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new entrants

Indicator (Lv. 1) Indicator (Lv. 2) Source
Technological Advancement of technology, Shen et al.
attractiveness Generics of technology, (2012)

Technological extendibility
R&D spending in the Brockley
technological area, Number of (2004),

Porter (2005)

Dynamics of emerging

technologies

Development in the technological

diversity(of newly founded firms)

Van der Valk
et al. (2009)

Technological maturity

Number of patents, Number of

publications

Porter (2005),
Brockley
(2004),
Verbeek et al.
(2002),

Watts &
Porter (1997),
Brenner (2005),
Daim et al.

(2006)

Technology applications

Application area, Patent class

code spread

Porter (2005)
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of THIAdS sl & QA4S AAFSTH(Shen et al, 2012; Van der Valk et
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9l TH(Porter, 2005).
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Indicator (Lv. 2)

Indicator (Lv. 1) Source

Geographical spread

Research publication

concentration, Technology

Porter (2005),
Watts and Porter

cite in relation to (1997)
Risk Commercial risk, Technical Shen et al.
risk, Technical difficulties (2012)

Business effect

Potential return on
investment, Effect on
existing market share, New

market potential

Market adoption

New product introductions

Brockley (2004)

Policy impact

Trade policy impact,
Government incentive and
taxation, Regulatory
assessment, Anti—trust
policy impact, Environmental

regulatory impact

Porter (2005)




AA AA Fagk Wgog & 4 Q. dF A 2HAELS UE 7|89 A
of 385 wnHtl BMO(Bruce-Merrifield-Ohe)9} 28 A& H7l 7|FS 74,

Aol FAet 2 aAES XTI 2% Fad A AxEES AAstL U
(Merrifield et al, 1978). olyx| ¢} 22 AF sgdelAes A4 218 133 A
7% 7137} d2H7EAY dEH7E 4= 9t (Chang et al., 2013; Shen et al.,
2010; Verbruggen et al., 2010).

ol FTollM dF AFE= FY AFECIH dFE 5o, Esu =2 et 2
L 2 FE 180l 24709 A= Alx7b A8t (Kajikawa et al., 2008). Al &
= 7 AL FIARE AAE BT, 2R AFAE]
=2 EYUHY = dHe AdstA Fva FA9 vbb doh

=3 B4 V35S dSst] e AFAEE AR
2!

£ oo & Fart



il
i

=0

H

_'?_

A 3%+

# ¥ 2 (Research framework)

hYA

3.1 &9

4r

al

4 EUHY AR

3H Al
= ™

9]

1
T

ZEEE]

3L

O
jis

17-9]

e

=
3L

sl ApAdel

5

stef, 2) AAE F

A=

hyA

T

or

= Al 7HA] dAR A E o v
==

1
15 A%
ANEEE

-}

3!
o3 717K Asiel i

ST AR

2HA:
NAZTFIAEH o

124

o g
<9 1> 9T

[+]

<

adl
o

0

<R
o

"o

]

o
w

o

A

ol

B

A

—_
fie)

!

pl
B

b

]
X

vetglom, 27|13 E Fdl Al

i A

)

] Wstel] o

7}



3.2 7|3 3
13 A2 & (Auto-regression model)

g o
,M_m T ™

G o I )

B P © =k ow N
=

SN TR &l ~ = i 5

* T g > 5 8 e

B o T B > ~ R

D,.* juy HW ~ B2 — . C.ru :.L ﬂwo

- ay ) @m S E gy Al oy ge

= o N o = S e

do < o M < W Y < Bo il

<~ o = = -~ = ° X0

GG T 0 To e
Z.L ﬁA.._ . ~ +— ZT_

— o). m w wAro ol ov—f &0 ,.E_.nﬁ g \w..._ —_
F ° N - + < 2 = NE ct
w o K = v o = ™ o 9o

~ S o LC T Q R —_

—_— b Ny o 2 0 o - <
wr o o} + o) o ﬁl \VM H C,_ ‘mﬂ J—
R A - 3 rE I e TR

ul = L o] Y - K T

= £ + s N ) Hr
A bR e
o o0 ° O A

= o I [ 0 @ R o S = 7
o A S o W 3T Z . o o
W = = = R N OE = — ajo
% = Wy [ — X
< B8 C) ~ o e
R ) w B o o N W
T o oy <7 RO AR
0 1__/l ~d ‘9-1_ o = o) Aro— =

R il f R ~ Mo N X
o = i
gy DR WoE i = |
B o= o o m I Ay ol Rt M
o 0 O e ~ =g BN

EEA. ~ - 7U 1) N — LT
G = N < A —_ T N = R
5o v m I kTaf
% oo =g N Iy T R

T o " > L = 3 7 H ¥

oD o . ™ gt N T T X

) A T o T
o w oo -
B AR B

AT,



AT 2

A 47

U
B

(BIPV)

24 ol 5 91

24 Ao )

ok
=l

ol A 20094 71 ]

Far slek e B3

5|

R4

sk 2003

8%= #Astal Slvh. HE

ok
=

N T

o}

<

& Holn war A%

+E

A

3

45% 9]

3

= A%

I

X

gl 7t

3l

oF

AR} Folgky] witol,

o | A

of wg} W& 4 9t} BIPV(

Qa4

5

A2 A

ol | ]

e

o)
o
]

}# 9+ BIPV

o

7.

el
&H
o
XO
o

&

¥

CIREIY

=
3

%

d

ik

3L

%

el

At kA

o] %} o]

= 549

o Al g ot

A3 &

=
=

oluet 7

o]

1
T

&

A

—_
o

B

i

Ay A
st

%9} BIPV RE9 RUEH XA

JE g A

m

S ALg

a7) 9

il

o A

of st A}

Fach E=ek | 7]

)

£y

/\] xc}’ xg

o<
=,

S <HE 1>, <E 2> oAt o] 7]
t g AEES PV ZEI BIPV ZE 7|

3> oAl e} 2ol

B

&

2=
=

ST
3t

A

G

al

=2 A

A
SES

Z]
S

3 <3

7] 4]

JJo
—_

-
R

Pt = el A

al-=]
13

o
IT

AlA A7l A



S B oATeAE AEE AA A U A S92 el Agatsln

_10_



<% 3> RUHH A

E E3} dolg &3

x| A9 ws | ofold @9l AE EEEES
71E AA A% PV 2E/BIPVEE | C-Si(HIT) efficiency, | NREL, BEST
Organic cells RESEARCH CELL
efficiency EFFICIENCIES
A M A A2 BIPVE & Total number of IEA
Building Energy
Efficiency Policies,
Number of policy
enforcement
countries
PV 2& PV industry Bloomberg New
investment amount Energy Finance
(by government)
= A% PV 2E/BIPVEE | PV Feed in Tariff Korea Energy
Agency
Al % M A A2 PV EE/BIPVEE | Poly-silicon Price Korea Eximbank
PV & Size of the global Statista
solar photovoltaic
module market
Global PV market Korea Eximbank
PV O&M cumulative | GTM research
market Global
China Industry IEA
electricity
consumption
China’s PV share in | Zhao et al., 2015
the world installation
BIPVE & Global BIPV module | Solar&Energy,
revenue SNEresearch
= A% PV 2=/BIPVE % | Domestic PV module | Korea Energy
capacity, Domestic Agency, Korea
PV unit price of Eximbank
electricity generation
PV X & PV R&D investment | Korea Energy
by government, Agency
Domestic PV
revenue
BIPVE & Domestic BIPV KIPRIS,
revenue KISVALUE

-1

1 —




o

Aol &8 BIPVS PV Al BFoA 7]s wjg e

ge

PV el BIPVO 7+7}

=] ©
e

7 A

o
3

9

X

4

B

o

2009 ol A F-E] 20151 ] | o] E

-
T

g A7l

9

THA 2, A R, @7
Td do]
PVel BIPVE] 7FA] 7}

s

z

1

4.3 A7)13AEA (Auto-regression analysis)

et v

™, °]

mJ

o 4%

BH

sheie.

S

A5

=

7
s

R

=1
=

AR

o

Itk 2d -1, 1-2% 3 A

= A%

=
H FEHZ 7=

=]

H =2

1
g

kel

ST
X

Holu,

=
=

oA
SEERY

=

)

o] 1-1

=N
N

4> oA H
o)

<3

FA %

S

el
Nfo
o)
g

—_—

il

Model 1-2

_12_

4> AA A PV & #2739
Model 1-1 (China)

ST
it

<




Global PV module Coef. Std. error Coef. Std. error
(Intercept) 0.5254 0.1103 0.4144- 0.1068
Global PV module

1.0809 0.6526 0.7951* 0.1656
market (t-1)
C-Si(HIT) efficiency
1) 0.1222 0.3070 0.5220- 0.1553
t-1
IPolysilicon price

0.0566 0.3330
(t-1)
China industry
electricity -0.1958 0.2054 -1.1571+* 0.1684
consumption (t-1)
R? 0.9836 0.8177
IAdjusted R? 0.9180 0.6962

Note: <0.1, <0.05, *<0.01, *%<0.001, #***<0

BIPV ®2&5° A%, A4 BIPV Esd 539 XxE
ohomebd gl B Aol NE PV wEe] 4gE
AxE ol AE3UT 2% PV AESS Edste] mg

2 folg AEsh A
sfsh A7l OKM($

L
g m e A

.

SAH L wr. 4" 2l

<& 5> 2249 BIPV 2E A7|3 AL 23}

Model 1-1 Model 1-2

Global BIPV module Coef. Std. error Coef. Std. error
(Intercept) 0.2448 0.1267 0.1990 0.0994
Global BIPV revenue -1.8628 0.5113 -2.0257* 0.4136

_13_




t-1
China’s PV share in the
-0.6184 0.1050 -0.6575% 0.0817
world installation (t-1)
(Global number of
building energy 0.0940 0.1229
efficiency policies (t-1)
(Global PV O&M
3.1113 0.2764 3.1209: 0.2458
cumulative market (t-1)
R? 0.9979 0.9967
Adjusted R? 0.9896 0.9917

Note: <0.1, '<0.05, *<0.01, **x<0.001, #*x*x<0
A S Al Ao PY mEel dElE 2787 mae Fystd,
28 -1 AH wuEy QxS /s FYHol, dnHos fov

FEs BTt @Al PV AN = VIE Ves

rot
£
-
N
0
e
lo
H
pIv
rlo
i

<E 6> =W PV BE 73 ARA Ay

Model 1-1 Model 1-2
Domestic PV
Coef. Std. error Coef. Std. error

module
(Intercept) 0.3798 0.3168 0.3077* 0.0237

Domestic PV
1.4447 1.0327 0.0061 0.1074

revenue (t-1)
Polysilicon price 2.4636* 0.1291
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(t-1)
Domestic PV
Feed-In—-Tariff -1.9651 1.2434 -0.6166 0.1160
(t-1)
Organic cells
1.0648 0.6193 3.0346% 0.1129
efficiency (t-1)
R? 0.6031 0.9989
IAdjusted R? 0.0077 0.9946
Note: <0.1, "<0.05, *<0.01, **%<0.001, **x<0
<E 7> ol B 5 %ol fovatn £2H AmE t-1 AddAe
A a&y EA8E 7H4olH, o= =9 BIPV EE AlES w7t
o R e GFe wETE Ao R4 & A
<E 7> = BIPV 2E A7)3AEA Az
Model 1-1 Model 1-2
Domestic BIPV module Coef. |Std. error| Coef. Std. error
(Intercept) 0.41185** (0.03465 0.4035%*  [0.0338
Domestic BIPV revenue (t-1) -0.2896- 0.09322 0.0304 0.0608
Organic cells efficiency (t-1) 0.84967+x 0.09426
Polysilicon price (t-1) —-(0.5505%*  0.0601
R? 0.988 0.9885
IAdjusted R? 0.98 0.9809
Note: <0.1, '<0.05, *<0.01, **<0.001, ***<0
4.4 N7 =82 (Sensitivity analysis)
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ARE Aests] QM <E 8> AMst ol 14 WPE AFE Astgct. o
ol AuHoR wow F&HuS U@ WAt dUAer ¥ou S4F &
AT

<3 8> First-order sensitivity #4] 23}
1st-order
Item Model Variable Coef.| Min Max |[sensitivity
index
1-2 Global PV module market 0.795 [-1.626 [1.500 0.302
(Global China industry electricity
1-2 -1.157-1.459 [1.624 0.622
PV module consumption
1-2 C-Si(HIT) efficiency 0.522 -0.700 [1.699 0.077
1-1 Global BIPV revenue -2.026-0.692 2.144 0.305
Global PV O&M
1-1 3.121 -1.031 [1.708 0.675
cumulative market
(Global
China’s PV share in the
BIPV 1-1 -0.657-1.487 0.736 0.020
world installation
module
-1 Global BIPV revenue -3.626-0.692 [2.144 0.772
2-1 IPolysilicon price -0.737-0.922 [1.236 0.030
2-1 C-Si(HIT) efficiency 2.341 [-0.700 [1.699 0.198
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1-2 Domestic PV revenue -0.539-1.659 [1.122 0.022
Domestic

PV module 1-2 Organic cells efficiency 3.209 -1.463 0.975 0.599

1-2  Polysilicon price 2.881 -0.922 [1.236 0.379

1-1 Domestic BIPV revenue -0.290-1.911 0.926 0.136

Domestic

BIPV

1-1 Organic cells efficiency 0.850 |-1.463 [0.975 0.864

module  1-2  |Domestic BIPV revenue  0.030 [-1.911 0975  0.005

1-2 IPolysilicon price -0.556[-0.922 [1.236 0.995

I Aol E NP AFS meste] W 2 AA A" F
2 BIPV EEo| 3 &34 mUEY A Aes 2= 9l9lt),

<R 9> o] A He t AHCNA L Tle 7139 hA o] WEkE 4T ¢ Uk

==
il

<E 9> AAFE BUHY AxX

3 EUHY A1
7% Organic cells efficiency

C-Si(HIT) efficiency

Al China industry electricity consumption

Polysilicon price

Global PV O&M Cumulative market
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ABSTRACT

Identifying monitoring indicators for emerging

technological opportunities

Oh, Eun Gyeong
Management of Technology

Sungkyunkwan University

Monitoring of emerging technologies needs indicators which are more sensitive to
changes in context and time. To this purpose, organizations have depended on
qualitative expert judgment, but it has increasingly suffered from reduced sensitivity and
accuracy. A better way of monitoring is needed. As either alternative or supplement to
expert judgment, some researchers suggested various quantitative indicators including
number of patents, number of new products and others. However, it is not clear what
indicators are good for monitoring of emerging technologies, and how we can identify
such indicators because each indicator has advantages as well as disadvantages.
Therefore, in this paper, we suggest a method of identifying appropriate quantitative
monitoring indicators for emerging technological opportunities.

In the existing literature, appropriateness of monitoring indicators can be evaluated
from three perspectives: 1) sensitivity to technological changes, 2) sensitivity to changes
in external context, and 3) sensitivity to the value of a technological opportunity. In
other words, good monitoring indicators send signals when important changes occur.

Through literature review, we collect monitoring indicators and their time—series data of
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two emerging technologies over last nine vyears. Selected technologies consist of
building-integrated photovoltaic module and photovoltaic module. Reviewing existing
literature, we construct a pool of monitoring indicators. Using autoregression and
correlation analysis, we can choose monitoring indicators that can explain the variance
of value of a technological opportunity. Then, sensitivity analysis helps us identify
indicators that are sensitive to changes in technology and context.

For emerging technologies, we find some indicators that are sensitive to more than
70% of changes in technology and external context, but are sensitive to less than 10%
of noises. However, some indicators are sensitive to more than 90% of changes in either
technology or external context, and therefore are useful to monitor a certain kind of
changes. By using these results, we can create a sequential use of indicators to identify
a specific change in either technology or external context, and then to identify a clear
shift in both aspects. Our finding can be useful to monitor emerging technologies on
both public and private sides, and help policymakers as well as managers make good

decisions for science and technology policy, R&D and further business.

Key words : monitoring , technological opportunity , indicator ,

autoregression , sensitivity
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