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Development of a system dynamics computer model to simulate

the operational effects of the new environmental technology
certification system
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ABSTRACT

In this study, based on the System Dynamics (SD) methodology, the interrelationship between the factors inherent in the
operation of the New Technology Certification System (NTCS) in Korea was identified by a causal map containing a feedback
loop mechanism in connection with ‘new technology development investment, ‘commercialization of new technology’, and
‘sales by new technology. This conceptualized causal map was applied to the simulation of the operations of the New
Excellent Technology and Environmental Technology Verification System (NET&ETV) run by the Ministry of Environment
among various NTCSs in Korea. A SD computer simulation model was developed to analyze and predict the operational
performance of the NET&ETV in terms of key performance indices such as ‘sales by new technology’. Using this model,
we predicted the future operational status the NET&ETV and found a policy leverage that greatly influences the operation
of the NET&ETV. Also the sensitivity of the key indicators to changes in the external variables in the model was analyzed
to find policy leverage.

Key words: Computer model, Simulation, System dynamics, New Excellent Technology and Environmental Technology
Verification, Policy leverage
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NTCSy+= =Wl 71 9 A7), sk SollA i
gk Al7lES 2710 dEste] O SeAe S5
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g A& 3ol 271 ARRE 7IREE 246
3l Aot} (Korea Industrial Technology Association
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AlA"ETo Y g A= A AEIA ALl (systems thinking)
DEglel= T2 A, MITE] Jay Forrester (1958)
7F EASEHEClEe W R 7]E gt
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t} (Park et al., 2006).
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Fig. 1. Basic causal loop diagram to analyze the effect of
general new technology certification system.
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Fig. 2. Causal loop diagram to simulate the effects of new excellent technology and environmental technology verification.
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Table 1. Input data

o—

Variable Initial Value/

iable N i N
Type Variable Name Function of Time Unit ote
Validated new technology 193 number ) ) )
o Values of Environmental New Technology Information System in
Utilized new technology 97 number 2008
Stock Accumulated sales amount 27,404 100 milion won
Totel R&D 1nve;1t1§1$srt1:ym environment 21,348 100 milion won | Values of Report on the Environmental Industry Survey in 2008
Review period 1 I (3)
Pass Tate 0,452 Average of ‘number of new technol.ogy’ cerytl'ﬁcatlon /
number of new technology applications’ in (1)
Expiration rate per validated new 0156 (umbesfyr) / number Average of ‘num?er of expired new tecyh.nology /
technology number of validated new technology’ in (1)
- Average of ‘number of terminated new technology per year /
New technol tilizat I 0.119 b b
oW TeCHn0ogY Wiization rate (numberyr) / mumber number of validated new technology’ in (1)
L . Average of ‘number of utilized new technology per year /
Termination rate of utilized new technology 0.244 (number/yr) / number

number of utilized new technology’ in (1)

Number of applied sites per utilized new

0.5864xtime + 6.7432
technology

place / number

Time function of ‘number of applied sites /
utilized new technology’ in (1)

Converter Sales amount per site 8.2011xtime-0.44

(100 milion won/yr) / place

Time function of ‘sales by new technology per year /
number of applied sites’ in (1)

Target sales amount 4,194.6xtime + 23751

100 milion won

Time function of ‘accumulated sales amount’ in (1)

Average expectation of R&D efficiency 05

(3)

Ratio of sales by new technology per year

. . . 0.00653
relative to environment industry sales

Average of ‘sales by new technology per year /
environment industry sales per year in (1) and (2)

if time < 6 then 0.1639

L else if time >= 6 and
Change rate in investment '

Average annual increasing rate in (2)

time <= 10
then 0.0032 else 0.0032
Investment time 1 yr (3)

Number of new technology certification
application per R&D amount

-0.117XIn(time) + 0.574 | number / 100 milion won

Time function of ‘number of new technology certification application /
R&D amount’ in (1) and (2)

(1) Environmental new technology certification and verification status data and application result data of
Environmental New Technology Information System from 2008 to 2017

(2) 2008~2017 Report on the Environmental Industry Survey

(3) Estimation through trial and error during model verification

ERHfiT) Table 18] AJZF F=AA Ao ARG ‘time’
e 200804 20379717 2] ATRAIZRS Vb
Ao B 2008 1'R BFo] 30°74A] 0.25°9] A7
=2 Wske g 7Hxioh

Fig. 304 ‘3349l & R&DFEAI(total R&D
investment in environmental industry)’ -2 *] % H~ 2 A 3
A4 A 9] R&D FA NS ofn|et] 273k o ==
A ALY E A Z AR 34 (Ministry of Environment, 2008)
of AlAIE 200841¢] FAAAEAFHo] 2§
DAY % RED FAL gesel <Az FAlo)
5K change of yearly investment)’of| 2|34 1 Afefj7}

Ll
o

IS}E] ), <917 ko] HBh L A S (change rte
in investment)’, £2}7|7Kinvestment duration)’ % ‘34414
% R&D FAIW o] ofsf) AFEFETHA] (1)~(2). ‘R&DF
A} H(investment amount for R&DY = ‘4 AH¢] & R&D
EAf] % BHAYIE Aol HHA R FAbE RED
Zole oulgit) B odLo| A ‘R&D =N o] i3t
A& A50] Boksstel @Al o] 21714
FaH o] 2}RA|35}= H]E(ratio of sales by new technology
per year relative to environment industry sales)’ 2 A3 3t
3 2L F R&D FAPo|| o= FEj2 2 HH
Z-8351ATtHA] (3)). ‘FA1HSE(change rate in investment)’
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New technolog
utilization rate

fmination rate of utilized NT
Utilized NT

Utiized NT /7 minated NT

per year Accumulated

sales amount Target sales amount

Review period

Recognition on level of
technological development

Number of applied

Sales amount per site
sites per utilized NT P

Pass rate

Expiration rate

per validated NT Perceived efficiency of R&D

Ratio of R8 ‘D/estment

Average expectation
of R&D efficiency

yearly investment

Number of NT certification

application per R&D amount
Investment duration

NT: New Technology )
El: Environment Industry Ratio of S_ales by NT per
year relative to El sales

Fig. 3. SD stock & flow computer model.

< 20089 F-E] 2013 7HA] 24 E A AR A4 9 ‘A7 | ZH(review period)’ 2 Al7]&& 7Ee $5E 4l
ALY FAE o]-§5o] 2008\ F-E 2013 71A] 61 71& ASA AR d-e) A=)7Itke YEl=
HS7H21 16.39%2F 2013 ¥ 2017E7HA] 54 33 AZPHpRA B ARQA7|E W SAARAA] L oA F
T57HEY 032%E ZAE3ten, Algdeld 71zt Rt A7 arste] ol YTt 3 Alzte s
&9 20137 20179714 &) 5\ Bats 7ol At Sl APBIAT. A Epass rate)' 2 A7F AT R AT
AlEe AL 7HsAn 4 (1)~(3)= Fig. 39| SD AT AVle & A SVIeR dHE s
stock & flow FHIFE] HEof| A AgFHpl Sgaty] & HlES Qulsty Vs HA LS ol - HE @
R&DEXFQP FrgHaeed gt FAo) Hep gl o T 9 e A=F o]-8-5fo] 20089FE 2017d7HA]

219 BAS F48ksto] hehdl Aol SD B o B Mgk *SRAI7|% YR (expiration
St

141 E}—_— Heg E3H A (D)~R)Y 22 =49 e = rate per validated new technology)’2 F+8A17|& 3 A%
A, A% f7|Zke] WhREE A7]44E e,
Total R&D Investment in Environment Industry = / (Change of yearly investment)dt €))

Total R&D investment in environment industry *x Change rate in investment)

Change of yearly investment =
ge of yearly Investment duration )

Investment amount for R&D
= Ratio of R&D investment % Ratio of sales by new technology per year relative to environment industry sales

x Total R&D investment in environment industry 3)

Fig. 39| A ‘58 A17]%(validated new technology)’-2 33, Fig. 39 ‘A7tpFEFN e Arje {fa7|7t
‘A7 g Al7]E(Ag9)(umber  of issued  new b A A SRS oulstn ‘HE§dS
technology per year)’9} <&17F wki A17]<(A4)(number (number of applied sites)’?} ‘F T FFF(sales
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A48 A% Uhe T ohEES e 284
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B 201797449 A% 24 AS gk 7]
7ol thet  Q1A]4=Z(recognition on level of
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Hopzgoro] AXsts &S Uehys, elyE
R&D & &(perceived efficiency of R&D) < Kim and
An (201104 AAIGE A= e R&D FALR
&9 WA Faste] Fig 49} 2ol 71&Age] Hat
Q14550 wHE R&D T80 214 Weks e g
2 eho] maol HesHot) Fig 404 7t
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e ok

Fig 5~8& Table 1o] AAH Aguse] 274k,
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Fig. 4. Perception change of R&D efficiency according to
recognition on level of technological development.
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Fig. 8. Changes in sales by new technology per year for changes in expiration rate per validated new technology.
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Table 2. Policy leverage

Main Index(Yearly sales amount)
Exogenous Variable Value Change rate | Max. Occurrence Time
(100 million won) (%) (yr)
irati i B 1 4,227
Expiration rate per validated ase 0.16 38,10 2037
new technology (1/yr) 30% down | 0.11 5,837
i i B 1 4,227
Review period ase , 3706 2037
(yr) 30% down | 0.7 5,794
ilizati B 12 4.4
New technology utilization ase 0 59 29,02 2031
rate(1/yr) 30% up 0.15 5,753
Pass rate Base 0.45 4,227 95 94 2037
(%) 30% up | 0.59 5,324
AT A)718 HolETh Table 2 ‘A7REFoPS] A Al WAL 98] TAL, AN, §
M2 9= nAle YR FEAVe TR A7 e 93 AVeEgere] oFRs
golm 1 tgem 2 e nAL oRAst o W] ot ARG UgEs B4
AA717P Q1 AL LrERATE Table 20 HQl upo} 7 o} O AT AeFaNE ST f8l 7P
o] “§RAZE WRE0] 0.16 (Dol A 0.11 (N Ajke FAL 47]E a7k Senan §i
FaE A ANEFFRL BA% AE FHE A AYE MRS Folk oW, I Lozt 4
o8 d St o]t WIl= HA WA= 47 AP e Eole Aol ARl Aer EAEIh
709 200895 E 203737k 9] Z17F Bk b W 20189 69 A4 A% @ AZAE ] A4
515 Lehditk. Fig 8& 9)5use] JaFe BAR Sk whgel B g B Q% AAAAE WA A4
o] oz fFailrle e o] Wt gk ‘Azt 717kol thar Ao = U= 7hsAdol AXA = ]l
Grgopel WekE IR ek Aolth Fig 8o T2 & g ATl ojshu kgl i
A FREAE vrEE o] Woldes (Ao A71E wtes teor AP d¥E Eol
o FbHe Ao® ueiton] ok AZl&e] §E wAEDE AP Sole AL Aneid
N2 B 2EFAY Frel FHA GHFL U AP ZAAIE SHolHE v eA e Ao
AL Aom BAT 4 2 @eEc AP R gEAg 5
Qe A ol BR FAHom Fpsd R0 A
6 A = 712 @53 A A71e fATIE AFAIA Al
= = e wRES BolAY Arlee] UEES wY
2008US 7|20 B 30de] tje) molar Ank, 5 AR AVETE ARS oty dar
‘GHAV|E T ‘FgAV|E S AlEY o)A 717 B9t S99 SHE T ‘FHAVIEA= T ket g
Aoz A%t Aog dZEQrl. B3 AL At el A4S ARlsks d v & 98 I35
Pt ASAA FeHe W 7199 AneFE A% Ao AR
o ABHIH FI B AW £EL FAT A A&l I MEFRE APATIE ade
o o ZHrh o|@at A Mol RS AR & R&D BAW ofet 719 AAle] dYH e EAE
guet 4T} sgAele] 4o Zdlsts Aom  mElEojof dith ST A7EL BAdtE gt 7|
AtRE &, BACE Al7ed AT AA P2 HFE S27|deR ols 7IdeY 44 W=
g ASAA, B AR W AZAA 5 B Aol S5 sk Ugich JenE B Qi
2] YR FAE £2 oY v M2 AL ABRAEE o83 A¥st W SD wEl A
o AERYSL WobAAT AR FAE F2 /199 Gl £ % thEo] A e
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