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A Half Century of Long-Range Energy Forecasts: Errors
Made, Lessons Learned, and Implications for Forecasting

Roger H. Bezdek' and Robert M. Wendling'-

This paper assesses the major U.S. long-range energy forecasting studies conducted over the past
half century, identifies the errors made and lessons learned in energy forecasting, and discusses the
implications for current and future attempts to accurately forecast energy consumption, production,
and prices. Over the past several decades, long-range energy forecasting has been extremely diffi-
cult and the accuracy of the major forecasts has, in retrospect, often been found wanting. Although,
in hindsight, a large portion of the forecasts and associated policy recommendations turned out to
be inaccurate and mistaken, here we conduct a careful review of 50 years of energy forecasting to
determine how some of the major pitfalls can be avoided in future efforts. We identify: (1) lessons
that can be learned from these past forecasting exercises that may improve our track record in the
future; (2) basic trends and truisms that may be discerned that may allow us to more accurately
forecast energy technologies and variables; (3) insights for doing the job better in the future; (4) the
most egregious forecasting errors made in the past that can help us avoid making similar errors in
the future; (5) assumptions that may aid us in better predicting the long-run energy future; and
(6) how this review can assist policymakers in formulating energy policies and technology and

R&D priorities for the future.
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“Prior to determining where we are going, we must first
ascertain from whence we came.”
—A. Lincoln

I. INTRODUCTION

Over the past several decades, long-range energy
forecasting has been extremely difficult and the accu-
racy of the major forecasts has, in retrospect, often
been found wanting. Even the most basic data have
frequently been misforecast by orders of magnitude.
Nevertheless, ascertaining the likely energy trends and
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parameters for the United States and the world over
the next several decades remains an important exercise
with critical economic, environmental, and political
implications.

Although, in hindsight, a large portion of the fore-
casts, projections, predictions, and associated policy rec-
ommendations turned out to be inaccurate and mistaken,
the issue at hand is whether a careful review of 50 years
of energy forecasting can be helpful in avoiding some of
the past pitfalls in future related efforts. What lessons can
be learned from this review of past energy forecasting
studies? What basic trends and truisms can we discern
that may allow us to more accurately forecast energy
technologies and variables? Can a review and assessment
of previous long-range energy forecasts provide insights
for doing the job better in the future? Can identification
of the most egregious forecasting errors made in the past
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help us avoid making the same errors in the future? Do
there exist basic trends and assumptions that may aid us
in better predicting the long-run energy future? What les-
sons can we learn from these past forecasting exercises
that may improve our track record in the future? How can
this review assist policymakers in formulating energy
policies and technology and R&D priorities for the
future?

These are the types of questions we sought to
address by reviewing the major long-range energy fore-
casting studies conducted over the past half century, as
part of a larger study of approaches to evaluating long-
run R&D.!

II. THE STUDIES REVIEWED

We identified over 100 studies by a variety of
organizations conducted between 1952 and 2001 that
attempted to forecast long-term energy developments
for the United States and the world, and we systemat-
ically analyzed 49 of them. These are summarized in
Table 1, which lists the studies chronologically.

First, the major studies were identified and
assessed in accordance with their relevance for this
project. Next, the most important were reviewed and
analyzed to identify information and insights. For each
study, the following specific questions were addressed:

® What were the specific objectives of the analysis?

® What types of analyses and forecasts were con-
ducted?

® What were the major assumptions, guidelines,
and constraints employed?

® What technology and market scenarios were
considered?

® To what degree did the studies specify barriers
to be overcome and suggest long-range targets
for technology development?

® What were the major conclusions and findings
derived?

® What unforeseen technological, environmental,
and institutional developments occurred since
the research was conducted?

® What are the major strengths and weaknesses
of the study?

® What lessons relevant to future forecasting
efforts can be derived from the study?

! See Hirsch and Management Information Services, Inc., January
2002.
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III. LESSONS TO BE LEARNED FROM PAST
FORECASTS

In hindsight, a large portion of the forecasts, pro-
jections, predictions, and associated policy recommen-
dations turned out to be inaccurate, which is not
surprising. The issue at hand is how a careful review
of the past 50 years of energy forecasting can improve
similar efforts in the future.

Our review of previous energy forecasts vividly
illustrates how very difficult such forecasts are to make.
On the one hand, a number of elements of past forecasts
were correct and are likely to persist into the future. On
the other hand, predictions that consistently turned out
to be inaccurate in the past often provide guidance as to
pitfalls to avoid in the future.

First, our analysis identified lessons learned that
may aid current and future energy forecasting efforts.
With respect to past energy forecasting errors, we
think those summarized below are of particular note.

Many past forecasts consistently underestimated
the size of world energy resources, particularly oil and
natural gas. For example, world oil production has been
predicted to peak within the next 10-15 years for at
least the past 50 years. At present, the “experts” predict
that world oil production might peak somewhere
between 2020 and 2040. This may very well occur—at
least for “cheap” conventional oil production. However,
as (or if) the real price of oil increases substantially, new
supplies of unconventional oil will likely be produced.”
Nevertheless, the oil resource is finite and depleting, and
at some point world oil production will peak.

Many of the major forecasts made over the past
50 years have tended to underestimate the role of
prices and the adaptability of markets. The free market
works, often with a vengeance, but this seems to be a
lesson not learned.

Energy technology forecasters frequently failed
to fully appreciate that they are dealing with moving
targets, for existing technologies will continue to be
improved over time. Thus, while impressive advances
in some new technologies are being made, substantial
improvements in the competition, such as conven-
tional electric power generation or the internal com-
bustion engine, are also occurring. Thus, in some
cases, energy technology forecasters are like “the gen-
erals who are very good at fighting the last war.”

2 However, it is worth noting that the current 2002 real (inflation
adjusted) price of oil is likely no higher than it was in the late
1800s and that the current real price of gasoline is about what it
was in 1949.



'020T £qQ 9 ()9 9SLAIDUI [[IM SUOISSTW

20D pare[aI-A310U9 {[10 IseH J[PPIA uo Juopuadap

QIOW AUWI009q [[IM P[IOM SOUO JAIYI[EaM )

ur uey) suoneu 1o10o0d s priom oy} ul I9)seJ yonur

MOIS [[IM DHO pue asn AS19ud SUOISSIWD D)
[QO[3 2onpar 0) paIrmbar s1 UONOL JAISIOIP IO\ 0207—0002 s1eak 07 000C Kouady A31oug [euoneurdjuy

"020T ysnory

QuI[op [[IM Asudiul AS10U9 SN {0T0T

ur spenb /71 01 6661 Ul spenb 9 woly asearour

11 uvondwnsuod £319u9 *S°N (00T ysSnoay)

A[snonunuod auroap [[im saotd £3101130910

"S'M [ea1 fd[qnop [[1M uononpold DHJO Pue ‘00T

ut Kep/s|qq L11 01 6661 Ut Aep/s[qq uorfiw 9/
woij dseardul [[ia uononpoid 10 prop 020¢—000¢ s1eak (g 000T vIid/40d

‘I[Im [eUOIIRU pUR

saro1jod JuowuIaA03 ur a3ueyd dnewelp armbal

1[IM s[e03 ASI10U2 UBQ[D TUIAJIYIE (SATOUIADYJIUL

aInmjonnserjur A310ud pue ‘AJIfIqerauina

A1ddns 110 ‘vonnyjod e ‘Surrem [eqo[S sseIppe

ysnw Ao170d @29y A310uQ (sa13ojouyd) A31ou

ued[d Jo juawdo[orap 9)eId[00r AppuedyIugis
PINod JeY) sjuowaImbar 2y pue sarorod seynuapy 0S02—000T s1eak (G 100T sar1ojeIoqe T O AL

*S9OINOSAI AZI}oUoUW

pue YSLI dZrwiurw o) Jurnjoejnuew awn-ur-ysnl

jdope [[1m s1oonpoid sed Suejrodwr A[Sursearour

QWI009q [[IM BPEUEB)) PUE OJIXJJA JO J[ND) Y} WO}

sarjddns sed ‘uonezifenuadep pue uonen3AIAp
AQ pawIojsuen) 9q [[Im ANSnpul UONBIAUAS O30 S102-000T sIeok G| 100T aimnsu] A30[0uyo9], sen

‘020 £9q 9%()9 9SLAIOUT [[IM SUOISSTW

0D PHIOM UITIIP UAYY ‘OO [BUN IseAIOUT

1M 1omod Jeaponu ¢[eod uey) A319uU9 210w

9%t Alddns [1im ses reinjeu ‘g0z Aq ‘suoneu

Ppodo[oAdp SEB [I0 Yonuw SB QWNSU0d [[IM SUOHEBU

Surdogaaap ‘00T £q 1($ 6661) TT$ 01 OseaIOUl

11is 2oud 10 prIom ‘0z0g £q ‘priom Surdojaaap

Q) ul SULLINOJ0 JSLAIOUL AY) JO Isouwl YIM ‘0Z0T
£q %66 osearout [im uondwmnsuod A31ouUd prIop 02076661 s1eak ¢ 1002 VI4/40d

‘suondo romod

POZI[EJ)UQO9P PUB PAINGLIISIP PIEMO) JJIYS 0TI

S9130[0UYd9) J[JIYIA MAU isjuowainbar o3eIos

£Q PouUTEIISUOD SO[qEMAUAI ‘dATIIIodwWwod jou

st 1omod Ieafonu ‘(OSO7 pue SZO7 Udamiaq syead

se3 ‘Gz 191e syead uononpoid [10 Juowdooaap
K312u9 jo pourad aaneaouur Arenonted e JuLuyg 0S0Z-0002C s1eak ()G 1002 [euonBUINU] [[QYS

0002 MoopnQ
K31oug plIop

100¢T yoopno
A310ug [enuuy

aInn, A31oug
ued[) © I0J
SOLIBUQIS

uonipyg 000c
:uonoafoig

aurpsed [¥D

100T Yoopno
A31ouq [euOnBUIAIUL

0S0T O SOLIBUAIS
-SanI[Iqissod pue
‘sao10y)) ‘spaoN AS1oug

s3urpur JolejA POIOA0)) SIBIX POLIog 1SBI2I0] paysIqng e oyny

Apmis

1002—2S61 ‘serpnis Sunsedsa1o) A30jouydd) A310ud Jofew paod[es ‘I AqeL

157



*DN'T paseaIour
pue ‘epeue)) woij sprodwr Jursearour ‘uononpoid
omsowrop Aq 19w 2q [[IM puBWwop ses 'S’ ‘puewIp
se3 9seaIoul P[nod suoNe[NIaI [BIUSWUOIIAUD
MU {007 YySnoay) sjuawalnbar sed pasearour
JO 9§ 10J JUNOJIE [[IM UONLIAUAT AIIOINI[
£0s op 0} anunuod 03 pajdafoid st pue ‘sysed910]
Popa9oxa sey uondwnsuod sed [einjeu ‘S ) [eNOY
‘UIIOUOD B JOU ST JurwiIem [eqo[3 Jr uaad pagnsnl
o1e sororjod mou (S[onJ [ISSOJ QAISUIIUI-UOGIED
WwoJJ JIYS Y} puL SA0IN0S ATIOUD 9[qBMIUAI JO
uordope 21} 9JBI9[900k 0} PUB SATOUAIOYJO AT10Ud
Qe[nWns 0) papaau a1k sa1orjod mau (010A3Y Jopun
10518) SUOISSTWD S)I JO9W UBD SRS PAIIU[) YL,
9810w [[IM SAI0[0UYd)
Ied[onu Je[npow ‘Id[[ews mau syueinjod
oy1oads 103 sarorjod [BJUSWIUOIIAU JATSSAITTe
woij 3nsax 0 A[oy1[ are sastdins {rodeayo
are Koy} J1 U9AQ ‘S[onJ [ISSOJ JO YIMOIS urensal
1M sororjod JuawuIdA03 10 pue [eod doe[dal
AJ[enpeis 03 1SBI910J 9Ie SBS [BINJBU PUR SO[QRMIUIY
‘SUONEIIUNWWOD pue
K)1011)09]2 JO 90UQTIAAUO0D Y} WoLj JurIows st
QIMONIISLIJUI-BSAW MU © OTUOD [BIUSWUOIIAUD
Ppale[a1-A312uUQ 10J uapInq s, AJ2100S IAP[NOYs
A[3ursearour [[1m A0 ‘yimoid Kyranonpord
0] [ETUD ST UOTJBAOUUT PAseq-A)IdINod[g
‘uoneoyIses [eod uo oq pinoys werdord
9Y) JO SNO0J £SIISLM PUB SUOISSIWD [BIUSWUOIIAUD
[Te A[1eou ojeurwr[d 03 paimbor are syuowoordwr
[enjueIsqns {plIom paures}suod-uoqred
® Ul sfonj [1ssoj 3uisn 1o0j suondo apraord
1B} SOISO[OUYDA) PIOUBAPE UO SNO0J PINoys FO
's9Je)§ pajiu) ay) ur peonpoid
9q JOU [[IM S[ONJ QAIIRUI)E JsOUW DD Suronpal
10J 10 syrodwt [10 Suroe[dor 19110 10J ATIRUIS)R
9[qeIA © JOU ST [OUBYJD ‘9[qBIA A[[BOTWOU0ID
QW099q 0) [N} ATIRUI)I[E ISIY JY) 9q
114 [osarp yosdol ] -1oyost ‘soorid aster 03 Aiqe
§.DHdO VW[ [[I4 S[on) 9ANBUIN[E JO AI[IqR[IBAY
“Ie9[oNU pue [BOD SSI[ PUE ‘SES [BINJRU dIOW
‘UOTLOYIIOI[0 191813 101paxd s)seda10] Isow saorrd
[1o armny Sunewnsaroao A[qeqoid [[ns o1e sopow
jsowr ‘aanyng ay) ojut sarorjod A3roue Juarnd Junoal
-o1d £q 110 A[[ensn s3se2910] ‘uondwnsuod A310ud
PojEWINSAIOPUN A[JUSISISUOD JABY SISLOI0) VI

S10T-6661 SIdA 9] 6661
0202-000¢ BLEIN T 6661
$20T-000¢ s1eak 67 6661
0$0T-000¢T s1eak ()6 6661
020T-000¢T s1eak (g 0002
0202-0002 s1eak (g 0002
020T-S661 s1eak ¢g 000T

[I9UN0)) WNJ[0I}d [EUONIEN

Awouoog
judroyjy AS1oug
UB I0J [I9UN0D) UBILIdWY

wnlo, SuIfepon
A310uq plojuel§

1add

[19UN0)) YoIeasay [BUONEN

saLI0JBI0qR ]
q0d pue 504

VId pue
wnio SulfopoIA
K310ug piojuels

puBw( SeH [BINJEN
SuImoIn) s uoneN
oY) Jo soSuaqrey) oY

SunNeaIA st [eINEN

syoedwy pue

REIGII(OF: REFALA

[000301J 010K
S eoLIoWY SUunodN

SIBQX GT IXoN
A} A0 SAIT[0]
pue s}y AS10Uug

ssa1So1g
Surromod :dewpeoy
A3ooutda], A11011991g

aIn,{ ay) 10y
suondQ [ong
[1SSO] “]C UOISIA

spon,g

uoneyodsuel], MON

I10J [e1IU9}04 9} pue
S01IJ [I0 PHIOA\ 2Imng

KInuo) maN
Yy ojuT SpuAI],
K31ouyg Sunosfoig

s3urpur Jofen

PRIOA0)) SIBAX POLIog 1SBI2I0 paysiqng e

Ioyny

ApmiS

‘panunuo) °I Aqe],

158



"010T £q %0%

KQ 9SBOIOUT [[IM SUOISSTWD ¢ PUE ‘JUSWUOIIAUD
oy oper3op [[im uondwnsuoo A31ouo pasearour
‘SjuouIdIINbaI JUAUNSIAUT O[qRPIULIO) AJRIAUAT [[IM
spuewop A3IoUd SuIseAIdUl {A[JUBOYIUTIS 9sBAIOUT
14 sed [eanjeu jo doueyrodwi 9y ‘suoneu
Surdofoaap woly awod [[1m syuawarinbar A31oua
Ul SOSBAIOUT JSOUI $S[aNJ [Iss0J uo juapuadop

A[SUI[OyMISAO UTRWAI [[IM W)SKS A3I10U9 [eqO[D

‘yred s1y) 9Ad1yor 0) parbai
are sarorjod orqnd ur saSueyd {Aouowr 9AeS pue
quowuoIiaud oy} orordur ‘uvondwnsuod £31oud
Q0Npal p[nom wa)sAs A310Ud Mau Ay} 01 SurAow

formny A310u0 o[qeuIe)SNS A[[BIUSWIUOIIAUD
pue A[[ed1wouod? ue o) yied ay) uo sABIS pAIUN

ay) ind 03 paxmbar st £39)e1S [RUOTIRU pAdOUR[Rq

'020T Puokaq suononpal

uoqIed Jo 9oed 9AISSI33e UB JO UOHBNUNIUOD Y)Y
9[qrUQ Uued $AIFO[OUYII) ATIQUD JO UONBIUAT JXoU
9] 81500 A} PaddXd I0 [enbe ued serSoouyd9)
oy) woiy s3uraes £310uU9 50661 A[1BI Y JO S[OAQ]
0) ()]0 UI SUOISSIW uoqied pue uondwnsuod
A319U9 "G 2onpal ued sAI3o[ouydd) A31ouU
orerrdordde o) JuounIWIWOd [RUONEU SNOIOSIA
‘PAIRIS[AOOE

9q p[noys pue oAnenIUI ANsnpur ajearrd
/JuawuIaA03 Jurof B 9q p[noys sarSo[ouyde) mau
Jo 3u1nse) puB UOEISUOWAP ([BOIULYIIUOU AL
so130[0UY09) MU 0) sIoLLIeq Jofew Juowdo[orap
A3010uyd3) QALIP [[IM DHLD UIBIUOD 0) PIdU

Q) $SITO[OUYDI) [BIUSWUOIIAUD PUB ATIQUD Mau

Jo Juowrdo[oAdp UO 9JBIOQR[[0D JSNW SIqUIAW YH]

‘sa13o[ouyo9)

A310U9 *§*) 10J SI9YIRUWI [RUONRUIIUL

Surpring pue ‘syrodut [10 "S°) Juronpar ‘sjsod
A31oud Fur[onuod oapnpoul sa3ud[eyd qRY 0012

Ut 950G pue O£ Ul puewap A510Ud PLIOM JO % /9
A1ddns [im spang [1ssoJ (001 Aq p[oJ-Inoj searour

pue 0¢0z £q 9[qnop [[IM puewop ASIOUS PLIOA

‘sossouIsnq pue
sjoyIew ASI10U9 1)k A[[eonselp [[Im sdiysuonefal
pue so130[0uydd) MaU Jo ouddIows ¢ somod jo
S)IUN, 19JJO SANIIUS MOU Se In[q [[IM AJIOLIIJ[O pue
‘sed ‘[10 ueamlaq UOTJOUTISIP ‘SWIY uonnjos Y3y
901A19s Y31y ‘Y4o91-yS1y se ad1owa [[1m saruedwod
A3I0U9 MU {[RIUSWAIOUT JOU ‘AIBUOIIN[OAX

9q [ Ansnpur A319u9 9y} 03 SASUBYD 21NN,

Kouady
A310ug [RUOTIRUIU]

»JS[]1 pue
‘IL ‘DAYN ‘HIADV ISV

sar3ojouyo9],

uoqre) Mo

pue juaroyyyg A31oug

uo dnoin) SuryIopm
K1oyeroqerrau] 404

Koualy
A31ouq [euonBUIAUL

LSVDd

ooexo]—Infig 10104

S661 “JoopnQo

K31oug pliop

JUSWUOIIAUF UBI[) ©
0] yred snoradsoid v

:suoneaouu] AS1ouyg

puokog pue 0107 £q
sa13ojouyoa], AS1oug
Jo syoedwy [enudlod

1suonNoNpay uoqre)

'S°( JO SOLIRUAdS

AImyua) IS¢ 2y) 10§

sa13ojouyd9], A310uyg

KIua) 1817
oy} Jo seSua[reyD Yy
10§ yuowdo[aae( pue

[oIeasay A31oug [elopa]

ssaIppy A31oug [eqo[D)



K9y st diysiope9] [e19pay] (sa130[0uydd)
J[qemaual ur s103ndwod udraroj puryaq Jurffey s
soyeyg paytu() ‘Suruue(d A31oue ojur pajerodiodur
9Qq JSNW SANI[BUIIXA JodIewuou ‘parmbar
Qe s9[qemaual 10J saanuaour Aorjod pue ¥y
[e1opaJ popuedxa A[JeaId ‘urelradoun sI el oY)
Kquo ‘osearour [[Im ASI0Ud 9[qEMAUAI JO UONNQIIUOD)
‘S[onJ POALIOP-[ISSOJ UBY) dIowW
10D [[IM S[ONJ PIALIOP-SSBWOI] ¢SRS PAIIU)
9Y) JO 9PISINO INOJ0 [[IM S[onj pinbiy ojeurdlfe
Jo uononpoid ‘soaresar "g N puedxa Apueoyrudis
ued (293 POseaIoul {peoiqe SulSOAUl I
soruedwoo (10 pue Sururoop st uorponpoid 10 "S'N)
*J[NSAI SIY) AINSud 0} parmbar
ST UOTJUQAIQIUT JUSWUIOAOS (SIITAIAS ATIoUd
paanbax ap1aoid 03 papuedxa Apjeais oq ued asn
A31ou9 9[qemaual pue Koudroyje ASI1oue {paonpar
9Qq uBd suoIssIwe uoqied pue uondwnsuod A31oug
‘K3010uyo9) I10poaIq ILa[onu pue [BOO I8 9ININJ
AU} JO $20INn0S ASIAUD {SIYAUAQ YY) 0) ATIR[AI
[[ews are A31oua parmnbax oy Suronpoxd woxy
sysu1 ¢soziiqe)s uonerndod J1 opqissod st arming
A31oua 9[qeureisns ‘9ienbape AInjuad 1xau oY)
urgIm uoIf[iq o1 e aziiqeds [[im uonendod prrop
‘sorjddns A31oud
91enbope 03 $$900€ pue YIM0I3 JIWIOUOII SUTBUIL
ansst A9y ‘0z0g Aq paiinbax A31oud ur sjudw)SIAUL
('S wor[[n 0g$ 00T £q 2qnop Aew
SUOISSIWD se3 asnoyuaalsd ‘oouelrodwr ur AseaIoUl
s 1omod responu (puokaq [[om pue 0z0g
y3SnoIy) 9JeuIwop 0} dNUNUOD [[IM S[ONJ [ISSOF
fsaInseaw AouaIoyje ASIaue wolj sjyauaq Jururpaqg
*A310u0 paxmbar opraoid 03 uo parar oq Isnuwr romod
Ieo[onu {pajrwl] S ASI10U0 9[qemouar 10 [erjudjod
f9[qeaSeurw Jnq ‘a[qeirAaul s1 AJurYD LWI[O
£O[qEIIAQUI I SUOISSIUIO UOqIed Jo Surqnop
® Jsed[ Je pue uondwnsuod A31oud paseaIdu]
‘weadoxd ¥ $.40d ut Ayorad pasearour udAId
9q pnoys SISA[eue SwWa)sAs {PApUAIX 2q P[noys
weidoid uonoejenbi| 1eod s, FOQ Atond I1soysiy
UQAIS 2q P[NOYS SWIISAS UONLOYISLS uoneIouad
PIIY) PUB PUOIIS (ADUSIOYJO PUB ‘SUOTONPAT
SUOISSTW ‘S[ony ued[d 10J paImbar 29y paseaour
00T 01 PapuIX? 2q prnoys uozuoy Suruueid O

0€0C—0661

01020661

0€0C-0661

00€2-000¢

020C—0661

090C—0661

0v0C=S661

s1edk (O

s1eak (g

sIedk (Of

s1eak )0¢

s1eak O¢

s1eak ()L

SIBaA Gf

0661

0661

1661

661

€661

€661

S661

,sauojeroqe | A31ouyg
Jo Juounreda "S° ) QAT

[1ouno)
[oILosoy [BUOTIEN

¢SON DAAN
‘ASV ‘HHHDV

00[19)B A\ JO AJISIOATUN)
‘YoIeasay YSIY 0] Amnsuy

[1ouno) AS1aug PO

AImnsuy
[oIB3say 1omod
o1no9[g ‘1IelS Aouney)

[10UNO)) YOIBASIY [BUONIEN

1deq anym

K101RI0QR[IIU] UY

:A310Ug 9[qemoudy
Jo [enualod AyL

amin,g

INQ 9AL(J 0} S[on]
JUSWUOIIAUF
ued[D ® pue
Awouooyg Juong e
ur SunsaAu] :sad10YD

A319uq S BOLIOWY

=
sIBO X 00§ 10J AS10Uug &
—
PIIOM
S,MOJI0WO], 10J AS1oug

samming AJ101n091g
pue £312ug [BQO[D

amn,g 9y}
10J A319ug :[eOD

sSurpur Jofejy

PRI2A0)) SIBAX

POLI JSBIAIO]

paystand areq

oyny

Apms

“panunuo) Y AqeL



‘padeurwl 9q uLd AJIGUD YIIM PIIBIOOSSE
Swo[qoId [eJUOWUOIIAUD (YIMOIT JTWOU0Id
0] JUTRIISUOD B JOU Ik $a3e1I0YS ATIQU (S[9AJ]
8161 1891 9y 201m) sootxd Je parjddns oq ueo
spoou A31ouQ [eUONBU {ATJUBOYIUTIS PIMO]S 9q UBD
uondwnsuod A319u2 JO Y1MO0I3 JO eI OTWOU0I
10 [ed130[0UYd9) Jou ‘[euonninsul pue [eanrod
are Aorjod A310u9 *§ N yim swajqord A9y ay,
"SIQLLIEQ [BUOIIMNSUL pue suonodjradur
joyIew are swaqold Jofew ‘parmbar are
SO[QEMOUAI PUE UOTJBAIISUOD ASIQUQ I0J SOATIUAIUT
Korjod pue sarmipuadxa (293 [eIopa) [enueIsqQns
o1qssod ST S[oA9] L6 Wwoly uondwnsuod
KS10U0 UT WOTJONPAT 9 © S[OAJ] LL6T
119y} 0) paytwr 9q isnw spodur [10 (Ajddns A31oua
pasearour 10 s3oadsord 0y se onstwissad Ajowanxyg

*A319UQ 9[qBMIUI pUR ‘AOUAIOYJ
A310U9 ‘uoneAIdsuod A31oud aziseydwa prnoys
d»¥ AS10u0 [e1opa} painbar st uoneAIasuUOd
A31oua Aoy ay) st uonduwnsuod A31ous Suronpay
'soo11d A3I10UQ IOYJO UBY) IA)SEJ ARl B R
9SBAIOUT 0] dNUNUOD [[I4 sdo1Id 10 {0007 YSnoIyy
Arsnonunuod aseaour [[1m uononpoid AS1oua
‘S°() O1SIWOP ‘191JBAIOY) A[SNONUIIUOD AUI[OIP
uay) pue G861 [nun neajerd [[im syzodwr 10 30U "§TN)
IMoI3 J@O uey) 19)seJ ojel e je
QSBAIOUI JSNUI SAITO[OUI) ATIQUD UI SJUWISIAUT
{0007 Aq uasiom [[im Koudpuadop AS1oud ‘uornoe
snoJoS1A noym ‘1o payrodwr uo douapuadap
AA®OU PINUNUOD 0] SIAIIRUIA)E [qISLa)
A[Teoruyo9) pue JUAIOYJe A[[eOTOU0dd I8 IOy,
901n0s A319ua Arewrid
JUBUTWOP 9Y} SAW099q [B0D ()07 Aq 19110dxa
[10 UE SOW009q SAILIS PAIIU() {INDO0 SAIBYS [ONJ
ur sy1ys onewelp ‘spany Aypenb-roysiy Joj pasu
AQ palIemy) ST S[ONJ 9SN-PUS Ul UONBAIISUOD (dsn
A310u9 [euy ur juerrodwl A[SUISBAIOUT SOW09q
K)1011)0312 G707 AQ JJO [9AJ] pUE ASLI UIY)
‘000 y3noay) [rey sooud [10 piom A[fenueisqns
SMO[S puBWAp ATIUD UT YIMOIT JO ey
‘s[eny uonejrodsuen) pue ‘uoneoyises
pue uonoejonbi| [20d ‘SO[qEMAUAI UO SNJ0J PINOYS
dxy ‘paanbar suonoe juowurdAos Juons syl
Ju9Ad1d 01 pa1nbal ST UOTIUIAIIUI JUSWUIIAOT
pUB ‘UOIBAIISUOD PUEB SAIFO[OUYII) ATIQUD Mau
UT SJUQUIISOAUT 90NPAI [IM sa91Id [T0 MO faseaIoul
[11M 10 ISEH S[PPIA JO 2IeyS Y} ‘onunuod
11im sarpddns [10 pue ASI10U9 UT SISLID JIPOLId]

000C—8L61

000C-LL61

010C-0861

000¢—0861

010C-¥861

00C—¢S861

000C=¢861

SIBAA 7T

SIBAA €7

s1eak O¢

SIBAA (07

SIBAA 97

SIBIA G9

SIBAA G|

6L61

6L61

0861

1861

7861

¢861

L861

aIn, ay) 10y
S90INOSAY—1INYIS WeS

SI0JIP3 ‘UIdIa X [orue(
pue ySneqois 119qoy

[10UNO)) YOILISIY [BUONEN

q0d

Koualy
A319ug [euOnBUIAU]

K101eI10QRT [RUOLIEN
A8pry YrQ ‘sish[euy
K310ug 10} AIMTISuf

pVIIA ‘SISO ‘VYIN

aImng
s eoLowy uj A31oug

[o0yog ssauisng
pIealeq oy} Je
109lo1q ASaug oy jo

j10doy :eimng AS1oug
SwAISAS AS1oug
QATIRUIA)Y pue
IeqonN uo jodeoy

[eUL] :010C—S861
‘uonisuel], ur A3roug

-
0007 oK o1 &

0] suonodafoig A31ouyg —

sonysIg
Ay} 193y A31oug

a1nyg 9y SulsSassy
:A310ug [RqOID)

000C 01 A11ndag A31oug



"SO[QBMOUAI JO UONBAIISUOD
A319U9 0) UAAIS 9q PINOYS SPANUIDUI [BIOUBULY OU
Inq ‘ser3o[ouyda) Juardoyje A31oue Jurdojoadp uo
pasnd0j 2q pInoys 29y A31oud [BIIPJ (S[AISJI]
ur sagueyd ou Yim Apueoyrudis uondwnsuod
A310ud g ) 9onpal pnod Ayranonpord
A319U9 pasealdul pue A39)e1)s A3IouUd 1S00-1SLI[ Y
‘parmbar are sweadord
A319U9 [BIOPIJ Jo[BW pUB ‘UOTUIAIUI JUSWUIIAOT
‘SJUTBIISAT [BIDID0S {SNOTOSUOD A[[BIUSWIUOIIAUD
pue A31oud pue ‘quopuadopiajur ‘aaneradood arow
QWI099q ISNUW SUBDLIQWY $SIY) 9ASIYOE 0] GZOT
Kq paxnbai are surened uondwinsuod A31oud pue
son[ea [e)2100s Ul sagueyos [enuelsqns o[qissod are
uondwnsuod 310U *§'() ININJ UI SUOTONPAI dFIe]
‘paxmbar are uonuoAIoIUT
JjuawuIaA0g pue safueyd Aorjod A31oua
[enuelsqns paxmbar 29y A310ud pasearour
{parreand 9q jsnw uondwnsuod A312u2 SN {0007
ur [810) "S°N JO %07 01 2Ieys ASIouQ 9[qemaual
9SeaIOUl P[NOd 110JJd [eonorId wWNWIXBA],,
‘eaoeued
ou s19Jjo 02y ‘uondo wrd) Juo| pue UL }I0Ys
3sodeoyd pue 1soyoInb ‘}sour9[d SI UONBAIISUOD
£51500 A319u2 10921 prnoys saoud A31oud
¢A[eIruyapur [10 Jseq APPIA U0 juapuadop urewar
1M priom A319U9 JO Jno Suruuni jou sI pIom
Qy) pue SISO 10 deS A310ud SNOLIdS ou ST AIAY ],
"polRIo[eddE 9q
pInoys 1uawdo[oAdp 10198 10PAdI] {()66] PUOAdq
1ea st 1amod earonu ‘spanjuiks £q paserdar
9q [[14 pue SO8G[ Y} UI SuIUUISOq dUI[Op
14 uononpoid ses pue [10 [RUOUIAUOD S ()
$S0861 A[1e9 oy3 ur Sururjoop urdaq [[im syroduwr
110 "S"( ‘000T PUB 0661 U29Mm1aq aWaWos
330 1oA9] uay) pue yead [[1m uononpoid [10 PlIOA
‘sorjddns AS1ouo mou
Surdojaaap Jo $1500 ay) 03 paredwod jsepowr e
Kouaroyje A319u9 Jo S350 QY) {[BII130[0UYd) Jou
OTWIOU009 dIE SJUILIISUO0D juelrodwl JSOW oy} $S1Y)
9AQ1YdE 0) parnbar are soATIUAOUI pue UonNE[NIAI
‘qImolI3 orwouodd pue uonendod sjepowrwodsde
IS pue G/ 6T Ul Se ()] Ul (Ssof 10) AS10ua
JO Junowe dwes JY) SN 03 [qISedJ A[[edTUYd SI I|

6L61

6L61

6L61

6L61

6L61

6L61

UO[[QIN
Q13oure)/Jues 1230y

KyisIoAtun)

piojuelg—wea ],

Apm§ sarmng A31oug
QANBUIAY S€TH QYL

A31oug jo
juouniedo 'S N

ammng
A} 10J SA2IN0SIY
pue UOTEPUNO PIOg

QOUAIDG JO SATWAPBIY
[eUOTIBN] ‘[IoUN0))
[OIeasay [puoneN

(SEVNOD)

SwsAS ASroug

QATIRUIRNY PUB IBQ[ONN

U0 29)IWUWOD—[IOUN0))
[OIBISAY [BUONEN

uonnedwo) ysnoayy,
$180)) JoWNsuo))

Surziwrurjy :£391enS

A310ug 150D)-1S8T YL

S0z 01 suondo

'S’ JO JUQWISSASSY

uy soIning
A310Ug QATIRUIA)Y

AK31oug re[og jo
MITAY AdT[04 dnsewoq

s1BO X Ajuom],
IXON QyJ, :A310ug

0102 03 s10adsoig
A1ddng £310ug ‘S N

010C 0}
saIn)n,] puewd(
A31oug QARUIAY

sSurpur Jofejy

000T-8L61 s1eak 7
§T07-0861 sIBdA G
000T—SL6T s1eak 67
0002-0861 s1eak O
0107-8L61 s1eak 7¢
0102-SL61 s1eak G¢
PAIdA0)) ST X POLId{ 1SBOAI0

paystand areq

oyny

Apms

“panunuo) Y AqeL

162



*SO[qEMAUAI PUE ‘[BULIOYI0AT

‘0IpAy 103 sy0adsoxd pajrwiy Aprder asearour

s uononpoiad sjanjuis (0007 £q A319u9 s priom
Jo 907 Addns [[1m 1eaponu {0007 £q proj-oay)
puedxa [[1m uononpoid [eod (A1ddns jou ‘swojqord
uonnquysip pue uoneyodsuer) Aq pajwi|

9q [[IMm SeS [eInjeu )00 I91J8 QUI[O9P UdY) pue

‘330 19491 *0661 Ut yead [[1m uononpoxd [10 prrop

‘paurensuod A31aud sI sajel§ paju) ‘romod Iedonu
oYM A31oud Iea[onu premol apme orqnd st
10308) KoY {007 Aq spenb 44 03 sosearour A31ouo

Ie[OS $s9)e)S payun) ur 2oe[d ur a1e syuepd romod
Teaponu MIN-000T 009 ‘020T £q pue ur[dap
uononpoid sed [eInjeu pue [10 ‘A[[ednBWERID
aseaIoul s[onjuks pue ‘[1o 9reys ‘uorponpoid [eod

uI9)soMm ‘()0 Ul spenb (g sewnsuod sojel§ pajyrun)

'$90IN0saI AFI10Ud 'S

dojaaap 0} paxmbar are soanuoour ao1id papuedxe
ApeaI3 oq 1snw (J29y AS10Ud [BIopay iparinbar

ST $201n0sa1 A19Ud d13sAWOP S Jo Judwdo[ardp

pider <Koy ayp st uononpoid A310ud pasearou]

‘1onj 93priq Koy 9y s1 [e0d ‘paziseydwd
9Qq ISnw ATIUL [qBMAUI PUB UOIJBAIISUOD
A319uU9 {paonpal 9q ISnW purwAp AJIU JO

yImoiI3 Jo ojer pue uondwnsuod £319u ‘uonisuen)

K319u2 d110381Y a1y} Je pasiod sajey§ pajun

‘Juapuadap uordar

pue joyIew A[ysry are suonedrjdde A310us 1e[OS
{pa1Inbal are SIAUIDUI [BIOOS PUB ITWOUOID {())(T
I9)JB [UN JNJ50 JOU Op SUONNQLIIu0d Jofew jng
‘syuowaainbar A310u9 *§N Jo 981 A1ddns pnoo
K319u9 I1R[OS ‘)7OT AQ fS[oNJ IBI[ONU pUB [ISSOJ

Jo sennuenb jueoyrudis ooedsip ueo A31ud Ie[OS

‘panmbar a1e juowkojdwa

PUB ‘SAJIAIIS ‘SPOOT JO XIUWI AU} UI puB
‘somydergowap ‘suroyed Ajrunwwod ‘suornynsur
[e100s ut sagueyd Jolew ‘suoneu Jurdojoaap
UM UOIBIUOIJUOD PIOAR 0) Aem A[UO )

st asn A310ud ur uononpal ‘eyrded 1od asn AS1oue

Ul UOTIONPAI 949 B 9AJIYIL UBD SA)BIS PAITU() YT,

‘uonn[jod [eJUAWUOIIAUD

ASBAIOUI [[IM SOATIRIIUL R[OS PIIRIS[AIOE {IdyIeul
pue uoi3ar £q A[1eaI3 AIeA [[IM uonezinn A310ud
Ie0S $sa101[0d SOATIURIUT PUB SJUIUIISIAUT (29
[BI9P9) ATRUIPIORIIXD 2IINDAI [[IM JUSWAARIY IR
SNOYJIp AJoWanXd 3q [[Im Ing ‘aqissod st

000¢ £q syuawaainbar A310u2 S Jo 9,07 2p1aoxd

A310u9 Iejos Suraey Jo [eO3 [eUOTIRU AY) SUIADIYOY

9L61

LL6T

LL6T

LL6T

8L61

6L61

6L61

saI13orens ASroug
ATIRUIY uo doysyIopm

NINSU] YoIeasay pIojuels

pun,] AIMua)) YJONIUIM ],

JUAPISAI A}
JO 20YJO 2ANOIXT

uonerodio) FYLIN

ireq oy} Jo Spuallj

uonerodio) FYLIN

000C TedX
y) 03 A[ddng AS1ouyg

N, s, eoLoWy
ur A31oug Iejog
£o1104
A310ug soeI§ paun
uo 9910, YSe], pung
KINJuQ) YronuamJ,
Q) jo yodoy
:A310ug 10§ Surpraoig

ue[d AS1oug
[euoneN oYL,

020CT 1e2X
Y} 03 sIsk[euy
aaneredwo) y

:A310ug 1R[OS

Apmg
0S0T UL :Aoudroyyy
K31oug 0) Aemyied

JUAUNIWWOY) [BUOTIEN
® Jo suonedrduwy
ay, :AS10ug Ie[OS JO
UOTIRZI[RIDIOWWO))
PoIeIS[e0dY 2y} 10J
ue[d [BUOIIEN B PIEMO],

163



"UOpUOT] ‘SITBJJV [BUOHRUINU] JO A)MNSU] [2A0Y UOISUIYSEA ‘SIIPNIS [BUONBUINU] PUB JIS9IRNS 10§ 10JUD) (0AYO, JUSWIOUBAPY [IIBISaY 10J dInNSu] [BUONEN],
2IMNSU] YoIeasay ASIouy Ie[OS dY) pue ‘SILIOJRIOQR] [RUONEN BIpUES ‘AIojeioqeT] [euoneN 93pny yeQ ‘AI0jeIioqer| [euoneN sowe[y so ‘Arojeioqe] Surreaurduy [euoreN oyepy,
"SISTIUSIOG PAUIIOUOD) JO UOIU[) [IOUNOD) ISUIYI( 2IN0SIY [BANIBN ‘ABISUF 9ARS 0} OURI[[Y ‘AWOUODH JUSIOYJH ASISUF UB 10 [IOUNOD) UBILIDWY ,

'SISTIURIOS

PaUI2OUO)) JO UOTU() A} PUE ‘DIMISUT SN[, AY) ‘[IOUNOD) ISUIJI(J SAIIN0SAY [BINJEN ) ‘AWOU0dH 1UOYJH-A3I0UF UB I0J [IOUNO)) UBDLIAWY ) ‘ASIOUF dARS 0] JURI[Y ,
*€00T OUJ ‘SIJIAIOS UOTBULIOJU] JUSWTRURIA (210N

‘soriddns pue sa13ojouyo9) A31oue djenbope
QINSUd 0) PAIINbar SI UOTJUSAIIUI JUIWUIIAOT
‘ddo pue A31oud ueamiaq diysuonefalr paxy e st
Q1o ‘ooed dooy im sjuswaaoldur [eo13o[ouydd)

INQ ‘YIMOIS UIBIISUOD $9IN0SAI ATIoU Ul

‘paredronjue st s[anj o1)oYIUAS pue IeI[ONU

0] uonisuen yjoows :dnstundo (A3arens £31oud
pue 2y ASI1oud [e1opaj 10J A)1ssadou FJuoxs

B ST 91U} ‘S[onJ [ISSOJ dATRUId)[E Jo Judwdo[oAap
sarmbar soAIesal [10 "§'() Jo uonordop

£000Z y3noay) 21enbape are sao1nosal A319Ud ‘g N

"UONBAIISUOD
A319u2 03 Addns AS10u0 WO pajoaIIpal

3q pinoys ¥y pue ‘seanuadur ‘Aorjod [e1opay
fuonBAIdSU0d A310ud Jo uSredwes 9jearid pue
oriqnd QAISSBW B UO YIeqUId P[NOYs SdJe)§ palIuN)
‘sjuowarinbar A31sud jJo Yymoiad jo 9jer pue Jqo
JO yImo0I3 Jo 9Jel U0aM1dq dIYSUOIIL[al J3S OU ST
219y ‘019z 1eau 0) uondwnsuod A319u9 Jo YIMoI3

JO Q)1 S)T 2ONPAI P[NOYS PUB UBD $JLIS PAjIu()

SL61-0S61 s1eak 67

0002-5961 s1eak G¢

000C—¥L61 s1eak 9

cs6l

S961

VL61

uorsstwwo)) Kared

dnoin Apni§ A31oug
[eyuaunredopiajuy
—feque) 1y

UOT)BPUNO,] PIO, Y}
Jo 103lo1g Korjog A31oug

WOPIAL] 10J SAIINOSIY

ssa13014 [euoneN
pue ¥ ASioug

arming
A31oug s eOoLIOWY
195007 01 W], ¥

sSurpur Jofejy

PRI2A0)) SIBIX POLI JSBIAIO]

paystand areq

oyny

Apmg

“panunuo) Y AqeL

164



A Half Century of Long-Range Energy Forecasts

Many past forecasts have assumed/predicted a
new environmental/conservation/energy ethic on the
horizon for the United States. This has not occurred,
although the nation has continued to improve its effi-
ciency in the use of energy (energy per unit of GDP,
for example). Part of the problem may be that,
although in public opinion polls (and often in the vot-
ing booth) Americans are overwhelmingly in favor of
the environment, energy efficiency, and renewable
energy, they overwhelmingly do not vote that way
with their dollars and lifestyles. Thus we should heav-
ily discount any energy forecast that even hints that
people or society will act any differently in the future
than in the present or the past. Many studies have
assumed long-term changes in the U.S. population’s
energy preferences, environmental ethics, lifestyle,
commuting habits, and even dietary preferences. A
more likely assumption is that people will behave over
the next 20, 30, or 40 years in about the same way they
have over the past 20, 30, or 40 years.

One of the most important parameters to forecast
is total U.S. primary energy consumption. However,
most forecasts have overestimated primary energy
consumption by substantial amounts.

Many forecasting studies identify the barriers to
new energy technology development as being institu-
tional, political, and policy related, rather than eco-
nomics, which has in fact been the primary barrier.
They then state that these barriers must be removed so
that the favored technologies can flourish. This can be
interpreted as saying “if businesses and consumers will
not adopt these technologies voluntarily for economic
reasons, we must pass laws to force them to do so.”

Photovoltaics, fuel cells, wind power, and a variety
of other technologies have been predicted to become
economically viable within 5 years for a very long time.
These and other technologies appear to hold great prom-
ise for the future and, indeed, they may someday
become viable. Nevertheless, the experience of the past
four decades suggests that it is not without considerable
risk to suggest that these technologies may be ‘S years
away from being commercially viable’.

Even the most sophisticated energy forecasts are
strongly influenced by events and trends of the time of
the forecasts. Most obviously, all of the major fore-
casts made during the 1970s and early 1980s predicted
that the real price of oil would increase dramatically in
the near future which, of course, did not happen.

Government energy forecasts seem to be at least
indirectly influenced by politics and political constraints.
At a minimum, even the high-quality EIA work is con-
strained by mandated policy and regulatory assumptions.
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Some forecasts are more directly influenced by political
considerations. Was a series of optimistic forecasting
studies by the DOE laboratories during the 1990s relat-
ing to energy efficiency and renewable energy favored
by the Clinton Administration influenced by politics? In
the early 1980s, the first comprehensive forecasts made
by the Reagan Administration predicted that U.S. oil
imports would decline after 1985 as a result of the poli-
cies of the new Administration and the reversal of the
“failed” policies of the past. Was politics a factor? In
fact, energy efficiency and renewable energy programs
are still struggling, and U.S. oil imports have been
increasing relentlessly for the past 30 years.

Objective, rigorous studies can derive some con-
tradictory findings. For example, the 1977 Stanford
Research Institute study Solar Energy in America’s
Future concluded that nuclear power was the key to
the U.S. energy future,® but that has not proven to be
the case, at least thus far.

Engineering and technical feasibility forecasts
often err by confusing what is technically feasible or
feasible in an engineering sense with what is likely in
the future. Thus we have 30 years of optimistic fore-
casts for various technologies and concepts that have
yet to achieve significant market penetration.

The current accepted wisdom is basically “in gas we
trust.” However, not too long ago, in the United States we
tried to prohibit use of natural gas in many industrial and
utility applications, and some jurisdictions even banned
its use to heat people’s swimming pools, because fore-
casts at the time had the United States running out of nat-
ural gas.

The United States cannot decide what it wants to
do with coal and nuclear power—this has not changed
in 40 years.

The future contribution of solar energy and renew-
ables has been consistently misforecast for the past
50 years; for example, the 1952 Paley Commission
report predicted 10 million solar homes in the United
States by 1975; the 1977 U.S. National Energy Plan
predicted 2.5 million solar homes by 1985, the DOE
laboratories studies during the 1990s predicted solar
commercialization within 10 years, etc. Although many
advocates have great expectations for renewable
energy, all of the major objective studies reviewed here
indicate that the contribution of renewables will remain
very small for at least the next 20 to 30 years.

Many studies have blamed the failure to include
“negative externalities” in energy costs as the reason

3 Stanford Research Institute, 1977.
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for certain technologies not being cost competitive.
Although theoretically appealing, rigorous studies of
this issue indicate that the actual price adders for exter-
nalities are quite low and may not be that important.
For example, the National Research Council of the
National Academy of Sciences has estimated that the
externality price adder for gasoline in the United States
is only about $0.30.* Thus, beware of this pitfall in
forecasting.

Over the past three decades, many researchers in
academia, the DOE, the DOE laboratories, advocacy
organizations, and research institutes have invested
their entire professional careers in specific energy tech-
nologies and energy systems. Their analysis and fore-
casts reflect this—if even inadvertently. This potential
bias must be kept in mind in assessing related forecasts.

Over the past 40 years, some of the most egre-
gious forecasting errors have often been made by the
smartest people, working for the most prestigious
organizations, with the most money; for example, the
1974 Ford Foundation study, the 1977 Stanford study,
the 1979 Harvard study, etc.’ Thus it is important to
keep in mind that the accuracy and validity of an
energy forecast is not necessarily correlated with sta-
tus of the persons making it or the money invested in
the project.

The only new energy source the world has devel-
oped over the past century is nuclear power, and, after
60 years experience with the technology, we still do
not know what we want to do with it. This should be a
cause for serious reflection.

A major topic in some recent forecasts concerns
the future market potential for distributed generation,
decentralized small energy systems, etc. Actually, many
of them are not new, for example, wood fireplaces, coal
stoves, rural windmills, etc. Technological progress has
moved in the opposite direction for 200 years. Are we
really going to reverse ourselves over the next several
decades? Do businesses and consumers really want to
have to manage their own micro energy plants 24 X 77
The same people who do not change the oil in their car
or program their VCR? Once again, forecasts based on
assumed changes in people’s behavior must be viewed
with a high degree of skepticism.

In many countries, especially in Europe, retail energy
prices are relatively unresponsive to changes in actual

4 National Research Council, 2002. Also, see the discussion in
Krupnick and Burtraw.

3 Ford Foundation, 1974; Stanford Research Institute; Stobaugh and
Yergin.

Bezdek and Wendling

energy costs and prices, because most of the retail price
consists of taxes. From a free market standpoint, this is
unfortunate, because it obscures market signals and
contributes to the instability of world energy markets.

The major energy forecasting studies conducted
from the early 1970s through the early 1980s disagreed
on many things, but they generally agreed on four major
points, namely that by 2000: (1) world real energy
prices would rise substantially; (2) world oil production
would peak and then decline; (3) energy conservation
would become the new ethic; and (4) renewable energy
technologies would become cost competitive and flood
the market. However, none of these actually came to
pass. This should make us cautious and humble in
preparing energy forecasts.

The most important event of the past quarter cen-
tury, and one that no one predicted, was the implosion
and disintegration of the Soviet Union. This has had a
profound effect on world energy supply and demand.
The above point may provide some caution even
today. The most important factor that “everyone” cur-
rently agrees on is the critical role of China over the
next several decades in determining total world energy
requirements, demands for new energy technologies,
coal production and utilization, nuclear power, envi-
ronmental pollutants, and global warming. However,
how viable is the current hybrid Chinese communist/
socialist/ free market system? It is at least conceivable
that China could collapse into political and economic
chaos, or at least vastly underperform current expecta-
tions. This could have profound, unforeseen effects on
world energy markets.

Fusion has been 20-30 years away from commer-
cialization for over 30 years. Today, virtually no one
expects fusion to make any significant impact before
2050; although, once again, this does not necessarily
mean that it will not happen.

Beware of studies (of which there are many) that
conclude that “technology X” will save the world if
only we will spend $___ billion in R&D on it over the
next 20 years. Many have so spoken, and relatively
little has been realized.

IV. OBSERVATIONS AND IMPLICATIONS
FROM PREVIOUS ENERGY STUDIES

As discussed above, a large fraction of previous
forecasts, projections, and predictions turned out to be
inaccurate in very significant ways. Predictions that
were consistently incorrect in the past can provide
guidance as to pitfalls to avoid in the future.
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Conversely, a number of elements of past fore-
casts were correct, and many may well persist into the
future and influence energy and technology forecasts;
these include the following:

The U.S. population will continue to increase.
U.S. economic growth will likely continue at a
long-term average rate of about 2%-3% annu-
ally. U.S. energy consumption will continue to
increase, but at a slower rate of between 1%
and 2% annually. Thus, absent any major pol-
icy or societal shifts, the U.S. economy will
continue to become less energy intensive over
time, but the energy consumption per capita
will nevertheless continue to increase.

The gradual electrification of the U.S. economy
will continue, and the economy will become
more electricity intensive over time.

Natural gas will continue to increase in import-
ance, although it is unclear how long this trend
will last. In any case, its price will remain volatile.
In the United States, the price of electricity will
likely continue to gradually decline in real
terms. Over time, this will make it increasingly
difficult for many new energy technologies to
compete on a nonsubsidized basis.

U.S. net oil imports will continue to gradually
increase, reaching 65%—70% in the 2015-2020
timeframe. There appears to be no politically
or economically feasible way to alter this trend.
The United States and the world will gradually
become even more dependent for oil on the
OPEC members in the Middle East.

World oil prices will remain volatile but may
increase little in real terms over the next 20 years.
The U.S. population will remain adverse to any
substantial increases in energy taxes.
Environmental protection will remain a high
priority in the U.S., and global warming will
remain a major concern.

Energy technologies, technology requirements,
and technology development will be more
influenced by environmental concerns than by
most other factors.

“Magic bullet” breakthroughs in potentially
important technologies will remain elusive but
periodically much hyped.

The shape and form of the energy industries
will likely change, but precisely how remains
uncertain.

World population will continue to increase,
primarily in the developing nations. This will
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increasingly influence future energy and envi-
ronmental trends, related problems, and the
policies and technologies developed to address
them.

® The developing nations, especially China and
India, will account for an increasing share of
world energy consumption, environmental emis-
sions, and GHG, and by 2010 will likely surpass
the developed nations in these areas. There-
fore future energy and environmental technology
development will be increasingly dictated by
developing nations’ circumstances.

® Increased world carbon emissions are likely
inevitable under any realistic scenario.

® Maintaining adequate economic growth, espe-
cially for the developing nations, will remain
much more important than artificially limiting
the growth of energy consumption.

® Nonhydro renewables will continue to increase
in importance and account for a larger share of
U.S. energy supply; however, because they start
from such a small base, barring technological
breakthroughs or new regulations, their overall
contribution will remain negligible.

® There will likely continue to be periodic “energy
crises” that will generate intense concern and
interest in the short run, but will be largely for-
gotten in the longer term. Thus policy changes
are less likely, once prices decline and normalcy
returns.

® Surprises—both pleasant and unpleasant—will
periodically continue to occur. Examples from
the past include the collapse of the Soviet Union,
the collapse of oil prices in the late 1980s, the
Internet, personal computing, wireless technolo-
gies, the development of deep water production
capabilities, and the terrorist attacks of September
11, 2001, to name but a few.

V. ENERGY FORECASTS RETROSPECTIVE
AND PROSPECTIVE: SOME CAUTIONARY
EXAMPLES

One of the major findings that emerged from our
study is that accurate long-range forecasting of even
the most basic energy data is difficult, and the track
record of the studies reviewed here is not good. The
difficulties encountered over the past several decades
can be illustrated with several examples.

First, one of the most important parameters to fore-
cast is U.S. primary energy consumption. However, few
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of the major forecasting studies reviewed here did an
adequate job of forecasting this parameter, as illustrated
in Fig. 1. This figure compares actual 2000 U.S. pri-
mary energy consumption with forecasts made between
1974 and 1985 by the Ford Foundation (1974), the
Electric Power Research Institute (1978), Resources for
the Future (1979), the MITRE Corporation (1979),
Brookhaven National Laboratory (1979), the National
Research Council of the National Academy of Sciences
(1980), Oak Ridge Associated Universities, Oak Ridge
National Laboratory (1985), and the Department of
Energy’s Energy Information Administration (1982).°

Figure 1 illustrates that, with the exception of
EIA, all of the forecasts were highly inaccurate and
substantially overestimated U.S. energy consumption.
For example:

® EPRI’s conservative forecast, made in 1978,
overestimated 2000 U.S. primary energy con-
sumption by nearly 50%.

% Ford Foundation, 1974; Electric Power Research Institute, 1978;
Hans Landsberg; MITRE Corporation, 1979; National Research
Council, 1980; Jae Edmonds and John Reilly; U.S. Department of
Energy, Energy Information Administration, 1982.
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® MITRE’s forecast, made in 1979, overesti-
mated 2000 U.S. primary energy consumption
by more than 30%.

® The Ford Foundation’s “Technical Fix” fore-
cast, made in 1974, overestimated 2000 U.S.
primary energy consumption by 25%.

® RFF’s midrange forecast, made in 1979, over-
estimated 2000 U.S. primary energy consump-
tion by 15%.

® Even the most recent of the forecasts, that by
Oak Ridge made in 1985, overestimated 2000
U.S. primary energy consumption by 11%.

Further, this figure indicates that the gap between
actual and forecast energy consumption generally
increased over time and, if we revisited this exercise in
5 or 10 years, the inaccuracies would be even more
pronounced. Once again, the only exception to this is
the DOE forecast, the midrange estimate made in 1981,
which converged over time to the actual value and pre-
cisely forecast 2000 U.S. primary energy consumption
of 100 quads. Although there are obviously many rea-
sons for the differences in the forecasts, it is worth not-
ing that, for all of the political and institutional
constraints under which DOE/EIA labors, it probably
deserves some credit for getting this forecast right.

Second, another very important variable of interest
is the price of oil; over the past three decades immense
effort has been expended in attempting to forecast
future world oil prices. Nevertheless, as illustrated in
Figs. 2, 3, and 4, the studies that we reviewed did a

Price of Oil in 2000 - Forecasts vs. Actual Based on Btu's
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generally abysmal job of forecasting the actual 2000
world oil price:

® As shown in Fig. 2, in terms of dollars per
MMBTU, both NRC/NAS and Brookhaven
were high by more than a factor of four.

® As shown in Fig. 3, in terms of dollars per bar-
rel, DOE was high by a factor of more than
five. More discouraging, even the Oak Ridge
forecast made in 1985—when oil prices had
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already collapsed—was high by a factor of
more than two.

® As shown in Fig. 4, in terms of percentage
change from the 1985 price, MITRE predicted
a doubling and Ford anticipated a 75% increase;
however in actuality, the real price of oil
declined by nearly 40%. Thus the studies erred
not only in the magnitude of the change but also
in the direction of the change.

The price of oil is one of the most important com-
modity prices in the world and perhaps the one subjected
to the closest scrutiny. Nevertheless, for decades, oil
prices have stubbornly refused to behave as predicted.
Inaccurate forecasts have created much skepticism about
forecasting, as well as emphasizing the difficulties of
energy industry planning.’

Finally, as noted earlier, forecasts of energy tech-
nology innovation and commercialization have often
been highly inaccurate and overly optimistic. For
example, consider Fig. 5, which compares the actual
2000 U.S. energy supply provided by solar energy
(including wind) with the forecasts made by the MITRE
Corporation (1979), the National Research Council of
the National Academy of Sciences (1980), the Harvard
Business School Energy Project (1979), the Department
of Energy’s Energy Information Administration (1981),
and Brookhaven National Laboratory (1979).%

The actual solar/wind contribution to U.S. energy
requirements in 2000 was 0.1 quad, whereas:

® The MITRE Corporation, in 1979, forecast that
solar/wind would provide 8 quads.

® The Harvard Business School Energy Project,
in 1979, forecast that solar/wind would provide
5 quads.

® The National Research Council, in 1980, fore-
cast that solar/wind would provide 4.1 quads.

® The Department of Energy’s Energy Informa-
tion Administration, in 1981, forecast that solar/
wind would provide 1.8 quads.

® Brookhaven National Laboratory, in 1979, fore-
cast that solar/wind would provide 1.4 quads.

Thus the most accurate forecast was high by a
factor of 14, the forecast made with the shortest time

7 See the discussion in Cambridge Energy Research Associates and
Arthur Anderson and Company.

8 MITRE Corporation, 1979; National Research Council, 1980; Robert
Stobaugh and Daniel Yergin; U.S. Department of Energy, Energy
Information Administration, 1982; and Brookhaven National Labo-
ratory, 1979.
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horizon was high by a factor of 18, and the average
forecast of the five studies was high by a factor of
more than 40. This gross inaccuracy is especially trou-
bling because during the 1970s and early 1980s enor-
mous time, effort, and resources were devoted to solar
and wind energy technology specification, assessment,
commercialization, and forecasting—probably more
than for any other technology.

The point of the above examples is not to chastise
the organizations or analysts that produced inaccurate
forecasts. In truth, all of the studies involved good faith
efforts, state-of-the art modeling techniques, highly com-
petent researchers, and significant resources. Rather,
reviewing the past track record graphically illustrates
how complex and difficult energy forecasting is. Thus,
in future long-range energy forecasting efforts, consid-
erable effort will be needed to avoid the types of fail-
ures of the past. Hopefully, this review and analysis of
previous energy forecasting efforts will aid in this for-
midable task.

VI. CONCLUSION

In conclusion, a review of the past energy forecasts
illustrates how complex and difficult such forecasting
is. It is especially sobering to realize that projections of
just 15 to 20 years into the future can end up very much
in error. Future long-term energy forecasting efforts

Fig. 5.

must therefore take great care to avoid many of the pit-
falls of past attempts to peer into the future.
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