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Abstract This study presents a new approach to sustainability assessment that can be used to
automatically evaluate sustainability in each axis of the Triple Bottom Line (TBL) business framework
for a specific field. A sustainability dictionary is built through text mining, and cosine similarity between
the dictionary and a word set extracted from a target field is identified to determine sustainability. In
addition, a relation factor for the words in the dictionary is considered by using Google search data.
Evaluations of academic papers and news articles with a known sustainability tendency found that the
proposed method reasonably predicted, in a quantitative manner, the tendency of sustainability in each
TBL axis. When the proposed method was applied to patents for 3D printing, it was found that this
approach also gives a plausible result when assessing the sustainability not just of 3D printing itself but
of a company that develops 3D printing technologies. It is expected that the present approach will

allow organizations to quantitatively evaluate their sustainability on each axis and enhance it.
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3 ZA7 22 olfE UREHA AHEE 9
ZHoA 71go] }HES 5 9 AEY A&7
(sustainability)ol S8l oJ® w2 ARSI Y=A]
Tilo] FFE T ok A&7Fs7dolst P (well-being)
S AEI7E 71 717F Bet B et 4Ys] fAEE A
< TETH1]. A&7FsAdolst 8o7t FAHeR A
Td A2 1987¢ 34 T FA9YS)(UN World
Commission on Environmental and Development)
oA Zgst HaiAoltH2]. z7]ol& Agte A3t g
7 oo Estal A QIF7F o|2A & T U2 AL
= FA8) W A7l 230 REHF o, ARlA, A
AR SH7AA] T FYo] WolAHA EFE HE 2
OI(TBL: Triple Bottom Line, ©|3} TBL)°]2k= H|ZY
2 Y og dASHTHI-3].

A&7V s7d0] F88ol wet A47141¢] GRI(Global
Reporting Initiative)olA R|&7Fs4 Hil AHTE=
(sustainability reporting standard)E A7) 7]Q4o]
U AE71E 5ol A&7l gt @S 3steE
skl SloH4l. oldf weh, 719 52 v, ol|A] A
& AET O 74, =5 &4 AH 5 &43F
(environmental), AR (social) ¥ A1 (economic)
A&7l wer ko] dis) A&7k HilA
(CSR: Corporate Sustainability Report, ©]3} CSR)
£ v=o] wjEstar SItH5]

7190y 5718 &50] ol JE= S0l AL
3 FHE fAsk=ACl del Brtske AL Ao
F88 o]fpRlH}, A&7 =g Aol AAH
o7 BN £ Qle= B7F Wo] Basith A&7MsA3
L8 Wrltks "Rt F SHHE HAE vlol(text
mining) 7'H& &l A&7 Bl S JEE
FHog Bk o] AAEATHG-9]. B7F AA|
7t = 719eE AEEE 34 AFE CSRel E & 3
ow, 1 9 7199 EHolA, TEE A8 5k g
o} T8 o] AEES 71Yo] AARE BHS] Y6
7hgsta SRt AAREEA FE o] 9lE 4 3o
A&7 Brlel7] e AL ARE Hrl= A
tt Tlof wel, Bt Ane #4995 gl 71
5 71 Qo] & Araw)Q] HEHIZ & = e A=
7} Basit

22, Se|PEE B4 7199 B9 A SHo)
< o] AlMioEet AP olede v oA
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2.1 X&7ksd Bt

A&7Fs7 B7F HoR 45 Felx BEH(MCA:
Manual Content Analysis, ©]5} MCA
QAtH11,12]. MCA¥ CSROlA AFE 3=
U 508 A&7ks/gel Bet P& Hlof
F, AE7F oA 1Yo R HolEE AES) A&7t
573 A x(degree)E &elshk= ®Hiolch. 12y CSRY
A7)7F FEEE AXIL HIAE L6 7]l Bol
AHA MCAR A5k A2 H|RE&Ho]1L AJto] @
o] Ag¥th= EAZL itk ESE MCAE 50= d|
olgE A= Aolgt 914 oF 7Ms4dE xSk
SHAIE EATH13).

ol EAIE sidst| ol As ZEl= EA(ACA:
Automated Content Analysis, ©|3} ACA)S] gZo=2
HAE mloly Hrgo] ARMEUATH7-9]. HIAE wlod
HAHF (unstructured) Fx FAF(semi-structured)
A AEREHRE 9AEE 255 djdS goivl= A
She Z2AAE Tith MCASR:= €8] Q14 & 71s
A& £0] AFdo] o Au|Eo R TRk HolEE
AR AT 4= Qs o] AUt

ACAE UiH® 37t 235 FIslelr] 93t AR
(dictionary)& 2= 2t} ARdoldk 54 ZoFs &
Sk @ol, @ol9] o(words stem), o17H(phrase) &
< M2} @7 Zgol= Tol9 Hid), B2 o
A AR A HIE Sl ARl &3t ©ofrt E
7N olv Aro] HlE(frequency)® E3FEo] =X|o]
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EFoHAY S 58 HrlsHA sl
EA7F A4 385 E = #ge
2 N E TS ok B FA0] H]
= gdsle HHAloloh

Deng 5+ 2015¥%=0f =3 [TEoF 387 7|
CSRE 7122 302%t0], 1170 7HE|2E2 FA% thof
ARE 15T & g7 B w4 44970 A
o2 B4 BstH(contingency table)E ZH5FITHS.
ESEH 354 (correspondence analysis)2 & 7|1
ot HuA g A= 7+ BAE ZSRTHS)
Modapothala®} Issac2 107H9] GRI A&7sA4] Hil
2HTE[10]A 7He| 2 Tolg HAE nfojdog
FEI) APE 15T &, 7195 CSRoll 23 719
to vws A 29 a844S HrIslTH6l.

g, ManuelZ =99 1671 AAHA F5AE
(municipal action plan)& E]AE uto]dsf HA|, A
3, A=, dUA § 7 EE dolg wiAg & 5
Al £d HEQA 4L &3l X47ksd 847 B34
£ 2As7]= sitH14]. E3E, Shahi
o|dx}t 71ASkE WS AASK CSRell et 71A1es
nEdS 15% ¥ 52 7|9 CSR A =25 4
Folols ZEAAE A TH5,16].
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Se HAE v}

o AL AT} 71eE A1 B
EARA, 7|8 ohet XA,

71&9] M 54, 7leo] sfdstas} she AlES] £A

A4, o2 el 5 71de] AAE & 4 Ik AuEl o
ARRES st 1ELe] BF ARoIHI0. ol

Q12 o ESEAE BAs 71k TIeY HEke
FHoke d7-=0] e FSAIAL AHH17,18]. Grimaldi
E2 7|99 EFARIT A7 AT 2FelT 7Y
9] 7|& ZEZ2QE I35l o 983
7199] 551 2EETRE 44 9 FHor B4 7]
/M Ak sHske Az PHEs Adsida
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2 A4 A47heA B7F HoR, §AE uloly
7o g A&7FsAd AMd(dictionary)S #5311, 3
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HAGL TR FAEE ARESHH,
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Collecting sustainability-related

articles
Text Mining

| @ Corpus creation }—>| (@) Word extraction ‘

@ Simplification |-—| (3 Pre-processing ‘

Collecting target
documents
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* Removing words, punctuation,
unnecessary words numbers, etc.
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‘ Building dictionary |
|
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Fig. 1. Methodology
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(R data language)E AR&31¥ 2™, FHA(corpus) T+
%, oo &, A7 Y FSKsimplification)E ¢
3] 'tm', 'corpus’, 'snowballc' 7|X|(package)E At
B51TH20]. 4, HIAE utolgd 7] 7hEst A

oA Eq. ()T} 22 TF-IDFE o|&3] EZE Q3 dols

AASFAG HES 93 vH821], B AFoA=
TE-IDFE =Yst712 gt

freq(t;, d;) N
TF—IDF= — - og( Count(tz_)) M

Zfreq(tkv dj)
k=1

where, fv"eq(ti,dj) denotes the frequency of the
i-th word appearing in the j-th document, N is
and count(t;

denotes the number of documents that contain

the total number of documents,

the i-th word
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B BEAE EFsie BEY ZE3(topic modeling)2]
71241 M3t AR 22]. A& o, AR =
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D ca rbon < A og JgofA HAsta A4 A
]H}OH 71 ©o]9} 34 (environmental) 2]

Table 1. Exemplary calculation of relation factor using
Google search volume

environmental social economic

Search AND AND AND Total
expression
carbon carbon carbon

Search

volume 1,310 1,250 441 3,001
(million)

Rfela“O“ 0.44 0.42 0.15 1

actor

Table 12 TBL Z+ & o]9]
TAES NG Aol
HAE nlo]d-g Fof @ojet HIEE &35t =

A4 dlolElE ol&3f BAdS Fofet A2 Table 2

HZ e (carbon)gh=
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P (matrix) FEHE 2=} word #19] H¢
o2 E4 Y19 o] 7= AA HolEE 7|
BTAAE LAY, word #2+ AFS] 9] &4
T2 S50 FASHARE AR E9] BAd-Z vl
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Table 2. Exemplary dictionary of the present study

Frequencies Relation factors

Words

Env. Soc. Eco. Env. Soc. Eco.
word #1 0 0 27 0.07 0.07 0.86
word #2 77 76 58 0.46 0.00 0.54
word #3 96 113 52 0.19 0.44 0.37
word #4 83 86 68 0.23 0.66 0.11
word #n 73 35 53 0.17 0.49 0.34

*(Env.: Environmental, Soc.: Social, Eco.: Economic)

3.4 XIS7HsA At
B 39l AbA(dictionary)2 Table 2014 K uf
o} Zo], Aol xetE Tol(word)E=E 2 Fof gt
ARE LD NS Aa(element)E 5= o]},
FHo] ZF Hrow)2 A&E7FsA = H HER B 4 9
=0, A& E°1, Table 29} 22 ARoIA &4 & A&
7Fs4 WMEE Re=(0.07, 0.46, 0.19, 0.23,
0.17) o] =, HE Q] o] 2 APdo] e Told
& 7iolth
A&71s4 571 At
EAAE W2t O A4S di#shks 2ol +
7} ol HEBE &’1___% o2} 759
A&7hs7d AP BlRsf fAES 7 5 Ak 7
401 ‘“‘“E1 t 8 E‘r°17} R&7Fs7d ARl Sl=
21, 9= B 02 942 5= B=(1,0,0, 1, 1, -
1)9} ZE HE ”—*.EF" LT, B EE VT Y
&7hE = Qlrh B2 oA HlolH 9 A&7k B
7t ol WIEE 7|22 Eq. (9 o] ZARI fAEE
o] &sl AARRIH23].
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S, A47R5 Aol BYEE do] 3 BEad

tho]o] H|ES Yry] 98] zF tho] ¥ TF-IDFZRS 7]
22 EBq. )% #ol AL #EH, rRE 7%
(modify)gFcH21].

Rkl =R (TF_IDF)k,i ®

where, Ak={environmental, social, economic}, 7
1,
the dictionary

, n and n is the total number of words in

2% B 704 ArlsAe 538 A7k
WIEIS o] Eq. (4)2} 2o Ak,
R R, B

Sustamabzlztyk(}fk, B):W 4)

where, 4={environmental, social, economic}

4. X|£7tsd ot 4l H5
Lxl 2N Y AE
B Q9] A&7EsA] Hyt Hlo] FArdo g

=4 gRIsk] sl A&7bsd Aol 4Rl 741
A o2 A&7 Bttt A5 9l
Fig. 19 wtet 53 A&7ks/3 AHS] =8 2401
HoE2 Table 33 Zth. MDPI(Molecular Diversity
Preservation International)l4 F&([19]3t X&71s
4 B =5 5,14770Y 89k Hig e R F 1,03970Y]

253

tolz Apde TEstglon, A4k 7 & Uw
0000 7he] Tojrt w27 EEIeSe & 4 et

Table 3. Distinct words in each axis included in the

dictionary
Axis | Environmental Social Economic Total
develop,
produce, energy,
produce, energy,| manage, urban, manage
manage, impact,|produce, system, 8¢
. . perform, urban,
urban, increase,| communicate, R
. . policy, system,
technique, city, impact, |,
rocess, system,| policy, govern Increase, water,
Words|P T ’ T e " | city, resource, -
water, food, energy, food, row. food
build, policy, | data, improve, _srow, ’
. R industry, data,
improve, local, design, R
resource strategy, project ariculture,
. ’ ’ ’| China, supply,
industry, etc.
farm, land, etc.
consume, etc.
# of
words 898 879 883 1,039
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Table 4. Sustainability calculated using the present
method: sustainability-related articles
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Sustainability

Test Document (% ratio)
Set
Environmental Social Economic

Articles relared 1o g 5501 0.0357 0.0658
sustainability 71.1) (10.2) (187
Articles related to 0.0186 0.2646 0.0800
social sustainability (5.1) (72.9) (22.0)
Articles related 1o g5, 0.0712 0.2687
(11.7) (18.5) (69.8)

sustainability

TheoR, B FAS 2 ha TAE o B
A7 A&7k54 B PEe AFsEch 724

& 7IAE AASHE, A 7|AREC] AR RAE7ks
A EXJS ZYE = 'sustainability’, "social' ¥ 'health'
£ AMolE ZFA7|T &3H, BAA olgrof Thet 7]
A AYEEE AMAE A5G o714 ARERE
T= AMAL 'sustainability AND social AND health
-finance* -economy® -environment*'°|H, FHAHE
2 71 7IEte R &3 Tho] Aol gt x&7t
54 B7F A3 Table 58 At

Table 5. Sustainability calculated using the present
method: news articles on health

Test Document Sustainability(% ratio)

Set

Environmental Social Economic
News articles 0.0649 0.1734 0.1408
on health 17.1) 45.7) (37.1)

Table 5914 Bi u}9} Zro] A}5|A x|&7ls-4lo] 7}
A A A= F2olA A8 AN O 'social'
T} 'health' S Z3A7|E] 34 @ AA w74 A
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Eos AZEn, oosn ¥ A7
A%7VsA4 B2k ol ergabA 4%
% et

A&7+573
5017@_“%_ 24 *}C’Ll24]°ﬂ ] ESJEZ(CPC: Cooperatwe
5t CPOE o83l 247tA
o #AH E9] HolevkE FE315ith CPCE REE
51%o] Akt ESERIEY YToE, FAEER
(IPC: International Patent Classification, ©]5} IPC)
9] 7le #R7E =5 H AESRE Zolth. CPC F 'Y02C
= '2AVAY 23, A%, A9 B H7lske 71& el
gk 54 dojEo Roj==d], F 1,017719] &4 9
olel7} HA=E|gl o EF] Hlo|El9 8 %K abstract)Th&
oz A5t dol JdS A6t B3t o2
HAE dlo]g AJEZ CPC, 'Y04S-10/58'7F Foj=le=
YEQZR 7I&9 A4, BAZH
economic aspect related to network operation)©]
gk ESARE HASHAET, F 244719 S84
89 7|2E o] IS Aot

o|gA wEolzl F A9 HF tid ©of 3ol digk
2 dA7Y X&7hsd 87t A= Table 63 2t

oh

Patent Classification, ©]
O

Z"(financial or

Table 6. Sustainability calculated using the present
method: patent data selected using CPC

Sustainability
(% ratio)

CPC
Environmental Social Economic
Y02C
(Sggszgfmff:i’f 0.1311 0.0833 00893
disposal of (43.2) (27.4) (29.4)
greenhouse Gas)
Y04S-10/58
(Economic aspect 0.0603 0.1154 0.1373
related to network (19.3) (36.9) 43.9

operation)
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dolehe o &
, MEYE 7e9
2]4—7]-__/\4 o] /I8 A

H A1o] A&7ksA HrF viHo] EX V|eBol E
= AR A&7/ Bl ol&E= g Hol7] sl
FDM(FDM: fused deposition modeling, ©]5} FDM)
WHA19] 3D ZHY 7|eRolo] &9 &3] HolEE o
AL & HAESISH &9 HlolH= E530N4 %P5t

S5 E AM AO|E24]F ol-&5131e™, Fig. 29
ro] 7] 9=F o83 Zﬂ*ﬂo}'ﬂ FDM 4]9] 3D Lz
#HA 551 &5t EYska Qe v StratasysAt
o] ES|AEI} AAEEE HASH

1o i m\4 rlr

((Additive near2 (Manufactur* or Mfg* or Fab*) or (3D or 3-D
or (three-dimension*) or (3 adj dimension*) or 3-dimension*)
near2 print*) or (rapid* near2 Proto*)) and ((Fused near2
Deposition near2 Model®) or (Fused near2 Filament near2 Fab*)
or (FDM) or (FFF))

+

(STRATASYS).AP.

Fig. 2. Search expression for patent data filed on
FDM 3D Printing

= S50l A Iy S 2467, FHESESIA
oA Tt E3=A 737 A AIARAA 7]l A
a5t Eﬁ]E—lﬂ 12948 =&3519 0, AME EFR
Ao|A HEEE 9 IPC BXE Table 73 Zth,

o, 2 A7 A&7 37 B 089
IPCH X]t‘ﬂ]‘?"é—g Axtetgtt. IPCHZE E51EAE
‘—rL—Ev——ESH ilﬂi\_(corpus)i :rugﬁ]— 5 EJ]/\E u}o]ug =
off HIAE o] S =T} Table 70 UgE IPC
F dAFoZ deHES} HE IPCo tiet A&7s
4 ALt ZIFE Fig. 30 ZAISHIT S S, 2
< PAsH= EF|EA F IPC7F DO1FE HojH E5&
A 67A9lg), o]2 HAE nlo]ydS Eg| HAE o]
YPOR WE ¥ B A79] Byl PPOR Ab7Rs

< AXishE, TBL 84, A8, 34 2
0.404, 0.367 ¥ 0.2282 AAl=E=H
30014 gl 4= ok

e 212

b, 71 Bl&< Fig.
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Table 7. IPCs of retrieved patent data filed on FDM
3D printing

Tech. . :
Area IPC Description of IPC Quantity
Shaping clay or other ceramic
B28B compositions, slag or mixtures 12
General containing cementitious material
Mecha- Shaping or joining of plastics;
nism  B29C 1aping or Joumng of pLasices - 9gs
shaping of material in a plastic state
B33Y Additive manufacturing 14
Working metallic powder;
B22F manufacture of articles from metallic 25
powder
B65H Handling thin 01" filamentary 3
material
Macromolecular compounds
COSF ?btam.ed by re-actions only 5
involving carbon-to-carbon
Filament unsaturated bonds
General processes of compounding
C08J using organic macromolecular 11
compounds
CosL Compositions of macromolecular 13
compounds
Chemical features in the
DOIF manufacture of man-made filaments, 6
threads, fibers, bristles or ribbons
AGIC Dentlstroy;la;;paé‘:;ﬁio}i n}:;};ods for 1
Appli- raf or el
cation of AGIK Preparatlons.for medical, dental, or 1
3D toilet purposes
printing .
GO2B Optical elements, systems, or 10
apparatus
Control
of 3D GOGF Electric digital data processing 12
printing

3D Zgo] AAgEE WehiEo] s 2710 29
g finEe] E5EAE BGSHY DOIFS] %dked),
B65HU DO1FS] 314 Zof st A47Rs40] 0.5 ofa

£ AL % % 9t A So] 2YHE Wetle A

DO1F

o8I

® Environmental
Cos]

9
C

® Social

= ® Economic

08F

B65H

B22F

[
o
o
~

0.4 0.6 0.8 14
Sustainability Portion

)

Fig. 3. Sustainability portion of IPCs in each axis for
3D printing filament

A PEE EFEAE B22F, C08J, CO8L 52 IPC7}
Fojxl=d Al 7} IPCY] 33 Zof thgt A&71s7do]
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