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The International Energy Crisis as Indicated by EROI and
Implications for Public Policy on Renewable Energy

Tatsuya YAMAMOTO

Abstract

Structural changes in the international energy environment surrounding crude oil
have a wide range of implications for general energy policy. Therefore, policies
related to renewable energy also need to be discussed in light of these structural
changes in the energy environment. Recent studies on energy return on investment
(EROI) have shown that the average EROI of crude oil production worldwide has
fallen to around 15. The threshold in terms of EROI appears roughly around an EROI
of 10, where the amount of net energy (Eout - Ein) decreases exponentially: the so-
called "net energy cliff."

In this regard, the EROI of tight oil in the United States often has an EROI of less
than 10. However, recent technological innovations, and most renewable energy

sources also have an EROI of less than 10. While the shift to renewable energy is
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an important policy issue, it is impossible without continued investment in crude oil
production.

Some policy challenges can be overcome through policy responses; however,
others cannot. Policy cannot manipulate the physical laws surrounding the Earth. The
EROI, a useful indicator for visualizing resource constraints, should be incorporated
into policy decisions when planning future energy policies.
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L. BRI IEZ DRI RER T 2L X — 2R A 724 > 7 7 2 RE5ET 5 L v ) i
BHBIERRLTVD S T4 VY —DELPIHS I LD, TH4 L v ) RTERRER
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1 Joseph A. Tainter, “Sustainability of Complex Societies,” Futures, Vol. 27, No. 4, 1995, pp.397-407. 72 &,
SR DWW T, LT OXHRD bbb TSI S 72\, Joseph A. Tainter, The Collapse of Complex
Societies, Cambridge University Press, 1988.

Ibid.

3 Donella H. Meadows, et.al., The Limits to Growth: A Report for the Club of Rome’s Project on the
Predicament of Mankind, Universe Books, 1972 (JEEREFER NKEDORR :n—< - 757 TA
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5 International Energy Agency, World Energy Outlook 2010, International Energy Agency, 2010, p.48.
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{8 © Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy,
Vol.64, 2014, p.142 % & 12 EEERR

9 David J. Murphy, et.al., “New Perspectives on the Energy Return on (Energy) Investment (EROI) of Corn
Ethanol,” Environment Development and Sustainability, Vol.13, 2011, pp.179-202.
10 Ibid., p.194.

77



WL R e’ 202141 H

R— bl B 2EATCRYID, HEDEROIDY A 7BHb I LERLTWwS ",
IS, EDOXMRTIZNLFX = > T AIiEZRET T 2 k> TV 2 2 &
2% %, 20240 EROL O, Z 2 HIELTod) Tth %,

EROIst (Standard EROI) :
WHEN 72 EROL, #¢ AT 2L ¥ — (Ein) OFHIZ, EEOBG CHEEMHINS T
FUVF =Mz, ZNoOREZEGET 27 OICHELRRBI AV -2 2 %,
FENPERY —C RGBT 2 2L X —F A E N,
EROIpou (Point of Use EROI) :
BRBLOREEL L it icfE ) 2 2 b 2 BEMIc &, X b AdERY 2 EROL, T BE R
PHERI NS Z LIz k D, EROIst IZ T, EROI DFMEIFIN N2 2 LItk %,
EROIlext (Extended EROI) :
COIRI NP TIE, TR VX -2/ 2 DICDERIRINX DR
T M ALY 2T 22D ICBELRI ALY —bEESI NS, T T,
TEZIE P72 RERT DI R A V7 7 MR T 5 2 AL ¥ — R
EWEBEINDL LIRS,
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ZHNT 270 BERIFLF—a R P TRTEMET 2 2 L3O THETH
%78, @ BROI DFEHIZOWTRIFEOREEETH 3,
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11 Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy, Vol.64,
2014, pp.142-143.
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H L Gareth Roberts, “The Resource Triangle” (Power Point Slides presented at Net Energy Analysis Workshop
on April 1, 2015 at Stanford University)

<http://gcep.stanford.edu/pdfs/events/workshops/Roberts The%20Resource%20Triangle%20April%202015.pdf>
(accessed on May 18,2020) % ¥ & 12 —BEHRE,

X2 4 1%, EREHOR#MZE R L Cwd, Y7 7E7OH 7 —LiliHP 7 7 = —
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LECLRIE2 A bR, ROERRIN T2 &9 RO/ S il &, BUxS o8,
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Rolc 4 T RIBZ XD ) &I S E DY 5 LIV 22 5 Dl 370 AKX T, %
ELTEEERD 1B TIHELZ VY, REALEDO47D3 %250 T2 "% 7, R
FR TR R 23 1 SN L L2 Z 2 D13 1300 $5XH ) . ZFRED 3% 1@ E 72008,
AN RD 94% 2 T35, 2F 0, EFEFE I NS L) ZAAHR IS S i,
39,000 JAXKIZ E D> T FMEREICEHLS T 2HE T 2ED 6% KM IHE RV EW) 2
Licizs b,

9 L7RPIC, EROLIEEEZ 58 % L. FEH ORI O R 1k 2 19 2 it 53 &
DIFEREDICR D, BRAES, HAICESTOI RV —AEDMMfEE 13, ZDEnE
DLHEVDERVF—ZEREZ 200 ) EBRZ 2 V¥ — (Enet) ORVPEETH D,
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ThH2s, ERZFLX—DFHERZ, LIFOWE R 2720, WL 100 SLLZEAE (Eout)
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12 Steve Sorrell, et.al., “Shaping the Global Oil Peak: A Review of the Evidence on Field Sizes, Reserve Growth,
Decline Rates and Depletion Rates,” Energy, Vol.37, 2012, p.710.
13 Ibid., p.710.
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1
Enet = Eout * (1 —m)

MR 5 EEHILORA. £EE. EROI

‘Qil company name [N or P10 or B] Revenues [10°$]  Production (0il & gas) [bly]  EROI [D 1)

01. Saudi Arameo [N 0] 478.00 4,079,118,750.00 5229

02. Sinopec [N 10] 455.50 471,910,000.00 1.67

03. China National Petroleum [N10]  428.62 1,369,142,168.99 NA

04. PetroChina [N 0] 367.98 1,493,900,000.00 363

05. Exxon Mobil [P10] 268.90 2,147,860,750.00 7.59

06. Shell [P10] 265.00 1,095,000,000.00 7.7516.88
07. Kuwait Petroleum [N 10] 251.94 1,058,500,000.00 19.86

08. BP[P 0] 222.80 1,196,105,000.00 11.2319.74
09. Total SA [P1 O] 212.00 856,655,000.00 10.81

10. Lukoil [P 1 0] 144.17 §90,000,000.00 583

11, Eni [P10] 131.82 932,856,050.00 1043

12. Valero [P | B] 130.84 NA NA

13. Petrobras [N | B] 130.00" 1,018,350,000.00 5.65

14. Chevron [P 1 0] 129.90 1,283,971,450.00 9.70

15. PDVSA (Venezuela) [N 1 0] 128.44 1,373,611,800.00 NA

16. Pemex [N 1 0] 117.50 1,017,620,000.00 7.88

17. National Iranian Oil [N 1 0] 110.00° 1,624,250,000.00 130

18. Gazprom [N | O] 106.30 2.905,775,054.29 11.65

19. Petronas [P 1 O] 100.74 £94,862,500.00 793

20. CNOOC [N10] 98.53 719,973, 411.17 11.20

21. Marathon Petr. [P 1 B] 97.81 465,353,100.00 11381841
22. PTT (Thailand) [N | O] 93.55 241,060,000.00 24.95124.89
23. Rosneft [N 1 0] 91.72 2,258,218,368.75 211411312
24.JX Holdings [P 1 B] 90.67 49,006,000.00 2.68

25. Engie [P1 B] 89.64 209,779,126.80 NA

26. Statoil [N 10] 8248 1,073,000,000.00 28.37

27. Indian Oil Corporation [N | B] B1.55 422,016,571.42 3.70

28, Sonatrach [N 1 0] 76.10° 370,059,300.00 22.56

29. Reliance Industries [P 1 B) 73.10 17,220,213.80 28.58

30, Pertamina [N 10] 70.65 219,636,100.00 8.04

Total 5126.25 31,754,810,715.23 16.79¢

N national p P private © core busi oil & gas ion, B core business: refinery or/

and other business, D direct erm's\si:;ns. { indirect, NA not available data
“Revenue in 2013

"Revenue in 2012

“Revenue in 2012

dWeighted mean for all companies

H L @ Luciano Celi, et.al., “A New Approach to Calculating the “Corporate” EROIL,” BioPhysical Economics and
Resource Quality, Vol.3, No.15, 2018, p.2.

At EROI & (Z 3413, EROIst D) 1T 2% I3 B% RIS Ty
208, AT h N EEER SIS L LTld. &Y (Luciano Celi) Ik 3b003dH 3 ",
COMETIE. KESHPRT LI BB T, BET LD EROL BHEEINT L5,

MESPRT LI, BRIZMHOBEPCHEEICL>T, v 77630k
EROI = 5229 L\ 9 Fr —AH 5, L7 Y ¥ E—E )LD EROI=T.59 £ x LD EROI=7.75,
HEDY /) Ry 7D K HITEROI=LET L) 7 —ZAFTNTY X035 5, HHIIMEY
YL iR o #ERHE IS . EROI=16.79 TH 5,

14 Luciano Celi, et.al., “A New Approach to Calculating the “Corporate” EROI,” BioPhysical Economics and
Resource Quality, Vol.3, No.15, 2018, pp.1-28.
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JEh & RIRA A % & < %2 A o EROL#EGHZ, iowiE T bl izmn L Tw» 3,
4ODHLHRT 36 DIED I IE, R EROI=20TH3 LI WMELH2 "% 29 L
ToRam D R A ¥ MlEk, ERED T LI O EROL A EINICH 2 VW) RiIch b,
TERTIMTH D% S PR Y — 27 2T TIBETE D, JlE 7% EROL D DR /N
H2io TV B 720 TH 5, 1995 FEDIFE T EROL = 30 TH - 7 DITK LT, 2006 £E1Z
WEROI =18 2 VI RS Vb H 2 " T/, KEDFEIHAFEICBEIL T, 1970 44458
EROI=25 T&H - 7= D IZ%f LT, 2007 41213 EROI = 10 FE TR T LTV % & ) iFge
bhHs ',

B 6 : FFERBEMADORRZRITERD=HARH

| purity ||[ eroer |

Cost of
Extraction

“Resources”

Size of the Resource

H L Gareth Roberts, “The Resource Triangle” (Power Point Slides presented at Net Energy Analysis Workshop
on April 1, 2015 at Stanford University)
<http://gcep.stanford.edu/pdfs/events/workshops/Roberts_The%20Resource?%20Triangle%20April%202015.pdf>
(accessed on May 18, 2020) % ¥ & IZ—#BEH UL,

W T 2R 2> 5 oEHEZH Y & LTSN T30, KED Y A A
ANMICREI NS K9 BRIFERIIHDOFETH %, £ 2 A0, KE6DIRT X I I,
EROI DfE2sE . i a A FHZ L, »offiEbEw T2 42— 2Ry by ERoNn
TWw3, ZOf, EROI OfE2ME < a2 A + b <, HE DRV EHTH U T I
KEIZH DD, TNODFERRICRIE S5 0 DIREEIE 2\,

15 Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy, Vol.64,
2014, p.143.

16 Nathan Gagnon, et.al., “A Preliminary Investigation of Energy Return on Energy Investment for Global Oil
and Gas Production,” Energies, Vol.2, 2009, pp.490-503.

17 Megan C. Guilford, et.al., “A New Long Term Assessment of Energy Return on Investment (EROI) for U.S.
Oil and Gas Discovery and Production,” Sustainability, Vol.3, 2011, pp.1866-1887.
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RRT: KEICKETBIA MASIEEDRBEL

% W 2036-40
. EW2031-35
2026-30
m2021-25
2018-20
Historical

2

20‘10 20‘15 ZOIZO 2625 ZdSU ZOI35 20‘40

L © International Energy Agency, World Energy Outlook 2018, International Energy Agency, 2018, p.158.

X 712, [EA DBEES + V) AR TKREDZ A P A A NVEEDOHBL TH S, 74
A AN, AEEBD S TCICEEROE -7 2 WA, ZDH%., ABICAEEEDK
DPLTBARL NV DOEERPREH LI R H 2, 20d, BEDZH I 11F.
FRLHE O BAFE & il 2 QTR ISl T R D B, IEA IS K B & SKEIT 2017 4
IZ5ERR L 72 8500 KD & A4 b A A NIED 5 B 70%30E < 1ZEEE DM DI % i 9 72 0128
BLINLLDTHY ., MG RBIFEDME 2 L HHERIMD 1ho 2 LIERL Tw3 '

I TTRE 2 B b o 72 & LTH, REDHMIVUTHBIBHF 21T 2 LB TE R,
ZDrROHITIE, BIFW RS Z EANT OISRl BnE &2 2, 2 om, il s
EROI & OB % 30T L 729813, i oIic o MBIRIRA S 2 (EROI D/ S W 5
FE, ISR BN A FBREY) ZEEHLMICLTWD Y, KEDOY A b A
A VD EROLICD W TIEEED WS D 23h 223, wind—H#ifs (EROI< 10) (TiEE
AT

DF D, KEDY A A A NDERERZEMITHT 5 720, E\ & HERF Lt
To Tl MR L BRERZMM O RV LM E LS, ZART, BELOPFRan )
7 A VA (SARS-CoV-2) DNV T2y 7 CThH b, FEERDHN AT v 7 577 v BEK % B
By A S A TR RS L 2. KELWEZZ T 00, KEDY A FA AL
EHEMETH o7z, 2020 5D 4 H 1 HIZE, KEDO Ny r VK TIRRKDZ A F 4 AL
BHEHKBETH oI T A4 T 4 > 7 rkhs, B 11 20 % g LR E e L <

18 International Energy Agency, World Energy Outlook 2018, International Energy Agency, 2018, pp.157-158.

19 David J. Murphy, “The Implications of the Declining Energy Return on Investment of Oil Production,”
Philosophical Transactions of the Royal Society A, Vol.372, Issue 2006, 2014, pp.6-7.

20 Jessica G. Lambert, et.al., EROI of Global Energy Resources: Status, Trends and Social Implications, SUNY
Environmental Science &Forestry and Next Generation Energy Initiative Inc., 2013; Charles A. S. Hall, et.al.,
“EROI of Different Fuels and the Implications for Society,” Energy Policy, Vol.64, 2014, p.143.
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W3 AR ARG O FEDSBRE D EaE 0 2 EIERBE LR VLA, T IHEE.
KEDFZ A FAANEREZDSC>TE, VI —vOEIPSEBERI ML ELE TV
727, 2018 4EDIKE, BfE T B2 REBMIR TV &) OWEF T, 22 icHilan
A WV ADFEDIMND - 7,

KX 8: FHEEDBRBEERLE IEA DBERYF VALK T FEHEET

% 120
B 00 e — Other
N —— T e Cetar
M"\ ............... s NGLS
* I — Tight oil
60 “ i C
crude
“ Demand

2010 2020 2030 2040

NPS (New Policy Scenario) = IEA 2B 2 T 2 V¥ —BORICih > 7> F V) 4
SDS (Sustainable Development Scenario) = [E[3# SDGs @ HIE% T 2 )L X —{#f9AS&ER T 2 70D F VU F

HL © International Energy Agency, World Energy Outlook 2018, International Energy Agency, 2018, p.159.

XF2 8 1k, EIHAEED HAMEHR L IEA VR TIREY V) A ICHERFMTFELZ L
HTH B, BRBER L, BIEEEZIT> T3 TR TOMHATHMIEELZ 7272612
I L 7258 2 EERDBRAETH 2, IEA DKEIC L 5 &, 2025 FEETOHR
T RIZAE 8% DL 1 TdH b, SDS (Sustainable Development Scenario © 75 M g 72 PAFE > F
VA) TTHRESCTRHIZZEICRS, DF D, BAEABEZ R LY —~DOBT4 EEHD
SDGs (Sustainable Development Goals : #ifie P HE 2z FHFE HEE) 2 FEBLE 8 312 b M 12
AHRTH Y ZD7DITIE D70 O W 72 JFHBATE O FIREFI N D E DA TR 72 & v
I EEREKTEY, 2R ALX =27 b TEHEA K v iEfTH B,

EROI DR E . AL LT 0A =Y = A ViE, MEOLDICHE TV 5, 1EK
RGN D% I3 CICAEEE — 27 2 E TEH D | ET 2 /BT EROL O/ il 22,
ZA A AND XS BIERBL DM A > T 2 DHEETH 5, EROL D/NX Wil
DFAFE, BEEIIE, HNIICEOCIT2SR O 55 H5, & E MMl 2z E L. #%

21 Arathy S. Nair, “U.S. shale company Whiting becomes first major bankruptcy of oil-price crash,” Reuters,
April 1, 2020. <https://www.reuters.com/article/us-whiting-petrol-bankruptcy/us-shale-company-whiting-
becomes-first-major-bankruptcy-of-oil-price-crash-idUSKBN2 1J5KS> (accessed on May 18, 2020)

22 Ibid.

23 International Energy Agency, World Energy Outlook 2018, International Energy Agency, 2018, pp.158-159.
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FHR 2L S 2 2 By, B, BORIVIC, BB S 0 AR &, 5l E i
EROOEND L ICAIFMEBRLDOX vy 72O LI ENTERVE, ZRLFX —{f
o Tl RFEFLr»RT. 2Ud, BEHNEBLO LT IO R LX —HIFICH LK
nWEEEG5Z 525,

4, ERIO DS 2R Z -T2 N FX —2 7 FNDEL

A=Y —=FANRRPBED LD ELD, FRAL « £ =T —F A LRHUCEALZ E W
I . ENRTEMOLZEMFIIN L TENDR D> T 32 L2BKRT %, Z2A%
i, JEEEIANDOBREP, EHED SDGs ~DOHLY a4 & v ) i d & - T LA~ D
WHEZWS L, HETTEI ALV —DEAZMLZ ) L3 28E0, HANICEO NS,
BGOSR E TR, THET) oBIEbH 5,

EROI {51, BUHAEE Ic o A TRE A& Tld v, T2V ¥ — ol Z Wb T,
AUEZ 2L CHEOELZ T2 L0 TH 5, EROERME, 2ERMICA
NzEwv) ZLid, HAARELRER (RE) 201X — (Enet) RO DH 2 L2RD
2LV LETHHD, BRI E T 2 NG Z 2L X — £ %> T 3 Ul EEDOBL
B5C. R4 2 L IC EROL OfEASIRA LT T3 E v 2 it ML BEO T 2L X — L
(Bout) % L TW7zdDTlE, IERZFAF¥— (Enet) 254 LT 2L Z2EKT 5,

BEFAMEH 2> & O, RN Z &8, X D EROI DR\ (BRI H ) 5 8%
Moz kbEe) HE?CHOGbYE 208 H 2, BRI REM 2D o7 LThH,
TGREFE D X /) = A L O CHEBLII 2 B E MG o e v &L FTBUMERIA IR L T L %
Jo ZDTDITIE, AR EN O AHERF S L2 AT D 2 D3, O A X AR TR I
RAFADENEP T B EIChD P, Fh KEDYA FAAVERICROND LI IT,
EROI DAR W FIHFAENDRKE Y A7 IZFICODEE L I,

L 723> T i Ic IR 2 iR RS O BERICH 572 LTH, 2o 2D L.
HEPZZINX =L L TEAT 20 TR w, RA L - 4 =Y —F 4 LRI, 4
KOMEAIRE R IR = 2L ¥ — Z i B PR  WIED D A BEFPIRDLP IR E BT IC K >
T, flHICEAPLTLE S,

D k9 R EFE R T3V ¥ —BE OGN (L —Y — A4 VIRROKES) &%
L7 b 220X —BIEBOR 25853 % ICH L CI% EROL 81T & 2 FEAii 3 g5 B2 2 I
MELE D%, %8 7% 6, EROLOEVWI R LX —~DREEZHD S L) 2 LI,

24 David J. Murphy, “The Implications of the Declining Energy Return on Investment of Oil Production,”
Philosophical Transactions of the Royal Society A, Vol.372, Issue 2006, 2014, p.16.
25 Ibid., pp.1-19.
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BHEZERIALX DL 222X —AEEICHPI R TRLIT LI E2ERL,
FERE L CUEMEAD IR VT —EEDINEZ 2 22 VX —RBEZWM L CLEI DS TH
%,

IRV BRI, EROFEICHMb 2 BERETH 2720, HiflizligEE2Z )T
B HIFTER Y, ARL7Z L9, REICBE T2 F7E0as flkof 418 ) —)L
&, EROI DR D & < 1ISGEWDT, ((fRICH LI 2V ¥ — 2 oG L Twuiwn & v
IEKT) TOMBOZ RN F—L LTOffifHiZIZE A LRV, LIZVA, ZxL¥—L
R ITGOBUEN 2 BRI X > T @S2 Huas s EREZRAET 2 L w9 TBUAE
T BT s mHIEEICES,

L LAED6. 2D K9 RBOEDRTIZ. 260 ") b 2o N2, 20 TR
W id, BRME EoRBICNA, T2V —RNZRBOEENE, A —P—F 1L
KD & 912, EROI @i Eas KIS, 2 o%liTTIc A 2 BEE Tk, EFO AR
RERIZL X —DREE2 Z R EERT 20BN 2o T, HEORIFRELR LR L T
B, MBEORBLH o7, FAF - A =Y —=F A LRRTIE. ThETD LI ALnif
(E97 VAN QRN

29 LMD H > T FIMPA D = 2L ¥ —12% 9 % EROL 7T 23id A 5 %
ki ot, TOM, HATIE, WO EROLICEIT 2 1% 3. & h kit % h
DI FHTYOMEE LB Ik > TEFICTbhk ¥, URORE Tk, 1%
# (EROI=17.4), Hh/h/kJj%® (EROI = 15.3), filik i (EROI = 7.9), MiEAFEE
(EROI=6.8) . Hif K158 (EROL = 6.55), MALKIAAN A KF175% (EROI = 2.14), X
Bitss s (EROI = 0.98) EHEEboNTE Y., FHTHRBEOFHALEZ IR T 28080 R
5 Y, Mgk SRR LR FEHIR OB R FIABOREPTREINE I L b dHo
7o B3, 2011 AR ISR & 7o 588 — I T I FEE AT O FRLARE. RPLIZ—Z L Tw 5,

BI#£ 9 13, %75 T %)L ¥ — 0 EROI Zth2 03I H I RE A IEVR = 2 L ¥ — I H L %548
SRLEMTH S, ZORPRT LI I, ERZFLX —IE, EROI =10 H 7z ) ZHIR
ELTERIBOEE 2 T 5, ZOAH—71F. —MINIC TIERZ 2L ¥ — D (Net Energy
Clif); &L THMBNTWwW3, EROIZ10% FH[% X927 % &, EROI = 10 T 90%,
EROI = 5 ¢ 80%. EROI = 4 ¢ 75%. EROI = 3 T 67%. EROI =2 T 50% & \» 9 JEC.
ERI 2 VX —DRIZSHICAD T2 2 Lick b,

26 7z & ZIE. IFoXz 23 i v, KA THE— 7%= %)L ¥ — 1 EPR (Z %)L ¥ —
IS I) H o BIROGRIFIH %25 2 25 BRI, 2008 4F 5 KEFiGfl Ttk pE #1501 ) J6 8
T COMERFHIREL) Y A4 7 VD22 )V X =N 3HTa BRI i & (MEEES
L09002). 2009 45, HATIZ. EPR (Energy Profit Ratio) & \»9) FiEAMHbHLNTE42, W& s L
TIZEROI L[A—DHDTH B, THETIE, HATYH EROIDHEENfliDN S 7 — A9% s,

27 T 2L ¥ —fifL 5 EPRy THAREF ik, (2006 457 H 2 H. BFD),
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KEKI: TERIRILF—DE) LRI XILF—0 EROI HEE

% Energy Out

The Net Energy CIliff

B Net Energy for Society [ Energy Used to Procure Energy

HiH#L © Jessica G. Lambert, et.al., “Energy, EROI and Quality of Life,” Energy Policy, Vol.64, 2014, p.154.

L3> T, ZRVX =7 M %2%2% ETld, EROID10% L2 2 LB TELNE
IADPWBNLODRA Y b Eb, O, REIWRT LI, KEDY A M4 AL, B A
e, R gsE. KEtgE R LD "M 2L ¥ —) 1&. EROI OfEAY 10 HifED &
HITHEIET 2, 2D bEAFEI LY —3, TEDEMHEH IC X > T, EROI D%
ERIETVE, YRDI Ao, SBROEMEINIZ X > T, EROI $Zb D 1§25,

K10 : REV AT LICET 3 EROI DEEHRKT—49 DEHIE

100

75

<]
& so

25

0
Coal N.Gas Nuclear  Hydroelectric  Geothermal Wind Solar (PV)

H{4lL : Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy,
Vol.64, 2014, p.143.

F—L o, BT 2% £ LT EHAEICET % EROI O V% & > 7 f5 R
. ME 10D K I ICHR>Tw 5, 1 /FED EROL OV (15 DF X TR E i 33 D
F¥) 13 EROI = 14 TH h * 2N £ TOMZE & MR TR EAZZR S NA v, LT,
J 15 FE D EROL % 18 ~ 20 fJE, KB )t76@ @ EROI A% 10 FREE, HiEAFEEE @ EROI 5 9
BETHD, MERES AT L EHRTHHADOL VL VI EFTELTWSE Y, Mo T
EROI DK E Do 7D, KNFEETHD ., FH 84 L IR LEL->TWwE Y, ZD

28 Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy, Vol.64,
2014, p.143.

29 Ibid., pp.143-144.

30 Ibid., p.143.
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FDIFNF —BORZME T 2 12H 72> T, RiCh/KR D FEE IR Offifiddsd 2 L b
ns,

F o, G TRV X — oMY, HEH I NTW» 523, EROI OHHE D & B,
— I = 2OV ¥ — DO HIEEH (X EROL Ofi 2 1 L B 2855 03% ., i, {LaRED
EICZRNVF—PRELTEST, TN X —HEMECHERI 2L X — 2§
L%, HIEERM IZBIC 2> Twd EEZS5NS,

AMR=Z2DHEP DI F VX =27 FE0) 2T, MoHE»S S 10 FRED
EROI 28 1 oD IR, OHZRE LT 2HEZIiDH %, "/ EROI (Minimum EROI) |
EWIMEETH B, B2 HiTHA L7, EROlext (Extended EROI) & BRI %, & —iL
SOMBICK D &, IS NS EBICHETHEON S FTICHELI IV —%2F
IZAND &, ERINIFEIRMON 64% (&, FEEL, Wik, ERED A ¥ 7 7 OMERFEN
WCABETH B E VS Y, D F D, EROlext = 3 2372 \» £ ASWEEBY O S R 7 A % Bh ¢
DRI L 72 b ZE RT3 72 DI IFEEHERY 2 EROI IC#AT L T EROI = 10 FR 7%
TS W,

HRT EROL 28 10 L EZg v 2 2 L ¥ — &, HHAYIZ EROI O & > A iRE i 22 & O HfiB)
B LTI L . ZOERICBE TR =2 b X — L3R D icd v, EL,
EROlext =3 £\ DIk, L EH L OXHD Tz EROL 1B E S, SEEITIE ST, B,
HEREZRY LB L% HEPREREDL, ochiud, X Ev EROI 25k
SNB LD,

HEPICFHAETR T 2 L X — IS T 2 EMNERIZE L Wb DH D, 20D F L F—
BkEEZ D L TEELRSEEEZRLT I LICh 2 LN Sl HETEI 2L ¥ —
NOBATZEHT 2 ICER L Tk, BOAKY (BORMY) SR, REFFRIHIRY. Beirabilsy & o3
A&, ZRLF —WHlF (EROIINABIR) BRI NS ZLiddhv, L Likds,
HAEIZ VX —2io THANEIZZ LY —2HP L T ZLRELVWOTH-
T, Bl EMEMAMEIZBRIE T2 L) FRZBEL TS kw0,

IO LMEERLEEL, ¥y EY Y« U A (Inigo Capellan-Perez) & 1%, EHD
AT L 2L X —HE L 2060 FEE TICS50%IC LT — A, T5%IC L7 —Z, 100%
WKL —AZEICyIal—vavfioTws P Yoy F YA, 2ko EROI %
BRTEE2H, FoEHATEIZ LY —100% % HiET o U A Tld, Birght+35%

31 Charles A. S. hall, et.al., “What is the Minimum EROI that a Sustainable Society Must Have?,” Energies,
Vol.2, No.1, 2009, p.41.

32 Ibid., p.A4S.

33 Inigo Capellan-Perez, et.al., “Dynamic Energy Return on Energy Investment (EROI) and Material
Requirements in Scenarios of Global Transition to Renewable Energies,” Energy Strategy Reviews, Vol.26,
2019, pp.1-26.
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D1REIZIVE—HINZBHEICT B EFEROTTVE Y, £, BEZEYERLE AL,
iz L (tellurium), £ V) %7 4 (indium), A2 X (tin), $& (silver), A7V 77 A& (gallium)
DWW, REHILFEESBUE OB D 100% 2 BATLE ) L) %,

EDEGEROI DI AN F—ANLEZZNF =27 FT570ITE, ZOIRILF —DF
2 EROI & ) HE W EROI DHJFICH S 5 2874w, HAEARI ALY —Dflaz LD
FEOT 20, EvI IOV TR, HEOHRD SiEmORMDIH 2 L BbNn sy, £
DE) BEATTH > TH, ALEREIANDHEBERY 2 R E DM IS DI TH 2 &) DIFHL
BLEINDLLBERTH S,

®FE 11 : VT RILF—ICE T 3 EROI DEERKRT—49 DFHE

Coal Oil and Gas Tar Sands Oil Shale Ethanol from Diesel from
Biomass Biomass

Hi# © Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy,
Vol.64, 2014, p.143.

KEI I, By 2L X —D X 2L X —JHICBI T % % EROL HFZE D ¥ % = L 72 X
ThHh2, ZOFT, HENEWEZRL TR0 HKTH S, 17 DFXIBRT. 72D
BREEICE T B EROL %, 46 TH o7 KE D7 — A2 Tid. 1950 SEREIZ D AR
® EROI 237 80 & o7 & 2 A5, 1980 £ 1E 12217 T EROL = 30 /% £ T{%
T L7228, 1990 4EfR £ TICH W EROl = 80 B THIE L 72z £ W) FZE b i ST w
% 7, BROI 221} % % Z 1L R D H VR IR ~DIRTFIE % o 2 MR e hs, 3Rl 7
"t A TOHER, KAGYPRE, T2V —FHE L TORRICIEMER DS », Z22I2ED
L) BRHOMEE LI E LD E V) DIFBEROMETH ). Az ED X I IS D
. SHOTRNX—HEEEZ S L TORELHNELDLTHS I,

EIBERY 2 = o7 )L ¥ — BB OMIE R ZIE. ZENGE NG AT A2 > THEKRE
WEERIZTEZEZON D, REINICEHETHRI AL —DFHEZHLL TV L)
fEZHIEL TV LI 2L 200b Litkuds, LA Bz L —FA4 70
BIRICH 2 DI TlE AR, ZO5% BMEFOZXINF —JREDNT VU AZFZEL K030 T2

34 Ibid., pp.17-18.

35 Ibid., p.18.

36 Charles A. S. Hall, et.al., “EROI of Different Fuels and the Implications for Society,” Energy Policy, Vol.64,
2014, p.143.

37 Ibid., p.143.
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BB IR T B,
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5 LTSN, F BEABIL. BRI L9 wiliE (B L < EROI
DIE) DS FE O, BRI EROHE L il (L T EROL 23K W) 122w TidtE
MLICLCTE, EEDHF L WEMHESIC X > T 29 LD S 04w HE &
o TWEH, ZNsIdEEa R M bE <. EROL bR,

2020 fEEZFE T DAL D EROI 1%, AREEAES D ic X % L, EROI = 15 fREE7 & #fE
EIND, ~HOKMHZRC T, MFEMHOZ  BEHE -7 2BETED., BES%
KE DY A b A A Vi EIEERAH2 & D2 > T\ b, 29 L7l EROI 1%
WUTDHDNE% v, HEY A7 B)IACHBINTE D, ELOEF D ITCWRUD Hi
WTW3,
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o L A, NEPFATFEER L b 2 FIMOR 3 00 21%, F s i fFTE L
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