+ America’s Energy Future

Domestic oil and gas must carry
U.S. into the next century

by William W. Wade and Peter T. Hanley
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The current world oil situation is one
which has profoundly i@ nearly
every person on the globél The future
trends in world oil supply and demand
will, to a large extent, determine how
well America will be able to function in
the years ahead. At this point, we antici-
pate that world oil production will be de-
clining before the end of the century, a
prospect that the United States must be
prepared for.

BACKGROUND:
WORLD OIL SUPPLY
AND DEMAND

The anticipated demand for energy in
the U.S. in the next two decades is a
matter of extreme importance. Later in
this article, we will discuss the ratio of
energy used to gross national product
(GNP). By examining this ratio during
different periods of the twentieth cen-
tury, we can develop a basis for fore-

‘casting U.S. energy demand in the re-

mainder of the century.

Although alternative energy sources
developed with advanced technology will
play an important role in the next cen-
tury, oil and gas will remain the mainstay
of America’s energy supply throughout
the 1980s and into the 1990s.

Alaska’s outer continental shelf (OCS)

“s is a critical link to America’s oil and gas

future. Transforming the inhospitable
regions of Alaska’s OCS frontier into
oil-producing areas will be a monumental
task. As a result, Alaska’s large oil poten-
tial cannot be explored, discovered, and
developed in large quantities before the
early 1990s.

The years 1983 to 1995 will be the
most critical 12.year period in U.S.
energy development. Current indications
are that by 1983 the Soviets will have
shifted from sellers to buyers in the world
oil market and will compete directly with



western buyers for middle eastern oil.
Under the existing OCS lease schedule,
incremental supplies of Alaskan oil will
not be available to reduce reliance on
OPEC imports or mitigate the conflict
with the Soviets for Middle East oil until
late in this critical 12-year period. No sig-
nificant supplies of synfuels will be avail-
able until late in this 12-year period.

World Oil Production Forecasts

A growing consensus of crude oil pro-
duction forecasts indicate non-communist
world oil production will peak around
1990 and decline thereafter. The average
of various forecasts shown in Table 1
reflects the expected trend with a peak
near 60 million barrels per day (b/d) by
1990 and slow decline thereafter. A
recent Congressional Budget Office study
is even more pessimistic. It calls for
production in the 56-58 million-b/d range
for 1985 and 1990.

Both Exxon and the Central Intelli-
gence Agency (CIA) have emphasized in
recent months that throughout the
1970s, new oil discoveries replaced no
more than half the oil produced. Prior
to 1970, discovery rates were well in ex-
cess of production. The CIA has the most
gloomy forecast (1): “Global oil produc-
tion is peaking and will decline through-
out the 1980s. . .The expected decline. . .
is the result of a rapid exhaustion of con-
ventional crude oil.”

Crude oil supply forecasts hinge criti-
cally on assumptions about OPEC pro-
duction. The British Petroleum (BP) fore-
cast of world production not only indi-
cates the possibility that OPEC may limit
production to 30 million b/d beyond the
mid-1980s; like the CIA’s forecast, it is
also very pessimistic about the remaining
world production capacity. BP assumes
that significant new supplies in non-OPEC
countries will not be brought into pro-

duction and believes non-communist
world production capacity will peak by
1985 at the latest. Thus, while the
average of forecasts in Table 1 shows a
peak in 1990, BP and the CIA agree that
world oil production could peak sooner
and that 1990 and 2000 production levels
could be much lower than the average.

OPEC’s Continued Importance

The range in the forecasts after 1985
in Table 1 is explained by the various
company and agency assumptions about
OPEC production. Political consicera-
tions emerging within the Middle East oil-
producing countries in 1980 suggest that
even though proved reserves would allow
higher production, OPEC oil during the
1980s probably will not be produced at
maximum rates just because consuming
countries want the oil. The world in the
last two decades of the twentieth century
will be oil supply-limited due as a result

TABLE 1.
Non-Communist Worid Crude Production Forecasts
{Million b/d)
?
Forecast
‘Source Description 1980 1985 1990 2000

British Petroleum OPEC at maximum - 64 62 .52
- OPEC no increase - 55 52 43
" Standard of Indiana Base case 53.8 59 - -
. . Pessimistic 525 65 - -
Standard of California 1990 Plateau 53~ 58 60.5 60
Sheli Optimistic = - 665 70
Pessimistic - - 57 63
Exxon 1979-Year-end 53 - 57 58
CIA Low 53 48 - -
; High - 49 -~ -
Congressional Budget Office - - 55 56 -

Michael F. Thiel Upper QPEC 57- 65 70
95% OPEC limit 55 63 67 . -
Lowest QPEC 47 1) 59 . -
7 f Average Production 57 61 58

53

Note: For consistency between forecasts natural gas liquids are excluded. Natural gas liquids equal an additional 5 percent.
Soprces: Oil & .Gas Journal, 1980, vol. 78, no. 17, p’. 50.

Ibid, 1979, vol. 77, no. 46, pp. 163-169.

Congressional Budget Office, 1980, The world oil market in the 1980s: implicaiior{s for the United States, May.
Exxon, 1979, World Energy Out/ook, December.

Pocock, C.C., 1979, World Qil, October, pp. 107-111,
Thiel, Michael F., 1979, World Oil, October, pp. 123-133.

ENGINEERING BULLETIN 53/October 1980

5



Non-Communist
World

Communist
World

'Wf L
i3 et ?v‘:'!:ﬂ"‘"
8 e e

Figure 1. World Qil Production: 1979, Including Natural Gas Liquids' (Million b/d). Source: Qil & Gas Journal,

vol. 78, no. 8, p. 59.

of both political instability and physical
resource limitations.

Figure 1 shows that OPEC’s share of
the non-communist world oil production
was over 60 percent in 1979. The world
will remain dependent on OPEC’s oil
throughout the remainder of the twen-
tieth century. The Oil & Gas Journal (2)
reported, “Most industry analysts expect
OPEC production to remain about 30
million b/d at least through 1985.”” Many
OPEC observers believe there will be little
economic incentive to exporting coun-
tries to expand production much above
30 million b/d after 1985. Incremental
production would only increase the
OPEC nations’ financial assets held in
foreign banks and would not benefit their
domestic economic growth.

Although Saudi Arabia has maintained
its production at 9.5 million b/d for the
first half of 1980, the CIA expects the
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Saudis to announce very soon an 8.5 mil-
lion b/d or less production limitation (1).
Kuwait, which could maintain output at
its existing capacity of 2.7 million b/d for
at least 50 years, has already limited
production to 1.5 million b/d because it

So long as the western
nations are dependent
on OPEC oil, the OPEC
countries will be able to
increase their prices.

cannot use its oil revenue productively.
Iran’s production is very much dependent
on westem investment and technology.
Whether Iran’s production will return to
prerevolution levels in this decade cannot
be forecast. Furthermore, it is impossible

1441

OPEC 30.8

6.3

Total non-communist 51.2
i T14.2

World Total 65.4

1980,

to predict what impact the recent conflict
between Iraq and Iran will have on pro-
duction in either country. So long as the
western nations are dependent on OPEC
oil, the OPEC countries will be able to
increase their revenue flows by raising
prices while holding production stable.

Soviet Supply Problems

A CIA forecast (3) contends that the
potential oil shortage in the western
world will be compounded by Soviet Bloc
production capacity limitations. Accord-
ing to the CIA, USSR output will rise
from 11.7 million b/d in 1979 to 12 mil-
lion b/d in 1980 and then decline—in
spite of remaining proved and probable
reserves second only to the entire Middle
East (490 billion barrels compared to 500
billion for the Middle East).

Soviet production fell short of its five-
year plan goal by 500 thousand b/d in




11979. The 1980 goal set in 1975 is be-
tween 124 and 12.8 million b/d. Hence,
if production reaches 12.0 million bfd
this year; the shortfal] will be, 400-800
thousand b/d. The CIA (4) estimates that
“production wil. . decline in the early
1980s and drop to .a level of aboit 10

million bfd in 1985.”
In spite of its huge resource potential,

the USSR has been unable to develop its,

‘reserve base, The Soviet production prob-
lem is technological. It takes 14 months
to drill 3050 m in Russia compared 1034
days in the U.8. A recent article in the
Wall Street Journal (5) maintains Soviet
technology is 30 years behind the west’s:
As-a result, Soviet exploration badly lags.
According to Arthur A. Meyethoff (6), a
long-time consvlting geologist 1o Russia,
the country’s, proved reserves dmount to
only 27 billién barrels compared to 350
billion in the Middle East. Proved reserves
in the USSR -are 6.0 percent of potential,
This figure contrasts with 70 percent for
Saudia Arabia,

Both Meyerhoff and the CIA predict

that the Soviets will change from a

net exl}orter of 1.1 million bj/d in 1979 to
a net importer of ‘700 thousand b/d in
1983, A recent Qi & Gas Jouraul arti-
cle (7) indicates that 1979 Soviet deliver:
ies to nofi-communist countries dropped
200 thousand bfd last year from 1977
and 1978 levels. The May 1980 Congres-
sional Budget Office study expects that
by 1990 the Soviet block will be import-
ing 2.0 million b/d Trom the world mar-
ket. This may be a conservative estimate.

In view of thé very ténuopus westem

world oil supply/démand balance existing

in 1980 and forecast ‘to continue, a 1.8

million-b/d shift in Soviet supply patterns’

to the non-communist world could be
very disruptive not only to the 1983
world market balance and to the real

price of oil, but alsd to political condi-

tions dlréady uncertain. CIA Director,
Adm. Stansfield Tumneér, was quoted (1)
as saying,
Soviet oil outlook sets the stage for head-
on competition for Mid-East oil.”™

The Soviets’ supply problems over-
hang Middle East cil supplies and add a

specter of danger to an already unstable

oil source.

World Supply/Demand Balance
Fipure. 2 shows a consensus non-
communist world oil demand forecast. In-
formed estimates put western world oil
demand probably between 60 and 66

“The combined western and.

million b/d by 1990—up from 53.0

millien bfd in- 1979. This represents a

range of 1.0-2.0 percent annual growth in
consurnption to 1990, Theredfter, the
western world consumption of oil s
depéndent on avzilable Supplies. Maost

-analysts beliéve ‘that unconstrained de:

mand still would grow, but more slowly—

fess than 1.0 percent annually—as shown
in Figure 2. Most of this growth is ex-

pecied to occur in the less developed
countries (LDCs) as industrialized nations
shifi more to coal, nuclear, and alterna-
tive fuel sources and zichjeve greater
energy efficiency.

‘The Mdy 1980 Congressional Budgel
Office study that has received 4 certain
amourit of attentien considers 66.4 mil-
lion bfd the probable 1990 non-

communist world oil deniand. This fore-
€ast predicts a western-world imbalance
of riearly 8.5 million bfd by 1990 since
the: supply forecast is only 58.0 million
bfd. Henée, prices must fise to balance
supply and demand.

World oil demand growth rate fore-
casts -are vastly lower than they were in
Jate 1979, and industry obsérvers realized
hew much political instability wds
JAssociated with future oil supplies. Any
demand forecast in the uncértain world
of 1980 must be viewed as little more
than an idea to think about.

Comparing these demand forecasts
with the average production forecast in
‘Table I shows a very tenuous balance in
1985 and 1990. After 1990, as global oil
production declines, the gap between
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Figiire 2. Non-Commmunist World Oil Demand/Supply-Balance
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forecast demand and supply widens.
Global demand will have to be met either
by increaséd us¢ of synfuels, alternative
energy sources, increased production
from the Middle East—or by-further con-
servation .and price increases. l.f none of
these supply alternatives materialize. This
‘last option threatens our quality of life.

UNITED STATES ENERGY
SITUATION

0il will remain the prédéminant fuel
in thé U.8. throughgut this cenfury al-
though the fraction of total energy it
constitutés will decline. U8, energy de-
mand during the 1980s and the: 1990s

will be crude oil supplylimited. These

two decades will be a transition period to
ceal, nuclear, and synfuels. Methods will
be sought to produce new energy 1e-
sourcés on a large scale and integrate
thém into the existing distribution net-
work in an €conomic and environmen-
tally  compdtible. way. However, even by
2000, altefnate encrgy: sources will be a

very small share of tota] 'US. energy
consumption. With the push for synfuels
development, oil's critical role in the
temainder -6f this century must be kept
in mind.

Demand: A Radical Change inw
Consumption Patterns

In éarly 1979 Shell, Exxon, and Chev-
ron independently forecast 1990 U.S.
energy demand to range from 47.6499
million bfd eil equivalent (b/d oe), a nar-
row range of estimates. They further
agreed that crude oil would account for
20-21 million b/d of this total, The 1978
US. crude 6il demand was 19.2.millidn

b/d .of a total of 38 million b/d oe of

energy cansumed in the U.S.

Underlying Shell’s, Exxon’s, and Chev-
ron’s 1979 forecasts for 1990 were real
GNP growth tates between 3 and 3.5 per-
cent. Total U.S. energy use growth was
expected to fall within 2.0-2.25 percent
between 1978-and 1990. ’

Figure 3 shows the mid-1980 demand
forecast derived f{rom publishgd and
unpublished sgufces. This-is based on a

2.6-percent growth rate for real GNP in
the last twg decades and réquires 1.5-1.8
percent growth in total energy use. The
1990 energy forecast has dropped te
4346 million b/d oe. Oil demand is
expecied to range between 16-19 million.
b/d. Sixteen rmllmn b/d of oil consump-
tion in 1990 implies a réduction of 17
percent from 1978 use. A recently
published Shell forecast calls for 1990
US. energy use to amount to only 42
million bfd oe: Of this, Shell expects 17.2
million bfd of oil use—a -figure that will
remain constant throughout the 1980-
1990 decade,

Most of the increase in energy use will
c¢ome from ¢oal and nuclear fuels, whose
combined contribution to total energy
use. is. forecast td increase from 23 per-
cent in 1980 to 42 percent by 2000.
Hydro,.geothermal, salar, and other alter-
natives will not become major energy re-
sources during this century. Gas con-
sumption will increase slightly. Consistent
with the miessage carried in Erergy
Future (8), oil, gas, coal, and nuclear—
together with increased energy effi-
¢lency—are the critical approaches to

Totat

Annual Do
Growth Rate 2000
1980-2000
% Hydro,
2.2 Geathermal, Solar, etcl.
6.6 Nuclear
-.4.2 - Coa!
0.3 Gas

{0.4}0:5 il

1.5:1.8 Qverall
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solving our energy supply problems for
the, remainder of this century. Solar
power and other renewable resources
must await technical advances anticipated
in the nexi century.

This forecast requires a tripling in coal
produétion from 750 million tons last

yéar to 2.0 billion tons by 2000 to

achieve the 4.2 percent growth rate
shown in Figure 3. During the last 20
years, coal production grew 1.5 percent
annually, This coal forecast is mostly a
policy goal. If the US. does riot increase
coal output to 2.0 billion tons by 2000,
the Electric Power Reésearch Institute
(EPRI) forecasts there will be ‘serious
shortages of  electrical  generating
capicity (9).

Potential for Conservation in the
United States

Forecasting future U.S. energy use
implies forecasting both the rate of
growth of the U.S. economy and the way
we use energy to produée the mix of
goods and services within the economy.
Figure 4 shows that thie relationship of

energy usé 1o U.S. economic activity has
nol beéen constant during this. century.

Four distinct phases ‘can be discerned
from Figure 4 relating energy usé to U.S,
aggregate. econamic -activity (GNP) over
the historical period 1900-1980;

1. Energy use pér dollar of GNP in-
creased until 1917, seaching a peak
of riearly 100 thousand Btu-per
‘dollar of real GNP. (This trend be-
gan in the preceding century.)

2. Energy use per dollar of GNP deé-
creased between 1917 and 1944 to
a trough near 60 theusand Biu,

3. Between 1944 and 1970 enhergy usé
rémained relatively constant, fluc-
tuating around 60,000 Btu.

4. Since 1970 energy use per dollar of
GNP has decisively turned down-
ward—with no fluétuation,

When we consider the difference be-
tween economic. efficiency and energy
efficiency,, the determinants of 1he three

distinct energy/GNP trends shown’in Fig-
ure 4 between. 1900 and 1970 can be ¢on-
trasted with the downward trend during
the 1970s.

Economic efficiency is concerned with
how the various inputs to production—in-
cluding energy—are combined in the pro:
duction procéss. This dépends both ofi
the relative costs of the inputs and their
relative: contribution to the total cost of
the production process. Before 1973
eriergy costs contributed less than 3 per-
cent of the total cost ofprqduction. This
was the age of abundant cheap energy.
Capital and labor accounted for the
largest share of the cost of production.

In contrast to other developed econ-
omies ‘of the world—for example, Japan
and Europe—labor in the U.S. has histor-
ically Been mbre costly and more scafce:
than the country’s more abundant
supplies of natural reséurces and capital
wealth. Hence, economic efficiency was
attained by using labor-sparingly, energy
intensively, and capital wisely.

Energy efficiency, on the other hand,
refers to the amount of energy converted

to work compared to the -amount that

Th_qusand Btus
per dollar-real GNP

1900 | 1920

%110

3 70

1940 | 1960
Year

Figure 4. Energy Use Per Dolfar of GNP
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goes to waste. The increasingrand then- de-
creasing trend in the. energy/GNP ratio
between 1900 and 1944 can largely be
explained in a thermodynamic context.

Prior to World War I, the US. was
rapidly industrializing 4s the nation {rars-
formed from an agrarian economy:. Indus-
trialization during this period was accom-
plished by rapid mechanization. This
earty industrial mechanization was very
thermally inefficient. Rapid industrializa-
tion with energy-inefficient mechaniza-
tion accounted for the.increasing energy/
GNP ratio during this period.

After World War 1 the éxpansion of
other less énérgy-interise sectors of the
economy, together with significant im-
provements in the thermal efficiency of

Energy’s share of the cost
of production has risen to
more than 10 percent since
the 1973 Arab Embargo,
and it is now the fastest
rising input cost. Not sur-
prisingly, the energy/GNP
ratio has sharply changed.

energy use, accounted. for most of the de-
creasing trend in the energy/GNP ratio
through the end of World War II. During-
this period the U.S. shifted from a coal-
based economy to a gas- and oil-based
economy. Technological advancements
associated with: the availability and use of
gas and oil contrbuted to iinproved.
energy efficiency in a major way. The dif-
fusion of electricity during this period
was another major source of improved
energy efficiency.

The flat'25-year period between World
War II and 1970 is more difficult to
éxplain. It has prompted soime observers
unaware of the longer trends to believe
that there is a direct relationship between
energy use and economic growth. Clearly,
Figure 4 shows this is not true in the
longer historical context. After World
War II labor costs were rapidly rising.
This created an impétus to substitute
enefgy-inténse machinery and equipmént
for labor. Labor productivity rose rapidly
during this period as machines were
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innovated to free labor from the produc-
tion process. Rapid economic growth in
the post-Werld War IT era was matched by
rapid energy use to economize labor.

Energy’s shate 6f thé cost of produc-
tion has risen to thore than 10 percent
since the 1973 Arab Embargo, and it is
now the. fastest rising input cost. Not sur-
prisingly, the energy/GNP ratio has
sharply changed and tumed decisively
down. This time the downward trend in
the ratio is clearly directed toward
achieving ecotomic efficiency by reduc-
ing energy use as opposed to the bread
move. toward achieving better théermo-
dynamic energy ‘efficiency in the 1917-
1944 period. .Energy use per dollar of
GNP has been reduced 14 percent during
the rapid price ‘inflation period of the
19?05 Consumers and producers have
discovered that both groups are respon-
sive to-energy price increases,

Will this trénd continue? The relative
costs of both consumer goods and inputs
determine .the energy intensity of the in.
puts chosen by producers and the bundie
of goods purchased by ‘consumers, Mar-
ket prices, of energy and tax incentives
afforded by government conservation
policies have each caused a clear change
in the way we use energy, given the tech-
nology choices currently available to us.

Future energy consumption patterns
will depend on Tuture technology. Energy

price iricreases relative to the costs of

othér inputs and consumier goods (as well
as government programs) have focused .a

lot of effort-on research and development'

to produce innovative ways of using less
energy. If these trends continue, if is rea:
sonable to expect that the ratio of energy
use to GNP will continue to decline.

How miuch? Between 1917 and 1944
the energy/GNP rati6 declined 1.5 pér-
cent ‘annually. Between 1970 and 1980
the downward trend in the ratio has also
been 1.5 percent. The changes that oc-
¢urred in-each of these two time periods
were: caused by different economic
forces. In the formier period; the primary
economic foree was to expand cutput. In-
dustry learned to6 combine all of the jn-

‘puts of production in better ways and

with better technology to. get more GNP
per unit of all inputs—including energy.
Hence, the enerpy/GNP ratio. declined
mainly because of policies designed to
increase output (GNE).

I the current period the prm'lary eco-
nomic forceis directéd simply to reduce
total energy use and, specifically, reliance

on oil and gas. Currently, existing policies
are directed toward substituting new
energy- -efficient capital investment to
conserve the-use-of enérgy.

Figuré 5 shows low the ratio of
energy use 'to GNP could change if the
trend contintes to improve at 1.0, 1.5,
and 2.0 percent annually to 2000. By
2000 the ratio could fall between 36
thousand and 44 thousand Btu per dollar
of GNP— down from 54 thousand Btu in
1980 and 62 thousand Biu in 1970.

Figure 5 shows how improvements. to
energy efficiency could affect the pro-
jected energy demand if energy efficiency
continues to improve and GNP grows at a
constant 2.6 percent. By 2000, US.
energy- use could fall between 42.2 and
51.6 million b/d oe. This forecast is much
lower than the 51.1-54.1 million bfd oe
forecast shown in Figure 3. The 1990
range shown in Figure 5, 43-44 million
b/d oe, agrees with the- range in Figure 3,
4346 million b/d de. The convenhonal
forecast 'in Figure 3 sugpgests that im-
piovements to energy efficiency may
slow down or reach a platéau after 1990.
Noj matter what, however, the U.S. will
still use more energy in 2000 than at pres-
ent—but it will be getting a lot moere out
of the-energy than it does.now.

Domestic Oil Supplies

While US. oil consumption growth
rates will drop significantly, the oil in-
dustry still fades a hérculian task to devel-
op sufficient domestic réserves to meet
demands during the next two decades.
The U.S. is currently producing flat-out
at the rate of approximately 3.6 billion
barrelsfyear. As of January 1, 1980,
proved reserves.amounted to 27.1 billion
barrels—an inventory sufficient to last
only 7.5 years, through mid-year 1986 at
curreni production rates. Thus, to Lold
domestic production .at current levels for
another 7.5 years beyond mid-year 1986,
the oil industry will have to find and de-
velop reserves between now and 1986
that are at least equal to the current total
proved reserves.

The upsurge in drilling activity in re-
sponse to higher prices suggests the il in-
dustry is attacking this mofiumental ex-
ploration task. Most forecasts of domestic
oil production for the coming decade
predict domestic production near present
levels. The 1979 production of crude and
natural gas liquids (NGL) ‘was 10.2
mitliod bfd. Table 2 shows the fore-
cast sources of oil supplies that will be
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available to meet forecast demand. Lower
48 production is shown to be declining
throughout the next two decades. The
general belief is that this is an irre-
versible trend. Prudhoe Bay will also be-
gin to decline soon after the mid-1980s.
Consequently, America’s domestic oil
future is tied to two great hopes: 1) new
reserves of oil will be discovered and pro-
duced in a timely manner in the OCS of
the United States (most of these are ex-
pected to be found in Alaska); and
2) synthetic oil production will take off
in the 1990s.

Table 2 shows that by 1990 foreign
imports are unlikely to be lower than
current imports. (Due to the reces-
sion, imports have averaged a little over 7
miliion b/d during the first half of 1980.
This is down from 8.4 million b/d for

higher than lower by 1990 despite in-
creased energy efficiency and slowed
energy growth forecasts. The recent Shell
study maintains that foreign imports will
be 8.6 million b/d in 1990. It must be
remembered, moreover, that the oil fore-
casts in Table 2 support only a 2.6-per-
cent growth in real GNP. This is only
about two-thirds of the U.S. historic
average since World War I1.

Alaska’s Link to
Future U.S. Oil Supplies

The security of the U.S. oil supply has
become a major impetus behind U.S.
energy policy. While the current recession
has created a small surplus in the world
oil market, exporters still possess great
leverage and importers remain vulnerable.
U.S. officials remain worried about the

TABLE 2.
United States Oil Supply Forecast
(Million b/d oil equivalent)

Sources of Qil 1979 1980 1990 2000
Lower 48 8.8 8.3 6.0- 7.1 5.6- 6.1
Proven Alaskan Reserves 1.4 1.6 1.3 0.4
New Alaskan Discoveries - - 0.5- 0.9 0.6- 2.1
Synthetic Fuels - - 1.0 4.6
Imported Fuels 8.4 7.3 7.5- 8.7 48- 5.8

Total 18.6 17.2 16.0-19.0 16.0-19.0

Note: Natural gas fiquids have been included in these figures.
Sources: Exxon, 1979, U.S. Energy Qutlook, 1980-2000, December.
Department of Energy, 1979, Petroteum supply alternatives for the northern tier and

infand states through the year 2000, October 31.

1979.) Even if synfuels add the equiva-
lent of 1 million b/d of oil and produc-
tion from newly discovered Alaskan re-
serves is near the U.S. Department of
Energy maximum estimate of 900 thou-
sand b/d, 7-9 million barrels of inported
oil will be required in 1990 to maintain
oil supplies at their existing recessionary
17.2 million-b/d level.

By 2000, if synfuels contribute signifi-
cant fuel supplies as anticipated, foreign
imports are expected to decline. This
forecast, showing a decline in foreign oil
imports instead of a definite rise, repre-
sents a significant change. Most industry
forecasts have maintained consistently
that foreign imports are more likely to be
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impact of import supply disruptions on
the U.S. economy and quality of life. The
U.S. and much of the rest of the world
will remain critically dependent on oil
from the politically unstable Middle East
until sometime in the next century, when
alternative technologies and sources of
energy are developed. Minor import sup-
ply disruptions will continue to have
major economic disruptions. When these
will occur cannot be forecast. To the ex-
tent that U.S. energy policies can stimu-
late domestic production or reduce de-
mand for oil, the U.S. will become less
vulnerable to unpredictable disruptions.

John Swearingen, Chairman of Stan-
dard Oil of Indiana, summed it up at a

meeting of the Commonwealth Club of
San Francisco, California on February 1,
1980: “The U.S. must do everything
possible to reduce its reliance on unstable
sources of supply.”

Alaska’s OCS appears to be America’s
best hope for new oil supplies. One-half
to two-thirds of America’s estimated re-
sources are expected to be found under
Alaska’s OCS. In spite of Project Inde-
pendence in 1974, and six years of subse-
quent political sound and fury, fewer
than 1 million of Alaska’s 200 million
OCS acres have been leased and explored.

Transforming the inhospitable regions
of Alaska’s OCS frontier into oil pro-
ducing areas will be no small task. Conse-
quently, Alaska’s vast OCS potential will
not be explored, discovered, developed,
and supplied to the lower 48 in signifi-
cant quantities before the early 1990s
under Department of Interior’s existing
five-year lease schedule.

The Department of Energy forecast,
together with existing Alaskan produc-
tion shown in Table 2, imply a recovery
of approximately 12-13 billion barrels of
oil from Alaska in the next 20 years. Cur-
rent proved reserves in Alaska total
about 9 billion recoverable barrels. Latest
OCS resource estimates range between 7
and 32 billion barrels (10). Hence, a fore-

" cast of 12-13 billion barrels over the next

20 years may be a conservative estimate
of the production potential of Alaska.

Figure 6 shows approximately when
new discoveries in the Alaskan OCS can
become oil supplies to the United States.
The time scale is associated with the April
1980 U.S. OCS lease schedule and the
long time period required to explore, dis-
cover, delineate, develop, and produce oil
in the hostile areas of Alaska’s OCS.* The
soonest any production could start is
1987, from the Beaufort Sea, assuming
that current ljtigationT concerning the

*Dames & Moore has been under contract to

the Alaskan QOCS office of the Bureau of Land
Management (BLM) for ncarly three years to
provide petroleum development scenarios for
all Alaskan lease sale areas studied to date
under the BLM Socioeconomic Studies
Program (SESP).

TThe U.S. District Court in Alaksa recently dis-
missed a suit by environmentalists concerned
about fish and whales in Beaufort Sea. The
suit was filed against the state of Alaska, the
U.S., and scveral oil companies. Unless this
decision is overturned by a higher court,
exploration of Beaufort Sea will proceed in
the winter of 1980/1981.
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Figure 6. The Timing of Potential New Oil Supplies from the Alaskan OCS

sale is settled and exploration commences
in the winter of 1980/81.

The estimated production levels shown
in Figure 6 are based on Department of
Energy (DOE) and Shell estimates.
However, the accuracy of the method-
ology used in these estimates has not
been established. Hence, the range of
estimates for production of new Alaskan
discoveries are shown only for discussion.
Additional research is required to deter-
mine a better estimate of the range of
potential Alaskan supplies.

CONCLUSION

To the extent that OCS lease tract de-
velopment is delayed by litigation, new
oil and gas supplies will slip further away
from our immediate needs. New supplies
from the Beaufort Sea, originally hoped
for by 1987, may be delayed.

The typical American energy con-
sumer needs to understand that:

® We need Alaskan oil in the near
future—within the critical 12-year
period 1983-198S5 to facilitate the
transition to emerging energy alter-
natives and mitigate our reliance on

OPEC oil.

e Exploration and development of
the OCS under Alaskan frontier
conditions will take seven to nine
years from the date of each lease
sale.

® Supplies developed under the exist-
ing lease sale schedule won’t
amount to very much new oil and
gas for the U.S. in the 1980s.

e Litigation and delays could pre-
clude very much new Alaskan oil
and gas supplies until late in the
1990s.

America’s best hope to meet energy re-
quirements for the rest of this century is
to establish a critical path toward OCS
development compatible with Alaska’s
environmental and socioeconomic integ-
rity, and then to move decisively along
that path.
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The Rankine Lycle

The basic principle that all steam poudr plonts zel. an 2
make electricity from heat energy ic the Ramhise cvele., Algbhsunpd
real plants may use variations, such a3 superheoot, ecohcot, and

rvegeneration, the basic cycle ceagiors of the four proccaocs <asyn
in the figure below.

ELECTRICAL

0) ENERGY
BOILER ; ® I ]

TURBINE
. GENERATOR
\ HEAT — 3
ADDED
[/
by

1 C >

| CONDENSER COCLNG

WATER

Ie thz bzdlzr ehe liguid {in the case 3zeaw plants, vagar)
i3 rumn~d inge vapcr {<team) at comatant pre re.,  The high-
nYR35uLes, hagn-timperature vapor 13 2hen punm t reuph 1 zurdlac
which 2ufang the aongrator. 102 venor leaves tho uedise ag o low
newprrature ard prescure gad eaters The condﬂaJv . dm il eoaden-
mr ghe vaper A0 ceRJeRRed 2t eonsEany Lresssre DOl 3o ligulid
agala ey romeving aemn heat €eow 1t. This dn sCemnisy 50 Thae
ki Taedd, unlel nan o mueh aﬁaﬂlow volume thay e vieoe, ¢ e
. -
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pumped back into -the boiler again. Thus, the cycle rontinuves by
repeatedly heating the liquid to vapor, turning the turbine, con-
densing the vapor and reheating it again in the boiler.

The efficiency of such a cycle is defined bv the relation:

useful energy obtained (= electrical output)

n=chermal efficiency = energy added (heat in)

The zaximum possible theoretical efficiency for amy system that
converes heat energy to electrical energy is given by the formula:

. o {ooxioum vapor temperaturve) - {cooling water tempervature)s
2an (maximum vapor tempervature + 460)

e~

uneel the remperatures arve given in *F. (It should be noted that
ehis forcula applies to any system regardless of whether steam or
ary ogth2y liquid or gas is used.)

Ao an enapple of the use of the formula, considey a geother-
=31 plant thsat vecelves hegt ot 220°F and uses cooling water at
100°F (froo 4 cooling tower). Using the formula the maximum theo-
retirallly poosible efficiency is 18 percent. In practice the
thermal ef{iiciencies of real plants are often a3 low as half of
the theoxztical value. A typical modern fossil stzam plant re-
ceives steam at 1400°F and cooling water at 90°F. The thenretical
efficiency would be 70 percent. The actual efficiency of the real
fossill steam system is about 40 percent.

From the formula for the maximum possible =fficlency 1t is
clear that a3 the difference between the manrimum temperature of
the 3team for any other liguid) aud the temparature of the cooling
watey approaches zero, the therzmal efficiency zozs to zero. For
exazple, ia.the £7c2 of clean duwiwal plants the texperature dif-
ferance 13 only about 40°F, Thus, the therwmal 26fficiency will be
very lew. It is important to note thct as the therral efficiency

deecreases the capital costs p2r unilr ol 2lactrical output rise
rapicly. ~

-- A. Y. Rokinscn --
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Energy and Pouer

Y

In speazking of energy resources, fwd different wavs of
speaking about these resources are used. One group of people
wiil speak of energy in unicts of Btu, kWh, ions of coal, etc.,
while pthers (primarily concverned with electricity) will speak
of power. Powver i5 a measure of how fast energy can be supplied.
The most common use of puwer is in describing 2lectrical gene-
rating capacities (in MW, GW, KW, etc.). To find the energy
gquivalent of an electrical generating capacity, one follows

{by-cunveinniun) the foliowing prescription:

‘electrical generating!
5 g‘ {numoer of hours'
capacity X :

‘ ~ X
. [in KW, MY or GW) \per year = 8760

-

‘how much more energy would
‘fraction of time! / {have to be used in a thermal
' plant operates |/ X ipover plant to generate this
5 (- 0.6) ) {much electricity

(~3)

= Energy (KWh, MWh, CWh)

>

-= Y. D. Loveland ~-

)6/5;.



API

EPA

EPRI

ERDA

FEA

FPC

6T

NASA

LIS

N e« v

Avronyms of Agen: ies and Associatiung

Atomic knergy Commission; see ERBDA, NKC.

A
American (as Asscuciation; trade associatien: publishes esti-
mates of natural gas resovurces.

American Petroleum Irstitute; trade association; publishes
ggrirmates of petroleum rescurces.

Environmental Piuiclciur Agency; federal regulatory agency
having prime responsibility for environmental impact of
podur plants. )

Electric Powver Research Institute; funded by electric util-
ities to conduct research of interest to the industry.

Energy Research and Development Administration; federal
agency administering research in all forms of energy pro-
duction--solar, geotharmal, coal, petroleum, and .nuclear;
successnr agency to the research functions of AEC and
several other feder2l offices, such as OCR.

Federa! Energv Administration; federal agency responsible
for allocation of =znergy rescurces, especially petroleun;

promotes energy tonservaticn; supports conservation re-
search.

Federal Pover Coomission; economic regulatory commission;
Notabiy c@spuinedivar T01 setting welthead price nf natural
g33. :

Institute of Gas Technology; funded by natural gas uvwtili-
ties to conduct vesearch of interest to the industry.

tiatlonal Aerounautics and Space Adrinistvation; federal ] - -

agency; irvolved in regearch In wind power and photovoltaic
pounr generation 7

Gatleonal Bureau of Standards; federal bureau; includes
srorg 115 duties vacinus research Intlvestl.

Uuclear bepgulacory Lormiision; federal agency; SUCCESS07T RO
the vegulatory funcrions of ATL. )

2arannal belenee ¥Youndaticony federal agerev mabliday eropes
bar zee,gaveld dn la broaehes of selenen, ircindles S0BIceRs

AN w
recating to carrgy: see a3ty AAHN,

Aeearen Appiled So Natdopnl endss uoprarro 8f woongeh
prace s hdedniaioved oy bk,
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ANt aabout At o

Nrrerren ol reciation are 1ol Lo Pe o osed o Lao

vierents:  curst, an lrediction o aarerie ] pretis espressing

some maltiple or Yraction o anityy and Lecomd, an abbrosiation ol
Sounit shich easures some vasie propert.. Daanples o hotn vle-
Tents ire:
Prefix Meaning 4

pico (p) divide by 1 trillion (107'7)

nano (n) divide by 1 billion (10~")

micro(.) divide by 1 million (10-F)

mwilli(m) divide ty 1 thousand (10-7)

kilo (k) mulriply by 1 thousand (10%)

mega (M) wmultiply by 1 nillion (10%) -

giga () multiply by 1 billion (11U,

Knowing the two ingrediemts, it is easy to understand or to
employ numerical abbreviations. Examples:

Abbreviation Full Term ‘ Heaning-
™ milligran one thousandth of a gram
N mirrocurie one nillionth of a curie
34 kilocon nne thousand cons

VT AV
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fr?
°C

°F

kv

kil
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Tt

sweleten imits

~
barre?s
tarvels per day
British thermal unit
curie
chbié ventimeters
cubic feet

o
degrees Centigrade
deggees Fahrepheit
gram
gallons
2allons per miﬁute

gigawatt

zram
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kiicwati=hours

WEFRIVITE Aay

et

TREoUAtt 2LiiokTied

. <
@Attt aanzenl

AN on voble o



Ppm

scfd

B&et

He

et

£

e

parts per milliecn

pound

pounds per hour

pounds per sguare inch_
?Qﬁﬂﬁs‘per s%uare inch absolute
rad

rem - .

r%entgzn

standard cubic {est

-]

standard cuble feet pef day
‘second

‘thousand cubic feet

thousand cubic feet per day

ton ,

tzilliton gnbir foar

watt
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chain reaction aznd the excess RELETORS €I B2 .20 1T 2 .
more fuel; (2) Soxe monfissionable aucliel crn oo Famvovis
into fissionable nuclei py capture o a noutesna of nrener

energy. Nonfissilonable dranium~238, for encmele, o Lhea

be bread into fiscicnable nlutcrium-239 vocr irradiasicn <oih
high-speed neutrons.

British Thevmal Unit (Btu): the cuantity of asat recessary ke
raise the temperature of cre pound of weley ore d2zves
Fahrenheit. One Btu equals 252 calories, gram {(m=2an), 778

foot-pounds, 1055 joules ard (.295 watt~hours, {23so BTU3

: an electrical conductor vhich serves as a cormon conmection

for tvo or wmore electrical circults. A bus may de in the
form of vigid bars, eithex circg&;v or rectanguwlar in czoss-
section, or in form of stranded-\'dnductor cverhead cavlies
held under tensiocn. :

busbar: an electrical conductor inm the form of rigid bars, lo-

caged in switchyard or power plants, serving as a coraeen
connection for two or more electrical circuits.

calorie: originally, the amount of heat snergy required to raises

geal: a solid, combustibla orzanic material formed by ke

egoducrign: 'R szecens by walea sacrgy 1S ZooRd L k0d

ren

N

the temperatuve of 1 gram of waver 1 degres Ceantigrade. 3=
cause this quantity varies with the temperature of tha water,
ghe calorie has been redefined in teyms of othzr energy wmigs.
One calorie i3 equal to 4.2 joules.

large quantities at 2 gemeration plant as opposed to produc—
gion at the poimt of consumption.
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as those areas where the vater it less tham 200 —2tevs (&l0
‘feet) deep.

congrolled thermonuclear reactor (CTR): controlled fusicr, rhat
is, fusion praduced under research conditions, or tﬁ? produn=-
tion of useful power.

convection: the tranéfer of neat by the circulation of a iiquid
Or gas. - -

core: the central pa%t of 4 nuclear reactor which contains the
nuclear, fual. .

eritical mass: the minimum amount of a Fissiongble materiazl, such
as uranium-235% or plutonimm~-228. that-is required o sustain
fission in 2 nuclearUreactor. ‘

cfuda oil: petrolewn liquids as they come from the ground. also
callad simply “crude”

curie: the unit of radioactivity. One curie is the amount of =
radioactive isotope necessary to produce 3.7 x 10'° disinte-
grations per second. One gram of radium has 1 curie of
radiscactivity.

dacng radigactive: the process whereby atoms -6f rzdloactive sub-
stances experiesnce transformation into 2¢bnms of other zlements
with gttendant emi-sion of penstrating radiaticns (gamma ray)
and some nuclear pavticles. EFach vadiocactive substance has @
unigue dzcay rate which may range from 2 fraction of a szcond
to nendreds of years or perve.

d:  ¢he rate at which electric enzrgy is delivered to or by a
SYSEEd SF 5o 3 place 2f agulpsse. anpabaamm in kilowatis,
2iloweli-amperss, or o&h@r gulisble wnis av a piven instoml
or averaszd ovey zay desigmated pavisd of gtiwe. 3Soe load.
I

gepiztion allovsneg: b tax sllowanee 2xisudad o the gwner of
axzin3tiste vecourees based on &0 3stioste of the pE?ammcnt
reduetion in value cauged by tho ramewal of iy zeuduree,
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with tipe. In a direct current, therefore, energy is carriad
by a contimuous, undirectlonal flow of electrons threugh a
conductor.

»
doubling time: in the long-term (multi-cycle) operation of a
breeder reactor svystem, the time reguired to achieve z net
- doubling of the iaventory of fissionable material present in
‘ the system. expressed in vezrs. Doubling time depends om
the breeding gain and the spe:zific power at vhich the veactor
operates, -

electrical epergy: the energy associated with electric charges
and their movementis. Measured in watt hours or kilovart
hours. One wagt-hour equals B60 calories.

‘glecgron: an elementary particle with a2 rvest mass of 9.1 n 10777
grams, bearing either a positive or negative 2lectric chargc.
Negative electrons orbit the atomic nacieus; their tramsfce
or rgarrvahgement between atoms underlizs zll chemical reac-
cionz. Either negative or positive electrons (soustimes
called positrons) may be emiteted from atomic nuclei during
nucleax reactions; they are then calied beta particles and
they are the constituents of beta rays.

enerpgy: the capacity 7o pécduce heat or do work. A quantity
which 13 conserved, although it may be exchdnged among bodias
and vransformed from cne form to another, convertged batwasn
heat and work, oF interconverted with mass. o

orgrey convegsion;  the transformation of snergy from one form to

aROEREE. &

ggg;g;;,_g the procesy of incraasiam the corcenteation of fla-
siopabls uranium=235 in wranium from the maturaily oceux?iag
level of abcut 0.7 parvespiz to the concenirazion reguired %
~untadn flssion dn a nucleay zescior, generzliy sboug zhrﬂu
p@fs&ﬁa, The principai withod of earichmsn: is gisecus dif-
fucien bzt ﬂngcrﬂﬁ Cz %*rifuga&ioa iz zlso veceiving mueh

the analyecical seazengngs thag
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neutrons at the fast speed of thelir imitial eniszsden fr7en a2
fission process, and that produces more fisslichadle woizrial
than it consumes,
-

fast neutron: high cnergy neutron., Fast neutrens are viiliized im
ghe fast breeder reactor both %0 produce wucAgar fiz3iens gad
to transfore fertile material {(c.g., °2°U) 1@&0 fissicandle
auclear fuel. )

&

fasg reactoxr: a nuclear reactor in shich the fission chain rzac-~
gfon is sustained primarily by fast neuvtrons. Tast reactors
centain no moderator and irherently require enviched fuel.
They are of interest because of favorable neutren cconomy .
which makes them suitable for breeding.

feadseochk: fossil fuels used for their chemical properties,
r2ther than their value as fuel, 2.g., 0il used to nroduce
olastics and synthetic fabrics.

. feredile magerial: a material, not itself fissionable by thermal
. nzutrens, which can bz converted into a fissionable material
by dirradiation in a nuclear reactor. The two basic fertile,
. 23t2rizsls are uranium-238 and thorium-232.

figofon: ¢he oplitting of a heavy nucleus into two approximately
equal narts (which are rzadloactive nuclel of lighter ele-
©znts), accompanied by the release of a r2latively lagge
azownt of energy and generally onec or more nzutrons. Fission
¢an gccurp spentopeously, but usually i3 caused by nuclear
nbsorption of aewtzons or othar narticies.

Tiszilz material: any materisl fissicnable dy slow neserons. The

ehzo? basle eaeo are yranium=235. oluzenlim=233_  and mergivme
234, o )

1323 coiid
0f Turdye

iiand t2d: 2 reaction ehaxbar io which Tinzly diw
FIAUTAIs a3 3ucpeﬁdcd aed =aiatainzd ia a sgate

wnz Tetden by a otrean ©f »as oz idguis feem bolcd., Ao A
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fuzl celly -g device for converting the smuergy releaased in o
chemical reaction directly into elecerrical enargy. .

fuel cyele: the series of steps imvolved in supplying fuel fov
nuclear power Tedctors. 1t iacludas nining, zrefining of -
T - uraniuvm, fabrication of fuel elements, thelr use in 2 wucleay
reacktor, cheémical processing te recover remaining rissionable
material, vesnrichment of the fuel, refabrication imto neow
fuel elemznts and wasie storage. Fuel cycle is sometimes
psed to refey to a similar serizs of steps for fomgil fuels.

H
£

fusion: the combining of atomic nuclei of wery light elements by
collision at high speed to form new and heavier elements,
v resulcing in the release of energy.

. ' gallon: a unit of measuré. A U.S. gallon contains 231 cubic
: inches, 0.133 cubic feet, or 3.785 liters, * It is 0.83 times
the imperizal gallon. One U.S. gallon of wvater weighs 8.3 1b,

pas cooled faut hyeeder reactor (GCBRY: a fast broadew X T

: which is cooled by a gas, usuallv hel;um, umder presscre.

f gas, manufactured: ‘a gas obzalned by destructive distiilatiom of

: . coal, or by the thermsl decomposition of eil, or by the reac~,
‘ . tion of stzam passing through a bed of heated coal or coks.

- Exgmples arz coal gases, cole oyen pases, producer gas, blast
r furmace gas, blue {watrer) gas, cavbureted water gas. 3w
content varles widely. .

; £as, natural: 4 naturally occurring mixture of hydrocarben gases
i ' found in povous geologic formations beneach the eareh’s sur-
‘ face, ofven In aszoclatign aw?h _penralenm, . The soineingl

cgnﬁtﬁauent 13 m2thane. ' .

h

, za5_turbinz: 2n zmgisne vhich converts chemlcal snergy of liguld
. fuel ifnto msebamlcal cazrgy by combustion. Gases resuwliing
arce eupanded throuzh 3 turbine,

fusions - -the pviacipal precess fov enplekuzat of

t9, fov lncenasing the cencantrezicn of fis-
@l 2 z mingvre of nvanxua ioazopis e
g3k zomquized o ougtaln figsion’in o nealzar e iotow.

in 7282 weat commonly unm e,

f §uza ke ¢h2 soaversion of esal o . b1 —pre
- 2al ane wadér eseditiuns of hioh fensor it
i 12 4 peve genexal Deriz, eaniersicn . o5l
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electrical enexgy.

geopressured reservoir: a reservoir vhose wellhead sressure i3
substantially greater than rnormal as a vesule of the pres-
i sure of the earth above it,

peothermal energy: the heat energy available in the rocks, hot
water, and steam in the ecarth’s subsurfacz.

seothermal steam: steam drawn from dezp within the earth. There,
are about 90 known places in the contimental Unilted Staces
vhere geothermal steam might bz harnessed for powey. Thsse
are in California, ldaho, Nevada, and Uregon.

Crosg National Produckt (GHP):" the Nation's total national output
of goods and services at current market prices

half-lif{e, vadioactive: time required for a radioaciive substance
' to lose 30 percent of its aciivity by decay. Each radiomu-
- clidz has a unique half-1iife

heat: 2 form of kimetic energy, vhose effocis are produced by
. the vibration, rotation, and general notions of moleculszs

Lzar ouchanper: any device that trans{ers h2at from one fluid

(llquiﬂ or 3as) to another or to the 2avironment.

ronvy wager:  deuterium oside; that s, water in which 311 hydro-
g2n agems have bezn revlaced by deuterium.

beat_nunp: a3 refripgeration machine that I3 wead feor heating
zatner ¢chon ccoling. Zxpanding r@&rigezat ca fluid reroves
G273t frem A E2nn hez sowees; L0E TA336 i dneh cOmprassed,
aa4 gha heat vesulting iven compressicon 13 discharged 2o 2
Girat enchanger aest 20 the syrrsundlinags o he nzazed. “
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fosgil fuels are predominantiy hydrocarbens, witn varying
soounts ofddrganic compounds of sulfur, nitrogen, and ouygen,
and somz imoyganic paterials.

hydroeglectric plant: an electric power plant in which 2nevgy of
falling water 1s conveérted inmto cleckricity by turaing a
turbine generator.

joule: a unit of energy or vork which is equivalen? to one watt
per second ox 0U.737 foot-pounds.

kerosene: ne petvolaum fraction contaxning hydrocarbons that ave
5lightly heavier tham-thuse found in gasoline and naphtah.

wisovate (kW): 1,000 watts. A unit of powar egual ©o-1,000 watts

oF o 2nergy coasumption 3%t & rate of 1,000 joules per ssuound.

12 95 vsvally used for electrical power. »~n c2lactvic wmozor
zated at one horsepower uses electrical emeryy at a rata of
aboug 3746 %illcwatt.

tilovatk=-houz (&ih): 2 unit of work of energy 2qual to that ex-
pcndzd by cae kijlowatt in one hour. 1t is 2quivalent to
3.5 1 isules.

kimerdc cnozays zhe ecnergy of motion; the abilicgy of am cobject to

lighe-ugecr zeogeter {(LUR): 2 nuclear xeactor in vhich ordinary
-mior 07 113hk water 13 the prinary coolamt/moderagor with
ctlgntly zarisked uranium fuel. Thers are tow commercial
lirq@ﬂvzzez zaseeor tyres--tha bolllag water reacior {EUR)
aRg tho ousriZés wales tructer (AL, ’

Jipmiens 0 1fv e84z ¢2al of a varialy iniemmediare betuasn peat
Nt Simineus weals,

o

tre gonvnralen ol €9al into liqugd hydro-
d eszgounds by hysveazpaticn
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lithium: element No. 3 (symbol, Li; atomic weight 5.94). Aas

found in nature, lithium consists of a mixture of tve stakie
isotopes--lithium-6 (7.5 perceat) and lithiun-7 {92.4 per~
cent). uithium-6 is of intaresc as a peossibdble fuel or source
thercof for the generation of vower from a contrelled thermo-
ndaclear reaction.

load: the amount of power needed to de delivered at a given poznt
on an electric system.

load prouth: che growth in energy and power demands by a utility’s
CUSEORRTS,

Lurgi Prccess: the chief commercially avalizble process for ceal
gosification. Having originagcd in Cermany, this process has
Iinited application in the Uaitzg States beczuse of problems
of scaling up the size of operations and characteristics of
U.S. coal. The Office of Coal Research and Arzrican Gas
Aszocisztion axe jointly fundx, further developrant,

mizpin: the difference betueen tf; net sysiem generating capabi-
lity and system maxinum load requiremenis including net
achedule transfers with other systems.

M

zaghick sepetration ¥gke: the fracticn of new and replacement
-aeket which i3 h2ld by a particular process or product. : .

raggyary (40): 1,000 kilovates, 1 oillien walts.

c3l cogl: coal with stromg or —odorately sSEzomg CORIng
,cge weies thar rong2in~ ve w02 Chan 8.0 serTear aon asd
25 prreent sulfur, 23 nined or giter vonventicaal cleaning.

thz lightes? ir ¢he narglifinic series of bydre-
iz 1 eolozless, edovicry and figroable. 12 foxms
2 jor porelen of warsh 333 and natural gas.
bote:  one of the distillstes odradncd botwosn kaye-
e ngzﬂcaﬁiaﬂ 54l Trazeisan i tan fofimﬂﬁg JaHs I eintatc i

sane Araé¢de light ¢:2d.0ily ong gicsel fuel.
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pernits the reactor to operate at low fuel 2arichmanes.

National Envivoaczoral Policy Act (MIPA): an act passed in 1970
requiring &hat the envixonmvnt@l impact of Tost iarge pro-
jects and programs be coasidered.. Among its imporrant pro-
vigions is.on2 requiving a detailed statement of environmen-
tal impact of and alternacives to a preject to be submitted
to the government before thz2 project csu dbegin,

natural sas: naturally occurring mixtures of hydrocarbon gases
and vapors, the rore important of which are m=thane, 2thare,
propane, butane, pentane, zand hexane. The 2nergy content of
natural gas is usually zaken as 1032 Btu/cu.ft,

natural uranium: uranium as found in nature, containing 0.7 par~
cent wranium~235, 399.3 percent of vranium=-238 and a trace of
veanium-234. It is also called normal uraniun, :

uek _resgzves: the recoverable quantity of an energy resonance
" that can be producad and delivered. «-»n~§\§
neugron: an elezentary parvticle with approximately the mass ¢f a
proton bug without amy electric cbarge. It is one of the
eonseituents of the atomic nucleus. 1t is frequently ve-
l2as2d durding nuclear reactions and, on 2ntering a nuclzus,
ear cauze nuclear reactions including nuclzar fission.

nizrogen oxides {M0x): chemical cdmybunds of nigrogen (R) and
siygen {U). A product of combustioca of fossil frzls vhese

vroducelion iacreases with the temperature of the prosess.
I%.can beeom2 an air pollutant 1f consccoeratioms ar2 @UISS-

L8858
aiie, .

7
2ncrsy veleased as parvticulage orv alﬂ:az
zﬂnAJzicn Jnd 7222 duving ruackécmg of azowmic muclel.

L

-4

aselear fissicm:  tha 9plizving of lazge 3tonic nweleld inzo fwo
3% este-acy wueloar 9secics, uvith the melegse sf lazge

o e Fanvay.
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corponent is a core with rissienable fuel. 1t usually has a
moderator, reflector, shielding, coolant and control m2chan-
isms. It is the basic machine of nuclear power.

ocean thermal energy conversion (UTEC): electricity generation
by making use of the temperature diffevsnce (some 40°F)
hetween the top and bottom lavers of the ccean to convert 2
fluid to vapor which in guyn powers a2 turbine generator.

oil shale: a sedimentary rvock conzaining solid organic matter
from which oil can be obtained when the rock is heated to a
high teamperature. ‘

NDrganization of Petroleum Exporting Countgies (OPEC): founded in
1350 to unify and coordinate petroleum poiicies nf the mem-
bers. The membzrs and the date of membership are: Abu Dhabi
119567); Algerdia (1969); Tnderesia (2962); Irzan (1960); Iran
(1960); Kuwait (1960); Libya (1962); Nigeris (1971); Qatarx
(1961} Sauvdi Arabia (1950); and Venezuszla (1960). OPEC
h2adquarters in Vienna, Austria.

putgze: the period in which a penerating unit, transmission line,
o7 ozhg? facility, is out of service.

vargleulage watger: solid particles, such 3s the ash, which are
zzleased fron combuszion process in 2xhawst gases ay fossil=
fuzl nlants.

gggg&@g“g§pacizg: that part of a system’s cquipment which is
sp2razed only during the hours of highest pover demand.

yu@ema vr parg theresl, vhich hasc ccourred 38 cnz specificd
sezied of tima.

acdaxine _lozd:  eh2 greakest ameunt of 31l of the pover loads om a

2 am 0ily flameadle Slivdnens liguld 2baz nay vary from
29755t eviorlans o blnek, ogeuwrn in magy pilaeon in ehe upper
2kgata Y ehe earth, 15 3 eszplen aiatupe of »yf?“ﬁﬂVEQN”
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directiv into electricity by means of a soiic staze device
such as the single crvstal silicon solar teld.

plasma: an electrically neutrdl, partiallv jonized gas in uwhich

‘ the rmotion of the constituent particles is dominated by
electromagnetic interactions. The study of plasma motions
i3 called magnetohydrodyvnamics (MHD),

plutonium (Pu): a3 heavv, fissionable, radipactive, metallic
element vith atomic number 94. Plutonium-239 occurs in
nature in g¢race gmounts only. However, it can be produced
... A5 A by<prodncr o7 the fission reaction ' in g uranium fueled
nuclear reactor and can be recovered for future use.

pollugion: the acgurulaticn of wastes or hy-products of human
, activity. Pollution eccurs when wastes are discharged in
excess of the rate at which they can be degraded, assimi-
latad, or dispersad by natural processes. Somstimes nonrious
cnvironmental effects nol causad by human activity are also
called pollution.

potgntial energy: energy which is not associated with motion-—-
thus that which is stored in chemical bonds aad water at
.’ -hizh elevations are forms of potential energy.

pezer: the rate at which work is done or energy is transferzed.
Porer ic measured in units of work per unit time; typilcal
units are ihe horszpower and the watt.

ized-yatey zoacgox: 2 pover r2actor inm which heat is
<am4:;—4{?:w31;r:::-5£- Llae 00 LU o badl wacliiigee by weler aepl

nder hizh pressure to prevent iz froz boiling. Sveoam is
b-ngzazed in a secondavy cizculation }YSE&&.

~

peinary fuel: fuel consumed in orig aﬁa&apzoductwcn of onergy 39

u
conzessted to 4 comversion of sznevzy frenm tne fowm o asacihiar.

gxot@ ! a posirively eharged elemeatary sare

gboue 1.7 x 107¢" grams, rougnly 1840 ti

mas, of aa clzetren. Protsns are €oantl
auglel and arve emitted 13 soxe muel2ar 7
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of electricity as ir a hydroeleciric pover plant.

radiation: the process by which 2nergy in the form of eleciro-
magnetic radiaticn is emitted from mateer. Alsc, the elec-
tromagnetic or particulate ravs that are emirted from atoms
or molecules as thevy undergo internal change. -

radioactivity: the spontanecus decopposition of an atom accom=
panied by the release of energy. )

reactor: any device in which a chemical ot nuclear reaction i3
susrained in & :clf-support;pg chain.

J o

zefinery: am 1ndu=tria3 cemplex for processing prude QxL by ¢dis-~
tillaxion and chemical reactions 350 as to oroduce a separate
. petroleun prsduct. Typical crude fractioms, from top to,
bottcm or simple to complesn, avre : ether, methane,-and
ethane (the gasséfnes); propane and butane;- kerxcsene, [uel
« oll agd‘lubric::)f; jelly paraffin, asphall and tar.

reserves: the amouft of a fuel nr other mineral resource knewn
to exist and expected to be recoverable by enisting techmi—
ques and under existing economnic conditions.
4
N

toserye peneraging capgcity: extra capacity maintaimed to gene-
rateqpower in the avent of unusually high demand or a loss or
scheduled outage of regular generating capacity.
el
g2sidugl fuel oil: a high-viscosity fuel oil that must be he
tefore it can be punped and handlzd convenienfly. . Residne
fuet-oid~i3 The perroicum fraction thzt is tollected aftex
211 lgwer-boiliang fractisons have been distilled awav. 1t &
wsed prinarily in indugtry,.in large comaercial buildinzs
ane fur the genevation of 2lactriciey.
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of polluted air. Term is derived froin smoke and tog.
solax cell: a vevice vhich converts‘solar radiztior to a current

of electricity. -
solar constant: the average intensity of solar radiation strikinmg -

the atmcsphere. The soiar constant is measured on 3 pslane

perpendicular to the path of the radiatien. Tts value is . .

1.36 kilowatts per sqdare meter. -

solar furnace: an optical éev1ce with laige mtrrors that focuses
the rays from tije sum Jpon o s23ll rocal'polnt To producg
very hxvh temperatures. R . oo -
3 ' - Q
s0lar zpectrum: the total distribution of electromagnetic radxa—
tion emitted frem the sun, minus those waye le engths that are’

absorbed by the solar atmosphere. ‘3

stack pes Jdesulfurization (scrubber): treating of stack pases to
remove sulfur compounds. - : ) : ~

sctezm power plant:  a plant in which the prime movers {turblnes)
conneotad. to thef generators are driven by sreanm.
rip mininpg: the mining’ oz coal by 'removing covering matertal N
(the overburden) and “stripping’ away the entire undprlyinu g .
coai seari. Other forms of coal mining are underground, arg’ .
2sger mining in which coal is drilied oul of seams exposad .
a.eng tbh slde of a mountain. . o

Lualaztic ndtucal gas (5Nky: 3 manutactured gaseous fue. sénez-
aliy swodiced from naghtha or coal. 11 co2naims 95 o 98
- PATTENL gnL o3 2Zn enerpy, content of 980 to gﬂﬁa Atu
-%&\; © PRY azaac@rgﬁcubxc foot, about zihe saue as that of mnatuy
705, - -

wpe oy

[ 1%[&3 o

\\\

. ~N .
whieh contals sisznoug, hogvy penves o
vznnat he recovered by *anvmntﬁoqai w2theds of )
srnductioan.

,SPai*ﬂﬂzdz; rochke
ToAnaz
> J2trolcun

22T woe of heat gud wthey T@thbﬁﬁ BEUGT Sl
20 awiitni 641 recovery . Y CeCURRATT DLl
NGAGTITY PRCGIRTI) .

FPie

L AP

an lacezase L@ #h“
an0e welonned By 0 L

€T o o:?aa,, 69
(SRS S I

BEZEAE YR ..

Ve PG TLLEN

N AL

z hY - 2
ARy "U‘""’“(ﬂ(t RN AT

SR, Py

PR Grar Tt s T I

RO




Al

3

. thermal reactor: a nuclear reactor in which thg fission protess

therwionic device: a device which converts hear inga.electrici*ﬁv_

is propagated mainly by thermal neutroms, i.e., by neulfons
that have been slowed down uneil they are in thermal 2quilip~
rium with the atoms of zhe moderator.

-

by “boiling" electrons from a hor metal surface &WdcéﬂﬂdeﬂS“
ing them on a cooler surface.

-

u

o thermndgnam1cs, laws af: the first law of th@?mauvnam ics states

that energy can neither be created nor degtroyei. The second
law of thermodynamics stares that wvhea 3 free exuhange of
heat- takes place between two bodies, the beat ;e‘always
transferred from the warmer to rhe Loolnr Body .
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thorium {(Th): a naturally radxaac;zu& eldment with atcmlw/pmmbﬂ?

‘ton

trizium {

L and in turn wsed as nnclear reactor fuel.

o5

53 and, as Eouhﬂ in nature, an atonic weight of appruximatelv
232, The fertile thnrium—“i’ isotope is abundant and. ¢an he
rransmuted to fissienihle uradium-233 by neutron irradiation
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& unit cf~welght equal-to 2,000 pounds 1n ihﬁ U%Zted‘sre*es,
Canada and the Urion of South Africa, and to 2,240 pounds in

- Great Britain. The AmfSrican tnn is often ‘called the Bort

ton, whila the Britlsh ton is called the long ton {t:nna)
Thé metric tom, or 1,000 &xlowramsdjﬁquals 2,204.62 pourds.
Depending upon’ specaflc gravity,x; long ton or metric ton
will equal Frow b.5 1o B.3 barre¥s of oil. .
(T 2. ma m;ﬁa sedivdecive isotofe of hydrogen with two
neghIons ﬁd one proton in the auclaus. . .
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X operations, which are radioactive and for which there {3 no
furtheor use., Wastes are génerally classified as high-level
{having radioactivitv concentrations of hundreds to thousands
. of curies per sallon or cubic foot), low leyel (in the roage 7 o
of | 2icrocurie per gallon or cubic {oot), ov intermediate. oo
watt: & unit of power. -lt-is the rate of energy usC or conavar- °
sion when one joule of energy 1s used ox converted pem sgccnd,
(A joule is about 0.25 calories.) ) '

wate-hour: the total amount of energy used in one hour by a ) ) "
device that yses one watt of power for continudus oOperation. ) >
Elecerical eneryv is commonlv sold by the kilowats hour -

* (1,000 watt~hcuzs). ) . s

’ ~ ’

well hesd: oil or gas brought to the surfhce,7ready for traps- ~ i
portation to reflnery or ship or pipeline. Well head costs
usually refer to the cost %o bring the oll or zas to the.
surface and do not imciude costx of iramsportztion, refining,
digtribution or profit. ' )

B &
work: cthe transfer of ensrgy from one body tp another; or the
energy 1tself, in the process of transferv. York and energy
ar2 measuret in the samwe units. *
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Peter Gottlieb, Dames & Moore’s Director
of Computer Services, has managed a
wide variety of engineering and environ-
mental studies for nuclear and alternative
energy projects. He directed a costf
benefit analysis of alternative modes of
energy production for the California
Energy Resources Conservation and
Development Commission and has pre-
sented expert testimony concerning al-
ternative energy resources before the U.S.
House of Representatives Subcommittee
on Energy and the Environment.

Declining domestic supplies of oil and
natural gas are forcing us to look for
alternatives. The first choice for substitu-
tion is the old standby, coal. But coal is
not the complete answer. To begin with,
it is expensive to burn because of strin-
gent air pollution control requirements.
Also, it will become more expensive to
mine and transport as high-quality local
deposits are used up (although it will re-
main cheaper than oil or natural gas).
Above all, recurrent oil supply crises
should have taught us the folly of reliance
on any single fuel type for a major por-
tion of our energy budget, especially an
imported fuel.

Nuclear power was once viewed as the
low-cost, environmentally harmonious
fuel of the future. However, questions of
safety, security, and increased construc-
tion costs have considerably diminished
near-term prospects for greatly expanding
this energy source. We are thus left with a
bewildering array of alternative fuels,
most of which are highly touted by their
respective proponents, and very few of
which have ever been tested in a practical
energy production situation. For each of
these fuels the competing claims of large
resource availability, low cost, and very
low environmental impact must be care-
fully evaluated.

The purpose of this paper is to com-

pare the total reserves and costs of some-

of the more popular alternative fuels to
the extent that the present uncertain
state of knowledge and lack of practical
commercial experience will permit. We
will present these alternative fuels in
groups having similar origins and similar
costs and/or energy potential and will

conclude with a comparison of all the
alternative fuels and some projections of
future trends.

“UNCOMMERCIAL”
HYDROCARBONS

The. uncommercial hydrocarbons in-
clude syngas (synthetic natural gas from
coal), synoil (synthetic oil from coat), al-
cohol from coal, and oil from shale.
These synthetic fuels constitute a very
large resource, which reflects the fact that
each is derived either from coal, which is
very abundant, or shale, which is nearly
as abundant. (Note that three of these
alternatives are derived from coal and are
thus to some degree mutually exclusive—
coal burned to manufacture one deriva-
tive cannot be burned again to manufac-
ture another.)

The main obstacle to the development
of these synthetic fuels has been the large
initial capital investment required. Be-
cause of the current energy situation,
however, the federal government may
subsidize their production and make up
the price differential between the syn-
thetic fuels and the natuaral hydrocarbons.

The main advantage of these fuels is
their relatively large supply. Expressed in
quads—short for quadrillion (10'%)
British thermal units* (Btu)—the re-
sources of this category could total
6,000, the equivalent of 75 years of our

*A Btu is the amount of heat energy
required to raise the temperature of one
pound of water (about a pint) one
degree Fahrenheit,
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total energy consumption (from all
sources) of 80 quads per year.

Our estimates for costs and total re-
sources for these four fuel types are com-
pared in Figure 1. The process character-
istics and problems associated with each
are described below.

SYNGAS

Of these four synthetic fuels, syngas
has had the most commercial develop-
ment. The earliest form of syngas, which
was produced by simply passing steam
over hot coal, was used for street lighting
about a century ago (before the wide-
spread availability of natural gas). The
product was a low-energy gas (150 Btu
per cubic foot) consisting mostly of
hydrogen and carbon monoxide. Current
gasification processes still begin with this
reaction as an initial step, but the energy
content of synthetic gas must be in-
creased to approximately 1,000 Btu per
cubic foot if it is to be transported eco-
nomically over long distances. This can be
accomplished by reacting the carbon
monoxide and hydrogen catalytically to
produce methane and carbon dioxide.
Before this step, known as methanation,
can take place, the concentration of
hydrogen must be increased to provide
the proper ratio for the reaction.

Commercial experience is almost en-
tirely with the Lurgi process, which was
used in Germany to produce natural gas
(and gasoline) during the later stages of
World War II, when their traditional oil
supplies were cut off. The Republic of
South Africa has developed this tech-
nology even further in an effort to lessen
its dependence on politically unreliable
foreign oil.

A number of other gasification tech-
nologies are also being developed in the
United States, primarily to optimize the
conversion of one or more of the broad
range of domestic coal types. Unfortu-
nately, the high capital investment, which
appears to be required for all these pro-
cesses, makes the resulting fuel too
expensive—at least $4.00 per million Btu
compared with $2.50 for natural gas (in
1978 dollars)—to risk development on a
large commercial scale in the United
States. There have however been a num-
ber of pilot plants (financed primarily by
the Department of Energy), and construc-
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Total
Resources
(Quads)
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Coal Alcohol A Synoil
1,000 Al
Shale Oil
Tar Sands T
A Tertiary Qil
100
Geopressured A
' Gas
10
2 4 6 8 10

Doliars per Million Btu

Figure 1. Uncommercial hydrocarbons: total resources versus cost

per million Btu

tion on a few small commercial plants is
beginning.

COAL LIQUEFACTION

The methane produced in coal gasifica-
tion can be easily converted to methyl
alcohol (methanol). Coal can also be con-
verted to gasoline or oil (synoil), either
directly or by reactions of the methane
produced in the gasification process.
Unfortunately, the synoil process is less
energy-efficient than the gasification
process (or methanol production) because
of the extra steps needed to produce the
heavier, longer-chain molecules. The total
resource is only half what we would ex-
pect to get from gasification (as can be
seen from the comparison in Figure 1).
Nevertheless, liquid hydrocarbon fuels are
essential to the functioning of our current
transportation system, and there is con-
siderable political support for the produc-
tion of gasoline from coal.

Despite the lower efficiency of liquid
synthetic fuel production, the Republic
of South Africa has embarked on an
ambitious program to provide some
measure of energy independence by pro-

ducing oil from coal. The South Africans
have developed a process (called SASOL)
similar to the Lurgi gasification process,
but which produces gasoline directly.
South Africa’s first SASOL unit is already
on-line, SASOL 2 is nearing completion,
and by 1983 the country hopes to be
nearly 50 percent self-sufficient in oil.

OTHER HYDROCARBON
ALTERNATIVES

Oil from shale and tar sands is not
presently commercial in the- United
States, but these sources are expected to
see considerable activity in the 1980s.
Estimated recoverable resources in the
United States and their costs are shown in
Figure 1 for comparison with the other
uncommercial hydrocarbons.

Enhanced recovery of oil from existing
wells is already in commercial practice
and should not be considered an alterna-
tive fuel source. Some of the newer tech-
niques (e.g., application of heat by burn-
ing some of the oil in place or use of
detergent) are still in the development
stage; they are grouped together as ‘“‘ter-
tiary oil”" in Figure 1. '
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Figure 2. Marginally economic renewable resources: quads per year versus cost

per million Btu

The remaining uncommercial hydro-
carbon of significant potential for large
supplies is geopressured brine. This is a
geographically limited source, with the
most promising brine reservoirs located
near the Gulf Coast of Texas and
Louisiana. The high reservoir pressure
makes any well difficult to control, and
the high concentration of brine necessi-
tates an expensive disposal process. Im-
proved well control technology and the
use of the brine as a source of geothermal
energy may make such projects commer-
cially feasible. Unfortunately, the first
test drilling in Texas resulted in a blow-
out, so the project is being redrilled.
Another test well has begun in Louisiana.
There is considerable controversy con-
cerning the total resource that might be
recoverable from this source, so the esti-
mates shown in Figure 1 may be some-
what optimistic.

The 1980s will also see the exploita-
tion of other unconventional sources of
natural gas: Devonian shale, tight gas
sands, and coal seams. The latter are al-
ready extracted extensively before mining
of “gassy” coal deposits, in order to re-
duce the danger of explosion. However,

none of these resources is large enough to
show up on the scale of Figure 1.

RENEWABLE FUEL SOURCES:
MARGINALLY ECONOMIC

The marginally economic, renewable
fuel sources can be grouped in three main
categories: solid wastes can be burned to
provide energy or pyrolyzed to provide
oil; biomass can be converted to alcohol
or gas via fermentation or anaerobic
digestion; and solar energy can be used
for such low-temperature applications as
water heating and industrial drying pro-
cesses. The maximum annual energy po-
tentially available and the estimated cost
for each of these categories are shown in
Figure 2. Under the most favorable cir-
cumstances we could get a total of 20
quads per year, or about one-fourth of
our total energy consumption rate.

SOLID WASTE

The lowest-cost of these three cate-
gories is the combustion of solid waste,
primarily because the fuel is free. For
several years the city of Nashville,

Tennessee, has been heating a major por-
tion of the downtown area with steam
produced by burning municipal solid
waste. This material does not have a heat-
ing value rich enough to support efficient
electric power generation, but it does
burn hot enough when mixed with some

other fuel.
The Union Electric Company,

St. Louis, Missouri, conducted a demon-
stration program using a fuel consisting of
90 percent coal and 10 percent solid
municipal waste. For this particular proj-
ect, the solid waste was shredded fine
enough to be fed into the boilers through
the same type of nozzles used for the pul-
verized coal. This experiment was termi-
nated a few years ago, however, partly
because of community protest over the

Jocation of trash storage facilities.

BIOMASS

The fermentation of alcohol from vari-
ous agricultural products appears to have
been practiced since the beginning of
civilization. In response to the hardships
induced by the 1979 oil shortage, some
enterprising distillers have switched from
the production of ethyl alcohol (ethanol)
for drinking to motor fuel. The distillers
can save money because the product need
not be of such high purity, but the alco-
hol is still more expensive than the gaso-
line it is intended to replace, even with

strong tax incentives.

This scheme is very popular as a means
of disposing of surplus corn and maintain-
ing or increasing agricultural prices, but as
a long-range program it may not make
much sense. If the energy used for pro-
ducing the fertilizer and powering the
agricultural vehicles is accounted for, the
total energy input to the alcohol produc-
tion process is more than the energy con-
tent of the product, even if some credit is
given for the protein-rich spent grain by-
product (which is used for animal feed).
In other words, we might be better off by

" simply curtailing surplus corn production.
The process can be brought into a more
favorable balance by burning the non-
grain parts of the corn as the heat source
for the distillation process and/or by
improving the efficiency of the distilla-
tion process. A breakdown of the energy
consumption for current practice is given

in Table 1.

There are also greater efficiencies pos-
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Table 1. Energy balance for the production of ethyl alcohol from corn using traditional fermentation and/or distillation processes
(units are 10® Btu per gallon of ethanol produced)

INPUT | © | oureur : ¢
Agricultural
Fertilizer 20 Ethanol (energy value as motor fuel plus 4
Machinery (manufacture and repair) 15 " refinery energy inputs) 144
Miscellaneous (e.g., chemicals, seeds, and Feed by-product 16
transportation) _15 Agriculture waste (stalks and cobs) 64
50
Process
Cooking and fermentation 26
Distilling 42
Purifying 15
Evaporation 45
Drying 20
148
Total Input 198 Total Output 224

sible with higher sugar content crops.
Sugar cane is the basis of the Brazilian
program, by which it is hoped to replace
nearly 50 percent of gasoline consump-
tion with ethanol. Sugar cane is more
appropriate than corn because it has a
lower protein content (and thus con-
sumes less fertilizer), because the stalk
portion of the plant (called bagasse) is
quite suitable for fueling the distillation
in coal liquefaction, and because, in
Brazil, sugar cane can be tended and har-
vested with much less mechanical energy
than corn in the United States.

Another energy source in this category
is wood, which can either be burned
directly or converted to alcohol. Ever
since the oil embargo of 1973 a great
many homes have been converted to burn
wood for winter space heating, especially
in New England, where firewood supplies
are plentiful due to natural reforestation
of abandoned agricultural lands. Wood
can be fermented to alcohol, but feeding
bacteria on cellulose is much more com-
plex than fermenting sugar to alcohol.
Since wood is fairly uniform chemically,
it can also be converted to alcohol via
nonbiologic chemical processes, but these
reactions are fairly complex and must
usually be performed at high pressures
(which complicates the problem of feed-
ing raw material to the reactor).

In Figure 2 we estimate that biomass
has the potential for producing twice as
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much energy annually as solid waste, as
estimated from the amount of forest and
other crops that could be harvested for
this purpose. Some staunch advocates of
biomass have spoken of devoting half our
agricultural acreage to energy crops, but
the resulting competition for prime agri-
cultural land and skilled farm manage-
ment would greatly increase the price of
foodstuffs, Biomass can be obtained with-
out impacting prime agricultural land if
low-density crops are grown on marginal
land, or if we collect agricultural and
forest residues which currently are largely
wasted (although they do provide some
soil conditioner). However, the energy re-
quired for gathering such dispersed
sources would probably be as great as the
energy to be obtained from the process.

SOLAR LOW-TEMPERATURE

In the southern part of the United
States, solar energy was sometimes used
for domestic water heating before natural
gas was readily available and, more re-
cently, in special situations where natural
gas delivery systems were either too ex-
pensive or not available. Over 1000 solar
hot water heaters were in use in Southern
California at the turn of the century, and,
until about ten years ago, when natural
gas finally became widely available, there
were nearly 40,000 simple rooftop units
in central Florida. Today a significant

number of these simple units are sti}l used
in Israel, Australia, and Japan.

Today’s ever-increasing cost of fossil
fuels is bringing back solar water heating
as a feasible alternative. Because the main
item of expense is the large storage tank
required to carry the customer through
the night and the inevitable cloudy days,
systems that already have large storage
capacities will become economically
viable first. The outstanding example is
the swimming pool, which is simply one
huge storage tank. (Similarly, apartment
houses already maintain large hot water
storage capacities by virtue of the exten-
sive piping system necessary for distribu-
tion throughout the building.) Heating a
swimming pool by solar energy will pro-
duce an economic payback within ten
years—even at today’s artificially low
natural gas prices of about $3.00 per
thousand cubic feet. With decontrol, that
price will at least double within the next
four years, making other domestic uses of
solar water heating competitive.

A number of large, well established
companies have been developing highly
efficient, moderately priced solar col-
lectors for water heating. Grumman Air-
craft has been marketing (and improving)
solar hot water units for the past several
years, and Sears Roebuck has just begun
test marketing a unit for domestic use.
With tax credits of up to 55 percent of
the total system cost, we can expect the



use of solar energy for low-temperature
applications to increase rapidly.

In addition to residential hot water
heating, a number of low-temperature
industrial processes would also be appro-
priate candidates. Examples are drying
processes and low-temperature evapora-
tion (as in certain distillation processes).
Because of the large number of potential
applications, solar low-temperature would
appear to have the largest potential an-
nual production rate of any marginally
economic source, as indicated in Figure 2.

RENEWABLE FUEL SOURCES:
GEOGRAPHICALLY LIMITED

The geographically limited renewable
energy sources include wind, geothermal,
tidal, and hydroelectric. All of these have
applications today, and hydroelectric is
quite widespread. They are only to be
found, however, in limited geographical
areas where the environmental conditions
are particularly favorable. The geographic
restriction also implies a limit to the total
production rate. The source with the
largest potential is wind, and it will prob-
ably have a maximum of less than 2
quads per year for the foreseeabie future,
as shown in Figure 3.

WIND

Wind has historically been used pri-
marily to propel sailing vessels and power
windmills for pumping water and is cer-
tainly the oldest source of mechanical
energy. Today most wind development
efforts are aimed at the production of
electrical energy, with several small proj-
ects being funded by DOE. The first wind
energy project to feed electricity into the
grid will probably be the 3-megawatt
(peak) wind turbine being constructed for
Southern California Edison. Although the
winds at the site (in Banning Pass, near
Palm Springs) have the highest persistence
of any in Southern California, the duty
cycle of the wind turbine is expected to
average only 25 percent. The cost of the
electricity thus generated will be signifi-
cantly higher than that generated by con-
ventional methods, but mass production
may bring the price down. The crucial
factor may be the lifetime of the wind-
mill blades, which could fail from stress
or from erosion by sand or other wind-
borne particulates.

Wind energy may again be used to

propel shipping on a widespread basis,
possibly sooner than the large-scale appli-
cation for electricity. Some marine engi-
neering experts have suggested that half
of all oceangoing shipping could be con-
veniently accommodated by 800- to
10,000-ton sailing vessels equipped with
auxiliary power for maneuvering in har-
bors and escaping stagnant wind condi-
tions. Hundreds of thousands of small
sailboats are already being used for plea-
sure cruises, and they are certainly eco-
nomically competitive with their powered
counterparts. Recent improvements in
the aerodynamics of sail design, naviga-
tion, and weather forecasting should
enable large sajling vessels to perform
much better than they did when they
were a major mode of transportation
nearly 100 years ago.

GEOTHERMAL

Geothermal power is also included in
this category, although it is only renew-
able where  especially favorable geologic

conditions allow the ground water to re-
charge the producing aquifers. Renewable
or not, this resource is limited to specific
geographic areas. -A geothermal steam
field in Sonoma County, California, pro-
duces 600 megawatts of electricity, satis-
fying a major part of the electrical needs
of San Francisco, and will soon support
an increase in power output of over 1,000
megawatts, The only other commercial
geothermal facility in North America is at
Cerro Prieto, Mexico; it produces 75
megawatts and will soon be expanded to
150 megawatis.

The superheated water deposits be-
neath California’s lImperial Valley are
potentially much larger energy sources.
They are already supporting several re-
search and development projects, but
their commercial feasibility remains ques-
tionable. These brines are highly corro-
sive, which may necessitate frequent,
expensive turbine replacement, and the
spent brine must be disposed of with
minimum environmental impact. Also,

Quads
per Year
T N ] 2
P,
Geothermal Wind ]
¢ New Hydro Tidal
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2
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Dollars per Million Btu

Figure 3. Geographically limited renewable resources: quads per year versus cost

per million Btu
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this relatively low-temperature electrical
generating process will require large
volumes of water for cooling.

There are two other speculative geo-
thermal resources. The hot brines in the
geopressured natural gas of south coastal
Texas and Louisiana were mentioned ear-
lier in connection with unconventional
sources of natural gas. Tens of millions of
dollars are also invested each year in hot
dry rock geothermal. The proposal is to
extract the heat from the anomalously
hot rock by pumping cold water down
one drill hole and extracting heated water
from a nearby *‘gathering well.”” However,
the extensive cracking of the hot rock
(required to maintain contact for effi-
cient heat transfer) will probably take a
good deal of money and time just to
show the feasibility.

Medium-temperature geothermal res-
ervoirs, which can be exploited for space
heating, are located in Idaho, Oregon, and
Texas, and demonstration projects are
now under way.

HYDROPOWER

Hydropower is certainly the largest
renewable energy source in the United
States, providing over 10 percent of our
electricity, but this is down from nearly
30 percent in 1950. Hydropower has ex-
panded very slowly, while total electricity
production has increased over five-fold,
because most of the good hydropower
sites have long since been taken. In the
future, development efforts will be con-
centrated on the less efficient low-head
(and even run-of-the-river) sites, where
water turbines will harness the power of
the current. The exploitation of even
these marginal resources will be restricted
geographically to sites or rivers with a suf-
ficiently steady flow.

TIDAL POWER

Tidal power is even more limited geo-
graphically than conventional hydro-
power—the tidal reservoir, or bay, must
be of just the right configuration to pro-
duce a resonance in the shallow water
waves generated by changes in the gravita-
tional fields of the sun and the moon as
the earth rotates. In addition, this prop-
erly configured, resonant bay must be
situated on a coastline that, to some
degree, focuses the tidal surge generated
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in the open ocean. This open ocean tidal
surge and the changing (alternating) gravi-
tational forces combine to pump energy
into large tidal oscillations, and it is the
magnitude of these oscillations that per-
mits energy to be extracted from this
low-head hydro source.

In North America the ideal geomor-
phic conditions are found only in the Bay
of Fundy (Maine and Newfoundland) and
Cook Inlet (Alaska). Exploiting even
these limited resources would be quite ex-
pensive; the cost per unit of peak gen-
erating capacity is only slightly higher
than for conventional coal or nuclear, but
the duty cycle of these plants is less than
50 percent. That there would be a signifi-
cant loss as the system shifts from high to
low tide on the semidiurnal cycle is
immediately apparent. There is, however,
a more subtle but even greater loss on the
monthly cycle, as the sun and moon
move from pulling together on the same
side of.the earth to cancelling each other
out when they are on opposite sides.

Only one moderately sized tidal power
plant exists—at La Rance, France, at the
mouth of the Rhone River. This plant,
which produces 240 megawatts of peak
power, was originally planned to be the
precursor of half a dozen similar plants,
but the operating experience gained has
not been especially encouraging.

RENEWABLE SOURCES:
VERY EXPENSIVE

There are two sources in this category,
both solar. As shown in Figure 4, both
sources have a large potential, but they
are also an order of magnitude more ex-
pensive than present conventional electric
generating processes.

SOLAR HIGH-TEMPERATURE
(THERMAL-ELECTRIC)

Low-temperature solar applications
such as hot water heating and industrial
drying processes are almost economically
competitive, even at today’s artificially
low energy prices, but the high-
temperature -solar process for producing
electricity is currently much more ex-
pensive than present technology. Large
sums of money are being spent in hopes
of developing a cheap technology of very
lightweight reflectors. Thousands of these
would focus sunlight on a central boiler
elevated several hundred meters above the

mirror array (hence the name “power
tower”). Under contract to DOE, South-
ern California Edison will construct a
$100 million prototype facility in the
Mojave Desert. The design should gen-
erate enough steam to produce a peak
power output of 10 megawatts of electri-
city—less than one percent of its current
system capacity. The capital investment,
over $10,000 per kilowatt, is more than
ten times that required for more conven-
tional coal or nuclear generation. Even if
the initial capital costs can be reduced
tenfold by technological innovation and
mass production, the cost of maintenance
and repair (removing dust from the reflec-
tors and replacing units damaged by
windstorms) may be much higher than
the operating costs of a coal or nuclear
plant (including fuel).

PHOTOVOLTAIC CELLS

Photovoltaic semiconductor cells for
the direct conversion of solar energy into
electricity have been used to power space-
craft functions for many years. For very
expensive spacecraft the high cost of the
photovoltaic cells is not much added
burden, but here on earth it imposes a
severe constraint.

Proponents of solar power are fond of
saying that the raw material (silicon) for
photovoltaic cells is more abundant than
any fuel. Sand (silicon dioxide) will cer-
tainly always be cheap, but the amount
of energy required to extract the silicon
from its tight bond with oxygen and
refine it to the necessary purity is greater
than the resulting solar cells are expected
to be able to produce with today’s tech-
nology. It has been estimated that a
photovoltaic cell would have to operate
for seven years to pay back its energy
debt, and most solar cells exposed to at-
mospheric environments have not lasted

. that long.

Research workers expect to reduce
photovoltaic costs and production energy
requirements by a factor of 20 to 30
within the next ten years. Achieving this
would require a breakthrough in each of
three areas—producing the highly purified
silicon, growing the (single) crystals and
cutting them into individual cells, and
fabricating the arrays (including protec-
tive cover glass and mechanical support
systems). The requirement that single
crystals be grown could be eliminated if
another breakthrough greatly improved



the performance, or lowered the. cost, of
polycrystalline silicon. Réseirch directed
at these objectives is continuing.

It is frequently argued that increased
R&D spending will lower the cost of
these solar electric systems -enough to
make them economigally feasible. The
FY 1980 DOE budgét already allocates
$680 million to this purpose, a major por-
tion of which is devoted to demonstra-
tion projects based on obviously uneco-
nomic technologies. For example, $21.5

million is budgeted for a group of nine

photovoltaic: projects at an average cost
of $23 per peak wait; at this rate a solar
phatovoltaic ‘system for a minimal,
1,500-square:foot house would cost
nearly $100,000. Such projects, however,
may be useful for political purposes, if
only to demonstrate that the téchnology
is much too expensive at present.

SOURCES OF QUESTIONABLE
FEASIBILITY

Several sources appear to offer very
large, or even unlimited enefgy sources,
but. the technology requires siich large-
scale facilities that engineering féasibility
has not yet been demonstrated, let. alone
economic feasibility. Sources-in this cate-
pory ar€ (in order of current promise and
funding) thermonuclear fusicn, ocean
thermal electric conversion (OTEC),
photovoltaic arrays in stationary orbit
(which can be exposed to sunlight neasly
24 hours a day), water turbines powered
by the Gulf Stream, and wave powér.

THERMONUCLEAR FUSION

Controlling thermonuclear fusiqn has
_been .a research goal for nearly 30 years:
The concept has considerable. intuitive
appeal; after all, the hydrogen bomb is
much more powerfu] than uranivm or
plutonium bombs, and the basic fuel
ingredient, deuterium, can be extracted
from séawater in virtually unlimited
quantities. The idea of a smaller reactor
with unlimited fuel supply is certainly
attractive, but despite the hundreds of
millions now being spent on this program,
a self-sustaining thermonuclear reaction is
still not expected to be achieved for at
least five years, at which time the real
engineering problems of extracting usefu)
energy can be tackled. First of ali, the
only nuclear reaction likely to be
achieved for quite some time is the

lowest:temperature. one, and it requires
lithium fuel as well as deuterium, Lithium
is probably no easier to find than ura-

nium, so the overall fuel supply picture

for thermonuclear fusion should be no
better than that for fission breeder reac-
tors (for which we expect reasonable fuel
supplies to be available for 700 years).
Second, maintaining the walls of the ther-
monuclear fusion reactor chamber is
expected to pose a major problem be-
cause these walls will be exposed to in-
tense bombardment by neutrons. In fact,
the ultimate practicality of fusion efiérgy
production may be determined by
whether the lifetime of the infier walls of
the reactgr chamber is reckoned in
months or weeks.

OTEC

Ifi ocean thermal electric conversion
(OTEC), the, temperature differential be-
tween the cold ocean depths and the
warimer surface is exploited, The massive
structures * required to pump luige

amounts of ocean water are experisive

and pose serious logistical probiems, but

- .the critical question is whether the heat

transfer surfaces can be ¢cleaned easily
enough that slime buildup dees not re-
duce efficiency to the point at.which the
syitem will né longer operate. DOE is
cusrenitly spending about $30 miilion a

year on this program, much of it on a
demenstration facility in Hawaii.

SATELLITE POWER SYSTEM

The satellite power system is a com-

pletely “blie sky” concept. It consists of

a large photovoltaic array (up to 5 milés

'square) deployed in synchrongus orbit to

capture sunlight nearly 24 hours a day,
free of the efficiency-reducing effects of
attentuation from the earth’s atmosphiere
and damage from the weather, The power
would be transmitted back te earth on-a
high-powered, narrow microwavé beam
produced by a large antenna. This sysiem
will, however, require an inordinate
amount of resouices'to.be placed in orbit,
Also 1o be considered are the potential
impact of large volumes of rocket exhaust
on the jonosphere and the safety prob-
lems .associated with the microwave re-
ceiving stations here on earth.

OTHER CONCEPTS

Several other concepts, such as Gulf
Streamn hydro, wave power, and windmills
in the 'ocean (where the prevailing winds
are steadier than over the continents)
have- been advanced, but they have not
yet been considetéd sériously. In fact, de-
fining the potential engineesing problems
has not ‘ever: begun,
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Figure 4. Very expensive renewable resources: quads per year versus.cost

per million Bt
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Figure:5. Composite.comparison of alternative energy sources: costs and total reserves
CONCLUSION A balanced strategy for the 1980s will ~ Bergeson; Lloyd (1979) “Sail Power far

The great number of energy alter-
natives in all these categories are com-
pared in Figure 5. The left-hand scale,
which shows total resource, applies to the
nonrénewable sources, and the right-hand
scale, which shows the annual rate of re-
source availability, applies to reneéwable
resources., A corfespondenge has been
established between renewable and non-
renewable sources through a 50-year life-
time; in other words, the energy -€x-

tracted from a renewable source for 50

years.should be equal to the total energy.
from an equivalent nonrénéwable source.

Figure 5 shows that the technical alter-
natives that will bégin to. become avail-

able during the 1980s will becomé in-

creasingly expensive. As. we run out of

‘the cheaper fuels, the more expensive

alternatives will come into wider use. But
will the cost seriously inhibit” the overall
economic growth of our economy?

requiré the continued development of
ccal and nuclear power, with conserva-
tion measures applied wherever possible
without sericusly restricting économic
growth. We will see increasing devélop-
ment of alternative sources during the.
1980s, but only where they can be rea-
sonably cost effective and not too much
more. expensive than the conventlpnal
sources. As @il and natural gas become
increasingly expensive; the. alternative

sources will bégin .ta becoimie a significant

factor in our energy economy.
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COMPARATIVE ENERGY BALANCES
FOR ETHANOL PRODUCTION

Energy balances are a confusing and controversial sub-
ject. The sources of the confusion are varied but most
stem from differences in opinion regarding what must
be included for consideration and the proper approach

to use. One of the principal sources of confusion is the

type of energy balance being investigated in a given
case. Some energy balance studies compare the total
energy contents of the products-and coproducts with the
fossil energy consumed in their production. Other
studies compare the amount of crude petroleum energy
required to produce a given amount of petroleum
substitute. Whatever types of energy are compared, an
energy balance study has the objective to compare the
energy input to a system with the energy output of the
system. If the energy input is greater than the energy
output, the energy balance is said to be negative; con-
versly, if the energy output of the system is greater than
the energy input to the system, the energy balance is said
to be positive. The causes of disparity among the
various studies include differences in assumptions and
reference technologies, and ambiguities in defining the
boundaries of the given system under consideration.

Consider the ethanol production system shown in
Figure D-1. Energy inputs to the system include the lig-
uid fuel and manufacturing energy required to produce
the feedstocks and the electrical and heat energy re-
quired to convert the feedstocks into ethanol. Note that
the solar energy input is not included. Energy output of
the system is in the form of ethanol which can be used in
vehicles and other applications and other coproducts.
To illustrate how differences in opinion among various
studies can arise, consider the ethanol energy balance
studies of Scheller and Mohr [1] and Reilly [2]. For 1
bushel of corn, the two studies calculate similar values
for the total nonrenewable energy inputs as follows:
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ENERGY BALANCES
{Basis: 1 Bushel Corn)

Scheller & Mohr
119,000 Btu

Energy Inputs Reilly

135,000 Btu

Agricultural Energy

Direct on-farm
Fertilizer and

chemicals
Transport
Ethanol Process Energy 370,000 Btu 368,000 Btu
Cooking and
fermentation 64,000
Distilling and
centrifuging 105,000
Dehydration 37,000
Evaporation of stillage 113,000
Drying of stillage 51,000
TOTAL ENERGY INPUT _ 489,000 Btu 503,000 Btu

From similar values of energy input, Scheller and
Mohr proceed to calculate a positive energy balance,
while Reilly calculates a negative energy balance. Reilly
considers the outputs to be 2.6 gallons of ethanol, with a
total (lower) heating value of about 191,000 Btu, and
the stillage coproduct which can be given an energy
credit of about 49,000 Btu [3]. Subtracting the energy
input of 503,000 Btu from the total of energy output of
240,000 Btu, Reilly obtains a negative energy balance of
260,000 Btu. However, Scheller and Mohr include, as
an additional coproduct, the heat content of 75% of the
corn stover to be used as energy input into the ethanol
production process. This amounts to an additional
energy output of about 322,000 Btu. Thus, Scheller and
Mohr would calculate a total energy output of 562,000
Btu and achieve a positive energy balance of about
73,000 Btu for each bushel of corn processed into
ethanol.

Chemical and Nuclear Engineering, lowa State
University; January 1978.

3. Chambers, R.S., Herendeen, R.A., Joyce, J.J.,
and Penner, P.S. ““Gasohol: Does It or Doesn’t It
Produce Positive Net Energy?”’ Science, Volume
206 (no. 4420): November 16, 1979, pp. 789-795.
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ASSOCIATIONS AND
ORGANIZATIONS

American Agriculture
Movement

308 Second Street, SE

Washington, D.C. 20515

202/544-5750

The Bio-Energy Council
1625 Eye Street, NW
Suite 825A

Washington, D.C. 20006
Contact: Carol Canelio
202/833-5656

Brewers Grain Institute
1750 K Street, NW
Washington, D.C. 20006

Corn Development Commission
Route 2
Holdrege, NE 68949

Distillers Feed Research
Council

1435 Enquirer Building

Cincinnati, OH 45202

Contact: Dr. William Ingrigg

513/621-5985

Gasohol USA
10008 East 60th Terrace
Kansas City, MO 64133
816/737-0064

The Grange

Route 1, Box 154
Waterloo, NE 68069
402/359-5605

International Biomass Institute
1522 K Street, NW

Suite 600

Washington, D.C. 20005
Contact: Dr. Darold Albright
202/783-1133

Mid-America Solar Energy
Complex

8140-26th Ave., South

Bloomington, MN 55420

612/854-0400

National Farmers Organization
Surprise, NE 68667

National Farmers Union
Denver, CO 80251

E-2

National Gasohol Commission,
Inc.

521 South 14th Street, Suite §

Lincoln, NE 68508

402/475-8044 or 8055

National Center for Appropriate
Technology

P.O. Box 3838

Butte, MT 59701

406/494-4577

Small Farm Energy Project
P.O. Box 736

Hartington, NE 68739
Contact: Renise Remmel
402/254-6893

Solar Energy Research Institute
1617 Cole Boulevard
Golden, CO 80401
Contact: Paul Notari

Clay Smith

Steve Rubin
303/231-1207

The Wheat Growers
Route #1, Box 27
Hemingford, NE 69438

"Contact: Vic Haas

308/487-3794

The Wife Organization
Osceola, NE 68651

BIOLOGISTS

Antonios A. Antonopoulos
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439
312/972-3368

Paul Middaugh

University of South Dakota
Brookings, SD 57007
605/688-4116

Robert Middaugh
1704 Third Street
Brookings, SD 57006
605/692-5760

Micro-TEC Lab, Inc.
Route 2, Box 19L
Logan, IA 51546
Contact: John W, Rago
712/644-2193

Leo Spano

The Army/Navy Lab
Natick, MA 01760
617/653-1000, Ext. 2914

CHEMISTS

Lance Crombie
Route 1

Webster, MN 55088
507/652-2804

John P. Dickie

401 Sible Street

St. Paul, MN 55101
612/291-2813

Harry P. Gregor

Columbia University

353 Seeley West Mudd Building
New York, NY 10027
212/280-4716

John Lang

Box 423

Dubuque, 1A 52001
319/582-1867

Antonio-R. Moreira
Colorado State University
Fort Collins, CO 80523
303/491-5252

Richard Spencer
Southwest State University
Marshall, MN 56258
507/537-71217

COLLEGES

Talladega College

627 West Battle Street
Talladega, AL 35160

Contact: Richard A. Morrison
(205) 362-8800

Mid-South Energy Project

Mississippi County Comm.
College

Box 1109

Blytheville, AR 72315

Contact: Harry Smith

(501) 762-1020

Modesto Jr. College
Modesto, CA 95350
Contact: Ron Alver
(209) 526-2000

FUEL FROM FARMS



College of Siskiyous
800 College Avenue
Weed, CA 96094
Contact: Gary Peterson
(916) 938-4463

Lamar Comm. College
2401 South Main
Lamar, CO 81052
Contact: Bill Henderson
(303) 336-2248

Delaware Tech. & Comm.
College

1832 N. Dupont Parkway

Dover, DE 19901

Contact: Rich Morchese

(302) 678-5416

Brevard Comm. College
1519 Clearlake Road.
Cocoa, FL 32922
Contact: Maxwell King
(305) 632-1111

College of Southern Idaho
315 Falls Avenue West
Twin Falls, 1D 83301
Contact: James Taylor
(208) 733-9554

Kankakee Comm. College
Box 888

Kankakee, IL 60901
Contact: M.E. Marlin
(815) 933-0345

Lake Land Comm. College
South Route 45

Matoon, IL 61938
Contact: Robert D. Webb
(217) 235-3131

Lincoln Land Comm. College
Springfield, IL 62708
Contact: Robert Poorman
(217) 786-2200

Vincennes University
Vincennes, IN 47591
Contact: Daryle Riegle
(812) 882-3350

Des Moines ATVI

2006 South Ankeny Blvd.
Ankeny, IA 50021
Contact: Richard Byer
(515) 964-6228

RESOURCE PEOPLE & ORGANIZATIONS

Eastern lowa Comm. College
2804 Eastern Avenue
Davenport, IA 52803
Contact: Robert Illingsworth
(319) 242-6841

Iowa Central Comm. College
330 Avenue M

Fort Dodge, 1A 50501
Contact: Edwin Barbour
(515) 576-3103

Paducah Comm. College
Box 1380

Paducah, KY 42001
Contact: Donald Clemons
(502) 442-6131

Nicholls State University
Thibodaux, LA 70301
Contact: William Flowers
(504) 446-8111

Cecil Comm. College
1000 North East Road
North East, MD 21901
Contact: Robert Gell
(301) 287-6060

Springfield Tech. & Comm.
College

One Armory Square

Springfield, MA 01105

Contact: Robert Geidz

(413) 781-6470

Clark University

450 Main

Worchester, MA 01610
Contact: Harry C. Allen
(617) 793-7711

Mott Comm. College
1401 East Court Street
Flint, MI 48503
Contact: Charles Roche
(313) 762-0237

Southwest State University
Marshall, MN 56258
Contact: Richard Spencer
(800) 533-5333

NW Mississippi Junior College
Highway 51

North Senatobia, MS 38668
Contact: William Oakley

(601) 562-5262

State Fairground Comm.
College

Sedalia, MO 65301

Contact: Marvin Fielding

(816) 826-7100, Ext. 60

South East Comm. College
Milford, NE 68405
Contact: Dean Roll

(402) 761-2131

Onondaga County Comm.
College

Syracuse, NY 13215

Contact: Andreas Paloumpis

(315) 469-7741

Navajo Comm. College
Box 580

Shiprock, NM 87420
Contact: Raymond Housh
(505) 368-5291

North Dakota State School
of Science

Wahpeton, ND 58075

Contact: Claire T. Blikre

(701) 671-2221

Pitt Comm. College

Box Drawer 7007
Greenville, NC 27834
Contact: William Fulford
(919) 756-3130

Panhandle State University
Box 430

Goodwell, OK 73939
Contact: Gene Reeves
(405) 742-2121

Eastern Oregon State College
8th & K Streets

LaGrande, OR 97850
Contact: Terry Edvalson
(503) 963-2171

Lehigh County Comm. College
2370 Main Street
Schnecksville, PA 18078
Contact: Robert Walker

(215) 799-1141

South Dakota State Univ.
Brookings, SD 57007
Contact: Paul Middaugh
(605) 688-4111
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Oglala Sioux Comm. College
Box 439

Pine Ridge, SD 57700
Contact: Roberta Barbalace
(606) 867-5110

Navarro Jr. College
Box 1170

Corsicana, TX 75110
Contact: Darrell Raines
(214) 874-6501

Texas Tech. University
Lubbock, TX 79409
Contact: Steven R. Beck
(806) 742-2121

University of Vermont
Burlington, VT 05405
Contact: Robert B. Lawson
(802) 656-2990

College of the Virgin Islands
Contact: Michael Canoy
St. Thomas, VI 00801

Washington State University
Box 708

Chehalis, WA 98532
Contact: Larry Gueck

(206) 748-9121, Ext. 212

Eastern Wyoming College
3200 West C

Torrington, WY 82240
Contact: Charles Rogers
(307) 532-7111

COMPONENT
MANUFACTURERS

ACR Process Corporation
602 East Green Street
Champaign, IL 68120

ALCOGAS

220 Equitable Building

730 17th Street

Denver, CO 80203
Contact: Evan L. Goulding
303/572-8300

W. A. Bell
P.O. Box 105
Florence, SC 29503

Easy Engineering
3351 Larimer Street
Denver, CO
303/893-8936
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D. N. Gray

Biotechnology and Toxicology
Toledo, OH 43666
419/247-9206

Great Northern Equipment
Company

3550 Great Northern Avenue

Route 4

Springfield, IL 62707

Contacts: Dale Devermon

Ray Kramer
217/787-9870

Jerry Joseph

Middle State Mfg. Co.
16th Avenue, Box 788
Columbus, NE 68601
402/564-1411

Rochelle Development Inc.
Box 356

Rochelle, IL 61068
Contact: John Askvig
815/562-7372

Silver Engineering Works Inc.

3309 Blake Street

Denver, CO

Contact: Richard D. Smith
303/623-0211

Sludge Express Company
Sheldon, 1A

Contact: David Vander
712/324-3305

3T Engineering Inc.

Box 80

Arenzville, IL 62611

Contact: Wm. C. Talkemeyer
217/997-5921

United Industries

P.O. Box 11

Buena Vista, GA 31803
Contact: John Daniel
912/649-7444

Vendome Copper and Brass
153 North Shelby Street
Box 1118

Louisville, KT 40202
502/587-1930

E. Dale Waters

Double “‘L’* Mfg. Inc.
P.O. Box 533

American Falls, ID 83211

208/226-5592

Wenger Alko-Vap System
1220 Rochester Boulevard
Rochester, IN 46975
Contact: Oscar Zehier
219/223-3335

Weslipp

Franklin, NE
Contact: Brian Hayers
303/425-3101

CONSULTANTS

Bartlesville Energy
Technology Center
Bartlesville, OK
Contact: Jerry Allsup
918/336-4268

Battelle Columbus Laboratories
505 King Avenue

Columbus, OH 43201

Contact: Billy Allen
614/424-6424

Center for Biology of Natural
Systems

Washington University

St. Louis, MO

Contact: David Freedman

314/889-5317

EG&G Idaho, Inc.
P.O. Box 1625

Idaho Falls, ID 83415
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Plant Operations Consultants - Continued
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Alcohol Fuels

It is the intent of th1s 1ist to provide a basic introduction to the use of alcohol
for fue]

BOOKS

AUTO FUELS OF THE 1980's. Jack Frazier; Solar Age Press, Indian Hills, WV. 1978.
The potential of methanol as an alternat1ve fuel is discussed with remarks on how
this and other alternative fuels are "sabotaged" by rich industrialists and
government. Research and statistics on methanol are reviewed.

L

GASOHOL. Ken Bossong and Maureen Paskin; Citizens Energy Project, Report Series.
no.24, Spring, 1978, 7 pp. Overview of alcohol fuels and several gasohol programs.
Stat1st1cs and forecasts are given and the question iS raised as tu when alcohol
fuel will det movitg.

METHANOL AND OTHER WAYS AROQUND THE GAS PUMP.. John W. Lincoln; Garden Way Press.
Charo]ette VT, 1976, 134 pp. Discusses the methanol a1ternat1ve to gaso]1ne,
both in b]ended form or straight., Other exotictypes of fuels and Eng1nes are
reviewed and future fuels are surveyed.

METHANOL TECHNOLOGY AND APPLICATION IN MOTOR FUELS. J.K. Paul; Noyes Data Corp..
Mill Rd at Grand Ave., Park Ridge, NJ 07656, Chemical Technology Review, v. 114,
1978, 85 pp. Several studies on methano]l gasoline blend performances are “
presented. Graphs and diagrams are included.

GOVERNMENT REPORTS AND PUBLICATIONS

ALCOHOL FUELS: HEARINGS BEFORE THE COMMITTEE ON APPROPRIATIONS. U.S. Senate,
Niney-Fifth Congress, Second Session, Special Hearings. 1978. Available from:
Government Pr1nt1ng Office, Nash1ngt0n, DC 20402. Papers, letters, -and reports
are given by various peop1e in the governmental, industrial and private sectors
discussing the many aspects of alcohol fuels.

L 4

. This Tist makes no attempt to be coimprehensivé and does not imply special endorsement.
PubTications cited here, as well as additional books, government publications, and
journal articles are ava11ab1e from your local 1ibrary or bookstore. They should not
be ordered from the Solar Energy Research Institute. ’
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ALCOHOL FUELS: HEARINGS BEFORE THE SUBCOMMITTEE ON ADVANCED ENERGY TECHNOLOGIES
AND ENERGY CONSERVATION RESEARCH, DEVELOPMENT AND DEMONSTRATION OF THE COMMITTEE
ON SCIENCE AND TECHNOLOGY. U.S. House of Representatives. Ninety-Fifth Congress.
Second Session, July 11, 12 and 13, 1978. Available from: Government Printing
Office. Washington Potential of alcohol fuels is given from private industry with
discussion by government officials. Detailed reports with bibliographies are
included. :

BIOMASS-BASED ALCOHOL FUELS: THE NEAR TERM POTENTIAL FOR USE WITH GASOLINE. W. Park,
E. Price, D. Salo. MITRE Corp. Prepared for the Department of Energy. Aug. 1978.
Available from: National Technical Information Service. Springfield, VA 22161.
Report No. HCP/T4101-3. Requirements and prospects for a nationwide alcohol-
gasoline fuel system based on biomass-based alcohol. Production technology and
economic aspects are reviewed.

ENGINE IMPROVEMENT POSSIBILITIES AND ENVIRONMENTAL CONSEQUENCES OF ALCOHOL USAGE.
University of Santa Clara; Prepared for the U.S. Department of Energy Contractor's
Meeting. October 1978. Various graphs, charts, and tables are given on several
tests of methanol fuels on engine performance and emission.

EVALUATION OF METHYL ALCOHOL AS A VEHICLE FUEL EXTENDER. R.T. Johnson and R. K. Riley.
Final Report, August 1975. 152 pp. Prepared for the U.S. Department of Trans-
portation. Available from:: National Technical Information Service. Springfield,
VA, 22161. Report No. DOT-TST-76-50. Behavior of methanol-gasoline blends
in automobiles were explored. Specifically octane ratings, effects of methanol
blends on emissions, and fuel economy. Results given.

METHANOL: HEARINGS BEFORE THE SUBCOMMITTEE ON ENERGY RESEARCH, DEVELOPMENT AND
DEMONSTRATION OF THE COMMITTEE ON SCIENCE AND TECHNOLOGY...U. S. House of Represent-
atives, Ninety-Fourth Congress, First Session, June 17, 19, 1975. Available from:
Government Printing Office, Washington, DC 20402. Statements from government
officials and private industry are given discussing the possibilities of methanol
as a future fuel source.

METHANOL: ITS SYNTHESIS, USE AS A FUEL, ECONOMICS, AND HAZARDS. Thesis. David L.
Hagen. Dec. 1976. Published by U.S. Energy Research and Development Administration.
Springfield, VA 22161. Proposed and existing production methods of methanol are
discussed. Possible sources of feedstocks are reviewed. Historical background for
methanol research is given. Comprehensive bibliography is included.

METHANOL AS AN AUTOMOBILE FUEL. A. Landman. U.S. Department of Transportation.
Report No. DOT-TSC-0ST-77-31, 1977. Results of various tests on methanol blends
are presented. Information gaps are covered. Production methods for methanol are
discussed and several source materials are reviewed.

STATUS OF ALCOHOL FUELS UTILIZATION--TECHNOLOGY FOR HIGHWAY TRANSPORTATION. Mueller
Associates, Inc. Prepared for the U.S. Department of Energy, June 1978. Available
from: National Technical Information Service, Springfield, VA 22161. Report
Number HCP/M2923-01. Covers topics of exhaust emissions, performance and fuel
economy, and environmental considerations. Results of fuels testing, are given.
Previous technology status is summarized in appendix.



PROCEEDINGS

METHANOL AS A FUEL....Seminar Swedish Methanol Development Co. Stockholm, Sweden,
March 21-22 and 24, 1976. vol. 1, 36 pp. Seminar Report. Workshop reports for
three groups, formulation, applications and production, are summarized. Names and
addresses for attendees are listed.

METHANOL AS A FUEL....Seminar Swedish Methanol Development Co. Stockholm, Sweden,
March 21-22 and 24, 1976. Vvol. 2, 118 pp. Seminar Papers. Thirteen papers are
presented, discussing various aspects of methanol/alcohol fuel mixtures.

INTERNATIONAL SYMPOSIUM ON 'ALCOHOL FUEL TECHNOLOGY--METHANOL AND ETHANOL...Wolsburg,
Federal Republic of Germany, Nov. 21-23, 1977. English Translation published by
U.S. Department of Energy, July 1978. Report No. CONF-771175. Available from:
National Technical Information Service, Springfield, VA 22161. Economical and
political aspects, the application of alcohols in automobiles, the production of
methanol and ethanol from different sources, the optimization of alcohol fuels,
and environmental issues are discussed. Forty-five papers were presented.

ARTICLES

ALCOHOL BURNS BETTER THAN PETROL. Mazingiro. No. 2: pp, 93-94; 1977. Brazil plans
to use 10% ethanol mixture as automobile fuel. Ethanol to be produced from biomass-
derived sources.

BRAZIL GROWS ITS MOTOR FUELS. F. Garner. Environment. wvol. 20 (No. 1): pp, 5, 40;
January/February, 1978. As a national energy policy, Brazilian fuels must be
supplemented or replaced with alcohol produced from fermentation of biomass. This
alcohol fuel program has potential to make Brazil energy independent.

ETHANOL MOTOR FUELS AND "GASAHOL". T. A. Sladek. Mineral Industries B. vol. 21
(No. 3): pp, 1-6: May, 1978. Fermentation of biomass to produce ethanol for
motor fuels. Biomass sources are surveyed.

GASAHOL: ALCOHOL FUELS: LIKELY TO PRODUCE MORE PROBLEMS THAN BENEFITS. Chevron
World. vol 56.(No. 2): pp, 10-13; Spring, 1978.

GASAHOL: ENERGY MOUNTAIN OR MOLEHILL? Earl V. Anderson, Chemical and Engineering News.
vol. 56 (No. 31): pp, 8-16, July 31, 1978. Views of both proponents and opponents
are given. Pro's say ethanol blend can reduce oil imports, con's say that it takes
more energy to produce methanol and it will increase imports.

GASOLINE DOES TOO, MIX WITH ALCOHOL. Wm. A. Scheller. Chemtech. vol. 7 (No. 10):
pp, 616-623; October, 1977. Production of ethanol and performance of "gasohol" is
described. -

GASOLINE-ALCOHOL MIXTURE IGNITES DISPUTE. A. J. Parisi. New York Times, pp, D3;
May 3, 1978. Plan for a "gasahol give away day". Also discusses marketing and
production of ethanol.




GROUW ALCOHOL AS A REPLACEMENT FOR GASOLINE. J. P. McClosky. Energy Sources. vcl. 2
{No. pPs 53-60; 1975, A p]an is presented where biomass crops are planted
spec1f1ca11y to. produce alcohols through fermentation for gasoline blending.

NEW PROCESS MAKES GASOLINE FROM ALCOHOL. V. Elaine Imay. Popular Science. vol. 212;
pp, 90-91; June, 1978. Conversion of alcohol, which can be produced from coa1
biomass, or wastes, directly into high-octane gas.

PAVING THE WAY FOR ALCOHOL FUELS. Hal Bunton. Envivonmental Action. vol. 10 {No. 10):
pp, 4-8; September 23, 1978. U S alcohol fuel program 1ags behind Sweden, Brazil,
and’ Nest Germany. EHV1ronmenta11sts could give a big push to make alcohol fuels
a major contributor.

PAY NOW? OR PAY LATER? Forbes, vol. 123: pp, 36-37; February, 1979. Overview of
gasohol is given with discussion of what government and industry can do to get
gasohol moving.

RESEARCH NEWS/ALCOHOL: A BRAZILIAN ANSWER TO THE ENERGY CRISIS. A. L. Hammond.
Science. wvol. 195 (No. 4278): pp, 564-566; February 11, 1977. Brazilian alcohol
fuels program is discussed. '

* ok ok K

For additional technical papers and reports, consult SOLAR ENERGY: A BIBLIOGRAPHY:
CITATIONS, TID 3351-R1P1, March 1976, 585 pp, $13.75; INDEXES,; TID 3351-R1P2, March
1976, 398 pp, $10.75. -

For references $ince 1976, consult SOLAR ENERGY UPDATE, available on a subscription
basis as NTISUB/C/145. The annual subscription rate for one volume (calendar) year
(12 issues plus cumulative index) is $27.50. A single issue is $3.25.

These are published by Technical Information Center, Department of Energy, and are
available from the National Techn1ca1 Information Service (NTIS), Springfield, VA
22161.
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NATIONAL LEGISLATION

Farm Act of 1977

Provided $60 million in loan guarantees to build four
pilot alcohol fuel plants in the United States.

National Energy Act of 1978

Provided motor fuel excise tax exemptions on
gasoline/alcohol blends worth 4 cents per gallon of
blend or 40 cents per gallon or $16.80 per barrel of
alcohol in 10 percent blends. Alcohol fuels are also eligi-
ble for Department of Energy entitlements, currently
worth approximately $2.10 per barrel of ethanol or five
cents per gallon. '

Alcoho! Fuels Production Incentive Act of 1979
(S. 906)

Proposes a 10 percent investment tax credit (in addition
to the current 10 percent credit) for alcohol fuels pro-
duction equipment; provides a new 5 percent investment
tax credit for buildings used in alcohol fuel production;
authorizes the Department of Treasury to make up to
$250 million in loan guarantees to cover up to 50 percent
of the cost (up to $10 million per loan) of building or
refinancing alcohol fuel plants or equipment; amends
the Emergency Petroleum Allocation Act to provide pri-
ority to producers and marketers of gasohol or gasoline
for use in gasohol when petroleum supplies are short.

Public Works and Economic Development Act of
1979 (S. 914)

Awaiting House-Senate Conference Committee con-
sideration. The legislation proposes:

Senate-Pgssed Provisions

Authorizes EDA grants for facilities for production of
alcohol for use as motor fuel when such grants will
create or preserve jobs in small towns.

Funds for such grants are limited to 5 percent of funds
under Titles I & II of EDA Act. Under authorization
levels in S.914, funding would total $39.1 million an-
nually.

House-Passed Provisions

Authorizes $100 million in FY80 & FY81 in EDA grants
and loans for construction and operation of facil-
ities producing alcohol or methane from renewable
resources.

Energy Security Act (S. 932)

Awaiting action by the House-Senate Conference Com-
mittee. The legislation proposes:

House-Passed Provisions

Sets national goal for total synthetic fuel (including
gasohol) production of 500,000 barrels per day in 1985,
2 million barrels per day in 1990.

.

A-2

Authorizes $3 billion for the President to buy synfuels
and allows him to establish a federal synfuel corporation.

Senate-Passed Provisions

¢ [—Title I: Synthetic Fuels Corporation Act of
1979 :

¢ Goal: production of synfuels equal to 1.5
million barrels of oil by 1995.

¢ Establishes Synthetic Fuels Corporation with
authorization of $20 billion, with up to $1 bil-
lion eligible to aid projects that use biomass and
are basically large scale.

® Authorizes corporations to provide price
guarantees, purchase agreements, loan
guarantees, loans, joint ventures, and direct
construction to secure synfuel production.

o [I—Title II: Agricultural, Forestry, and Rural
Energy Act of 1979

¢ .Goal: achieve net energy independence for
agricultural and forest production, processing
and marketing; and 50 percent reduction in
petroleum and natural gas use by rural residents
and communities by the year 2000.

¢ Establishes Agricultural, Forestry and Rural
Energy Board in USDA which will report to
Congress by 9-30-80 on agricultural, forestry,
and rural energy needs and resources; and will
provide a rural energy production, use, and
conservation program by December 31, 1981.

® Authorizes $50 million annually for applied
research on agriculture, forestry, and rural
energy production, use, and conservation.

® USDA to complete study by 12-31-82 on alter-
native crop-livestock systems to produce
foodstuffs and fiber,as well as biomass for use
in energy production.

* Mandates four to eight USDA Wood Energy
Centers, and four to eight USDA Agricultural
Biomass Energy Centers, which will do
research, demonstration projects, field tests,
and provide technical information. Authorizes
$3 million annually for Wood Centers, and
same amount for Biomass Centers.

e State extension services to hold agricultural
biomass energy workshops with goal of 100
workshops each year.

e Authorizes $250 million annually in USDA

loans for on-farm or commercial biomass
energy projects. One-third must go to projects
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which produce no more than 2 million gallons
of alcohol per year.

® Authorizes $500 million annually in USDA
loan guarantees for commercial or on-farm
biomass energy projects, with one-third going
to projects that use. wood, and one-fourth going
to small-scale projects that produce no more
than 2 million gallons of alcohol per year.

¢ Authorizes $100 million annually in USDA
grants for biomass energy demonstration proj-
ects.

* Amends existing USDA programs to provide
$390 million in authorization for loans, loan
guarantees, insured loans, and makes eligible
loans for energy systems using nonfossil fuels.

¢ Authorizes $85 million over 4 years for rural
electric projects using alternative energy
sources (biomass, wood, solar, etc.) and con-
servation technologies.

¢ Allows USDA to permit acreage set aside to be
used to produce commodities for use in making
alcohol for fuel.

¢ III—Title II¥: Gasohol Motor Fuels Act of 1979

® Goal: establishes national goals of 60,000 bar-
rels per day of alcohol fuels in 1982, and a
volume of alcohol fuels' from renewable
resources equal to 10 percent of estimated
domestic gasoline consumption in 1990,

* Establishes Office of Alcohol Fuels in DOE and
authorizes $1.2 billion in loan guarantees, price
guarantees, and purchase agreements for
alcohol fuel production facilities that use
renewable resources, with at least one-third of
that total going to facilities that produce no
more than 2 million gallons of alcohol per year.

e Authorizes the CCC to sell its sugar holdings at
less than normal prices to producers of ethanol
for use in motor fuel.

¢ Mandates use of gasohol in all federal motor
vehicles where it is available at reasonable
prices and quantities (exceptions are possible
for national security reasons).

e Mandates USDA-DOT study on possible re-
quirement that all new cars use gasohol or
alcohol, and on barriers to the widespread
marketing of gasohol.

¢ Amends Natural Gas Policy Act of 1978 to
facilitate natural gas allocations to certain types

SUMMARY OF ETHANOL LEGISLATION

of activities related to the production of alcohol
for fuel.

¢ Authorizes Presidential allocation of gasoline
to utilize alcohol not able to be blended into
gasohol due to a lack of gasoline.

¢ IV—Title IV: Domestic Energy Policy Act of 1979

¢ Establishes procedure for setting and updating
national energy targets for imports and
domestic production, which includes energy
produced from renewable resources.

¢ Requires an energy impact report on every bill,
rulemaking, or executive order in the federal
government.

STATE LEGISLATION

The following is a brief summary of legislation that has
been passed by state legislatures within the United
States.

Many of the state legislatures were in session at the time
the information was accumulated for this book. We
recommend that any further information needed re-
garding state legislative bills be obtained directly from
the clerks or secretaries of the respective legislature. The
reader should recognize that errors in the interpretation
of the legislation contained in this report are possible.
Gasohol Tax Credit legislation is highlighted within
each state’s legislation summary.

Arkansas
S.B. 454—passed 1979.

Gasohol Tax Exemption. Exempts gasohol from motor
fuel tax (9.5 cents).

California
S.B. 318—passed 1979.

The Department of General Services would prepare a
plan utilizing a fuel containing at least 5% alcohol for
use in at least 25% of the vehicles maintained by the
Department.

A.B. 1401—passed 1979.

Authorizes the Department of Motor Vehicles to estab-
lish a 10-year methanol fuel experimentation program.

S.B. 771—passed 1979.

The State Energy Resources Conservation and Develop-
ment Commission shall implement a program to
demonstrate residue conversion technologies at appro-
priate locations throughout  the state to encourage
private-, public-, and investor-owned utility participa-
tion in this program. Fifteen million dollars have been
appropriated from the general fund to carry out the pur-
pose of this bill.
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Colorado
S.B. 80—passed 1978.

A nine-member committee was created to promote the
production of gasohol, alcohol, and related industrial
hydrocarbons from Colorado agricultural and forest
products. Eighty thousand dollars were appropriated
for administration of the bill. ' :

H.B. 1135—passed 1978.

Gasoho! Tax Exemption - 5 cents. Motor fuel which
contains at least 10% alcohol, derived in Colorado, will
receive a 5-cent excise tax reduction if sold in counties
with a population exceeding 200,000. As the availability
of gasohol increases, all state and local vehicles will be
required to use gasohol.

H.B. 1463—passed 1979.

Gasoho! Tax Exemption - 5 cents. The tax exemption
applies to a blend of gasoline and 95%-pure alcohol
derived from agriculture commodities and forest prod-
ucts. Reduces the real and personal property tax assess-
ment for alcohol production facilities producing alcohol
for use in motor vehicles. Provides a voluntary check-off
of off-highway gasoline refund tax money to be placed
into a special fund for the use of gasohol promotion.

H.B. 1607—passed 1979.

Gasohol Tax Exemption - 5 cents. Expands the defini-
tion of gasohol to include motor fuels containing
alcohol derived from hydrocarbon or carbon-containing
by-products or waste products. Grants a reduction in
the property tax to facilities used for the production of
such alcohol. The tax exemption applies to a blend of
gasoline and alcohol that is produced from Colorado
products derived from hydrocarbon or carbon-
containing by-products or waste products with a purity
of at least 95%.

Connecticut
Public Act 627—passed 1979.

Gasohol Tax Exemption - 1 cent. Lowers state sales tax
on gasohol from 11 cents to 10 cents per gallon, and ex-
empts the motor fuel used in van pool vehicles (which is
already exempt from the motor fuel tax) from the state
sales tax.

Hawaii
S8.B. 1581, S.D. 1, H.D. 1—passed.
(Act 131, Session Laws of Hawaii 1978)

Act 131, which is an omnibus appropriating bill for
alternate energy research and development, appropri-
ates $500,000 for the conversion of an old Seagram
distillery to a plant capable of producing 700,000
gallons of ethanol per year for gasohol purposes. The
Act also appropriates $330,000 to establish a corn-to-
ethanol research and development program.
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Indiana
S. 218—passed 1979.

Gasohol Tax Exemption - 4% Sales Tax. The tax ex-
emption applies to a 10% blend of agriculturally derived
ethyl alcohol in fuel.

lowa
H.F. 491—passed 1978.

Gasohol Tax Exemption - 10 cents. Effective July 1,
1979, exempts fuel excise tax on motor fuel containing
at least 10% alcohol, distilled from agriculture products,
from July 1, 1978, ending June 30, 1983. (In lowa there
is a sales tax on excise tax-exempted gasohol which in ef-
fect decreases the total tax credit to approximately 7
cents.)

Kansas
H.B. 2345—passed 1979.

Funds totaling $60,000 shall be transferred from the
Corn Commission, Grain Sorghum Commission, Soybean
Commission, and Wheat Commission to the Kansas
Energy Office to be used for the purpose of study and
analysis of grains for use as energy resource alternatives.

H.B. 2324—passed 1979.

Gasohol Tax Exemption - 5 cents. The tax exemption
‘applies to a 10% blend of 190-proof ethyl alcohol pro-
duced from grain grown in Kansas used in all motor
vehicle fuels and shall be effective July 1, 1979. The tax
exemption shall be reduced 1 cent per year until no tax
exemption remains after July 1, 1984. All motor
vehicles owned and operated by the State of Kansas and
subdivisions shall be operated with a 10% blend of ethyl
alcohol when reasonably obtainable.

Louisiana
H.B. 571—passed 1979. .

Gasohol Tax Exemption - 8 cents. Exempts the retail
sale of gasohol from state sales tax use, and motor fuel
tax.

S.C.R. 99—adopted 1979.

Requests the Department of Natural Resources to con-
duct a feasibility study for obtaining methane gas from
sugarcane as an alternate energy source.

H.B. 1033—passed 1979.

To qualify for the purchase of oil, a small refiner must
have in. operation a facility for the distillation of
methano! or ethanol produced from Louisiana agricul-
tural commodities.

Maryland
S.B. 807—passed 1979.

.Gasohol Tax Exemption - 1 cent. The tax exemption

shall apply to a 10% blend of ethyl or methyl alcohol.
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S.B. 823—passed 1979.

To permit the Maryland Industrial Development
Financing Authority to encourage and insure loans for
the development and production of a certain motor fuel
known as gasohol.

H.B. 1628—passed 1979.

Requires the Secretary of Agriculture to study the effec-
tiveness of an ethanol and gasoline mixture. Requires
the Secretary of Agriculture to inititate a l-year pro-
gram of tests using gasohol in eight state-owned
vehicles. .

Missouri
H.B. 72—passed 1979.

Authorizes the Department of Natural Resources to
analyze the potential fer increased utilization of coal,
nuclear, solar, resource recovery and reuse, energy-
efficient technologies, and other energy alternatives,
and to make recommendations for the expanded use of
alternate energy sources and technologies.

Montana
Resolution 28—adopted 1979.

Provides for a State Oversight Gasohol Committee to be
appointed under the Department of Natural Resources
for the Gasohol Program.

S.B. 523—passed 1 979.

Provides a lower property tax on equipment, buildings,
and inventory of gasohol production by as much as 3%.

H.B. 402—passed 1979.

Gasohol Tax Exemption. The tax exemption for
gasohol is reduced by 2 cents for each of three suc-
ceeding 2-year periods, and the remaining 1 cent tax
exemption expires in 1989.

In 1978, $25,000 was allocated from the alternate energy
program to study gasohol in Montana.

Nebraska
L.B. 776—passed 1971.

Established the Agricultural Products Utilization
Committee to promote research and development of
gasohol, and to analyze the marketing and testing of
gasohol. The Grain Alcohol Fuel Tax Fund was created
with an initial appropriation of $40,000 and a provision
whereby one/eighth of the motor fuels tax, which is
refundable to nonhighway uses, is used to promote the
activities of the committee. L.B. 776 also provided for a
3-cent tax credit for the sale of gasohol.

L.B. 1207—passed 1972.

Made changes in L.B. 776. Stated that in order to
qualify as a special fuel the blend had to be at least 10%

SUMMARY OF ETHANOL LEGISLATION

agricultural ethyl alcohol or at least 190 proof. L.B.
1207 also directed the Committee to sponsor research
and development of industrial uses of by-products re-
sulting from the amended L.B. 776, to increase the ex-
emption from 3 cents to 5 cents on gasohol, and in-
creased the Legislative tax review limitation from 10
million to 20 million gallons of gasohol sold which per-
mits the legislature to review the tax credits.

L.B. 424—passed 1978.

Provided for matching funds (up to $500,000) to any
city, county, or village wishing to build a gasohol plant.

L.B. 52—approved 1979,

Gasohol Tax Exemption - 5 cents. Amended L.B. 776 to
increase the exemption from 3 cents to 5 cents on
gasohol and increased the legislative tax review limita-
tion from 10 million to 20 million gallons of gasohol
sold which permits the legislature to review the tax
credit.

L.B. 74—passed 1979.

Requires that the Department of Roads implement a
program using gasohol in its vehicles to the extent that
gasohol supplies are available. Gasohol must: contain
Nebraska-produced alcohol.

L.B. 571—passed 1979.

The Governor is authorized to enter into agreements
with municipalities or counties to build and maintain
grain alcohol plants. The State of Nebraska .will have
the option to purchase the plant. An Aicohol Plant
Fund is created, to be established from funds transfer-
red from the Highway Trust Fund or as appropriated
from the legislature; the state gas tax is increased one
cent to provide additional revenue for the Highway
Fund to support the Alcohol Plant Fund.

New Hampshire
H.B. 201—passed 1979.

Gasohol Tax Exemption - 5 cents. The gasohol tax
exemption applies to a 10% blend of alcohol manufac-
tured in New Hampshire, derived from agriculture com-
modities and forest products, with a purity of 99%.

New Jersey ‘
A.R. 3034—passed 1979.

Directs the Energy and Natural Resources Committee of
the General Assembly to study large-scale use of
gasohol and other alcohol-based fuels.

New Mexico
S.J.M. 9—adopted 1978.

Resolution requesting the Division of Energy and
Minerals Department to study the feasibility of using
gasohol in New Mexico.
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New York
S.B. 9860-A—passed 1978.

Directs the Commissioner of General Services to con-
duct a study of the feasibility of using gasohol for state-
operated vehicles through a comprehensive road test.

S.B. 2393—passed 1979.

The Commissioner of General Services is directed to
conduct an experimental program to test the feasibility
of using a mixture of gasoline and alcohol as fuel for
state-operated motor vehicles.

North Dakota
S.B. 2338—passed 1979.

Gasohol Tax Exemption - 4 cents. The tax exemption
applies to a blend of 10% agriculture ethyl alcohol (99%
pure) and 90% unleaded gasoline.

H.B. 1384—passed 1979.

Establishes an Agriculture Products Utilization Com-
mission funded by a 1/8-cent gasoline refund tax reduc-
tion, $200,000 appropriated from July 1, 1979 to June
30, 1980.

Oklahoma
S.B. 248—passed 1979.

Gasohol Tax Exemption - 6.5 cents. The gasohol tax
exemption applies to a 10% blend of ethanol, alcohol,
and gasoline.

Oregon
H.B. 2779—passed 1979,

Requires use of gasohol in certain state-owned vehicles
to the maximum extent commercially feasible effective
January, 1980.

S.B. 927—passed 1979.

Creates solar, wind, geothermal, water, agricultural and
forest residue, and gasohol energy task forces and an
Alternate Energy Development Commission to prepare
comprehensive alternate resources plans to be submitted
to the governor and legislature.

H.B. 2780—passed 1979.

Exempts commercial ethanol or methanol gasohol
plants from property tax and corporate income tax ef-
fective June 30, 1981, of which 90% is used for a 10%
blend of gasohol and not produced from petroleum,
natural gas, or coal.
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Rhode Island
H.R. 7891—adopted 1978.

Requesting that the State Director of Transportation
conduct experiments with the public to determine the
feasibility of a gasoline-alcohol fuel blend.

South Carolina
H.B. 2443—passed 1979.

Provides that gasohol be sold tax-free until October I,
1979; imposes a 6-cent per gallon tax from October 1,
1979 to July 1, 1985, and a 7-cent per gallon tax from
July 1, 1985 to July 1, 1987; provides for removal of
these incentives if loss of revenue totals $5 million.

South Dakota
H.B. 1064—passed 1979.

Gasohol Tax Exemption - 5 cents. The gasohol tax
exemption applies to a 10% blend of alcohol derived
from agriculture and forest products.

Tennessee
H.J.R. 161—passed 1979.

Creates a special joint committee to study the develop-
ment and use of methanol as an alternative fuel.

Texas

H.B. 1803—passed 1979.

Provides for state loans for establishment of plants to
manufacture fuel from renewable resources, $25,000
may be loaned to any one legal entity and $500,000 may
be loaned to a small business corporation. The total
unpaid principles balance shall not exceed $15 million.

H.B. 1986—passed 1979.

Provides for annual alcohol manufacturers permit of
$100. A Texas Legislative Council preliminary draft
provides an alcohol users license of $10, an alcohol fuel
manufacturers license of $25, an agriculture fuel
marketing license of $50, and a beverage alcohol
manufacturers permit of $1,000.

Washington
S.H.B 302—passed 1979.

Exempts B&O Tax on alcohol manufactured for
gasohol when alcohol is sold to another person in
Washington. Does not apply to out-of-state sales.

Wyoming
H.B. 114—passed 1979.

Gasohol Tax Exemption - 4 cents. Sales of gasohol
would be subject to a 4-cent per gallon tax rather than
an 8-cent per gallon tax until July 1, 1984,

FUEL FROM FARMS



TABLE A-1. SUMMARY OF STATE ALCOHOL
FUEL EXEMPTIONS

STATE

STATE STATE = GASOHOL TAX
GASOLINE TAX EXEMPTION

Arkansas .095 095
Colorado .07 .05
Connecticut a1 .01
Indiana .04 .04
Iowa 10 .07
Kansas .08 .05
Louisiana .08 .08
Maryland .09 . .01
Montana .09 .02
Nebraska .105 .05
New Hampshire .10 .05
North Dakota .08 .04
Oklahoma .065 .065
South Carolina 10 .05
South Dakota .09 .04
Wyoming .08 ' .04

SUMMARY OF ETHANOL LEGISLATION
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CAN FLUOROHYDROCARBON ELASTOMERS USED IN OILFIELD
SERVICE BE IMPROVED BY VARYING CARBON BLACK TYPR?*

D. E. Cain'*, L. A. Peters¥, and T. L. Pugh}

ABSTRACT

Elastomers for oilfield seals are often specified by hardness and generic
type. Experienced compounders recognize that hardness of a seal c;n be
achieved by many different formulations. The filler type and amount plus the
cure system in these formulations have the most profound influence on the
hardness. Carbon black and finely divided minerals are the most common fillers

used in elastomer compounding.

This investigation evaluated the influence of the effect of carbon black
particle size in fluorohydrocarbon formulations. Several fluorohydrocarbon
compounds were formulated with carbon black types ranging from N330 to N990.
These compounds were aged by exposure to aqueous hydrocarbon and gaseous
fluids, which were intended to simulate oilfield environments. Changes in the
physical properties of these compounds were determined and tabulated for

comparison.

*Energy Rubber Group Meeting, September 25, 1986, Houston, Texas
*D. E. Cain, VWellhead Equipment Division, FMC Corporation.

¥L. A. Peters, Central Engineering Laboratories, FMC Corporation.
$T. L. Pugh, Production Research and Development, Conoco, Inc.



CONCLUSIONS

Fluorohydrocarbon elastomers used in oilfield service can be improved by

varying the carbon black type.

As the carbon black particle size in fluorohydrocarbon elastomer compounds
of equal hardness is decreased the required percentage of filler by weight

is reduced.

Testing has shown that 90 Durometer compounds of Viton AHV exhibited
improved physical properties with the use of smaller particle size carbon

black.

These improved physical properties are generally maintained following

exposure to several aqueous hydrocarbon and gaseous fluids.

The compression set of these compounds decreased as carbon black particle

size was reduced.



BACKGROUND

Elastomers are used in oilfield seals because of their ability to store
energy due to their characteristic elasticity and large strain behavior. A
typical oilfield seal application would include a requirement to seal pressure
in an annulus between two concentric metal surfaces. Appendix I explains why

elastomer materials are useful in the construction of seals.

Two types of elastomer seals are comﬁon in oilfield service including
interference seals such as 0-rings and compression seals such as packers or
slab packings. The force required to establish an interference seal is caused
vhen the seal element is forced into a restricted space. The force required to
engage a compression seal is a result of squeezing the seal element in a
confined space. Effects wvhich lower this force or displace the seal material

can lead to seal failure.

Five main causes for the failure of oilfield elastomer seals are: Gas
Permeation or Blistering, Compression Set, Thermal Stress caused when confined
elastomer seals are heated and cannot expand, Thermal Degradation, and Chemical
Degradation. Due to the large number of high pressure gas applications in the
oilfield, gas blistering has become an important area of focus. When gas
pressure is released from a sealed system and the seal contains dissolved gas,
bubbles, cracks, and blisters can form in the seal structure. The seal will

eventually fail if sufficient damage occurs.



V. Cox2 (Shell UK Research) and D. L. Potts3 (BP/UK) presented papers
concerning this phenomenon at the 1985 Offshore Engineering Conference in
Aberdeen. D. H. Enderl (Shell Development Company) wrote a paper titled
"Elastomer Seals" concerning this phenomenon wvhich appeared in the Jénuary
issue of Chemtech. D. Hertz? wrote another paper titled "The Hidden Cause of
Seal Failure" concerning this phenomenon for the April 9, 1981, issue of

Machine Design.

Cox2 described the testing of a nev fluorohydrocarbon seal material
available from Dowty Seals. We were interested in the composition and the
principles underlying the performance of this material in order to apply it to

a recent oilfield application where gas blistering was anticipated.

Three different fluorohydrocarbon elastomer candidates were evaluated for
this seal application. The subject materials were ranked based on their
resistance to gas blistering and damage. The prime candidate material had a
slightly higher hardness of 90 Shore A which was not surprising.

When these three materials were subjected to Thermégravimetric Analysis
(TGA) for compositional estimation, it was surprising to find that the 90
Durometer material contained lower levels of carbon black filler than the two
softer materials. It was theorized that this was likely accomplished by the
use of small particle size carbon black fillers. Patel and Brown? have written
a paper that outlines the various properties of carbon black fillers and their
effect on reinforcement. Thus, an investigation was initiated to determine the
effects of the carbon black filler on the resistance of fluorohydrocarbon

elastomers to oilfield environments.



Fluorohydrocarbon elastomers have been the elastomers of choice for sour
or high temperature oilfield service. With this in mind, a series of Viton ARV
and Aflas 100H materials were compounded using various levels of filler and
different carbon black particle size to achieve the same hardness. The
physical properties of these materials were measured as received, after heat
aging, after oil immersion, and following several autoclave exposures intended
to simulate oilfield service. These test results support the conclusion that
varying the carbon black filler type can improve a fluorohydrocarbon elastomer

compound.



COMPOUND EVALUATION TESTING

This test program was designed to identify the original physical
properties at ambient temperature and elevated temperature, to fingerprint, and

to evaluate the effect of aging on the elastomer compounds of interest.
Step 1: Original Physical Properties and Compound Fingerprinting

1. Hardness Shore A, ASTM D2240

2. Tensile Strength, Ultimate, ASTM D412

3. Elongation to Break, ASTM D412

4. Modulus, 100%, ASTM D412

5. Compression Set, 72 Hours, 350°F, ASTM D395

6. Thermogravimetric Analysis (TGA), Gross Percent Composition
7. Infrared Spectrophotometry (IR), Base Polymer Verification

B. Specific Gravity
Step 2: Elevated Temperature Physical Properties

1. Repeat Tests 1-4 as outlined in Step 1 at 250°F.

2. Repeat Tests 1-4 as outlined in Step 1 at 350°F.
Step 3: Post Aging Physical Property Testing

1. Tests 1-4 vere repeated as noted in Step 1 above plus weight/

volume change following the exposures outlined below.



TEMPERATURE PRESSURE TIME
(°F) (KSI) (DAYS)
350 N/A 5
350 N/A 5
350 2.5 5
350 2.5 5
350 2.5 5
350 2.5 5

NOTE:

EXPOSURE

Air
ASTM Reference 0il #3

95% ASTM Fuel B, 5% Hy0 vith
CH4/C09 (90/10) gas overpressure.

90% ASTM Fuel B, 5% NACE B
corrosion inhibitor, 5% Hy0 and
gas overpressure as outlined in 3
above.

5% NaCl brine with gas
overpressure as in 3.

5% (5% NaCl) brine, 95% ASTM Fuel
B and gas overpressure as in 3.

All % are by volume of liquid.



COMPOUND FORMULATION

The compounds referenced in this paper are outlined in Table I.- In order
to maintain final compound hardness of 90 Shore A, it was necessary to change

the level of carbon black accordingly.

TABLE 1
FLUOROELASTOMER COMPOUNDS
- 90 DUROMETER SHORE A V5 vé v7 v8
1. Viton AHV 100 100 100 100
2. Carbon Black Type N990 N762 N660 N330
3. Carbon Black Level 55 37 28 20

NOTE: VLevels in parts per hundred rubber (PPHR), by weight.
Curative and Process Aids:

vc-20, 2.0, vc-30, 6.0, MAG D, 3.0, CA(OH);, 6.0, and
Carnauba Wax, 1.0

Curing and Postcuring:

10 minutes at 350°F and then 24 hours at 450°0F.



TEST RESULTS

The results of testing the subject compounds may be summarized-as follows:

o Physical properties were improved as carbon black particle size was reduced.

a. Tensile strength increased at no sacrifice in ultimate elongation

(Figure 1).

b. Compression set is improved (Figure 2).

o There was a slight improvement of physical properties, as measured at

elevated temperatures, as carbon black particle size was reduced (Figure 3).

o In general, resistance to thermal and chemical environment follows the same
increasing trend observed with original physical properties (Figures 4 and

5).

The presence of 5% NACE B amine corrosion inhibitor had a severe effect on
Vinylidene-Fluoride-containing fluoroelastomers, supporting the results

previously reported by Ray and Ivey4 and Vatkins®. There was considerable
blistering and cracking of the tensile specimens exposed to the corrosion

inhibitor (see photos on pages 16 and 17).

o There vas no measurable volume swell advantage with decreasing particle size
(Figure 6). This was probably due to compensating effects of increasing

rubber content and increasing crosslink density as illustrated in Figure 7.



SUMMARY

Fluorohydrocarbon elastomers used in oilfield service can be improved by

varying the carbon black type.

As the carbon black particle size in fluorohydrocarbon elastomer compounds
of equal hardness is decreased, the required percentage of filler by weight

is reduced.
Testing has shown that 90 Durometer compounds of Viton AHV exhibited
improved physical properties with the use of smaller particle size carbon

black.

These improved physical properties are generally maintained following

exposure to several aqueous hydrocarbon and gaseous fluids.

The compression set of these compounds decreased as carbon black particle

size was reduced.

Parallel studies with Aflas 100H are continuing.

Another evaluation will be completed to determine the influence of the
effect of carbon black structure and non-black fillers on Fluorohydrocarbon

Elastomer Formulations intended for Oilfield Service.
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APPENDIX I

To help explain some of the mechanics of seals and why elastomer materials
are useful in their construction, consider an idealistic model of fluid flow
between two parallel plates in close proximity to each other. Flow only occurs

across "b" and in the direction of "L"™ in this model.

The flow of a fluid between these two parallel plates may be reduced by
moving the two plates closer together. The flow relationship is governed by
the equation: G = (t3 x Pxb) /(12 x L x u) vhere G is the flow rate, P is
pressure, u is the fluid viscosity, t is the distance between the plates, L is
the length of the floy path between the plates, and b is the width of the
plates. Assuming these two plates are perfectly flat, rigid, and have smooth
surfaces, then a seal or zero fluid flow between the plates may be achieved by

reducing t to zero.

Seal Force

|
:

ot
oes

L

- b"/

LAMINAR FLOW BETWEEN
TWO PARALLEL PLATES
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Unfortunately, in the real world, seal surfaces have waviness, roughness,
imperfections, and are not rigid. This means fluids could flow between two
parallel plates due to the gaps and permeable area caused by surface waviness,
imperfections, and roughness, even if t is eqﬁal to zero. A seal may still be
achieved by applying a force between these two plates until the surface
imperfections are compensated for by local yielding and deflection. If the two
plates are made of metallic materials with relatively high yield strength, low
strain behavior, and low elasticity compared to elastomers, then the required
force to cause local yielding will be very high. Also, the low strain
characteristic of metals means a very small deflection in the "t" direction can

cause a large drop in bearing stress and result in a leak.

Now assume that a sheet of elastomer material is placed between the two
metallic parallel plates. The elastomer material with its high strain to
stress relationship will easily deflect and compensate for the surface
imperfections in the plates at a much lowver force. Also, the elastomer
characteristic.of large strain means that small deflections in the "t"
direction will not result in a leak. Consequently, many seal applications

incorporate elastomer seals.
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Figure Four
Tensile Stength-Onginal & Post Autoclave Exposure
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Figure Seven
Projected Effects on Volume Swell Due to
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HYDROTHERMAL POWER CO., LTD.

Post Office Box 2701 ROGER S. SPRANKLE
Paso Robles, CA 93447 General Partner
\/ (805) 239-3521
SUBJ
ENER
HSEP

November 27, 1985

Dr. Phillip Wright

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Dr. Wright:

The report on international testing along with the enclosed test
result analysis was to be presented at the canceled DOE Conference. If
interested, I have copies of the test report.

Additional analysis of the test results will undoubtedly provide a
greater understanding into the prime mover capabilities. However, I
firmly believe that the current conclusions will remain basically
unchanged. The prime mover is ready for long term commercial usage.

This letter is an inquiry into the availability of a resource
where arrangements could be made to put the prime mover to work. Many
currently unused geothermal resources would surely benefit from the
demonstrated abilities of this prime mover. The prime mover is versatile
and I would welcome the opportunity to detail its capabilities for any
specific site or application.

If I can be of any assistance, please advise.
Sincerely,

A

Roger S. Sprankle
General Partner

Enclosure



HELICAL SCREW EXPANDER POWER PLANT
MODEL 76-1
TEST RESULT ANALYSIS

November 3, 1985

by

ROGER S. SPRANKLE
General Partner
Hydrothermal Power Co.
P. 0. Box 2701
Paso Robles, CA 93447
805/239-3521

As stated in the test reportsl’2 on the Helical Screw Expander, Model

76-1 was purposely manufactured with abnormally large clearances. These
clearances are more than five times larger than normal for this class of turbo-
machinery, and it was known that attractive machine efficiencies would require
mineral deposition to close the clearances. The impact of these oversized
clearances and the resulting leakage is revealed in the following analysis.

The data was obtained from the New Zealand test results at a time when
the internal clearances were known to be free of any mineral deposition.

Figure 1 contains test data of machine efficiency plotted against the
effective fluid volume ratio. Along the right part of the curve, towards
point 5, where the high volume ratios occur, the machine becomes increasingly
unable to fully expand the fluid across the rotor, resulting in underexpansion
and operation known as square card with its known losses. Thus a greater and
greater pressure drop occurs from the exit rotor pocket into the exhaust.
Along the left of the curve, towards point 1, with Tow volume ratios, the
machine increasingly overexpands the fluid. Thus the exit rotor pocket pres-
sure becomes lower than the exhaust. Near the center of the curve, a point is
reached where the machine fully expands the fluid across the rotors and the
exit rotor pocket unfolds into the exhaust with no pressure change.

Figure 2, containing the same test data, shows machine efficiency plotted
against effective fluid volumetric flow. Again we see the effects of under-
expansion along the curve toward point 5. Here, the increasing pressure drop
and resulting expansion is shown as increasing volumetric flow. The most
important information revealed occurs at full expansion. By definition, at
full expansion the exit rotor pocket volumetric flow equals the exhaust volu-
metric flow - except for leakage. As shown, greater than half the flow through
the machine is leakage. With the clearances reduced to a range considered
standard for this class of machinery, by a design change or mineral deposition,
the Teakage rate can be expected to be less than 15% of the total flow.

Figure 3 provides insight into the relationship between clearances and
machine efficiency. The figure is from Dr. 0. E. Balje and his work on



Helical Screw Expander Power Plant
Model 76-1

Test Result Analysis

November 3, 1985

Page 2

turbomachfnery.3 "In the figure, families of machine efficiency are drawn for
three different rotor clearances. The rotor length to diameter (L/D) curves
are sTightly displaced because the diameter is changed (to change the clearance)
for each family of curves. Model 76-1 has a Teakage gap to rotor diameter
ratio (S/D) greater than .004, which is four times larger than the worst case
'shown en the graph. As can be seen, clearances have a major impact on machine
efficiency.

. The leakage problem with Model 76-1 makes further analysis of the test
results difficult. Leakage is not only a function of clearance, but also a
function of clearance distribution through the machine. In addition, pressure
drop and distribution across the machine is a factor. Two phase flow also
influences leakage. In Figure 2, there is a drop in machine efficiency when
going from 50% quality to all steam. The disappearance of 1iquid phase seaiing
s clearly evident.

Even though further analysis is made difficult to precisely characterize
" the prime mover™ and display its capabilities on a universal diagram of
specific speed and diameter, some conclusions are possible.

1. Model 76-1 machine efficiencies of greater than 70% can be expected
over a. broad rangé of conditions up to 1,000 KW, the maximum tested
cutput.

2. Equally high machine efficiencies can be expected with condensing
operation, although at power levels less than 1,000 KW.

3. The dynamic Tosses at higher tip velocities has not been determined.
However, in the range tested the machine is commercially viable,

4. Practical machines with power outputs greater ‘than 20 MW are feasibie.

5. Llong term commercial operation is needed to answer practical utility
questions. ‘
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IMPORTANCE OF PHYSICAL PARAMETERS IN PETROLEUM SUPPLY ELS

L. J. Drew, E. D. Attanasi, and D. H. Root,
U.S. Geological Survey

I. INTRODUCTION 5,;% Wam
Es“& suss%a LAB.

The world's initial endownment of crude oil is for practicagﬁg%rposes fixed
and only sufficient as a major energy source for three or four generations.
To us who live in the period of large scale petroleum production, however,
the industry is of great importance. If the entire history of the world-
wide petroleum industry is to be modeled from the spudding of the first
wildcat well to the plugging of the last stripper well, then the model must
assume zero production at the beginning and at the end. During this pericd,
exhaustion (diminishing returns to exploration and production effort) is
inescapable. Diminishing returns to exploration can be temporarily reversed
by occasional giant discoveries made during the initial exploration of fron-
tier areas. The declining production rate from known fields can be masked

by bringing large new fields into production. Studies of the industry in

a large region over the short term need not take into account exhaustion in
.either exploration or production because its effect is gradual. If a petro-
leum study is restricted to a small region, say a single productive forma-
tion, then only a very short~term study can safely ignore exhaustion. For
example, the amount of petroleum discovered by the first 500 exploratory wells
in a formation is typically much greater than the amount discovered by the
next 500 exploratory wells. If the region under study contains many produc-
tive formations then the effect of exhaustion on the discovery rate (bbl/well
or bbl/meter) is erratic because as some formations are being exhausted other
new ones are just beginning to be explored. Consequently, the overall dis-
covery rate can increase though typically this increase is short lived.

Several petroleum industry models that use both physical and economic data
and assumptions are analyzed below. Substantial differences exist in the
structure of these models and also in the type of forecasts they are intended
to produce. The National Petroleum Council model (F.E.A., 1974) used a dis-
covery rate curve extrapolation approach along with numerous economic and
physical assumptions to forecast petroleum liquids production within a specific
15-year time period (1974-88). The econometric models developed by Fisher
(1964) and MacAvoy and Pindyck (1975) were designed at least in part to esti-
mate the responsiveness of future discoveries to changes in price. The dis-
covery process models developed by Arps and Roberts (1958), Barouch and
Kaufman (1977), and Drew, Schuenemeyer, and Root (in press) are based on
purely the physical attributes of the discovery process. The prediction of
future rates of discovery produced by discovery process models can be used
with engineering-cost analysis to predict the marginal cost of future dis-
coveries.

II. FORECASTING MODELS

National Petroleum Council Model

The model developed by the National Petroleum Council and modified by the
Federal Energy Administration (F.E.A.) for Project Independence (F.E.A.,
1974) was intended to forecast U.S. petroleum liquids production for the
15-year period from 1974 through 1988. The fundamental physical data used
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in the model are annual average discovery rates measured in barrels of oil-
in-place discovered per foot of exploratory drilling for 12 onshore and off-
shore regions in the United States. Extrapolations of the discovery rates
were used to forecast the quantity of oil-in-place that would be discovered
in 2ach region by a given amount of exploratory drilling.

Recovery factors for each of the 12 regions were assumed for primary, second-
ary, and tertiary recovery techniques. Annual production in each region was
assumed to be a fixed fraction of proved reserves. The costs of exploration,
detelopment, and production were also assumed for each of the 12 regions.
Additional costs of secondary and tertiary recovery were also assumed along
with discount rates, interest rates, and tax rates. For each of the 15 years
and 12 regions a target amount of exploratory drilling was chosen. However,
only that amount of drilling which was profitable under the physical and
eccnomic assumptions was assumed to be done.

For various oil prices, the model calculated what exploration would actually
take place, what would be discovered, and, finally, how much would be produced
anrually from each region. The main conclusions were that at constant real
oil prices the U.S. could maintain petroleum liquid production (including
natural gas liquids, tar sands, and heavy oil) at about 9 million or 10 million
bbi/day from 1974 through 1988. Moreover, if the real price of oil were in-
creased by a factor of 3.75, then U.S. petroleum liquids production could be
increased from 10.5 million bbl/day in 1974 to 16.4 million bbl/day in 1988.
Overall liquids production for the 15-year period at the high price level was
forecast to be 70.1 x 109 bbl -- 1.1 x 109 bbl from tar sands and heavy crude,
48.5 x 107 bbl of conventional crude oil, and 20.6 x 10° bbl was to be natural
gas liquids. :

The complexity and detail of the assumptions that were used in making these
projections present an apparently formidable barrier to checking whether or
not these projections are reasonable. This complexity can be circumvented

by considering the physical aspects of petroleum exploration and production.
Economic data and assumptions were used in the model primarily to predict

the amount of exploration that would be carried out, so that one can restrict
one's attention to the question of whether or not the predicted exploration
would lead to the predicted production. The exploratory drilling that was

to bring about the additions to proved reserves gufficient to allow production
to increase from 10.5 x 106 bbl/day to 16.4 x 10° bbl/day was assumed by the
model to be about 175 x 106 m (575 x 106 ft) over the 15-year period 1974-1988.
Slightly more exploratory drilling was done in the U.S. during the 15-year
period 1959-73 when U.S. production of crude oil was 43.4 x 109 bbl and proved
reserves were increased by 4.8 x 102 bbl indicating that total additions to
proved reserves were about 48.2 x 109 bbl. The model predicts that crude oil
production will increase from 8.09 x 106 bbl/day in 1974 to 10.9 x 106 bbl/day
in 1988. To reach this higher production level, proved reserves must not be
permitted to decline, thus total additions to proved reserves between the
beginning of 1974 and the end of 1988 must be at least equal to production in .
this period or 48.5 x 109 bbl. Thus, the model forecasts that a slight de-
crease in the rate of exploratory drilling will be accompanied by a slight
increase in the rate of additions to proved reserves. It is hard to see how
such an increase in the rate of additions to proved reserves can be maintained
during such a long period.
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In order to support the production predicted by the model, the additiomns to
proved reserves of natural gas liquids must be proportionately even greater
than the additions to proved reserves of crude oil, From 1959 to 1974, U.S.
production of natural gas liquids was 9.0 x 109 bbl and proved reserves in-
creased by 0.251 x 109 bbl, from 6.20 x 107 bbl to 6.46 x 102 bbl, so that
total additions to proved reserves of natural gas liquids were 9.25 x 10

bbl. The model forecasts that production will increase from 1.92 x 106 bb1/
day in 1974 to 5.06 x 106 bbl/day in 1988. If we assume a proportionate in-
crease in proved reserves,then proved reserves of natural gas liquids must
increase from 6.46 x 109 bbl to 17.0 x 109 bbl. The total additionms to proved
reserves as calculated by adding the increase in proved reserves to the cumu-
lative production during thie period. sum to 31.1 x 109 bbl. This a
amount represents over 3 times the additions to proved reserves made in the

15 years prior to 1974. . *
Additions to proved reserves are, of course, not the same as discoveries,
nonetheless, the FEA forecasts could only come true if a considerable in-
crease in the discovery rate were maintained for the 175 x 10° m of explor-
atory drilling. A model which is intended to describe petroleum exploration
over a period which includes this much exploratory drilling cannot ignore the
fact of an overall declining discovery rate in oil and gas, as can be seen by
examination of the discovery rate for the lower 48 states presented by Hubbert
(1967, p. 2223).

The Fisher Model

The first widely publicized econometric model of the oil industry was authored
by Fisher (1964). He used three equations to predict the annual number of
wildcat wells drilled, success ratio (proportion of wildcat wells that resulted
in a discovery), and the average size of predicted discoveries. The product
of these three variables yields the supply of new reserves. Fisher distin-
guished between exploration at the extensive margin (i.e., frontier areas) and
at the intensive margin (i.e., partially explored areas). Exploration at the
intensive margin is very sensitive to short-run economic conditions, yields
relatively small discoveries, and has low risks. Discoveries at the extensive
margin are characterized by being large and by having relatively high risks.
Fisher asserted that short-term reaction to increases in price results in a
shift of exploration to the intensive margin.

The most important physical parameter that Fisher attempts to deal with,
average deposit size of oll deposits discovered in period t (St), is predicted
from the following equation:

o«
g S“l Fg.t

«
v pericd € N.2 ?t* ' (1)

where: Fg-] is the previous period's success ratio, N¢_j is the” average size

of natural gas deposits discovered in period t-1, and Py is the price of oil
in period t. All the parameters, %; , are positive.

This relationship suggests that the average size of a new discovery is directly

related to the size of deposits discovered in the previous period and to the
previous period’'s success ratio and is inversely related to the average size
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of ral gas deposits found in the previous period and the current price of
0oil.” Because Fisher also found the price and success ratio to be directly
relszed, he claimed that the initial effect of increases in the price of oil
is > shift exploration to the intensive margin, thus producing lower risks
and Trelatively small discoveries. The estimated short-run price elasticity,
0.3, indicates a modest price responsiveness of reserves from new discoveries.

Althcugh the model may have not been constructed to predict petroleum supply,
the sstimated price responsiveness’ of new reserves (which is the sum of the
prire coefficients in the three-equation model) has been misused by apply-
ing it to long-run supply problems. Nothing in the structural equations of
the ncdel reflects the finiteness of the physical resource base. Moreover,
in zrder.to increase the number of observations, time series data for various
regires were pooled using regional dummy variables. Variation in the histor-
ical price data used by Fisher were probably more the result of differences
in t*e quality of the oil than the incremental production costs. Erickson
and Spann (1971) elaborated on Fisher's original formulation by including an
equetion for predicting the average size of natural gas deposits using the
game specifications.

The ¥acAvoy and Pindyck Model

Mactvoy and Pindyck (1975) also developed an econometric model of the petro-
leur fndustry to predict future supply of natural gas. Like Fisher, they
modeled the reserves from new discoveries by predicting the number of wild-
cat vells to be drilled, success ratios for oil and gas exploration, and the
average size of oil and natural gas discoveries. The structural equation
yielding the predicted average size of the new discoveries in period t (St)

has the following functional form: .
WR(~%o* %, D+ %3 Dy + Xy Dy + a0, X =g PGg + = POR)
S Sge

Wt X+ (PGO,- XO - Q) /PO, @

where: Sp is the average discovery size in the previous 3 years, WR is an
index of the number of successful oil wells in the reference period immedi-
ately preceding the current period, Dj, D2, and Dj represent respectively
dumry variables for South Louisiana, the Permian district, and a single large
area covering East Texas, Kansas, and Oklahoma, POR 18 a 3-year average of -
oil prices, and PGR is a 3-year average of natural gas prices. The variable
X, an index of oil depletion, is specified as a function of PGO,, an estimate
of original oil in place for the production district; XO, end-of-year oil
reserves; and CQg, cumulative production. The specification of the model
asserts that the predicted average size of new oil discoveries is directly
related to the price of oil (the reverse of the previous model) and inverse-
ly to the price of gas and advancement of depletion (which leads X to de-
crease). Because price i3 directly related to deposit size and inversely -
related to the success rates, MacAvoy and Pindyck assert that their formula-
tion 1s able to capture long-run supply adjustments.

Comparison of historical data with the model predictions indicates that the l
model substantially overestimated the price responsivness of new reserves. »
Pindyck (1976) revised the model to correct this problem and used different
equation specifications for predicting the average size of new oil
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and gas discoveries. In particular, the size equation for newly discovered
oll deposits has the form:

S, = e_(9°* 8,0, + 92D, 4 By D -0, CW,)
e
(3)

where S; is the predicted average size of oil discoveries for period t; Dy,
D2, and D3 are the same regional dummy variables used in equation 2; and

CWy is the cumulative number of exploratory wells drilled at period t.
Average oil deposit size is completely divorced from price and steadily de-
creases with the cumulative number of exploratory wells drilled. However,

the equation used to predict the average size of newly discovered gas deposits
still included price and took the following form:

= e-(/so* A.D, *ﬁzbz* ﬁa“) + ﬁA PGR = /35P0R-/5‘th)

N¢ (4)

where Ny is the predicted average size of natural gas discoveries and PGR
and POR are reference prices for gas and oil respectively. The predicted
average size of gas discoveries is inversely related to the price of oil and
the cumulative number of wells drilled and positively related to the price
of gas. The difference in the specification of the oil and gas equations re-
flects the belief that physical depletion is the only relevant factor in the
expected size of new oil discoveries but that economic variables, i.e., the
price of oil and gas, determine expected size of new gas discoveries. 1In
this paper.we argue that physical parameters characterizing the level of
exhaustion in the area being explored are the appropriate data on which to
base predictions of the expected sizes of discoveries of both oil and gas.

III. TWO IMPOﬁTANT EMPIRICAL OBSERVATIONS

Our assertion that an equation used to predict the average size of discoveries
must explicitly specify some form of decline (such as that shown in equation 3)
is based upon generalizations drawn from two empirical observations. The
first of these observations is that within any petroleum province and within
exploration plays, in particular, the size distribution of deposits is highly
skewed, i.e., there are many small deposits and only a few large deposits. It
is not uncommon to find that of the several hundred deposits that may occur in

" any given region, most of the petroleum is contained in only the few largest

deposits. The second observation is obtained from analyzing historical dis-
covery time series data which shows that the larger deposits tend to be dis-
covered early in the exploration of any region. Coupling these two ideas to-
gether, we have a physical basis for the specification of a model of the dis-
covery process.

In order to develop these ideas more fully, we will examine in detail a field
size distribution and discovery table from the highly explored Midland Basin.
This basin 1s located in Western Texas and covers approximately 91,000 km?2

and is a sub-basin of the much larger and highly prolific Permian Basin. The
size distribution of the ultimate recoverable petroleum in the 1,957 deposits

that were found through the end of 1974 is shown in Figure 1., In this figure, .
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the highly skewed nature of the size distribution of deposits is clearly
demonstrated. The implication of the order of deposit discovery becomes
apparent when the relative proportions of the aggregate volume of petroleum
is tabulated according to deposit size (Table 1). The largest single de-
posit in this basin contains 13.4 percent of aggregate petroleum which
occurs in the 1,957 total deposits discovered through 1974. The 12 largest
deposits contain 51.3 percent of the total. Another comparison which illus-
trates the highly skewed character of this size distribution is that there
is more petroleum in the two largest deposits in this basin than in the
1,890 deposits in the 0-25 million barrel class. The order of discovery of
the few large deposits that occur in any given region then, plays a central
role in determining on either a temporal or per well basis the rate of return
to exploratory drilling. The largest deposit in the midland basin was dis-
covered in 1948 when only 2,012 (12.6 percent) of the total 16,014 explor-
atory wells drilled through 1974 had been drilled. All 18 deposits that each
contain 100 million barrels or more were discovered by 1954 when 5,937 (37.1
percent of the 1974 total) exploratory wells had been drilled. Between 1955
and 1974 an additional 1,352 deposits were discovered with the drilling of
an additional 10,077 exploratory wells. On the average, however, these sub~
sequent discoveries were small (Figure 2). This pattern of observed events
in the Midland Basin is similar to that in other regions such as the Denver
Basin, offshore Gulf of Mexico, and the North Sea.

IV. DISCOVERY PROCESS MODELS

A generalization can be drawn about the physical nature of the discovery
process from the type of empirical results discussed above which can be used
to specify analytic models of the discovery process. Each of the discovery
process models that have been developed to date, while having different
structures and different output formats, use the central assumption that the
larger the deposit the more likely it is to be discovered earlier in the '
discovery sequence. The model constructed by Barouch and Kaufman (1977)
uses the additional assumption that the size distribution of deposits is
lognormally distributed. The discovery process models developed by Arps and
Roberts (1958) and Drew, Schuenemeyer, and Root (in press) do not require
the size distribution to have a specific form, but instead estimate the form

oi&é?}s distribution as th i:iigizzggfocess unfolds ‘
The Barouch and Ka man Model (1977, (1978) . ,

In this model, it is assumed that the size distribution of the parent popu-
lation of petroleum deposits in any homogeneous unit (exploratory play) is
lognormal. The sizes of deposits that occur in a play are then a finite
mumber of values selected independently from the lognormal parent popula-
tion. It is further assumed that the exploration process can be described
by sampling from this finite population proportional to size and without
replacement. Given the results of the exploratory drilling within any
partially explored exploration play this model can be used to estimate the
mean and variance of the parent population and the number of deposits in the
play. With estimates of these parameters the model can then be used to esti-
mate the expected size of each new discovery in the remainder of the explora-
tion play.
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Table 1. - Proportion of Aggregate Petroleum in the Midland Basin

Contained in Various Size Classes of Deposits
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_Number of Percent of Cumulative
Size Class 1/ Deposits in Class Total in Class Percent
1,500-1,525 1 13.4 13.4 |
1,075-1,100 1 9.6 - 23.0
775- 800 1 6.9 29.9
400- 425 1 3.6 33.5
375- 400 o 1 3.5 37.0
325- 350 4 1 3.0 40.0 _
275- . 300 )(yﬂ 1 2.7 42.7 7
©250- 275 Y 1 2.3 45.0 :
200- 225 1 1.9 46.9
175- 200 })70 1 1.6 48.5
150- 175 ° 2 2.8 51.3 /
125- 150 2 2.4 53.7 ;o
100- 125 4 4.1 57.8 -
75- 100 9 6.8 64.6
50- 75 10 5.6 70.2
25- 50 30 9.4 79.6 Y
0- 25 1,890 20.4 100.0 7
TOTAL 1,957 100.0 '
1/ In millions of barrels of oil equivalent.
#
FAN
| "
/}1 ! 2 IZ
Bru o
3
.’f@»f I /b A
- : | iy F
I /50



09

Average field size, 10 BOE barrels

50

40

30

20

10

1941
[}

Average size of discovery for the Midland Basin

194248
[ ]
1949-50
®
1951
] 1954
1952-53 oss
[ ]
o I 1S g 1ELE e g YT e sy tar02 197ane
I I | [ el * Le s o ]
2000 4000 6000 8000 10000 12000 14000 16000 18000

Cumulative number of exploratory holes

Figure 2.



0Oil in place in 10® barrels

120

Ho

1 r\ T T T T T T
=
w0
o
70
1 20
] w0 |-
' Predicted sizes of discoveries in the Leduc play
1% - ' in the western sedimentary basin of Canada
(from Barouch and Kaufman, 1978)
1 |-
o Actual discovery size
n = 1 Conditional expectations
160 T
150
0
130

1
(-]
4 q
1 )
i
Al
1¢
[ l‘ll
1
L
1
1)
é 1
1)
[ 11
Loatsy
1
1111
Magy,
1 ] ] ] ] 1 | 1 LAy,
0 15 0 % 30 3 4 4 5

Discovery number n

Figure 3.




For example, using the ordered sizes of the first 15 discoveries in the Leduc
reef play in the western Canadian sedimentary basin this model was used to
predict the sizes of the 16th through the 55th discovery in this play

(Figure 3). Comparing the amount of petroleum actually discovered in the
16th through the 43rd discovery (the most recent discovery in the play) the
model was found to predict the total volume of petroleum contained in these
28 discoveries to within 7 percent of what was actually discovered.

Recognizing that a model of this type, which is specified purely as a function
of physical variables, can produce such an accurate forecast of future events,
yields the type of evidence which implies that an average size of discovery
equation such as that arrived at by Pindyck (1976) (equation 3) is not un-
reasonably specified. This is not to say that the translation of the type .
of prediction produced by the Barouch and Kaufman model into the average

size of discovery.equation specified by Pindyck does not require the use

of assumptions or qualifications. For example, Pindyck's equation (equétion
3) can be determined only to the first approximation by applying a constant
success ratio to the series of expected size of discoveries produced by the
Barouch and Kaufman model (Figure 3). The success ratio equation required

to cast the predictions made by the Barouch and Kaufman model into an average
size of discovery time series equation obviously requires additional empirical
study. The important point is that given the physical nature of the discov-
ery process, a declining rate of expected return to exploratory drilling is

a fundamental physical principal. Therefore, whether a discovery process H
model is designed to produce forecasts in terms of (1) the average size of
discoveries, (2) barrels of petroleum discovered per wildcat well, or (3)
barrels of petroleum discovered per meter drilled, the equation linking the
chosen expected value of the dependent variable must be specified as a declin-
ing function of cumulative exploratory effort: )

The Arps and Roberts Model (1958)

This discovery process model has the appealing attribute that the success
ratio is determined endogenously rather than being assumed after the fact as
in the previous model. This model, however, requires the use of additional
information about the discovery process; in addition to a partial time series
of sizes of discoveries, the corresponding time series of number of wells
that led to these discoveries is also required.

Given this additional information, a model can be specified to produce esti-
mates of the expected number of discoveries to be made within any individual
deposit size class as a function of any increment for future exploratory
drilling. The form of this model is as follows:

_CAw
Fon = Fal=y(i-e 8 )
(5
where:
Fa (w) = the number of discoveries in areal size categéry A expected
to be made with the drilling of w cumulative exploratory

wells.

Fp (e©)= the ultimate number of deposits to be discovered within a
size class with average areal extent over the class equal to
A areal units.

62

|



—r mm——r e —— n e T

Schematic diagram for the Arps and Roberts discovery-process

m‘vﬁ W IR B b i .
| model after w exploratory wells have been drilled
80 FA|(°°)
70
: EXPLANATION
60 . : ,
Undiscovered deposits assumed to exist
Discovered deposits
@ 50
2 ( CAW
- - _T.
S 0 e Fy (W) Fa (W)=Fp (=)\l-e
o 3 :
W E .
§ -]
30
20 L.
10 f
0 i

A A3 As As As A

A, areal size
Figure 4.



L 6w em e reme W

B = the effective size of the basin, i.e., that region within which
explorationists will ultimately be willing to site exploration
wells.

C = the efficiency of exploration; for the case of random drilling
C=1; if exploratory drilling is carried out twice as cfficient-
ly as random drilling C=2; etec.

In order to demonstrate how this model captures the central elements of the
discovery process, we have constructed the following example: assume that
the hypothetical population of deposits, F, (=2) shown in Figure 4 exists

in a region of size B. By the time w exploratory wells have been drilled in
this region, this discovery process model will typically reveal a pattern of
discovery such as is shown in Figure 4, where it is assumed that say 50 per-
cent of the deposits in the smallest size class A; have been discovered. At
this same level of exploratory drilling, 90 percent of the deposits in the
A, size class have been discovered. The levels of discovery in the interfne-
diate size classes, Ap and A3, are between 50 and 90 percent complete and'it
is beyond 90 percent for all larger classes. Thus, the phenomenon of de-
clining rate of return to exploratory drilling is then clearly specified in
the model. :

The forecast of future discoveries produced by this discovery process model
differs substantially in form from the type of forecast produced by the
Barouch and Kaufman model. Rather thanm having to obtain a discovery success
ratio from outside sources of information in order to determine the returns
to any increment of future exploratory drilling, the Arps and Roberts model
produces a forecast of the expected sizes of future discoveries directly as
a function of any prescribed increment of future drilling. To produce such
forecasts for any given partially explored region, values for the two param-
eters (B, basin size, and C, exploration efficiency) must first be deter-
mined. In the Denver Basin where Arps and Roberts first tested their model
they were able to use their extensive knowledge of the petroleum geology

of this basin to make what have proved in retrospect to be very accurate es-
timates of these two parameters. The values of these parameters that they
chose were used by the authors along with the discovery and drilling data
for this basin to produce the forecast shown in Figure 5. Using only the
first 6 years of the discovery and drilling data (1949-1955) for the
Cretaceous Dakota Sandstone exploration play, the model produced a very
accurate estimate of the levels of discovery in each size class in this
basin for the subsequent 19-year period (1956-1974), when nearly 9,000
additional exploratory wells were drilled and nearly 700 additional discover-
ies were made. .

This model has also been tested in two additional regions (the Midland Basin
and Gulf Coast-0CS) in which multiple exploration plays have occurred (Drew,
Root, and Bawiec, unpublished). Using the imitial portion of the historical
discovery time series in both of these regioms, this model produced an accurate
forecast of subsequent discovery events. Because of the complexities intro-
duced into the discovery time series by simultaneous unfolding of multiple
exploration plays, a somewhat larger initial segment of data was required to
estimate the model parameters than in the Demver Basin, where only a single
exploration play occurred. ' :
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(1949-1955 data used to predict 19561974 discoveries)

Prediction of future discovery rates in the Denver Basin
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The Drew-Schuenemeyer-Root Discovery Process Model

Commonly an analyst will not have access to as extensive knowledge of the
exploration geology of the region in which he wishes to forecast the future
size distribution of discoveries as Arps and Roberts did in the case of the
Denver Basin. It was with this concern in mind that Drew, Schuenemeyer, and
Root (in press) developed a discovery process model in which both B, the
effective basin size, and C, the efficiency of exploration, can be estimated
for the initial subset of drilling and discovery results within a region. Once
these parameters have been estimated, the future size-distribution of discov-
eries can be forecast for any prescribed amount of future exploratory drilling
in the region. This model is based upon the concept of the area of influence
of an exploratory hole developed by Singer and Drew (1976).

This model is given by the equation,

ECA)  C(A) -
F(AY = V- (- 7) ©

where:
F(A) = the fraction of the deposits of size A which have been discovered
by the time E(A) square units of the rggion have been exhausted.
B = the effective basin size.
C(A) = the efficiency of exploration for depos{ts of size A.

The statistical procedures used to estimate the three parameters of this model—
B, E(A), and C(A)--are outlined in Drew, Scheunemeyer, and Root (1978) and

their derivations are presented by Root and Schuenemeyer (1978). The predic-
tive power of this discovery process model has been tested by using the same
set of historical data for the Denver Basin as was used to test the Arps and
Roberts model. Using the 1949-1955 portion of the discovery time series,

this model was found to produce an accurate forecast of the number of dis-
coveries to be made in each deposit size class during the 1956-1974 portion

of the discovery time series in the basin.

V. COMPUTATION OF INCREMENTAL COST FUNCTIONS FOR NEW DISCOVERIES AT THE
REGIONAL LEVEL .

Given that the discovery process models described above have been shown to
produce accurate forecasts of future discovery events at the exploration play
and regional levels, we can posit a rationale for producing a marginal cost
curve for new discoveries. In economic theory the standard marginal cost
curve expresses the cost of additional output per unit time. In contrast,
the marginal costs described below represent the incremental costs per unit
of cumulative output (reserves) and are therefore more properly described as
incremental finding and production costs. By setting the analysis at the
regional level, the physical features of the discovery and development pro-
cess which are specific to each region can be isolated and analyzed.

If the discovery process model is used to predict a size distribution of

deposits that are to be discovered with a given search effort, the marginal
finding and production costs can be calculated separately for each deposit
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and then aggregated. Marginal finding costs can be calculated from the
accumulated oil that is found and the average cost per exploratory well.
Because the discovery process models of the type mentioned earlier are
generally identified with a specific geologic play, costs of exploratory
wells should be very similar. As the particular petroleum province becomes
exhausted, that is, as the cumulative number of exploratory wells increases,
a given increment in wildcat drilling will result in discovery of a smaller
aggregate amount of oil as the frequency distribution of discoveries shifts
toward smaller deposits. Therefore, the mechanical nature of the discovery
process model allows one to calculate the expected marginal finding costs
for any increment in exploratory wells.

The predicted size distribution of discoveries can be used for calculating
field development and production costs for future discoveries. Because the
productivity of development wells for primary recovery from large deposits
is greater than that of smaller size deposits, field design specifications
and costs calculated on the basis of physical characteristics of the deposit
size classes will capture economies of scale that are present in the produc-
tion of oil. The particular deposit size. class is also important in deter-
mining the economic viability and unit costs of implementing a secondary or
enhanced recovery program. In particular, for both the primary and second-
ary recovery unit cost calculations, which are made by assuming a set of
physical characteristics that are typical of a deposit of that play and size
class, the field development design is easily specified. Engineering costs
(investment and operating) of producing the oil c¢an then be calculated on
the basis of that design. As physical exhaustion progresses, the size dis-
tribution of new discoveries predicted by the discovery process model will
shift toward smaller deposits and calculated marginal costs of producing
future deposits will increase. Consequently, the discovery process model, by
predicting the size of forthcoming deposits, permits the costing procedure
to capture the rising marginal production costs that result from physical
exhaustion of the petroleum province.

Y

VI. CONCLUSION

This discussion has pointed out the importance of including appropriate
physical parameters in models designed to characterize the future supply of
petroleum. To some extent these remarks can also be applied to mineral
supply modeling because deposit size distributions (of contained metal) for
other minerals are highly skewed and because there appears to be little
physical evidence of a relation between the grade and tonnage of copper ore
bodies (Singer, Cox, and Drew, 1975). As exhaustion of an area proceeds,
the physical size distribution of remaining deposits declines systematically.
If petroleum supply models are to be used for predicting future discoveries,
ways must be found to capture analytically these systematic changes. Dis-
covery process models such as those presented here appear to provide the
means for characterizing such changes.
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The Civil Engineering Laboratory told me you might be

interested in this reprint, and that you had inquired

"about Ref. (1). There have been two more recent technical

papers on the OTGHPP -- a report and a fairly long paper

delivered at a symposium on OTEC in New Orleans, March 1977.

BIVIRSITY 6F BTAH
RESEARCH INSTIVUTE
EARTH SCIENCE LAB.

Ocean Thermal Gradients—A Practical Source of Energy?D/

In **Ocean thermal gradient_hydraulic
power plant,”” Beck (/) describes a
scheme for extracting power from the
ocean thermal gradients. a very impor-
tant subject. He suggests introducing

‘warm surface water through a restriction

in the lower end of a vertical pipe, which
leads to a closed, direct-contact spray
condenser, cooled by water from lower
ocean depths. Cavitation would occur in
the restriction and steam bubbles would
be formed, which would then travel up
the vertical pipe, carrying water with
them (as in the well-known air-lift pump)
to a height of hundreds of feet.

There are a number of fallacies in this
concept. Ignoring the energy required to
pump the low-temperature subsurface
water up to the condenser. the in-
efficiencies of direct-contact spray con-
densers, the energy required to remove
air from the condenser, and the energy
required to move water through the
restriction, it should be noted that any
vapor bubbles formed in the restriction
would collapse immediately after en-
tering the high-pressure zone just above
the restriction, near the bottom of the
vertical pipe. Vapor bubbles are. there-

fore, simply not available to provide
pumping action as in the air-lift pump. ~
Vapor bubbles would be created by
boiling near the top of the vertical pipe
as the warm water enters the condenser.
These vapor bubbles would be available
to lift the water, but then only a few
inches, assuming reasonable driving
temperatures such as 80°F for surface
water and 40°F for subsurface water.
This few inches of water, rather than a
few hundred feet, is the only head avail-
able to drive a turbine to extract the
energy.

One- might suggest that entrained or
absorbed air would be separated from
the warm surface water by the cavitating
restriction, and that it would provide the
bubbles needed for an air-lift pump. Ig-
noring the fact that not enough air could
be provided by this means, it should be
noted that any air entering the system
must be pumped from the condenser to
maintain its pressure near that corre-
sponding to the condensing steam tem-
perature. The energy required to remove
this air from the condenser is more than
the potential energy stored in the water
raised by the air-lift pump. Therefore,




we cannot get:something for nothing,
using the aif-lift principle.

'In the report **Foam solar sea power
plant,”’ Zener and Fetkovich (2) propose
a direct-contact spray condenser in a
containment shell, which creates a low
pressure that draws thé warm surface
water about 30 feet above sea level. At
the low pressure, the warm water is said
to “foam.” The low-density foam ele-
vates water to great heights, where foam
breakers remove and collect it, and it
then flows through a turbine. The as-
sumption that a foam would be created
and sustained during its vertical travel is
questioned. It appears that the.vapor
-bubbles formed would grow and break as
they reach the liquid surface. Adding
foaming agents would be impractical and
polluting. A second problem with the
concept is that the warm surface water,
raised 30 feet above sea level, would
cool as it vaporizes and would therefore
require a circulation system to maintain
its warm condition and allow the foaming
process to continue. However, if this
were the only problem, it would not be
insurmountable. The real question is,
how do you get water to foam rather than
bubble?

Unfortunately; extracting useful ener-
gy from ocean thermal gradients still pre-
sents a series of gigantic conceptual prob-
lems.

J. O. HENRIE
24847 Jim Bridger Road,
Hidden Hills, California 91302
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1 should like to thank J. O. Henrie for
his comments on the ocean thermal gra-
dient hydraulic power plant (OTGHPP)
scheme (I, 2), and particularly for his
timing. A year ago many of his points
would have been unanswerable,

Most of Henrie's predictions seem to
be wrong according to my present under-
standing, some of which is incorporated
into an unpublished report (3). Many of
the engineering details are not reported
in (3), having been developed later than
the work reported, but | will attempt to
provide some of that information here.

Considering Henrie's points, but not
necessarily in his order, my present un-
derstanding is that the micronuclei inher-
ent in dirty water would be activated by
diffusion of dissolved air, in the first of
two stages of bubble formation. Actual
formation of steam bubbles occurs either
very high in the cavitating venturi or,
more probably, in the first part (in a
fraction of an inch) of the pump tube

proper through precipitous growth by
evaporation. This is discussed in some
detail in (3). While the notion that air in
an air-lift pump or steam in a steam-lift
pump carry water with them may be
descriptive, it is more accurate to say
that the water, containing most of the
moving mass, is elevated to a useful
height by buoyancy. While elevations of
hundreds of feet are theoretically pos-
sible, a practical height of a floating sys-
tem might be much less for stability rea-
sons, as stated in (/). A height of perhaps
150 feet seems reasonable, but is undeter-
mined at this time.

We cannot ignore the power required
to bring the cooling water from ocean

.depths, but condensation should require

an acceptable and fairly small portion of

the power produced. The mass ratio of:

the water elevated in the steam-lift pump
to the water used for condensing may be
well over 200 to 1, because of the very
large specific volume of the steam
formed and so the relatively small
amount of condensing water required to
condense it. For effective operation of
the OTGHPP, steam bubbles, wherever
formed in the system, cannot be allowed
to collapse, but the application of well-
known design principles assures their
nurture the full height of the steam-lift
pump. Vapor bubbles -must be available
over the useful portion of the steam-lift
pump tube to develop a low-density leg;
vapor bubbles must be available for the
system to work. But it has worked on a
small scale, very convincingly 3). And
the few inches of useful pumping head
predicted by Henrie has been vastly ex-
ceeded, even in a small, high-friction
system. The Civil Engineering Laborato-
ry demonstration experiment (3) had a
total height above water level of about 10
feet and a useful net working head of
about 6 feet. bailing seawater from
about 210°F.

Air leakage into the system is not seen
as a problem in the large, simple system
under consideration, which has few pene-
trations, no valves, and so on, in con-
trast with conventional vacuum systems
in steam power plants. The few gasketed
closures or sealed penetrations that will
be used can all be protected with cold
water seals. However, dissolved air is
carried into-the system by the water and
at least partly released in the nucleation
process. In fact, without dissolved air,
the formation of steam bubbles is theo-

retically not feasible. This air would pro-.

vide a-trivial part of the buoyancy for
lifting water, and a similar negative lift
during its removal in a Taylor air com-
pressor (¢), where there would be a slight
but finite reduction in the density of

the water going to the hydraulic turbine.

I am not sure what Henrie means by
*‘inefficiencies of direct-contact spray
condensers,”’ but available design infor-
mation (5) predicts that with the crudest

. of approaches, effective condensing can

be realized in simple equipment, and
very close temperature approaches are
possible if desired and economically jus-
tifiable. The friction in the nozzle-ven-
turi-diffuser section is easily calculated
and, in large diameters, is almost negli-
gible. When compared with the uncer-
tainties in the friction losses in the two-
phase flow, it is trivial at this point in the
refinement of the design equations.

In summary, the steam-lift pump, the
completely new component in the
OTGHPP (2), has been convincingly
demonstrated on a 'small scale. Theo-
retical projections to the large sizes of
potential interest in producing the large
blocks of power needed are all optimis-
tic. Nevertheless, we should not become
overly euphoric until the scaled-up ex-
periments have been done.

Earv J. BEck
Design Services,
998 Church Street, No. 27,
Ventura, California 93001
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Henrie is correct in identifying the
foaming of seawater as- the crucial pro-
cess in our scheme for extracting power
from the ocean thermal differences. As
has been demonstrated by Abe (/). both
natural and artificial seawater are quite
foamable, in contrast to the essentially
zero foamability of tap water. Whether
seawater foam is sufficiently stable to op-
erate our proposed solar sea power plant

must, of course, be demonstrated. If ex--

periments designed to settle this ques-
tion are successful. we believe no further
conceptual problem will block the eco-

nomic extraction of power from the '

ocean thermal gradients.

CLARENCE ZENER
Carnegie-Mellon University,
Pittsburgh, Pennsyivania 15213

JoHN FETKOVICH
Depariment of Physics,
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