=2
A
iﬁ?

COrDeSs

Forbes Magazine
60 Fifth Avenue
New York, NY. 10011

212 620-2200

5w

August 27, 1979

Dr. Elias P. Gyftopoulos
Massachusetts Institute of Technology
Room 24-109

Cambridge, MA 02139

Dear Dr Gyftopoulos:

Please Tet this letter serve as an explanat1on to any readers
of FORBES who question the propriety of our p1ac1ng the word
"advertisement" on top of the special section on Energy in our
September 3rd issue.

As 1 exp?a1ned any speC1a1 section which charges a premium to
cover such things as merchandising and outside text material,
must be labeled "advertisement."” This is at the direction of
the U. S. Postal Service. It should in no way be interpreted
that the writer has paid FORBES Magazine for Lhe pub11sh1ng of
their text. This is simply not the case.

FORBES in it's spec1a1 section activities, quite often centracts
for outside writers, to gain a broader scope and to give more

in depth coverage on specific subjects, in order to be of greater
reader and advertiser service,

1 hope this will clarify the situation.

If you have any questions or problems in the .uture, please don’ t

hes1tate to call me.
ordiptly,
ai@w
/7

“H. Duncan McMillan
HDM:jg Director, Special Projects

P.S. 1 should add that we-at FORBES are extremely pleased with
' your contribution and feel that you were jnstrumental in
the success of our Energy section.
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ADVERTISEMENT

LESS QOILAT HIGHER COST o RESERVES:HOWMANY BARRELS » SUNPOWERANDNUCLEARPOWER

e COAL, SHALR OIL AND SYNFUELS o UNLOCEKING THE HIDDEN RESOURCES  COGERERATION e

ENERGY-EFFICIENT TECHNOLOGIES

Elias P. Gyftopoulos
Massachusetis Institute of Technology

¢ LONG-TERMERERGY PRODUCTIVITY o

STEAM-RAISING

Dr. Gyftopoulos is Ford Professor of Engfneering at MIT and former Chairman of the Faculty.

The number of nominees for ener-
gy scapegoat is plentiful. OPEC and its
monopolistic actions; the oil companies
and their oligopolistic power; the Ad-
ministration and its ineffective leader-
ship; the industrial establishment and
its higness; the Ayatollah Khomeini and
his religious fervor; and Americans and
their wasteful habits are all high on the
list of proposed culprits.

No doubt these and others may
either be contributing, or failing to re-
spond effectively, to the spiraling price
of energy. But the real causes of high
enargy prices are more fundamental and
require much more than corrective or
punitive action for their cure. Briefly,
the true culprits are the exhaustion of
our finite store of fuels at an alarming
rate, especially in their liquid and gas-
eous forms, the very high cost of possi-
ble replacements, and the long lead-
times required both to bring to-the mar-
ket large quantities of new energy at a
price we can afford and to improve our
consumption habits without destroying
our economic and social weli-being. The

cure is investment in energy supply and
demand. And as ail investments, this
one also needs deferment of today's
benefits for a better tomorrow.

LESS QL AT HIGHER COST

Sifice the end of the second World
War, energy consumption has been in-
creasing faster and faster, especially
that of oil and gas. In 1977, it was at a
rate equivalent to about 125 million bar-
rels of oil* per day, about two thirds in
the form of oil and natural gas, and one
third coal, hydropower, and nuclear
fuels.

With about 5% of the world popu-
lation and 30% of the world products
and services, the United States con-
sumes about 30% of the world energy
production. This consumption consists
of about one-half oil, one quarter natural
gas, and the remainder coal pius small
contributions from hydropower and nu-

*0ne barrei of oil is equivalent to 6000 cubic feet of naturai
gas, one-quarter of a fon of bituminous coal, and the energy
required to generate 600 kilowatt-hours of electricity.

clear reactors. About one quarter is sat-
isfied by imports, primarily in the form
of crude oii and refined petroleum prod-
ucts. Oil imports have been steadily in-
creasing over the past 30 years with the
attendant consequences on foreign
payments and reliability of supplies.
The rapid growth in liguid and
gaseous fuel consumption in the past
few decades in understandable. Such
fuels were being discovered at rates
higher than production, and at a rela-
tively low cost. Reserves were doubling
every 5 years whereas extraction was
doubling every 10 years. The cost of
extraction of a barre! of oil was only a
fraction of a dollar. Exploitation meth-
ods and conversion processes were con-
tiruously improving. The economies of
industrialized nations were booming,es-
pecially since they were fuéled by read-
ily accessible and cheap energy. The
cost and price of energy were falling. For
example, from 1950 to 1970 the real
cost of energy used in U.S. manufactur-
ing diminished by 1.7% per annum.
Around 1970, however, the eu-
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phoria about abundant and cheap oil
and gas took a dramatic downturn. In
the United States, discoveries of new
reserves were not coming on stream as
fast as the growing production required.
In the 1950's; 1% barrels of oil were
being discovered for each barrel extract-
ed, but by the mid 1970's this had
dropped to about Y2 barrel, Capital in-
vestments in new finds were much high-
er than those expended in the past. The
investment in the North Sea was of the
order of $10,000 per daily barrel of
capacity compared with the investment
in the Middie East of only a few hundred
dollars for the same capacity. Projected
costs of alternatives to oil, such as shale
oil and gaseous and liquid fuels from
coal, were three to four times highér
than those of North Sea. No major ener-
gy supply could be brought te the market
fast enough to effectively compete with
oil. For the first time in our history, the
repiacement cost of all energy sources
jumped above the average price paid by
consumers.

Awareness that oil is a finite re-
source and the accompanying concern
over its future availability have become
topics of public interest. Usually, how-
ever, the interest is heightened only
when the lines are long at the gas pump.
~ And even then, the interest is mis-
directed.

The task of defining crude oif re-
serves, though subject to considerable
uncertainty, has been undertaken by a
wide spectrum of industry, academic
and governmeni specialists throughout
the world. These investigations suggest
that the ultimate world recoverable oil is
about 2,000 billion barrels. To date, the
cumulative production is about one fifth
of the resource base. With a modest rate
of growth in demand, the remaining oil
would be exhausted sometime during
the first half of the next century.

Recently, a dissenting view has
emerged suggesting that recoverable oil

QURCES
They abound in nature and sci-
ence, bul to exploit them we
must defer immediate benefits
Jor long-term investment.

resources may substantially exceed the
2,000 billion barrels consensus figure.
B.F. Grossling of the U.S. Geological
Survey estimates the recoverable world
oil to be between 2600 and 6500 billien
barrels. He argues that Latin America
and Africa have not been driiled as

densely as the U.S. and perhaps they
‘could be as productive.

If correct,
Grossling's projection would extend the
oil era. But with expanding demand, the
extension would be at most only a few
decades.

ARTIFICIAL LIMETS

For a few years, the tempering
influence of Saudi Arabia and the com-
missioning of the Alaskan and North Sea
supplies have kept oil prices under con-
trol. Recently, however, another factor is
feeding the expanding price spiral. Over
a short period of time, petroleum export-
ing countries, especiaily in the Middle
East, accumulated immense petro-
wealth. They attempted to use this
weaith for rapid modernization. But ex-
perience showed that a rapid rate of

change is both sociaily dlsruptive and
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economically wasteful. In response to
this experience, OPEC members have
been setfing in motion programs to limit
production rates and adjust them to lev-
als at which oil incomes can be produc-
tively invested.

With modest rates of economic
growth; oil demand in the late 80's is
estimated to be about 80 million barrels
per day, compared to 60 in 1976, Of
these B0, OPEC is expected to cover
between 40 and 50 million barrels per
day compared to the present 35. As
stated at the International Energy Agen-
cy meeting in Paris in May, however, it is
now very doubtful that OPEC will exceed
its. present. rate of production. Events
since then bear this out. As cne member
of OPEC agrees to increase production
for political or economic reasons, an
other threatens to cut back on precisely
the same grounds. These offsetting
forces within the cartel point to the like-
Ithood that foreign supply will stay suffi-
ciently below demand to perpetuate the
price spiral from that quarter.

Even a relatively small reduction
inthe rate of production can have a large
effect on oil prices, The Iranian experi-
ence is a case in point. Prior to the
revolution, Iran produced about 6 mil-
lion barrels of oit per day. It interrupted
production for a few months and then
restarted at the rate of about 4 million
barrels per day. The old rate cannot be
reached without additional investments.
The relatively small Iranian perturbation
has had a large impact on the oil market.
At the end of 1978 OPEC. oif was priced
at $14.50 a barrel delivered to U.S.
refineries. Now it is priced over $20 a
barrel.

RISIRG COST-FPER-KILOWATT

Add to this that the cost of elec-
tricity has also been rising very fast be-
cause of safety, environmental and regu-
latory requirements.

In 1968 the average cost of two
1200 megawatt nuclear plants for
1976-78 operation was estimated to be
$230 per kilowatt including $70 per
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Energy management, heating, air conditioning, fire management, security and communications. 91979 Johnson Controls, Inc.




Tell us abow! voour bolldiog, My Markin,
We

drvided ;
that’s us,

deral Bavings

in during No 1978 Our

grein the bullding. 18 2 lot s
; Catore we

s square foot,

And do vou have total control?

We built 2 Johnson Conirols JO/
this building. It was
inthe Northwest, |

B0 comnputer right into
d building
- conditioning
the computer. Gur lighting, our

iing, ventilating

& rity, ineludin guz-x card access » m for the elevaiors
atter hours, ts eonirolled by the . And not only is the
ouiiding protecied by sprinklers, bot our JO/BG can locate

a fire, call the fire departmend, and give evacuation

instructions, too. Ud eall that total enntyol,

How muach does the JC/EY save vou?

We've always had the JOBY, so F have no previous figures

to compare to. Bug [ ean tell you this. Rental rateg are based
Targely on eperating costs, and last vear var rates went up less
than 4%, That's a lot less thaw the rise in otility charges, And
all systems are carefully monitored, 24 hours a day, by the
computer, vur building engineer, or his assistant. He doesn’t
evan have to be at the console. The computer asks for hinm if
there’s & problem. This hos {o be a major savings in manhours.
And we have riew programs, new savings in the works.

Mew programs, new savings?

Take ony meeting rooms. Things are happening there mayhbe three nights
a week. Or maybe a tenant wants to work late. Tsed to be we had to heat
or cool the whole hailding te use a floor afler hours, But now we've
programmed the JC/80 to deliver dir to cach floor individually, And

added a start-stop program to save steam. And 2 demand-limiting program
to et electric billg. ¥ too soon fo give you hard savings, but we estimate
50 £o E1000 & month. PN have to'ravize these savings apward, becanse
Pve heard our electric rates ave going up 21.2%, Anticipated payback for
these capital modifications 1s leas than two ve

Ty you have a service agreement
with Johnson Oondrols?

We do. Iohnson Controla s capeble of handling all or any part of
control maintenance, but we do a lot ourselves, because the compuier
frees up cur building engt . Johnsen Controls is responsible

for maintaining the vital legs of the computer system. They

have the experienice, the

this job best, So we just i

b . Johnson Contrels hes the experience, the people, and the
leave itlo them.

tools to design and install a teta) bullding autemation sys- - E o

il

Burld

temn for your building. For information on how to get fotal’
coptrel threugh antomation, fill in this form and mail to:
Mir. Bon Caffrey, Vice President, Marketing, Ref 4159
Johmson Controls, Ine., Box 423, Milwaukee, Wise. 53201
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Hawatt far escalation 1o the opeiating
The dstimated cost of three 800
pawatt coalfifed unifs for 197678
ation was $150 per kilowstt includ-
B0 per kilowatt for escalation. The
reshonding costs of electricity were
d- 1.1 cents per Kilowsti-Hour for
nuclear  and  cosl-fired plants
icctivaly,
S 1978, the average Cost of two
clear units going In service in 1988
G was estimated to be $1.650 par
rlmwattawludlng 740 for @‘%‘alaﬁi}i’”ﬁ
thtee-unit coal plant for 198890
drvice was estimated to cost §1,270
e kilowstt including $630 for escals-
The comresponding estimates of the
clricity costs were 5.4 and £.5 cents
er-kilowati-hour tor the nuciear and
Altired units respectively.
CTheincresses in plent costs be-
ween the twio estimating dafes are due
rimarily. o statuiory and regulatory re.
guirements (about 78%) and to 2 lesser
d@grﬁ%sﬁ oy inflation (about 22%).
o Save for g miracle, it does not
@eem Hikely that we will ever retwrn to an
ara of low-cost energy. From row on, we
willhe pay!%g an ever incressing fraction
ohour incoms for our energy neads and,
therefore, at 2 fixed rate of produc {ivity,
cour standard of living will be golog
cilown, Can owe arrest this fraction st
sosoine new plateaw without tuming the
clock back 1o the “'good old days™ that in
-~ aciuality wers terribde for most veaple?
“Me-ong can give & sure amd simple an-
~sier o this question becsuse no such
ahnswer has been found. One thing is
" certain, however, No amount of rhetoric
can talk the problem out of sxistence,
Instead, long term but nonetheless prof-
iable commitments faust be made fo
increase both ensrgy supplies and aner-
gy productivity. The path is long and
patrful But dess so than any other
sb.iuﬁon,

%m&ﬁ?@%ﬁ%@ﬁ AN BUCLEAR
POwER
. for the long term, exdending well
inte the next century, at least one entire-
oy new major energy sowrce must be

devaloped. Sy ther all forms of energy
currently i use wilk bef inasdequate. Only
three pessibilitiss exist: the sun, nuclear
fusion, and nuclear fission with bresd.
ing. Fach of thess possibilities has iis
i g8t of scientific, technical, sconar-
o, safety and politicat groblams and
uncertainties. As a2 resull, none is a sure
bet at the present times. All thres must
e researched and devaloped concur-
rently with the anficipation that, 40 o
B0 years from now, at least ope will
hecome tha winnsr,

The sun iz a univarsally avsilabis
angd inexhaostible souvrce of  energy,
Wheiher in the form of insolation, wind
power, or teimpsetue difference in
oceans, this energyis frae for capture and
use shnost every day, alinost every-
whers. The technology for the capture
anek convarsion of salar energy is gener
ally known, B the cost of most of this
technology is presently prohibitive. The
resesrch and develapment effort in the
United States (about $1 billion per vear)
and abrozd is directed primarily o e
ducing costs. Among the methods inder
mpestigation are improving the opsrai-
ing characieristics of devices and sequip-
ragnt, developing mass production tech-
niques, and adapting the guadity of the
energy required by end-uses to the qual.
ity of inzolation so as o avoid the need
for expensive conversion eguipment. So-
far enerpy experts are aptimisiic but not

certairn that the required cc)s’t reduttion
wilt be achieved.
Muclear fusion: ran b%omez ar. i
mense solbrce of anergy 4 is-based a
fusing together nuclei of light element
such as deutarism (hc&avy.hydmge.
very high temprraturg, about 200mil
lion degrees. W is the same processias s
that which genefates the energy.of
sun, Deuterivm is contained 0 the™
oceans and can be extracted at reason: -
abie cost. Cortrolled fsion sxperiments -
have besn carrisd ool in Iaharrston&s_
the United Staiss, the Soviet tinion and
other countries during the past three
decades. Irdenszive resesrch contingss: SRR
Presently the United Stales sperids. A
about $0.5 biilien per vyear, Excellent - B
progress has beent made in understand- -
ing the scientific aspects of the progess,
A tew years from now, this understand-
ing may be sufficient to allow systematic
wark on the development of the technol
ogy of large-scale fusion reactors. Many
difficutt technical and economic prob-
lerns must then be resolved. I ail goes
well, {usion reactors will become an im-
nortant ensrgy source sometime after
the first guarter of the next century, No
are can say for sure that all will go well,
Nuclsar fission can becomie 2
source of enargy for seversl thousand
years. In s presend state of develop-
mient, fuciear power vses as fuel a ma-
terial called Uranium-235. This maferi-




ercent or move of the
'ﬁmﬁiﬁiﬁwﬁ”ﬁéﬁ e:;ﬁ ui}%’j

_ﬁmrgy SOUNTES.
He0's systeins for drilling
- and producing subseaofl and
gas can be found in every off-
gducing aves of the
L Tn fact, two-thirds of the
oilds fiﬁ&tﬁﬁg ehrill rigs
are outfitted with CE Veico
Sequipiment.
A Veteo guidelineless
cte systern has helped drill
lsin record water depths
ceding 4,000 feet. This
= technology also enables
driliships o operate safely
_ _near dmfmﬁg icebergs.

were responsible for engi-
neering and constroction of 20
of the 78 modules atop the
rassive cenitral and southern
ol ;:smﬁucﬁ@ﬂ platforms,

And CF's Gray Tool
Cornpany has furpished well-
head equipment for more thay
half of the piatforms now

metalled or scheduled for instal-

tation 1 the North Seq.

In the Culf of Mexico, 2
1,900-ton o1l and gas produe-
Hon Facili ity designed and budit
by C-E Nateo can process
40 000 barrels of oil and 150

sithion cubic feet of gas per day.

Emeray bs our business,

For more than 65 vears, CE
has been supplying sysiems,
eguipment, technoiogy and

’iﬁfﬁ* WOTe nfsm;ﬁ?:m al
oy worldwides:
Combustion Engin
Degt. ?@%%3 200 Long
Road, Stamford ;
USA 05902,

COMBUST
ENGIHEER




iy 2 smatl part, zbout 0.7%, of
dUranium. The rerainder is an-
’f.i?‘.Pe -C&-?_'ed -_iJr_ani_u'rmzs& tr-

_ rea.cmr. The tec:h-nm’@gy of
er reactors s fairly advanced bt
o'mple'iely deve%op&m Mofe @mrk is

tha Three Mils i s!and sncs—‘
htened iheae wncerns

Bas, nuclear: eﬂergy fmm m’esent gen~
ratio teactors {light water reactors), ofl
shale 4 far. sands, solar energy
Iaw'-_ iemperature sr:d -lses, and |

Hed env;reﬁmenia -and” mstatw
aliss es omEme i:he mhost promi-
hat: sc:an and: rust be resolved,

sues and contmverszes is too

long to anzlyze here. Thiee points
aver, need stressing,

(1) Frices of all forms of energy
should be allowed to find their competi-
tive levels in the market. It is counter
preductive to artificisily price at histori-
cal cost a colmmodity a5 valtzsble &s
energy. For this discourages the adop
tion of more exnensive alternatives such
25 solar energy, as well as energy-saving
investments such as better insulated
ouitdings, Undouitedly, dersgulation of
the energy sector would resull in inegqui-
ties. s orafersble, howaver, 1o address
inequities on their own merits and de-
merits rather than ty use them as an
gxcuse for not adopting an effective an-
argy-pricing policy,

(2} Duting the fransition to a new
anargy  supply, none  of the al
ternatives can by Hself make a suffi-
ciently Jarge condribution so as to over
shadow all the others. AH are esseniial,

, NOW-

- Foregoing the use of aneor more of them

makes the response fo the energy piob-
lesm ihat moch harder.

A3 The tesolution of the jssues
and - cortroversies surrounding efiergy
should  be hai znced. For instance, it
does no’t make sensé 1o be exclis sively
concerned with one issue, such as fiu-
clear reactm risks, snc yet be indifferant
atiout many related fssites, such as the
environmental and secizl conseauences
of burning and sxhausting hydrocarbons
and coal.

DML OUEING THE
BIGDER BESOUS{ES
- The deploymertt of additional en-

_ergy supplles is omily ane-half of the re-
'%:pfsnse to-the- need to limit the spirating
" price of Energy foa reasonable new pla-

teau. The'othei half is hidden in the
demand side of the ensrgy aguation. s
importance arid maghitude are nef as
widely recognized zs they deserve.

For each task in the ecanomy, re-
SOLM&S shdild be allocated so as to
maximize the benefits. For example, en-
argy and other inputs shoufd be used in
stich pmp(}rtmrls as to achicve the same
products and services at the lowast cost,

During the past decade o6 f»,m
pant swyflation, all prices rave besn 1
ing. Bt energy prices have been ifsing
msch faster than those of iabor capital
gonds, and raterials. Forther the trend
of energy prices sising faster than ?h{m
ot everything else most Hkeby will fontin
ue for a leng time to come, Hence the
guestion: “is i possible o r@cnp‘irmaze.-'-
energy end-uses 56 ez to satisfy dhe
same socistal nesds af e‘fw&l o fowar
arall cost while caassumng fess Engr -
cry?” Asked ditferently: “is it pt}%ibl? oo
achieve cost-effective anergy mr‘isﬂ«z’wam__
tion or increased energy pmdu
If the answer is positive, we 'will be able.
both to raduce the impact of high epergy
costs and control Tuturs | enerzy-price.
rises. For low-tost ensigy pmdwe ]
increased productivity wilf be compelin
agatnat high cost energy from niew st _
plies and against arbifrary ‘price’ ins
creases by oil producers,
Some analysts see no hope ia re- - 5
ducing energy demand. They argie thet &
eu Iergy savings can come primarily rom
selt-tightening reasures. Bug !Gwermg
therme@tatw reducing speed fimits, ra-
tioninig fusls, and cenaummﬁ |EB’:7$ rmnu»: :
faciured acﬁs Er (e :




“We're sending energy : ag iTansms- - Hii;
“sion subsidisrics operate pipelines to furiker ensure ehefzy delivery to an aring and dis-
“guricestomers. Even in exiresie shoriages caised by cold weather g : al
- and-declining supply, storage units like ont Banne) Storage Reser- :
Voir ensiire that we ™Il deliver.

For more information on sl we're dong, weite ot Chaim}am Robert B, Herring, PO. Eﬂx 1138., Housion, Texas 7?0.()Iu
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First Haf Financial Besults’
N 1979 | o rare

supplyand earnings.
bl S s : lcam more a-bout R
NetIncome $ 85 m|I fon | § 61milion - B Eastern’s

Earnings Per Share | $4 64 | §339 Cin natuml

Revenues. " $g5tmillion | $671 milion-

from Panhandle's $1.2 biilﬁion invests .
ment thus farin this decade to explore, 1, oMU ﬂ:lcmm P O. Box
develop and acquite new gas supplies— I(v—L-_, l'- ¢ ustcm,, Toxas 7A0L
energy that our nation musi hax .
In fact, this vear Panhandle capital
%pendmg for emvi vill be the larpest
it otir Bl-year histor S0 m!l fon.
With {&p]td investment this year:
equaf to four times 1978 net mmmrx
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] tséd upon thiy lead emrﬁually to
red c;ed economic activity, unemploy-
and -fow living standards. Thus,
the belttightening rationals iz corect in
t?s conclusions but faulty in its prem-
e, isgs. . For true energy conservation 13 not
V' mpatter of f:}r@gomg the benefits of
“products and services of an sxpanding
‘etonomy, but one of consuming ensrgy
according io its refative value,
. in every sector, there exist large
marging for reducing emergy consump-
tign without strangling the economy.
L More importantly, i we do not take ade
cohyantage of these margins then, in fact,
“our economic weil-being and national
s’s’scmity’ will ba endangerad. Reoptimiz-
coing energy end-uses thiough cost-effec-
stive. technology will, of course, require
Hengtern  commitments involving re-
Cstructiring of alt sectors of the econo-
my,This restructuring canhot happen
“avfomatically. because of institutional
- bartiers and-economic distortions of the
flee market system introduced by past
: Tdetisions, But ihese barriers and distor-
Jitiens are not insurmountable, They are
s challeniging - opporiunities for vigorous
‘and. productive work,

How much saved energy could be
produced through known cost-effective
technology? Mo one kntws the answer
for sure. Mevertheless, comparisons
with ofher nations and resoife of many
studies suggest an average of about 1/3
saved over & period of ong detade.
Germany and Sweden, wo highly
industrialized nations, have always ex-
pevieniced energy prices markedly higher
than the United Stetes. Partly 25 a re-
sult, these two couniries have been us-
Wig srergy more productively. For exam-
ple, labor manhours per unit of snergy
have been higher than in the U.5. (Fx-
hibit 1). Again, for specific sndu@stnes
energy use per doilar of shipments in
West Germany is lower than in the U5,
{Exhibit 2}, To be sure, more than ener-
gy price afiects the paitern of energy
consumption in s particular  country.
The comparisons, however, indicate that
cost-affective technoiogy for increased
energy productivity exists, that it has
been fried, and that it works,

ENERGLEFFICIRNY
TR GE ARG RS

Manufacturing accounts for about
40% of energy consumption i the U.S.
In 1977, a study by Thermo-Electron
Corparation estimated that approximate-
¥ 25% —-the equivalent of 4.5 millipn
barrels of oil per day-of projected
1985 energy usage in 1.5, manufactur-
ing could be saved through conservation
measures whose capital and toial costs
would be equat te or less than those
nesded o obiain comparabie amounts
of new energy suppiy,

One-fourth of the energy savings
could be achieved by the generation of
electricity in combination with the rais-
ing of process steam, with direct-fired,
high temperature furnaces, or with di-
rect-fired, low temperature applications.

Another ane-fourth of the saving
ceuld be obtained through energy recy-
cling and waste-hsat recovery by econo-
mizers, regensrators, recuperators and
waste-heat boilers, all well known tech-
nigues for capturing rejected energy and
eutiing it {o work,

One-tenth of the energy savings -
could be achieved through intreased-af-
ficiency of electric motors, electrolytic.
processes, and lighting. The reémainder,
about 40%, would result fiom measures
pecuiiar {0 each manufactiring process.

Because of wide differences'in'the
efficiency of curent practices, patficis-
lar industries deviate substantially Trom
the average 25% energy saving. 1h addi-
tion, industries will differ from each oih-
er in the mix of energy-saving opportuni-
ties with regard to fuel type, that is the
fractions of savings that can be achieved
in corl, ofl, gas and electricity.

U.S. industry has been working at’ e

improving ifs energy productivity, 'Re-

sponding to the rapid escalation of ener- 70

gy prices, it has reduced dramatically

the energy consumed pat unit of output o

Expressed in terms of anergy per cs_n».:'-
stanit-valie dollar, energy usage was cut’

from 59,000 British thermal units peri -0

dollar in 1973 to 46,000 British ther-
mial tnits per dollar in 1978, a drop of.
22%. Stated differently, from 1973 to
1978, real production of goods afnid ser--
vices increased by 12%, but energy con-
sumption decreased by 10%.

By conserving costly energy




- through incressed efficiency, industry is
~making & major contribution to the 4.8
weconomy. The savings in 1978 alons
were $20 billlon, or sbout %270 per
“hovsehold, which would have o he
e assed to the consumer i indGstry con-

| te opsrate el the 1973
'eﬁxmency
Most of this ensrgy saving has

) achi»ﬁvecé by costlass good house-
‘keeping, such as turning lighis off in
sunised areas, closiag windows in the
“winter, and not having air-conditioners
“Tand electric space heaters on sinuita-
“neobsty i the sumener. The balance,
“ however, has beeri achieved by invest-
ments in energy-efiiciency with hand.
some paybgck, mostly in less then s
year,

CHPCIR R AT
fivastrnents in energy productiy
ity are not being implernended as fast a5
o present circumstances warrant. The ap-
- portunity and factors that inhibit its im-

plementation can be lustreted by con-
sidering the tachnology of cogensration.

Copsneration i the tern used D
describie the combined gensration of
electricity or motive power and process
stewm or heat. It can be practiced io
supply the electricity and heat needs of
efther a community or 2 manufacturing
plant, or both, Usually thess two neads
are satisfied from different units, sach
ganerating one of the two forms of
srergy.

Cogensration has been used soo-
cessfully in many countries, The Gulf
Stales Utilities Company is 2 nopregu-
lated business in Louisiapa. 1T supphes
cogenerated  slectrictly  and  provess
steam (o an Exxon refinery and to the
Ethyl Corporation. The Dow Chemica!
Company produces 75% of its electricity
needs by cogeneration. 1 also expects fo
purchase process heat from & nuolear
oower plant in Midiand. Many German
manfacivrers cogensrate elactriciiy in
ercess of their nesds. They sel this

excess to utilities, About 8% of the slel
Jia"iv fji iributﬁcﬁ bg'&ermaﬁ it

iy or motwe power “cari; bﬁ genef‘ (&
with low-pressure process steam, “low
temperature process heat, or high-ters:
rerature process heat. That eachitybs'of
cogeneration saves fuel can be gasily
sseh in the production of process sieam
fromn the waste heat of the glectricity
pignt, or the electricity as prodused.
from the waste hest of 2 high t@mpua-
ture industrial hesting process. -.
Cogeneration alsc sawes capitel:
because s incremental investmant i
653 than the investment that would
have been made in expensive new fugl
supplies if energy were not conserved,
By the end of the next decads,
cost-afiective cogeneration in 1.3, man-
ufacturing couid save the equivalent of
upto a million barrels of oik per day; ata.

”@?@ wEEll dles.

using minimuony energy.

iactor: Today Baldor motars are
competitively priced and don't “cost
TNOVE TONey.

I vou'd like the facts showing how

584 and Performance Dota Section
B03 giving complete information
on amperes, toraqie, power factor
and cﬂ'ius:nc} of every Baldor stock

Fart Sueiitl, Srbansas 72908,

ay hack in the 1920s

- made high cfficicney cleetriec motors
thaet reguived Crmininiem cnergy.

B«}jdﬁr is no J{ﬁnmm«: i 1g=m§v £ ‘{h{

A 1924 caraloy page shows Haldor's concern
abeut mansfactaving electric siotors thai
would deliver maximom ontpui while

Baldor’s approach to making motors is
still the same —oxeept for one Imporiant

Baldor ontperforms most other motors,
have vour secretary write for Catalog

maotor. Baldar Fleeteie Camppany.

tHeproduced from
2 e Baklor catalog.)

can yiu select them yourseli?

Long before the consefvation and develop:
ment of shiercy became recotized as one of
the: nation’s tep prioriies, Energy Fond-was
investing in the field that inspfred its name. -
Gonsidey the practicality of 1sing expericneed. -
professional manageient in e complex e
ergy area Energy Fund has been MVESting i
energy-refated stocks for over 23 years Send
for free prospeciis angd !aiest fmanma! fgpnrt

NO LOAD

Ma zales cominisso
Mo redemption fees

HEUBERGER & BERMAN MAM&EMEM
522 Fifth fve.. Mew York, N Y 10036

ept, ME 108

Bae ime! Cail Tl free day o night, oper, 47

S-4717

1Hinsis: nhcne 1oil free BDO-D45-3881

£ PROSERCTus contamng more oomplaie
information about Eneray Fuind, including sl
charges andexpenaes, wifl be sent upon
revprest Read i carsfully before you invest
Sl no rchiey.




Svnthetic fuel is the only real limnit to the
rost of imported oil. Fortunately, America
‘has vast coal reserves and the technology
to develop gas, oil or even gaschol from
coal,

The rare combination of easily reachable
coal and water, and a willing work force
made North Dakota the logicsl place to
begin the search for self sufficiency
through synithetic gas and oil. America’s
first commercial synthetic fuel plant is &
short step away from groundbreaking
caramoenies in Mercer County, North
Dakota.

The Mcokota Company, active in synfuels
since 1971, is directly involved in more
than one third of the lignite coal estimated
to be economically recoverable in North
Dakota, including the coal reserves
dedicated to America’s first commercial
synthetic fuel plant.

Synthetic fuel is already a familiar phrase
to most Morth Dakotans, If yvou'd like
more information, contact Mr. Galen
Andersen, President,

A Morth Bakots Corporstion Concerned with Nﬂﬁh'iﬁak:wﬁté
Energy Resources )
Box 1833 e 318 M. Sth S0, Bisrnavek, ND 58507 « {707} 22358188




ital cost of about $25 billion less
ial. would be incurred without
eneration. Thé achisvement of this
ective enargy saving, however, is
veral constiaints; techn;~
_Economit: environmerital, regula-
and institutional. The degree to
-c’ogenerati’orz will he impéem&ﬂted

Brsis meﬁmnent because the steam pro-
duced is at a° relatively fow temperature,
- glthough the heat from the combustion
cof ~the fuel is at a much higher
" temperature.

; The use of cogeneration can im-
- prove the eﬁtcaency Exhibit 3 Huystrates
“.how cogeneration is effected by a high-
" pressure boiler and a back-pressure
c.stéam  turbogenerator. The combined
" pmcess prodiices 8500 ibs of iew pres-

| Less

same steam and edectricity were gener-
ated in a low-pressurs sieam boiler and
an eiectricity plant respectively, they
would have copsurned the eguivalent of
2.75 barrals of oil. th the separate pro-
cesses, the two fasks consume 0.5 bar-
ey of oil more than in the combined
process. Aliernatively, the 800 kilowatt-
howrs of elactricity is oblained for an
incremental fuel consumption of only
about L5 barels, insteat of the full
barrel that is consumed by a modermn
ceniral-station power plant.

Considerable latitude exists for
varying the ratio of electricity 1o steam.
Stear turbageneratcrs normally yield
about 50 1o 70 kilowati-hours for each
million British thermal units going to
process steamn. With dissed turbogensra-
tors, electricity production. rises to as
much as 400 kilowatt-hours for each
million British thermal units going to
process steam. Incremental fuei con-
sumption is about 2/3 of that of 5 cen-
tral power station. With gas turbines and
waste-heat boilers, electricity produc-
tion is abeut 200 kilowatt-hours per mil-
licn British thermal units going to pro-
steam, and incrementai  fust
consumption is about 6/10 of that of 2
central power station.

For the next decade, the total po-
tential for cogeneration of slectricity and
process steam is estimated to be about
1.2 x 10" kilowatt-hours per year, or

ewnomi{: wnsi:ramts, oniy
third of this potential is fea i
sponding to an -addition o 50,
megawatts (11,000 megawatts |
ready instailed it Various industries) an
to a fuel saving equivaient tg. abﬁué; Q
rillion barrels of oil per day. .

gﬁ%ﬁ“ﬂﬁg@ﬁﬁmywﬁ%
W&@@%ﬁ@%&@ T
Low iemparature hea ﬁg' ;)zr_

hlgh-qualrty fuei 25
task that: reqmres o
gy supply. When the tempes'atwa
guirement is very low, say 200 fo 300°F,
diesel or stearn-turbing Engines £a be"
vsed fo c&genemte ‘electicityy as s
steam raising. Exhibit 4 i!lgs{rates ’Ei’seé-
use of the so-cafled topping: enginie’ in
the combined process, and the fuel sav-:
ng in comparisen to the Sﬂparateﬁ-_'
processes. o
By the end of the nextdecade the_ 2
theoretical potential for &!CCJ!CF’[}{ pro-
duced by wsing diesel engines in jow--
temperature  processes s - abouf.
250,000 megawatts. Since many love _
femperature processes  are reiatlvel_y'

simall in scale and subject to infermii-

tert operation, only about 17,600

megawatts for 7000 hours per year of

this cogeneration will be achieved,

mostly with diesel engines and to 3 less
er extent with gas turbines.

HIGR-TEMPERATIRE
PROUCESESES

Many of the heating processes re- -
quired for the manufaciure of metals,
ceramics, glass, and cement are carried”
out in furnaces at high temperatures,
sormetimes in excess of 2000 F Large
inefficiencies occur because high qual-
ity energy is lost in the exhaust gases
and materials leaving the furnace. One
method of raducing inefficiency is ef-
fected by cogenerstion of electricity
from the exhaust gases. Exhibif & iilus-




L '_'_Eﬁ&!‘gy is the name of the
' gamein the cement industry,
" where glaﬂi kilns consume
_shghmious amounts of fuel to

. ihake cement.

e Frankd ly: heavy dependency
on gnergy could be bad
news o some. But not to us
at Amcord. No long gas lines
for us.

A few years ago, befors
the 1973 energy crunch, we
made a hard-and-fast, lonely
decision to become self-
.. sufficient for our fuel needs
by 1980. And to avoid out-
. right, dependeﬁc:y Lpon oil
Lo ernatural gas fo fire our
scement kilns.

- Bopwe became the first in our

industry 1o make an al-out

_commitment to coal, Which,
_incidentally, bumns “clean” in
ihe cement mahufacturing
process

‘We acquzred substantial coat
properties in New Mexico
“and Pennsylvania, up-graded
and expanded them, and are
NoW. SUpplying: the maiority
of ihe fotal fuel requirements
of our five modern cement
plants in California, Arizona,
Michigan and Pennsylvania.

With cur own coal.

Coal as source of fuel

One of Arnericas Leading
Cement Producers

for Amcord Cement Plants

We're as concemed as any-
one over the cuirent energy
ciisis and the continuing
lack of a cohierent, realistic
raticnal energy policy.

But if you've followed the
Amcord energy game plan
over the past few years, you
can't say we didr't wearn vou.

Energy self-sufficiency
should be our nation's
Number One priority. And it
seamsfousthatif alot of
other companies foliowed
Amcord’s example, there
would be sufficient energy
for our homes and for -
Amencars mdustry as' well

1973

Amcord, Inc.,

Newport. Beach California
92660 :

Listed NYSE, PSE:
Symbol AAC -




rates Thfﬁ use of so-calfed bﬁ}itomm;z-
in the combined. pmr‘ :

the
abiot

: saving in compapisen
&Epa ate- processes. H’I’h
i f :

AurECtUring
= histed in

ensrgy is well beiow the: stlll Fisi
placement cost of energy m;ppll&% ; _
conclition, however, Is fkely to bi Gn!y'-
tramsiimy —ﬁemgmmn o h kel

some wmpamwu

= The raie of retun on smmiﬂ'
rment raguired . by ensrgy-ising indos
trigs is-highér than thst cranted fo regy-
iated utilities for {:{}m;:eambée risk new
powsr plands. Some convpanies may use
this difference to atiract new special-
purpose capital from investars,

® fhost companies set the expect-







Matare made it perfect. And
that’s not an exaggeration.
Louisiana is endowed with the
kind of natural advantages
that help industries to thrive.

Enough natural gas to
provide one-third of the na-
tion's supply. Electricity for
today and for tomorrow. And
kilowatt hours that cost. 25 percent less than in [0 other southern states.

Nature also gave Louisiana a transportition system called the Mississippi
River. It serves 65 percent of the U.S. population and a multitude of interna-
tional markets.

Louisiana’s mild, semi-tropical year-round climate helps keep construc-
tion costs down and worker attendance up.

And Louisiana’s unspoiled beauty, ranging from piney woods to
primeval bayous, offer the outdoor sportsman mcomparable fishinig, hunting,
boating, skiing, sailing and swimming.

We made it profitable. In 1978, Louisiana led the nation in manufacturing
expansions.

Louisiana has more than 300,000 skilled, semi-skilled and trainable
workers availabie for employment Once you make the decision to locate or
expand your plant here, we’ll start shaping a labor force:for you. We'll do the
recrumng, advertlsmg, screening, testing, intervicwing. And, of course,
training. Pre-job training custom-tailored to your specifications. All you dois
the hiring.

In Louisiana, we offer'such right-to-profit legistation: as low-cost financ-
ing, a program of exemptions from local property taxes on new and expanded

manufacturing plants and equipment for 10 years and a sirong right-to-work
law.

Corporate franchise and income taxes make vp only nine percent of the
state’s focal tax revenues. Louisiana has one of the lowest personal tix ldads
in the nation, too, and theére’s no state property tax.

Louisiana has it all. And that’s why Louisiana works. Maké Louisiana
work for you.

'————hu--ﬂ-mm--—n-—-mlﬂﬂ-llﬂ--———--muu—------‘---ﬂ---ﬁ
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ed rate of return from energy-saving in-
vestmerits at a level about twice as high
as that for mainstream business invesi-
ments. As a result, capital spending is
concentrated on the latter while higher
energy costs are passed on to consum-
ers. Revision of that priority may repre-
sent a chance to increase market share
for some companies.

& Federal, state and local reglla-
tions restrict the generation of electricity
by many manufacturers. But these regu-
lations are in the process of being re-
vised, and appropriate presentations to
authorities could resuit in advantages
for some manufacturers.

LONG-TERR
ENERGY PRODUCTIVITY

The estimated increases of energy
productivity are only a fraction of the
existing potential. Assessment of this
potential requires a reliable and practi-
cal yardstick that can be used for all
fuels and ail processes.

The laws of physics and thermody-
namics give an absolute measure of effi-
ciency of any process that transforms a
material from one form to another. This
measure accounts not only for the
amount of energy required and con-
sumed in the process but ailso for the
qualities of those energies*. Quality is
an important characteristic because an
amount of energy at a high temperature.
is more useful and mere valuable than
an equal amount at a low temperature.
Its value can be calculated by physicists
and engineers. For example, the q_uality
of natural gas is 1.0 but that of hot

. gases at 1000 F is about 0.4. Again, the

quality of energy required. to heat metal
parts to 1500 F is about 0.5, but that
for raising steam for central heating is

only 0.2.
Hased on this scientific measure,

the average energy end-use efficiency in
the United States, as well as other in-
dustrialized societies, is about 10%.
Some typical efficiencies of specific

end-uses are listed in Exhibit 7.
It is ciear that the potential mar-

gin for improvement is enormous. Of
course, energy end-use efficiency will
never approach 100% for real processes
and devices, even in the remote future.
But the present low values of efficien-
*One way to describe the measure is Lo use a formula in

which efficiency equals the ratio:
(guality of required energy) x {required energy)

{quality of consumed energy) x (consumed energy)
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Sometimes the most

important thing about cor-
porate financing is how im

portant you are 1o your
investment banker.

So if the size of your capital
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one of the crowd on Wall Street, why not turn

in another direction?
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Look to the expertise of the
Bateman Eichler, Hill Richards
Corporate Finance Department.
We can field one of the larg-
est and most experienced cor-
porate finance teams in the West.
And our natural Resources
Group talks your language.

Most imporiant--you're important to us.

Main Cifice: 700 S. Flower Street, Los Angeles, CA. 90017 « (213) 625-3545 « 27 offices throughout the West.

We put opportunities and people together.




cies emphasize the enormous opportuni-
ty for energy savings and the fact that no
fundamental scientific barriers exist to
prevent  substantial improvements.
Even a modest change, from 10%- av-
erage efficiency to about 11% for the
United States, today represents the
equivalent of 4 million barrels of oil
per day, almost the amount consumed
by all U.S. automobiles. A doubling of
the U.4. efficiency would provide the
equivalent of 2/3 of today’s OPEC pro-
duction forever.

To achieve large and practical in-
creases in energy end-use efficiency re-
quires a long-term commitment in re-
search and development of entirely new,
cost-effective processes for every energy
consuming sector of the econofy. Resi-
dential and commercial activities, tran-
sportation systems, and industrial pro-
cesses all have inefficiencies and all are
subject to sizeable improvements in en-
ergy productivity. Such a commitment
holds the promise of yielding energy

comparabie 1o that of a major new ener-
gy supply indefinitely. It should there-
fore be given equal pricrity.

A cost-effective doubling of the

average energy end-use efficiency.over.a.

period of several decades is.not all that
remarkable or unprecedented. For ex-
ample, it has been accomplished over a

comparable number of decades in im-

proving the efficiency of electric power
ptants. This accomplishment, of course,
was the result of enermous and continu-
ing commitments of technological re-
sources—the same prescription sig-
gested here for all energy-consuming
tasks.

Perhaps searching for the scape-
goat is popular. It provides familiar ma-
terial for animated discussions., But it
can neither compete with OPEC price-
fixing nor shorten lines at the gas pump.
Facilitating investments in additional
energy supptlies and energy productivity
is not popular. It requires unfamiliar
approaches to all aspects of the energy
business. Biit it can gradually arrest the
price spiral and secure our energy
needs. It calls for concerted participa-
tion by all: leadership by the Administra-
tion and Congress, responsiveness by
energy users of all sectors, and realism
by the citizenry.

It's one thing we can't recycle. Whichis
why the oil industry is working hard to
find new sources. Occidental is proud

to be invoived.

) “ ] “ ]
oxy Qccidental Petroleum Corporation
' 10888 Wilshire Boulevard, Los Angeles, California 90024






