.
Table 5. The results of Borich’s Needs Assessment
¢ Sectors
Classify Core Knowledge (Educational Content) Im::erta Perni);ma ﬁ?g)s Borich’s 0 ® Borich’
s
Machine and material tech. 3.89 2.89 1.00 3.89
energy Energy efficiency tech. 4.11 2.89 1.22 5.02
Envi;onx:iment Air Conditioning System(inc. Smart Air Conditioning) 3.33 2.44 0.89 | 2.96
machine |Water treatment and water pollution prevention facility 3.22 213 1.09 3.22 3.42 | 2.38 | 3.59
system technology
@ Air pollution prevention technology 3.44 2.11 1.33 4.59
Waste disposal and recycling technology 3.33 2.18 1.15 3.70
Solar power system 3.56 2.67 0.89 3.16
Solar process equipment 3.33 2.44 0.89 2.96
Small wind power generation system 3.44 2.44 1.00 3.44
Renewable Wind Rotor Hub Related Technologies 3.44 2.10 1.34 3.98
Deferllzrpgniem Hydrogen Production Technology 3.44 1.89 1.55 5.36 337 | 200 | 427
énd Hydrogen Purification Technology 3.44 1.78 1.66 5.74
equ1(1]33r)nent Tank storage technology 3.33 1.78 1.55 5.19
Fuel cell technology 3.33 2.00 1.33 4.44
Fuel cell separator material technology 3.22 2.00 1.22 3.94
M-BOP Technology for Fuel Cell 3.33 1.89 1.44 4.81
LVDC power distribution technology 3.22 2.18 1.04 3.22
energy xEMS management technology 3.44 2.11 1.33 3.59
mjne;g]i?nint Hybrid power control technology 3.22 2.26 0.96 2.86 |3.27 | 224 | 3.16
© Smart distribution operation technology 3.44 2.26 1.18 3.83
Small scale distributed resource brokering technology 3.00 2.18 0.82 2.33
Hybrid metal air battery technology 3.00 2.13 0.87 2.33
Secondary High capacity capacitor technology 3.38 2.38 1.00 3.00
battery Power / Power Control System Technology 3.25 2.21 1.04 2.89 3.27 | 220 | 3.22
®) Energy Storage System (ESS) 338 | 238 | 1.00 | 3.00
Secondary Battery Electrode 3.25 2.00 1.25 4.01
Energy Harvesting Renewable Energy Interface Technology| 3.25 2.25 1.00 2.89
energy Industrial energy management system 3.38 2.13 1.25 3.75
ngﬁeigj Building Energy Management System 3.63 250 | 1.13 | 3.63 |3.43|230]| 3.41
(F) Home energy management systems 3.75 2.50 1.25 4.00
Transportation Logistics Energy Management System 3.13 2.13 1.00 2.78
Eco-friendly Electric Vehicle Infrastructure Technology 3.38 2.25 1.13 3.38
transport |Hydrogen Vehicle Infrastructure Technology 3.50 2.13 1.37 428 |3.38| 217 | 3.63
System (F) Drop fuel cell technology 3.25 2.13 1.12 3.25
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