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Abstract

Today, human quality of life depends heavily on a stable and reliable energy supply, making
energy security an increasingly important issue. In this context, businesses and government
institutions concerned with energy security are increasingly examining emerging issues and
signals that may influence their future policies and help them adapt to rapidly changing
conditions. Accordingly, this study aimed to identify potential signals of the future,
particularly weak signals of emerging developments in the energy security domain.
Methodologically, this developmental-applied study developed a novel four-stage approach
that integrates advanced text-mining techniques and probabilistic topic modeling,
comprising web mining, text mining, signal discovery, and visualization, to identify weak
signals of the future in the energy security sector. By analyzing scientific articles published
between 2020 and 2024 using the proposed approach, the findings indicate that policies
concerning the integration of blockchain technology and renewable energy sources into
policymaking processes represent some of the most significant weak signals. This finding
highlights growing interest in high-capacity and decentralized energy production, storage,
optimization, and financial systems. Furthermore, evidence suggests that the concept of the
circular economy is gaining increasing policy attention, creating conditions for a transition
toward a prosumer society, in which consumers also participate in energy production. By
illuminating both established and emerging drivers that may shape the future of the energy
sector, this study provides useful insights into potential trajectories for the sector.
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1. Latent Dirichlet Allocation



Sy Giold Gl o wlallas

VEvo Sle @Y L ¢ oz 40Tl

AL o3l 5 ba,lS ses & diea Sl S5l mal Sledbl g5l 5 S e 0Ll
oyl (VTN (ool 5 bode) il 5 by culiy 53 Slen b oS el | bl
ool pealie b aglis 53 5 Lpd o Sl b sba i gladlis S 08 s
0338 15 5L Ll o oS Wl ol jamas |y (S56 L (5505 el Ll s ol 508
4 Sl albana 5 iy ay Sl 5o o) Gl (TVY (5 55 5 Gulislsa) LS
Lmen 2 oS aladin; b oalis 5l Lol Cind sl (1 48V (03lS) adlS axi
Sl ol pbs s s iSEl o ys Sle o 2 b e (1S o 3 IS s s
el etiysl osgmsaly clldg blacs bl jsba tosp balis ple 5l ks
Slr bl p s L F ol U0 Olej gl oo a3 S ool Olubis S Law
ol s Slaailsl asolola sl (TH0A) pisihon S e oal b a5 5,50k
Ao s 5 At ol e das aw L1385 58 ome 1y Gedul el
555 5 s o QLS ) sdeS il ys Sy e (ol LS e glasiu s aels sas LS
Olssar San lab 53 6l G sls o5Lal OF 055 ealin LB 5 CoaS & wL
lie ST 58 Olsiear 5 Al by slaol plad 53 0T jpslie S165 55 oo (suuahl i
355 g a5 Lud s 8 gbilil 4 chas gbals el (Sae sl YL of

.(Y'\/\m{il};}é}d)%) v\-’jn:’JJu\-\: BEREC 6&&})[.1&%6&&})4{&\}3&

@xogl@’%ga?aéﬁ.f'
Ol A 5 Al b 5 col gVl Jue G oS (LDA) IS s Olgy aasss Jua
s saailis Sluld &oej 53 5 S jsba cdas s s 55 1) eals a8 ez S o
LS SL3L 1 il bad e Ll pl ol (Sas oS Slgs oDl B 5 55 o oslizal
ssba Blg e Sl dstlie & 3L Gl i, ol (VY)Y OLKer 5 s ST D
3 WIS as sl gt Dldces Sl Glasgame Sl ples Dlesbse 85
D Lsd o o 5 5 SNl LDA Jol o) 055 g gl (Y0 YY Ol Ken




14

e 5 o ¥ S5 Sl e s s sl Ll ClsTs s Sy SO s

bl 93 5 (63955 Olsed Slditus 4o sz & GILDA (YY) (O 5 5 S|
e g0 Ole > LS i 5 o LS e eslizd SVl Je S W5 sl B s
s e Ol |y Sl 5 Sle b ge o LLE
el 0ls WSAIV B slasl L aS el 08515 5l e SO K0LLS (4edS) K
o3ls islad W=(wl, w2, L wN) &) gots &S Conl adS N3l dlis S S
RUIUN TSR IS LY Sl wn a8 ol o5l e
D=(WIL,W2,.,WM) g0t 45 Sl L M 31 ao samme G Gl a0 samme) S
e 48 gazs pl 3 N el m UL Wm oS ol 58 e 03l il
Wga Jol o Jols LDA cosl 0 0315 ms 5 [23T 6l 5 Ola o LIS 3 45 b 0les
(k) Olesd e 31 i sl LD oo 4 gamme G 50 Wi sl VL
LS o Jis 1) 5 Al as
Z~Dir(0) 1l )
wn: SLlS N GES a6l 5 Y
Zn~Multinomial(0) :¢ 45 5o S sl V=Y
P(wnlZn,B) 3l wn aalsS & bl Y=Y
355 e O (1) alaly oy gty Jle IS Jlaze) (gl 5

k d
)
p<(w,z,e,o|a.s)=ﬂp(<pz | ﬁ)ﬂp(edm)ﬂp(wd,w)p(zd,-wd)
z=1 j=1

deD

L o lil 4 oo L;La@jy" 3l slas sz J.<..L3Lu w={w_dj}dj « ol

W={wd,jidj 5 ol aedS & 4 ail olacs Cj”pj" okasOlis Z={Zd,j}d,j
E3o50 A4 paa losls L;LAG)'}S 5 las gezms .ol SLUS 5 glas sazms LS
o3y Julad Bosa sl melylula L A s Sapis sde oals QL pz b 5

& s S e goesls Soldk sl b aS Sle sl se JBl sldas s L g0



Sy Giold Gl o wlallas

V8o Sl #Y L ¢ il ¢ L

Sl osle s gy 5l Sl Ole s g (s3ledde () s LDA I eslixa] <=L<;.a 33
AL aS oolhde 5 essal Ik alits pslie LI LDA Jus oS ol ol k ol
el o) 5l el sl Jdos 5 S Ol (S o A5 1 T e 5o 50 plmeih jaxls
Gl s o sboas Sl g g0 it 31w LT aSopl oLl 6l glins o5 50
‘O‘)&M B LgLMJ) ..«U‘objs salaal cJ..SL;c ‘_;,uuf- L;i]a.w inmu b Ja..ﬁjc Slds

g eslanal el acule (gl Ll o (V) Jge 3 (Y414

S D(twiw;) +) (Y)
| = j=r M Li= ] = 1109 D(tw,)
Ct_
1kl

Ol jas ssba S Cult g3 L Lo ,e sbel slaas D(LWLW)) sl t g3 2

2y Jold

DI (b gy £
wloled Jdo ann g Gl 1y s opl o ol 2 S50 cmler (V) IS
a3 o L 1) pede sl 53 ezl o 55 50 (3lad e 5 (51 e ias slaills
sl labs 53 &yl 55,y SGoanws 53 Stk osls 4 s bl
3558 5 g il S s Ol panads Je o ga 2 5B 5505 Sl ey i

3y G Ja ane 3 0
(ol S pate 65,0 ool o3l ake Ve g,y 45 anlllas oyl Jl als e o
Ml Ly e 6ﬂTc’:‘* sl e i Ol Sy ey K g e glaesls

U‘.’."\"’: J}J:L;a oaleiul A_.W LSUMQLLJ &LM'LWZ é‘j S99 d‘}&«‘b °"L‘:L5.)JTC"*>.'

1. Coherence
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1. Closeness Centrality
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