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Technology foresight in energy industries
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Abstract: Entering into 21st century, energy industry, one of the supporting industrial sectors for all over
the world, is experiencing profound changes driven by the increasingly rapid depletion of fossil fuels and
the overwhelming concerns about environmental protection. To identify and highlight the critical needs and
opportunities in the future has become one of the key strategies, almost all the countries and energy
companies should carefully formulate, and for this purpose technology foresight (TFS) becomes one of the
most important tools. This article introduces the development of TFS, the relationship of TFS with core
competence and sustainable development, various methodologies used in TFS activities and their
applications to energy industry with the activities carried out by China, Japan and Shell as examples, in
order to provide a reference for the related activities that are ongoing in China. Finally, the scenario-based
analysis of clean gasoline in the next 5 to 15 years in China was presented as an example to demonstrate the

application of TFS.
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Table 1 Comparison of characteristics of core competence and technology foresight!'®

Core competence

Technology foresight

integration of skills and technologies
knowledge based

customer value

competitively unique

difficult to imitate

gateway to new markets

resides in individuals and teams

depends on tacit knowledge

extends to future benefits

enables building of competitive advantage
based on systems and tacit knowledge

helps to identify new opportunities
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Fig. 2 Scenario planning: complete process-**
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Table 2 Top 20 topics in terms of importance

No. of . Importance Forecasted
. Topic . Lo .
topics index realization time

49. Practical use of technology for the safe disposal of highly radioactive solid wastes. 94 2021

53. Widespread use of fuel cells as a highly efficient, environmentally safe, and portable power 88 2015
source (e. g. , for electric vehicles).

75. Establishment of waste sorting and collection systems, leading to widespread use of recycling 86 2016
systems that produce, distribute and consume recycled materials and goods based on new
economic criteria and standards.

28. Practical use of methane hydrate mining technology. 83 2022

35. Practical use of large-area thin-film solar cells with a cell conversion factor over 20%. 80 2015

66. Widespread use of electric vehicles with driving performance comparable to that of gasoline 77 2018
motorcars.

58. Widespread use of high energy density (200 W « h « kg™ ! 5 times the energy density of a 75 2015
conventional lead acid battery) second batteries (Ni-MH, Li, etc.) for motor vehicles.

71. Widespread use of solid polymer electrolyte fuel cells for cogeneration in households. 73 2017

74. Widespread use of energy-efficient houses that consume less than half as much energy for air 72 2016
conditioning as the current average house.

64. Practical use of energy management technology that effectively utilizes power storage technology so 69 2014
that consumers can make effective use of dispersed power sources.

56. Practical use of large-scale combined-cycle power generation using high-efficiency gas turbines 69 2015
(inlet temperature over 1700°C).

60. Practical use of electric power storage equipment using secondary batteries for loading leveling. 68 2015

45, Practical use of fast breeder reactor systems and nuclear fuel cycle. 67 2031—

41. Practical use of solar cells for residential power supply. 66 2014

40. Practical use of an international energy transportation system in which energy recovered {rom 65 2027
clean energy sources is transported after being converted into hydrogen.

70. Practical use of solid-electrolyte fuel cells with a capacity of tens of MW for district cogenera- 65 2018
tion and dispersed power generation projects.

46. Development of fusion power reactors. 64 2031—

76. Widespread use of environmental accounting concepts and systems in companies. 64 2010

51. Practical use of technology for producing synthetic fuel such as methane, methanol and DME 64 2018
(dimethyl ether) from coal or biomass by using hydrogen obtained {rom non-fossil sources.

50. Practical use of thermochemical water decomposition processes for hydrogen production. 64 2022

B TES #F52k F Delphi 3. 9847 1 Pide i

A R 22 1 B

M (HEE. ) W

. SRR 536 £y, [t 189 £y, [l R
36.000 s & ARSI 527 fy. R4S 177 3. Al
W 33.9%. Mk TFS #F5%. 4 %8 AR iy & %
e BETRERAKCE . A A DL 22 55 304 55
T AT T AR IR A . A SCH B E A
R INIbEEPS A

LR S TOINNE (G - Eo (e e o1 WAV AT
FoRPRE . SRR TR 2 1T, RIIR
T3l S TSR B MMIR S 12 R g S R W 3 45
A 5ot Al A HL T Bk BRI ER LA 3
TG, RV R RS v 927 4 R BRI AR R L R
RN R T N @ A R S a5
A SRR M ARG A TREA 6 T, ALHF DI

EEA L BB B R R AR £
AR SO i SRR R R v B R R TR R R PIL A
A AEBARRE IR A A AT 1, So 2k AR H R B
LB Z S EEN . ME T RSt
FeRHESOR | B SR R . E A R
HEAZ L ol BT SRR B | KPR R )
JRAL B ot Z SRR AR BEEOR s fE ] AR RE
R A A5, KFHREHR M EEAR . JR B R BOIK FL 2%
JRCHEL HILZH A T B O Bl B AR K™ ol Al B 7 H B
LI HT 20 WU s LR RETT . B ARATIN N .
FEEFTREE I E R, RIS AR R S
M REAE AT 5 W RELAL B R R R b 2

T [ g IR AU TES BRIT 4 R E . IR



55 8 ]

X HEHESE - BEVR Tolk v B BRI « 1823 -

PR R AN R R A, B R O LR,
ZIoRRE” W, KOO I v 500 v ) 4
AR R E MR TR, DLOREEE A B
ML s [FIE, R FRAR & K FARE . A% 6E. KUBEFI
A BRESF R ACREVR.  th TR E BRI AR S . ML
4RI A R FH TS BE H AR DL e 28 i B U %) 1 )
MR AW T . BUEREEROR D s
Tk R R, SRR R acE ., &
L R AT 1Y 22 A e e
3.3 BESHEAMEA: Shell 227 MEETR TFS
YERFE Rkt 4r TFS PR e R 2 — 19
Shell 247, M 20ttt 70 4F A8k 7 4f % tH 5 g U
BB IR B AR 19 A e AT K # L, 7R3 30 4R Ay 5%
Foad #rh . BRR T FE RS R A R4
B, BT HON R R A i T & R A ) v ot T A
iR, 7ESEF WA A g, Shell 28 v Ih ¢
PRAE A B 1 i A RE ) AT 58 4 )
Shell 28 7] F 2001 4E 4 3L 7@l “HE I 75 K
PEFERIATREVE” MR, X AR Sk 50 AR AR
T8 BB IR AR 1) K J'e Sk M ¢ or ik #8471 1 TFS
WEFE. AT 52w oK ok BR IR AL 75 AR 100 1y e G B
PR 2R A 46 S P ke . B 2P Rt 2 A N0 TH 9%
). 2t PEAN s, Shell #5717 ARk 50 4EHHF
REVE IR 000 S R & J 1) W5 B I 5t : Dynamics as
usual Fll Spirit of the coming age.
usual” ) FERAEWNE 3 FioR .
coming age” B FEAFMEUNE 4 Fios.

“Dynamics as

“Spirit of the

Timeline Dynamics as usual

2005 Q—berid vehicles proliferate with “CARB” pushes)

2010 ( “Dash for gas”; renewable pump priming )

2015 ( Oil price shock triggers resource expansion )

2020 OECD renewables stall at 20% of electricity
supply; gas security concerns emerge

New nuclear stalls
2030 Next generation of renewables emerges

2040 (

Fig. 3 Characteristics of “Dynamics as usual

Oil scarcity drives biofuels expansion

9[35]

CARB—California air resources board

PRI S L M AR S e (1) Rk 20 4E N,
RAR AR A B EZE W PR R (2 A
THITT 375 1Y) U e 4 AR 15 8T 1) 42 FH BRI T & 0 1
(3) AR 77 0 A= 1% ARk H AR A HRORE ) 2 A1 2R 43 1
WA s (4) A FEAR RRIRCKE B 2y 3 EE — K RE
U5, B RESARAT )7 A Tk s (5) TEAB Q1R
SR o A b OO0 T R 55 R AR R R Y
I HE.

el Nt kR EEAIKZ) Iy, X 3R
[E . HAF Shell 23 w6 76 Ge J5 G H e i) TFS i 5%
g5, LUK, BARER AR TES J5 A B AN
) 97 G A 0] R A 25 A I, (T A o 1) e U 1L
N5 RE IR AR 1 A e B B A —FO AR (D) Bl
B . REARRIE K BINAE, KRG
T DR A5 R AR AR K224k (2 |l b, X
S5 AL A RE VR Y I B A ke ) PR T e (] 0 20 5 | e
SRR (3) AROKBEUE S5 #4148 At TE AR 6 0
FARWIF R TR (4) FEFEAT R K BE I8 45 58 10
TFS BF5E B, AT 45 22 & J& 19 0L & 5 IR A N .
SRR E . ARRARIR I RE IR AR 1 &t ol 2
DL HE AL

(1) 21 el Bopnb, FERREERN, KRR
PR A, R A Y O U R

(2) HETHEZHURE R LA 3, (B3]
2015 AFAEAT s /N TR) 25 46 F0 1 BE A 1% R HL Tt TT RE &
7z M ] AL g s

(3) WI AR RE IR B A 2 L FEE A — KRB IR
FCAR 3 7z 8 o Pk R R H it as 7 X

Timeline Spirit of the coming age
First stationary and vehicular fuel cells high
2005 consumer interest

Gas resource outlook expands
2010 Fuel cell fuel distribution innovations
Renewables limited to niches

2015 Convergence around fuel cells for transport and
stationary uses-gas network backbone

Fig. 4 Characteristics of “Spirit of the coming age”!*™
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Table 3 Basic scenarios of configuration of gasoline in next 5—15 years in China
2005 2010 2015 2020
Configuration
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7
FCC gasoline 75.0% 70. 0% 60. 0% 60. 0% 60. 0% 60. 0% 50. 0%
reformate 15.0% 20.0% 25.0% 25.0% 20.0% 25.0% 30.0%
alkylate 0.5% 1.0% 2.0% 3.0% 5.0% 5.0% 5.0%
MTBE 2.0% 3.0% 5.0% 5.0% 5.0% 5.0% 10.0%
others 7.5% 5.5% 8.0% 7.0% 10. 0% 5.0% 5.0%
quality of gasoline
RON/MON 94.2/81.7 94.4/82.0 95.6/81.5 95.6/83.5 95.2/83.3 95.7/83.7 97.2/85.1
(R+M/2) (88.0) (88.2) (88.6) (89.6) (89.3) (89.7) 91.2)
olefin/ % (vol) 36. 0 33.2 29.5 29.2 30.0 28. 7 24. 2
sulfur/llg e gt 375-—1500 350-—1400 300—1200 300—1200 300—1200 300—1200 250-—1000
aromatics/ % (vol) 35.1 36. 3 37.5 37.2 34.7 36.5 36.9
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Table 4 Radical scenarios of configuration of gasoline in next 5—15 years in China

Configuration 2010:Scenario 8

2015 :Scenario 9 2020 :Scenario 10

FCC gasoline 60.0%
reformate 20.0%
alkylate 6.0%
MTBE 5.0%
isomerate 5.0%
others 4.0%

quality of gasoline

RON/MON (R+M/2) 95.1/83.6(89.4)

olefin/ % (vol) 28. 4
sulfur/pg + g~! 300—1200
aromatics/ % (vol) 32. 8

55.0% 50. 0%
15.0% 15.0%
10.0% 14.0%
5.0% 5.0%
10.0% 10. 0%
5.0% 6.0%

94.4/83.8(89. 1) 94.4/84.3(89. 4)

26.4 24.5
275—1100 250—1000
28.4 27.2
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