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Function, process and sustainability evaluation of eco-innovation systems
LIL"

China Center for Modernization Research, National Science Library, Chinese Academy of Sciences, Beijing 100190, China

Abstract; The development of eco-innovation varies across different countries, as does the development of eco-innovation
systems. Eco-innovation system is a network system formed by a series of participants through interaction. The purpose of
eco-innovation system is to improve the production, diffusion and application of knowledge and technology conducive to
coordinating ecological conservation, environmental protection and socio-economic development. To compare and analysis
quantitatively the development and sustainability of eco-innovation systems in major advanced countries, as well as to
describe and analysis the advantages and disadvantages in these innovation systems more precisely, this paper proposes a
two-step model and an overall framework to evaluate eco-innovation systems. Firstly, the study combines function and
process assessments to evaluate the development level of eco-innovation system. Secondly, the study focuses on the long-
term development of the systems, namely system sustainability. A model evaluating the sustainability from the perspective of
capital , which includes knowledge capital, economic capital, human capital and social capital, is exploited. The stock,
flow and risk factors of these capitals are considered as well. Based on the theory of innovation system, literature review,
and comparison of international research, 30 key indicators are selected, and a complicated indicator system involved two

index matrices are construed. Principal component analysis and comprehensive evaluation are used to evaluate the function-
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process and sustainability of eco-innovation systems in different countries. The results show that France, Germany, South
Korea, Spain and Norway exhibit strong performance in terms of eco-innovation system function and system process. The
eco-innovation systems of South Korea, Germany, Austria, Norway and Czech Republic have the best sustainable
performance. According to the development and sustainability of their eco-innovation systems, the countries can be classified
into four groups, and different strategies can be adopted accordingly. South Korea is an eco-innovation leader, and its
system has strong performance and sustainability. The system of Spain has high development but weak sustainability, and it
is necessary to increase investment in eco-innovation. Turkey has weak performance and weak sustainability, while the two
aspects of Netherland are relatively balanced. In addition to increasing capital investment, Turkey should also strengthen the
improvement of system functions and the optimization of innovation process. The research not only improves the integrated
evaluations of the function and the process of innovation systems, but also makes up for research on sustainability.
Moreover, the results provide a scientific basis and data to support the improvement of eco-innovation systems and the

introduction of relevant eco-innovation policies in these countries.

Key Words: eco-innovation; environmental innovation; innovation system; innovation evaluation; sustainability
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Table 1 Representative evaluation of eco-innovation systems

5 ML R A A I aN N WM T5 i P37
Study Scope Model Indicators Method Source
WO E QIR AR S 16
European eco-innovation 28 AR BN -2 R - o %/F - A ek [8]
scoreboard
Eoe SR % Ny TR =R 2 A4 4 A
The global cleantech 40 MEZR/ X HEE AR -G H A 15 A LRAHRIRIE [9]
innovation index Ei=y
SRR O TR EL 130 A~ Z M PUERAL, S ) SRR A -RBORER 4 A ERE 19 [10]
The global green economy index Hi X [ T-TT 3 A% - 2R 88 ANEFR
RS QIHBE 7 A B BB S HE 5 3 A 4 4
A S ATHE AL 49 AN AR BE A S BIHTE SR A A GUH BUA E %?ZO 4 Lo b 11
Eco-innovation index PEZ%E H5B08 s SR AT FREE K = T IS LR AT *b%: FhRaE
e o

JeBk [ 5 fE U8 4 R BH R 5 oK [ELZTRES
WA P e 7 4ERE,90
Evaluation of energy technology ﬁ“ﬁﬂﬁ%uﬁliﬁé BB RS 7 ADIRE, BB 5 AN Jrm FR bR TRbRHES 12 [13]
innovation system in Nordic - PEAETE bR .
countries 8 &R
WA 4R 5 B A R A3 R 58
M W i == I 7 3 B 5
Evaluation of carbon capture and KA mEXK QRS 7 Ik B 31 A we | RRINEE [50]

. . - y (T
storage technology innovation FIESES
system
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Fig.1 Evaluation model of eco-innovation systems based on

function-process-sustainability
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Table 2 Function-process evaluation index matrix of eco-innovation systems

itk ®A gy A

Function Input Output Impact

Eown s LRENL CENTHER  MEEETRR
H: BB E1S: Feo innovation guidance ﬁiiiﬁgi o igﬂjﬁg gﬁiﬁ;ig}n
R I -

R3 ASVHRGE LT AIERERE

Table 3 Sustainability evaluation index matrix of eco-innovation systems

e FEht sl SRR R 3
Capital Stock Flow Risk
HIRFEA Knowledge capital BT

N PR 2 B A
LY AR Economic capital PRI s B 4 4 Kok W2 FE =%

A LA KR 7= At B U

AJ1%EA Human capital A FEEEA LA B B WFR N G K% [EEr N N &R bk
FLAWEAR Social capital RBEIHCR ™ b7 FE 5L W5

HRAE OECD FREGH AR FIEHE 12 , 2018 4F 3 BE 4 AR L I BCHERT 30 44 S8 1 P58 L B A Bk S 1Y
95.9% ,H:rh 23 MEZJE T OECD A5 [, HAREEH AR LA 5 OECD Wit A1 99.1% , PRIt 3 4L [ 58 5k
ARG T R EE A S, RIEEIERAHE G, L FE 2018 4EAE N T RE -l B VEAN Y 3L MEAE | SR 4E 2018 4F
SR AR B HEATIPAL . AE AT RELR R PAS o, 25 IS AAE FH A R SR RIS [ 8 A FH A9 B i) 22 S, 8 A 8k
PR AR 1 BN BT 2 AR PR £ 2009—2018 4R 1 R4 | MR AR PRk £ 2009—2018 4F 1 F- 435 1< 344
P, HAbFE bR ESE 2009 4E LUG O B BT AR 8

T R A AN 4, R ARG = Fabn A 2 S BRI 22 , B A&k i IR 2 2= /045 50% ()45
PRI . FEDRE- 1 BTG AT DAl of 200 18 NN 13 AN R B 3 5 AT BV TA K

3 HEER

3.1 e ERIEAG

SR E I i 7™ B N EE A AR bR, A5 8 10 DI RE- D RPN TRAR AR DG R AR M (3R 4) . S5 R RIITE 2
AR R A S E (A ARSI SRS EHE ) A BB FIGAS B 5 B T

R RGN RE-S FRVEAN 45 o A 22 BTRkR A B STHRR A 4 D R B IEE R T 1, Hop i —
F R T 2605 A IR AR i ST 2519 29.78% , T 4 > FE A B RRUT 2 BT R 83.95% (K 5) .

HRAE T2 AT AT R B (2% 6) , T LUVE R B8 — o AR 8 0F R SO A SRR R 1) 28 A 39 35 )
0.728, KL, 55— F pisr AR A BB R M AESIERAFSE . 26 = T b b A 80 & A B A 2k A ik
£ 0.772, REABBIF REMAESCIH T, 560U F s h IRBE BRI i ik 5] 0.611, fARABAIH R
SRR T SR,
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R4 HEXMEERE

Table 4 Correlation matrix

R ASEE RSP ASY ERES ASR AE SlAS HRE HHEBL
RAR O RSGh Y FIEE RMERY BEE Sk BhRAR EER fiEdL

HBHFR N Eco R&D personnel 1.000 0.359 0.167 0.018 -0.108  -0.412  -0.471 0.670 0.018 0.120

H W% 32 Eco R&D expenditure 0.359 1.000 0.609 0.754 -0203  -0.033  -0.299  0.098  -0.160 0.036

HEBBLE Y Eco publications 0.167 0.609 1.000 0.506 -0.376  -0.247  -0.172 0334  -0.262 -0.544

HBEFIEE Eco patent density 0.018 0.754 0.506 1.000  -0253  -0.054 -0347 -0.383  -0.392 0.151
ESATERN

@ME“ R o -0.108  -0.203  -0.376  -0.253 1.000 -0.476  -0.558  -0.091 0.202 0.211

International eco cooperative invention

A Eeo higher education -0.412  -0.033  -0.247  -0.054 -0.476 1.000 0.779  -0.358 0.236 0.098

ANFEAZSHER Eco public R&D -0.471  -0299  -0.172  -0.347 -0.558 0.779 1.000  -0.112 0.025 -0.204

AR AR

Mkif“ BEAR 0.670 0.098 0.334  -0.383 -0.091  -0358  -0.112 1.000 0.005 -0.219

Enterprise eco R&D personnel

WA R

! e . 0.018  -0.160  -0262  -0.392 0.202 0.236 0.025  0.005 1.000 0.041

Environmental management awareness

ki 0.120 0.036  -0.544 0.151 0.211 0.098  -0.204 -0.219 0.041 1.000

Environmentally related tax revenue

x5 BAERE

Table 5 Interpretation of total variance

WAL FREBAT - J5
)i%n Initial eigenvalues Extraction sums of squared loadings
Component SN Ji2e/% 2B/ % Mt J7 22/ % 2BV %
Total Variance Cumulative Total Variance Cumulative

1 2.978 29.781 29.781 2.978 29.781 29.781
2 2.336 23.356 53.137 2.336 23.356 53.137
3 1.844 18.441 71.579 1.844 18.441 71.579
4 1.237 12.367 83.946 1.237 12.367 83.946

5 0.917 9.166 93.112

6 0.360 3.604 96.716

7 0.226 2.262 98.978

8 0.079 0.792 99.770

9 0.023 0.226 99.996

10 0.000 0.004 100.000

®6 HOERE
Table 6 Component matrix
43 Component
1 2 3 4

HEBWFE A B Eco R&D personnel 0.626 -0.330 0.325 0.549
SR S H Eco R&D expenditure 0.728 0.391 -0.232 0.294
HE SRR Eco publications 0.728 0.470 0.263 -0.260
HBLHEE Eco patent density 0.590 0.502 -0.617 0.020
[H FrA: 258 1F & W International eco cooperative invention -0.049 -0.796 -0.340 -0.303
HERFESHE Eco higher education -0.630 0.611 -0.022 0.382
AFERIIR Eco public R&D -0.676 0.588 0.356 0.074
AV A S & A B Enterprise eco R&D personnel 0.424 -0.276 0.772 0.221
PB4 RN Environmental management awareness -0.356 -0.302 0.153 0.340
I BUEIL Environmentally related tax revenue -0.125 -0.289 -0.610 0.611

AR T RBOE R T34 B A S AU RS RE- S BRSSP, RIS S5 R, 18 NS K
A BE R G RE- SRR e ) S A TA P s Y PR AR (R 7).
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F7 AEERESCH RFEINEE-TZIFHLER (2018 4F)

Table 7 Results of the function and process assessment of eco-innovation systems in different countries (2018)

F1 F2 F3 F4 y
J2[H United States 0.079 -0.132 -0.237 0.046 -0.045
i} [E South Korea 1.160 0.244 -0.526 1.220 0.456
78 E Germany 0.772 0.968 -0.128 0.544 0.500
[ France 1.237 -0.394 0.567 1.058 0.512
HZ[E United Kingdom 0.643 -0.008 -0.063 0.296 0.215
BEKA Traly 0.363 -0.201 -0.151 0.593 0.106
fif 22 Netherland 0.616 -0.987 -0.209 0.940 0.031
Bl Sweden 0.831 -0.584 0.258 1.081 0.292
F17Z Denmark 0.270 -0.575 -0.591 1.003 -0.039
B A Austria 0.113 -0.475 -0.455 0.537 -0.095
2% Poland -1.049 0.902 0.078 1.081 0.046
PYHESF Spain 0.690 -0.393 0.858 0.924 0.386
FE )i Belgium 0.473 -0.740 -0.098 0.651 0.031
7522 Finland 0.260 0.019 0.172 1.776 0.333
+HH: Turkey -0.207 -0.203 -0.257 0.503 -0.094
R Norway 0.672 -0.115 0.163 1.456 0.383
$E5E Czech Republic -1.008 -0.264 -0.369 0.956 -0.312
% I J2 . Romania -1.316 0.739 0.087 0.926 -0.089

F1.55—F W0 280 1st Principal component coefficient, F2; B FE A R B 2nd Principal component coefficient, F3; = ERS RZEL 3ud
Principal component coefficient,F4;§|§[EﬂéﬁE%§§& 4th Principal component coefficient,}':i?{ﬁ*lﬁ%&ﬁ Evaluation index score

3.2 ATHREEPETEAN
SNBRE BRI 7™ AN T R PR AR 15 5] O A AT RR LR IR TR PR ARG PERE I (3R 8) . A5 B IIR AR 2
B A7 A5 A A M (U A A R 43 ABE R 5 77 S BLDSANIG ) , A WhZEXT IR R AR (5 vk 4 |

®8 MEXMIER

Table 8 Correlation matrix

itk ASEEE AR WMNEE EEN BRI REER Bt W
AR BAERE BERA O WEEKE RAUE ieEst Ui BEbE B

R LH

. 1.000 0.244 0.252 0.421 0.366 0.272 0.435 -0.130 0.579

Cumulative eco patents

?ﬁSE Pt 0. 3%
EEREBASKE . 0.244 1.000 0.062 -0.104 0.220 0.126 0.403 0.785 -0.180
Growth rate of eco R&D investment
NFYIRRLE TE FEA
Fixed capital for environmental 0.252 0.062 1.000 0.458 0.389 -0.284 0.591 -0.232 0.516
protection per capita
IR B G IR
Current and capital transfers for 0.421 -0.104 0.458 1.000 0.115 -0.411 0.078 -0.150 0.314
environmental protection

SEg Al R
HE%U%ifE}: .. 0.366 0.220 0.389 0.115 1.000 -0.228 0.293 0.016 -0.172
Environmental multifactor productivity
R R B e
FHCASUS \W&Héﬂﬁl . 0.272 0.126 -0.284 -0.411 -0.228 1.000 0.330 0.130 0.263
Shortage of professional skills

g I
Hﬁ,'ﬁ(%} }ﬁ%ﬂﬁ . 0.435 0.403 0.591 0.078 0.293 0.330 1.000 0.259 0.520
Environmental policy stringency

2 gt
PRI -0.130 0.785 0232 -0.150 0.016 0.130 0.259 1.000 ~0.446
Taxes less subsidies on products

ME S
I 0.579 -0.180 0.516 0.314 -0.172 0.263 0.520 -0.446 1.000

Environmental performance

AR AT RSP 2% 32 23 B9 75 22 STTRRARR R AGTRRR A 3 A BRI R T 1, b 3 — 3l
G377 2 5 TR SRR B B R T 2219 31.79% T 3 > U BARTT 25 TTERR N 74.99% (£ 9) .
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R9 BRAEMHE

Table 9 Interpretation of total variance

HIHRFHIE(E PRI Al
)i Initial eigenvalues Extraction sums of squared loadings
Component Bt I 22/ % 2% Rt I 22/ % R %
Total Variance Cumulative Total Variance Cumulative

1 2.861 31.791 31.791 2.861 31.791 31.791

2 2.219 24.653 56.445 2.219 24.653 56.445

3 1.669 18.548 74.993 1.669 18.548 74.993

4 0.886 9.850 84.842

5 0.843 9.367 94.209

6 0.312 3.462 97.671

7 0.161 1.793 99.464

8 0.041 0.458 99.922

9 0.007 0.078 100.000

HRAE 32 LA AT R B (2 10) , 0] LIVE R 2058 — F 0o h ARG e 87 | RS € R IR BR 48K
FREE B ™ D7 48 B A A 43 A 2 0.790 ,0.761 ,0.761 1 0.741, H Ik, 5 — FE i TERFAEBCHRLER
R AT S RA S5 FE N P A S A AR AR AR 77 i Bk 1 28 /a7 23 501 35 31 0.891 F10.877, &
BRFAEDAIH REMATTFEA 5 = TR hRHE A 5 58 8 b i) 207 15 51 0.843 AR AERAH &
BN TTHA

K10 BOEKE

Table 10 Component matrix

%43 Component

1 2 3
FITER L F| Cumulative eco patents 0.761 0.126 0.174
He S S AR Growth rate of eco R&D investment 0.147 0.891 -0.194
NI [E 2 B4R Fixed capital for environmental protection per capita 0.790 -0.134 -0.313
PRI Bh P 43K 2R Current and capital transfers for environmental protection 0.547 -0.343 -0.392
WREE 2 [ #4277 % Environmental multifactor productivity 0.404 0.217 -0.569
R SR A% fiE 45 Bk Shortage of professional skills 0.055 0.388 0.843
RS R ™ 575 44 Environmental policy stringency 0.741 0.476 0.160
7= BB ANIE Taxes less subsidies on products -0.206 0.877 -0.188
IR BESEL Environmental performance 0.761 -0.281 0.505
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BB Z KIS T RE 27 A i 22 , 75 22 5 22 4 D ZR 58 1 A 2 2525 5 I 2 19 A A5 B K-

F® 11 ARAERESEFRFETFEEMNESTEMNE(2009—2018 4F)

Table 11 Results of sustainability assessment of eco-innovation systems in different countries (2009—2018)

F, F, Fy Yy
i [ South Korea 2.82 2.02 -0.44 1.31
F8[H Germany 1.96 1.42 -0.83 0.82
% [# France 1.11 1.17 -0.32 0.58
KA Ttaly 0.98 0.89 -0.24 0.49
fif 22 Netherland 0.81 1.71 -0.60 0.57
F47 Denmark 0.61 0.69 -0.09 0.35
HHF] Austria 1.20 1.14 0.19 0.70
2% Poland 0.70 1.64 -0.35 0.56
PUPEA Spain 0.74 0.68 -0.12 0.38
2¥2% Finland 0.54 1.43 -0.49 0.43
+HH: Turkey 0.44 0.89 -0.45 0.27
M Norway 1.04 1.53 -0.29 0.65
58 Czech Republic 1.24 0.97 -0.08 0.62
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Fig.2 Results of eco-innovation system assessment
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