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The Long-Term Effect of Energy R&D Investment
Based on Causal Loop Diagramming Analysis
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—1 Abstract |
This article aims at revealing the dynamic relationships between the energy R&D
investment and economic growth in Korea. To achieve this goal, we reviewed the
effects of energy R&D investments and tried to make the holistic interconnections for
describing the feedback loops between energy R&D and economic system. Energy R&D
investments develop the renewable energy, energy efficiency and CO2 emission
reductions technologies for accomplishing the national strategic targets. The rapid
obsolescence of technologies makes the inefficiency and negative effects in governmental

energy R&D investments.
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Sutete] AAGEE 4% &

iz|e] &M Al FRE F7hE O, WlL OMXH ;s:"?‘“d |7t dAdsk AAelh
OECDA}R O] w2d -2yl GDP 198 =2t AWEE Aol 0.58kwhZA]
OECD %7t 0.33kwh H.U} 1.7v] 32 A& AR&abal gtk o= S-gubete] Ad+=7t
AxS] 53, kA 5 A thn] 4FoR ?*35401 Ath= A o4 &
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CE 1) =i ollx] 28] Z0|(H: 22k Toe)

T= 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
12l #]

o] 198.4 | 208.6 | 215.1 | 220.2 | 228.6 | 233.4 | 2365 | 240.8 | 243.3 | 262,6 | 2714
HFAUA

] 153 | 160.5 | 164 | 166 | 1709 | 173.6 | 181.5 | 182.6 | 182.1 | 193,8 | 200,1
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e 71 i WA AU ING B 48 F) W kD gk T
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T2 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
A

198.4 | 208.6 | 215.1 | 220.2 | 228.6 | 233.4 | 236.5 | 240.8 | 242.2 | 262.6 | 2714

1| Aek | 457 | 49.1 | 51.1 | 53.1 | 54.8 | 567 | 59.7 | 66.1 | 68.6 | 759 | 794

AH 100.4 | 102.4 | 102.4 | 100.6 | 101.5 | 101.8 | 105.5 | 100.2 | 102.3 | 104.3 | 105.1

Y | LNG 20.8 23.1 24.2 284 30.4 32 34.7 35.7 32.3 43 46.6

Al aze | 28 | 208 | 324 | 327 | 367 | 37.2 | 307 | 324 | 318 | 319 | 323

71} 3.5 4.3 5 5.4 53 5.7 5.9 6.4 7.2 75 8
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T 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

85,158 | 89,197 | 90,805 | 92,992 | 94,366 | 97,253 | 104,327 | 106,458 | 106,119 | 115,155 | 121,474

& g

55.70% | 55.60% | 55.40% | 56.00% | 55.20% | 56.00% | 57.50% | 58.30% | 58.30% | 59.40% | 60.70%
e 31,909 | 33,763 | 34,632 | 34,615 | 35,559 | 36,527 | 37,068 | 35,792 | 35,930 | 36,938 | 36,755
T %

20.90% | 21.00% | 21.10% | 20.90% | 20.80% | 21.00% | 20.40% | 19.60% | 19.70% | 19.10% | 18.30%

32,893 | 34,299 | 34,965 | 34,807 | 36,861 | 35,986 | 35,916 | 36,225 | 35,722 | 37,256 | 37,410

)
o,
ox
ins

21.50% | 21.40% | 21.30% | 21.00% | 21.60% | 20.70% | 19.80% | 19.80% | 19,6% | 19.20% | 18.70%

2,989 | 3,191 3,593 | 3,595 | 4,068 | 3,836 | 4,144 | 4,099 | 4,295 | 4,483 | 4,520

ol
ol
)
o

2.00% | 2.00% | 2.20% | 2.20% | 2.40% | 2.20% | 2.30% | 2.30% | 2.40% | 2.30% | 2.30%

152,950 | 160,451 | 163,995 | 166,009 | 170,854 | 173,584 | 181,455 | 182,574 | 182,066 | 193,832 | 200,160

100% 100% | 100% 100% 100% | 100% 100% 100% | 100% 100% 100%
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oA R&D AFIH] 5 AF-FAEE ARTS7HEOl 14.7% 24 AE40 7t
wolal gtk oL tiAloluAe] Ay} E&AQ oA HE e Ao FAZAU
UA] R&D FAHE ow]gth 20119 % BHALFE 7,473 dow Add] 11.9% <
7het o, MA FANE] 584%E AHA|SkAL 9t HhHo|, RIZE B 5,327
o 15.1%9 A% T7HES HolW A FAe 41.6%°] HlTe AAskAL vk 7
i GAl olygA 9] grel B&AQ w7t 7o AR AAES 2t Aol o
skl oA R&D FAMY] FEE S8al IS HolFrh
ot o] [1¥ 104 9% e o|yA] R&D A T2t Fo]& yEhaL vk 19
oA A1AAY e qA] Eope] AFdE e 20081 el 3,686 Yo AT FTISIAoH
20090 34229 Yo7 tha 7AEAh 28al 201095 E thA] F7F FAIE Koy
20110l= 45689 o] Fabe Zlo ERLbaL Ak A A Fob A AlEEA
S/FAIE Boltrh 20090l 3,4589] 0% ThA ARl o o] FrEEs] FUlsto]
2011900 3,9299] glo] FAEQITE whvle] Faxkl FaE FEE SVMIE mold
20119l 3,858¢00] FEAHALE (2 119 8% 188 AR FoloA R&D
A 2 FolE UEhaL vk 2HelM & 5 lkel, &8ATe 71EAT Eobd
e Aidow Aolom Ay 9159 R&D FAE dhl Aes & F AUtk

Fa ) 201 R E Fohe 11762 Folgitk

rlo
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CE 4) oll4X] R&D FAL F0| (Thel: ot 2 %)

AH
T2 2006 2007 2008 2009 2010 2011 e
7k
A 376,658 | 434,253 | 535,891 | 605,534 668,023 747,285 e
A= (58.9) (59.2) (58.5) (60.1) (60.8) (58.4) ‘
A ikt 263,176 | 298,981 | 379,602 | 401,795 430,447 532,705 151
q | TEE 41.1) (40.8) (41.5) (39.9) (39.2) (41.6) '
H] A2 | 136,896 | 149,229 | 189,288 | 169,795 150,574 243,779 12.2
& | 126,280 | 149,752 | 190,314 | 232,000 279,873 288,926 18.0
A 639,834 | 733,234 | 913,493 | 1,007,329 | 1,098,470 | 1,279,990 14.9
A 950 1,055 1,056 1,074 1,056 1,032 1.7

XE: 20119E ofl4x] RADEAI AZ2TI(2012.9), XIAZME, SHRoHRIZ =g,
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342061~
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1W 392929
156,633 :
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e R 388,053
323,560 11570
291,138 — /456‘787 =
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0,775 780 —— 14,156 16,213
[
2006 2007 2008 2009 2010 2011 200814 0 200044 20101 2011
== AT —D-HBATE ——EENR —-7|zeT —#-38U7 ey

AR FRANA1EH7 M WA
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A A F ol E AR WA Tlel B2 AAISkaL ATk, 2010). ©]
= JladT7t QAR 7]E AR A4 Tetetel] 2 A4S FEFoEA
Ao o] FolxItial Hi= Zlojtk olejg WA AES 1990 el EolAA] Fu]
A2 A5 % (semi-endogenous growth theory) ¥} AR2A) A4 AJF R 0w Hsher)
R&D FAke] AA A v aas FAs = T3 A2 Z(pathway) S 18 3= Z19]
ok o7lel= A Al 7HAe] AEE ANE = A A, ReD FATF A S
3] GDPT 7t 43S WA= ARE & & Utk o] A2E HTH AAGE EYo
A 7ol A FE T eH I
stk &4, R&D FA7F A S BEl FEE S
Ve st ARelth o] ARE REA wAFYoRdA Vedds B3 A
o] B ARle] HlwS-AE AAATIH, o]Ao] +E] Fulot AEEe] T
e oulgith A, ZF AFgel A 9] R&D FA7F R&D AR50 S7HE 7R L
FAHEY] Z7HE Bk Ak ZUE ML E A 2otk o)A R&D AREo] FAHEA
Foll x3Eo] FRlEEA FIPHA JES vAE a%E uetkAd, AEFE, of
I

r

2
Moy ox o\

R
)

A, Qs A7, 2011). oo % R&D FAE ARAHAZE 22te] £ =W
A GDPY| THE 7HAete 479 AR rkdEderled, 2002). olFx AT
W3t A e] oY 4RE T *Jz‘zoé?‘%% Fas AL oA R&D FAe] A

(2) ANE ZAE A JF ATAT
AL AAE ol2e] AT FEUEE Tt A AR FES AT

b sel ek el 4349 ¢

49l ATES FHA ALY YRS ol S5k,
ol ATABRAL 24 vsw AAZANE ARE EFA717] Aol A
HEAS) WSS QA BRE 2 F A AN

AskA] ¢kar A3 Al(growth accounting) 218 E-8-35f= Zlold|, AR AN o2 &

2 A2 (total factor productivity: TFP3)2 -3+ TF2 =R AAAM S AdAaEo] 3]

2 Aol AAEE FolsdThe 29E B2 Slals 71&ane Fgelol Ak ae 7]
SAuE A4 217 B7P5R AdomA 243 H7E §o18 ATAEEARD fow), R&D
HORE, ATNLAREED sock) 5 F2 AT Uk WA, STNLEAE S4o] deslthe
o] AR, Al FRel mE wslsh F1%el FAYS Wds] EThe Bde] Atk RaD A
ot GDPU] R&DFAL & A7de] A4l 4 53} 2o] A1) FRE WGP WA, 714
o) FAYS W olFth ATNBAEE AR e 259 AL BYel] %9 FAYL
W Gtk o] Qo A% F5E AL J1G9 NlAas ARee ge BRE
58 Fgaokks walol ATk, oS, 2009: 5).
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ko] FAsh= WAelt) o] A9 Fai A tigh AR e A (elasticity) &
T F e, AR 1% SV o Feade] B % STREAE B
AFE AFS ZAsle Aotk olgd W og A tERe] F44S 243 I

T Wigh AgdEAre] g A= 0.133~0.199, 0.205~0.252,
0.2640] T}
A, AR A 255 AR A T AAHQQlow A ¥ 4
24 AFNETEARLY AFEEE output elasticity) S F48HE Blolth &, AFEFEAF
ol

1% <7V W GDP7} Bl % F7IEAlE BT A0RA

(Griliches & Mairess, 1984)F 1966A5-E 1977W@7FA] 1337] )= AZXYAS o=
R&D] A2 =5 Ao digh 7o = X519t B4 A3 AGidAE 1%0] &
7= 9F 0.07%9] =5 S Theta stk ol AN EREARe) A4
Z7re]l AA tEiA B A7 A3EItE F5AFE SR A3 AT AYEE
o] (& syoll Al AlEo] Ak F8 AT 2 I E ARk
(E 5y A7EXle nigsnt 24
orn 92| gamy | g | X ot
=427|42 7
A4 | 1984 B (‘jiﬁ 14 1971~1979\d | TFP |EAI7|7FE<te] TFP 7185 9F 2.2%
ay
AZG 107] A R&D AFE-o] A7 m= ARidHE 0.37%
227] | 1994 1985~1990d | TFP
e I AA 2.169% Afold] Bz

Sevet F97199 TP Z7he w544
FHe | 1996 | FAIIAAZRY) [1976~1991d | TEP |4 B Abzo] F74gel what S7hEA AR

o] ol A%

71 & =AY A FHEE A%
Al | 1997 BZEA 1966~1995d | TFP
o a 9 = ? I 2.84%
AZA 1170 . 9
2194 | 1999 1980~1996 | TFP |TFPS| I T Z7HeS 2.2%
AT

R T 84 A S7REE QA ARIT3%
A 2 o

i e -
° 7 11999 1980~1994\3 | TEP |o|%lom, F2 7|exn B} 71$4 F849
EaRA S 373714
el 7191
s JHEAA] 217 B EA A 9lojA] R&D HEr) 1%
=0T 12000 BEEAS 217 1980~1999'd | TFP G ovvH R0 fersrt 1%
“ele 714 =71 TFP7} 7.134% %7}

3) 2L &2 FKSolow residuals)BFal ST}
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(A1)
o Za
ALK} e =A{CHAL =4A7(2¢ ;_1;,'\_ o1z}
¥ahoivg A= 270 stolE|Z &9, ldA-EAY} Ve
;EHO] 2001 % H;f 1970“‘19921{1 TEP .jj ]‘ T=EH Hﬂ—nﬂ‘l‘ ]’9]' ]E H
T4 NE 4770= T2 TR o FETA
o 9 A TR Age] QAL
- i} 1d Aap x 7 <= A7
&28 (2002 FREAZAE |1980~19994 | TFP R =T
o TEPCl| P|X|= SFEH 1519
41I7NEY Hdxts
A ZA/ AZYD QAW =718 23%/1TANY
T=y T2 10.0%/ non-IT2] 0.2%
e 12003 = 1991~200001 | TRP | MO EE BT .
9| non-ITAHA/ g ITAH] 2848448 47E 10%, W
Z27197 71 2 17.2%
FAFNEAES AdEeEErt 55
Z5ol | 2004 | AZY AT [1979~20021d | TFP [2009] ©]4te] 7|G FRoA &¥-At
A2 st BT} =5
KA k-3 F9l¥zlo| wE TFP WA3}A4%0.08), R&D
2 e 2005 =74 1980~2003d| TFP | " sl ‘ SA0.08)
dAE WH3lo] W TFP ¥ 3A|$%0.04)
GDP dj¥] A7iE vl&o] 1% F78H4
AEY | 2005 =7 A 1970~2004'3 | TFP
o =737 TFP 1.7% 27}
A7 Be] TPPHES 47|92
) =474, 19913 ~2002 1.30%=7}t719 L 0.53%
1% | 2005 TA7 - 0% }‘ﬂ% 19 b
719 A =) il Q1&97] & FAa719e] TR A, U7IY
o] TFP =7}
2000 AL 199 Al g e
- LS x
4715 2005 | @=LAEAS] | Add® | TRP | L C N N
_ ZoF &7 27.2191
B3
r—an
AlE]Yd | 2004 A 1981~20023 | GDP |GDPol| o3t A 7HderEA 13.9%
GDP tjH] R&D FAMH|F 1%%Y A5 4
317 | 2005 S A 1970~200051 | GDP
e A 5L 0.16%p 27}

A= | 2002 A= 2670 1995~20003 =% APEe] BN TorE <k 239
B 2k 401770 719 Sl A | TET ool =T ST 200
o1917] AzxFES ¢/l o e |STNERE TR0l 1%p SRS Al
7];‘7] 2003 | £o2 PR g [1980~2001d Agi:ﬂ 29 AAe] =B ZIFEL 0.13%p

mo AR, T e F2dFE 0.22%p S

AR el ofd, SXI8, &5E(2007), TATHLTAS] HMAT A ZHlof nlxle EF,, MEPIER

AN - ARt - Asr2003)= FEuEre] A TR RD 259 A
wAfstel, 27] de] AT A% vlFo] dAe] TRl kel WS Bl
(0]
o

See wrRoH, We]EA AT 9(2007)E

R
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Al OECD Hit Folw, A NdFate] AAGgo] dig 71 EE 30.6%ekiL #4139
ok ATEIg- o] 94 E A& EFE2007) 2 ATINEEATE TR MH = 9

B0l Yste] OBCD 27} F7kE o= Busiglnt B4 29 felere] Faw
J e

HAL 0.133-0.199¢1d]  H]&, OECD =7}e] S 0.185-0.1950]%0 3L, 1]
0.167-0.263, ¥ 0.278-0.293, FALTH= 0.072-0.157, o]Eg|o}= 0.127-0.160% £
Ark. dAH oz w=anh dEe) RaD FAEE o] S-2lHt) A Yehes e, og
glote} Uttt & R&D Aol HEAXE o Yt AR 05F olFs)
(2012)3= 198013F-E] 2009¥A7H%] = 7hr}S7| S A A A ANTIS) o) AIAD AF59k
Z2 WE2}7] 3] F(structural vector auto regression) XS -83lo], AFINEERLY] A
A S adE S4sks A7E AReltk ASEA A, AEEA 1% ST 1A
9= GDPY| F7h= 03% % o F9]= s & 0= Yegsd, 242 A7/iEFEat
o] SFEWL FAA SR YERY] witolt)

(E 6) ANLEXte] S50 8T}
T AlEY FER|
de 3d 5 6d % 0d =
FAFNLER} 6.716 10.302 13.988
AEA k] 2.407 2.626 3.225
AN LFA} 9.575 14.802 20.265

RE: el @SE, 0IBSH2012), THTHLERS) ZAN TFET 24, p. 25,

(GE 6yllA Hizol, =
A vEhdaL glom, Algtol Xl‘rM w}ﬂ} Aol Ak zhast
= et s 13, H
%] GDP7} 13.9889%& ‘é‘ﬁﬂzﬁ} o] 7Ur°ﬂ w2 2009 % FAFANLER T 37
% 9.2859 9& V|Fow OH-H 51}7} 1% %7K3,793% Dkl 4%, 109
GDP S7ta 3= 4% 9,307
%?Eﬂr% 109 % 32252 1 3%&5%711% x} 19 7} TAH o2 GDP7}F 3.2259

et 2y AT AL EARE 10d & GDP S5 E T} 20.265 84

2ol A} T Eos BHolFEth o] A9t AXPEE
ek FEA m7F R&D TR BakE FAA o R At 011*1 °je7h ek
A AES ATAREE FEHOE ReD FJIrY A7iE 5o Add o

B ol A7
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(e3

FAWEAT SOOI} AAY PR A F AHe JHRAS A3 U
HolFm gk Hiel, A¥e] ATAVEANTHE /9% WLke] RaD FA} 7
=

d

2
oX
oX o

o Zlolaks ARt e AL BolFI vk B, FAhE ATABRAE BAY I 3
o3 Zlofeta U, TRAE TP AEHAAA, AT FAAA, FA] B
g st 1 3 FEaee] T4 Sol e ATANERY Tyl BhE 98
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A B&E BACRA oA ASERE Zoopit Bt oleld Wtelx w7} oL
A R&D FAH= AR AL TFE L AA A% HSHAT, U ALgH &
P wESe AN E oAk @ 5 ik

4. OLiX| R&D EXte} 7|24l J2|T HHAZte| L= X

Sk Al e Fo3k e FXE ASA|7| 1 B Z W (auxiliary variables)S X 3HA| 7|
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<l R&D ¢IHIEZ|e] 71 AxpEo] ol Ak &
7} "3%3}‘5*1 4= /\]i%‘olui AlZbo] B ETA

h=}
= &84 ¢ e 7lwolghs WRlolA A oA R&DO] FEES HlaA WS 5 3
s

AR
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