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INTR0DUC1~ ION

Projections of the prices that the Navy will have to pay for
different energy forms during the next 45 years have been made. Included
are price projections for coal , natural gas , fuel oil and electricity.

These price estimates are based on a survey of available literature ,
and an estimate of technologies that may be available in the fu ture to
change energy demand , form , and availability. In a number of instances
it was felt that biases were inherent in much of the literature. These
were i actored out of the estimates where possible.

The study started with a survey of available literature . In addition ,
a form letter was sent to over 100 government agencies , industry associa-
tions , and selected corp orations asking for data and/or assistance in

- • locating data. Replies have been received from approximately 45 of the
addressees of the letter. Several additional responses were received by
telephone .

Appendix A contains a copy of the form letter that was sent , and
Appendix B contains a list showing those receiving the letter and those
responding to the letter.

The form letter was not very successful in obtaining data , but it
did succeed in determining where nvch of the data could be obtained.
Most of the responses to the letter suggested that one or more of several
organizations could be of assistance in providing the data.

Based on the responses to the letter, a trip to the Washington, D.C.
area was made to obtain additional information. Places contacted during
this visit included the Department of the Interior , Air Transport Associa-
tion of America, Interstate National Gas Association , U.S. Geological

• Survey, Energy Research and Development Administration , Resources for the
Future, Americans for Energy Independence, American Public Power Asso-
ciation , Federal Energy Administration, Na tional Petroleum Council ,
Uni ted Mine Workers , Council on Wage and Price Stability, American
Petroleum Institute, American Gas Association, Center for Strategic and
International Studies, Booz-Allen Applied Research in Bethesda, Mary land ,
and the Hoffman-Muntner Corporation.

Reports and other available Information were obtained when possible
at each place visited. In addition , some literature was ordered.

A large number of reports were ordered through the Naval Weapons
Center Technical Library . Some have been received but many are still on
order.

A later trip was made to Rand in Santa Monica , Stanford Research
Institute in Menlo Park , the Electric Power Research Institute in Palo

~~~~~~~~ ut  ‘
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Alto , and the Geolog ical Survey o f f i c e  in Menlo Park, Interesting
discussions were held at the Stanford Research Institute and Rand on
their energy studies and , in particular , on their energy computer models .
It appears that a major objective of each model is to predict energy
prices for the future .

A list of places visited and their addresses is included in Appendix
C.

It appears that the study of the various aspects of energy cost and
availability is very competitive . Copies of many of the studies are not
generally available unless the corporate authors are contractually ob-
ligated to tprovide them.

The reluctance on the part of some to provide material probab ly is
based on maintaining their competitive position , however , in a number of
instances the studies are funded by private industry . This type of study
probably should no t be generall y available.

The available literature has been published at various times and with
different assumptions for inflation and base years. It was decided to use
1975 as the base year in this study and to correct all pr ice da ta to 1975
dollars. This was done for both historical and future costs.

Past price data were corrected for inflation by using the Consumer
Price Index (CPI) as shown in Appendix D. Consideration was also given to
using the broader Gross National Product Implici t Deflator Index. Compar-
ison of the results indicated it made very little difference.

The study then proceeded to make an estimate of the future energy
consumption of the U.S. and how these requirements would be met. This
was done by identif ying the maximum and minimum values for the quantity
of energy that could reasonably be expected to be consumed , and then
making a most prob able demand projec tion from considerations of pas t
consumption .

The next section of this report covers the projection of the future
energy consumption by the U.S. It is followed by a presentation of the
basic assumptions that were made concerning future events. These assump-
tions include estimates of what will happen from po’.itical as well as
technical standpoints. The number of assumptions that had to be made was
kept as low as possible consistent with forming a firm base for the
pr ice projections .

The remaining sections of the report then combine these assumptions
on future events and predicted consumption with estimates of available
energy supp lies as well as other considerations and predict future en-
ergy prices .

4
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Appendix E contains some of the common fuel and power convers ion
factors . They were primarily taken from Ref. 1 and are included for the
convenience of those reading this report.

FUTURE ENERG Y REQUIRE~~NTS OF THE UNITED STATES

In order to estimate future energy prices with any degree of con-
fidence , it is necessary to first estimate energy consumption for the
time period of concern . It is necessary to estimate not only the net
energy consumed but also gross energy used. This makes it necessary to

• estimate the form of the energy when consumed. For examp le , if the
energy is in the form of electricity when used , it means that about three
times that amount was actually used in making the electricity. In the
case of electricity, energy prices are obv iously not as important to the
user as are other considerations such as pollution or convenience.

Probably the most reasonable estimate of the maximum energy to be
consumed in the future can be calculated by assuming that the U.S. economy ,
on a gross national product (GNP) basis , • -;ill grow at the rate of 4.5% per
year. This is representative of slightly more than a full employment
economy ‘- -ith energy consumption foiJowing historical growth patterns .

The lowes t reasonab le estimate of future energy consumption results
from a zero energy growth scenario. A zero energy growth scenario
assumes that a philosophy of durability , not dispos ability , of goods is
adopted.

• For purposes of this study,  a modified historical growth scenario
is assumed in order to calculate the prob able energy consumption for the
period of interest. This scenario results in predictions of future
energy consumption between the two extremes described above .

The historical growth scenario is ~est described by Ref. 2 as follows :

‘‘The historical growth scenario requires a few basic policy decisions
in the near future which would then be fol lowed by some detailed imp le-
mentation pl ans .

‘‘(1) The government would have to emphasize expanded energy supp lies
in its actions rather than stressing active measures to promote con-
servation. Continued subsidies to limit increases in the price of
energy may be needed. Demand would also he stimulated by a contin-
uation of economic growth along current patterns . Policies generally
favoring energy-intensive industries might he needed while government
funding for mass t ransit or new housing construction to save energy
would receive a ]ower priority .
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‘‘(2) The nation would have to develop all the major sources of energy
growth—oil imports , outer continental shelf oil and gas , Rocky Noun-
tam shale and coal , and nuclear power—in the near and medi um term .
Even so , it is possible to forego vigorous development of one of the
options over the longer term if the others are pushed more aggres-
sively. For example , under this scenario , a reduction in imports

• leading to self-sufficiency in the late 1980s is possible . Or , devel-
opment of one of the following could be slowed but not eliminatea:
oil and gas developme nt on the At lan t ic  and Pacif ic  outer con t ioenta l
shelf , Rocky Moun tain fossil fuel production or nuclear power. To
do so would require pushing the other three options very hard.

‘‘(3) Exploration and development of oil and gas would have to be
encouraged by favorable government price , tax , and federal leasing
policies . To get the large quantities required in the domestic oil
and gas supply case , it would be essential to rapidly develop the
Atlantic and Pacific outer continental shelves , Alaska, the Gulf of
Mexico , and the Alaskan outer continental shelf .  Development of
western oil shale would have to be pushed as well. This raises fed-
eral leasing problems and environmental and regional development
problems . Greater reliance on imported oil could ease some of thes e
pressures , but it would require the construction of superports and
would subject the coastal waters to oil spills and coastal indus-
trialization similar to that which would accompany outer continental
shelf production .

‘‘(4) Increased coal use requires resolution of the strip mining and
air pollution prob lems as well as labor and economic problems . With
the anticipated prices for oil and gas , coal shou ld have no prob lem
competing with them on an economic basis , but the environmental
question would have to be resolved.

‘ ‘(5)  Significant growth in nuclear power is required in this scenario.
A 12-15 times increase in on-line nuclear capacity between now and
1985 is projec ted , based on the large number of plants now on order
or under construction . It would be followed by an additional three-
to fou r - fo ld  increase by the year 2000 , depending on the degree to
which t ransportation is switched to electr ic  power and the extent to
which coal could be used to fuel  electric power growth . Thus ,
questions of nuclear power safety , safeguarding nuclear materials
and handling radioactive wastes would have to be resolved. To achieve
th e ne cessary rate of energy supp ly growth would require that design ,
siting, and federal licensing proced ures for individual power plan ts
be streamlined and standardized and that  other elements in the nuclear
power fuel cycle , such as enrichment , reprocessing and was te handling ,
proceed apace .

- -
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‘ ‘( 6 )  A l l  of th e  supp ly options for this scenario require extreme ly
large inve tments in refineries , power plants , pipelines , trans-
mission lines and other large facilities . The capital requirements
ire  large in comparison with other investments made by the economy,
and may need to grow . Serious siting, technical manpower , and con-
struction labor prob lems also arise in addition to the capital
problem. Unless speedy solutions are found to this broad class of
pro hl-:r~~, the scenario would not be achieved.

‘ (7) Research and development programs which concentrate on enhancing
energy supply and conversion technology and on environmental clean-
up are crucial to t1 ie ‘historical growth ’ scenario. The effort would
emphas ize medium-term technologies rather than fundamentally new ,
long- tern  t echnWl ogies . ’’

Th e zero growth scenario would require a major modification in the
way the United States has been proceeding in the past .  It would require
major modifications to past practices of product design and maintenance .
It is generally agreed that the zero energy growth scenario will not be
adopted over a short period of time. It is felt , however , that a gradual
shift in that direction will occur. It is important to point out that
zero energy growth does not require a zero economi c growth situation .

The predicted gradual shift in the direction of zero energy growth
leads to an assumption of a modified historical energy growth scenario.
The modified historical energy growth scenario assumes that the United
States economy will grow at a rate somewhat lower in the future than

• during the recent past.

This lower energy growth rate is expected to be a result of increasing
energy prices as well as changes in government policies . The higher prices
paid for energy are expected to gradually bring about a greater emphasis on

• durability of products and a recycling of materials. It is anticipated
that laws will increasingly he enacted to enhance this .

Figure 1 ( f r o m  R e f .  3) indicates  that there is a very positive rela-
tionship between energ\ consumption per person and the respective standard
of living of peop le in selected countries . Jus t how efficient the United
States has been in its use of energy since 1920 is show n in Figure 2 (from
Ref. 3). As a monetary measurement , gross na t iona l  p roduc t  (GNP) gene ra t ed
per unit of energy consumed indicates some fluctuations since 1920 but has
exhibited a general growth path with upper and lower boundaries fairly well
defined. Points outside these bounds (1942-1945) are associated with the
incre ased productivity efforts of World War II. Based on this t rend , a

j 1-2~’ continuing growth  rate in energy efficiency i - ~ indicated. However ,
l a rge  improvements in energy technology or concerted efforts directed
toward conservation could augment th is growth  r a te .  The i n c r e a s i n g  use
of electricit y will act to counter -mv increases in energy efficiency
caused  by ene rgy conservat ion measures .

7
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Fi gure 3 ( f r o m  R e f .  3) s I l o - s  t h e  r e l a t ionsh ip between GNP and to t a l
energy consumed in the  U n i t e d  St D L e s  over the  period 1920 - ~~72 .  I t  is
hi ghl y cor re la ted  and l inear  in nature . It is to be expected tha t  real
increases in GNP ~- i l l  r equ i re  and be associated with hi gh er  amounts  of
energy  consumed.

• F igure 4 i n d i c a t e s  t h e  grocs na t iona l  produc t  t ha t  would result  f rom
d i f f e r e n t  g rowth  r a t c y  in the f u t u r e . The heavy l ine in the  f i  urv in-
dicates the p o s t u l at o d  growth (3 .5%)  in GNP w i t h  time . I t  is t he  g rowth
rate t h a t  is used to c a lcu l a t e  the  probable energy demand as shown in
Fi gure 5. Both of th e s e  f igures  assume that  no exogenous d i s t u r b a n c e s ,
such as wars , occur.

In Figure 5 the  3.5% growth curve represents the  energy expected
to be consumed for the year shown. Also shown in the figure are the
reas onable extremes of total energy demand. Using the predicted energy
requirements fo r the time period of interes t , and the predicted avai lab i l i ty
and cost of the various types of energy as well as other considerations ,
Figure 6 was then prepared. It indicates the portion of the  required
total energy that each form of energy is expected to supp ly. This break-

— out is somewhat arbitrary but It is necescarv to estimate demand for the
various energy forms in order to estimate future costs .

9

_____________ 
5— 5- -

~~
- ~~~~~~~~~~~~



5 - -  - - --5- - .-~~~~~~ - • - -- — — — - -5 - 5 -  — - -5 - 5 -

N~ C TP 5958

1BOO I I I I I I
1990

1GUO A~ luaI Data 1920-1972 ,_o
- .- -  

- 
- ‘ - - - 1985 —

~~1~
1 . 0  - 

1980 
—

loon — 10 75 ,.’ 
—

~~~~800 -  --

60() — 

950 ~~~~~~~~~~~~~~ 970 
—

I 

-

~ I

i

0 10 20 30 40 50 60 70 80 90 ‘00 110 120 130 140 150
TOTAL ENERGY CONSUMED — quadr ullu on s of Blu

FI~~JR~E 3. Ra latienaMp of GNP to Total Eaergy Cosat.~~~d in th.
th-~it.d States , 1920-1990.

5—

10

_ _ _ _ _ _ _ _ _ _  -



_ _ _ _  
- -

:~ ,.:( ~.p 5958

W W ww ~- w I- 
~ 

I- 
~
-

I- IC 
~
_

IC IC .C ~~~~~~~
~ I ~

I ~ I I_ I l
I.. I- ~ I- ~~~~~~~~0 ~ 0 ~ O~~~~~ O0 0 ~ 0 ~~~~~~~~

Q
sq sq 

~e

~~~~~~~~ ‘N \\ \ \ 
e~

N ‘
~~~ \ \ ~

\ _
• 

- -
‘

H 
• •~~~~ \ _ ‘•~~~\ \

U

§

~~~~~ L~~~~~~~ J~~~~4 _
0

~ h V ~ 1OQ ~L6~ dO s*4ornla ~dN9

-
~ 11

, —
- • : _ • •:.a,

L _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~ 
—-



_ _ _ _  - 5- - - -

NWC TP 5958

‘5. 

.

5-

~~~~

i•I

I 
-

~~~~~

•1

1 _ _ _ 
_  _ _  - _ _ _ _ _

~~~

—- I
~~~0’

~
- 

gi-0’ -x (1.1.9 ~038IflO3I~I A~~~3N3

12 

~rc~~~~~~- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~

L —-_______ --- — 5   _ _ _



5 —-- - - -  --—- -— 5- ------

N WC TP 5958
(I,
IC
0
-J

IC ICw
IC -j

1 8

~~~~~~~~~ 

z 

~
°i

‘ 
-
I: - ,  

~j 0

5-— 
. L

—. U
• U

- ‘4
\~~~ 

.u

11

a
p4

~~~~~~~

a —i— #
91.01 X (1.1.1 A~~W3W3

‘3

j ~~~t_ 
- _ ; 

. 

~~~~~~~

- - 5 -  5- — —-  5- -5--- -- -  



- - - 5

NWC TP 595 8

ASSUHP TIONS

After the probable United States energy consumption for the next 45
years was estimated , a number  of assumptioné about future events were
made . They are presented in Tables 1 through 5.

Some of these assumptions are general in nature and some are specific
to the d i f fe ren t  types of energy being considered. They are based on
political as well as technical considerations . They are consistent with
the future energy requirements of the United States as previously identified.

The general assumptions are presented in Table 1. The more specific
assumptions are shown In Tab le 2 for coal, in Table 3 for oil , in Table 4
for natural gas , and in Table 5 for electricity . These assumptions were
then used as a basis for the energy price projections . They are discussed
in some detail in the various sections of this report.

TABLE 1. General Assumptions (Probable Case).

1. Energy demand will grow about 3.5% per year In the f u t u r e .

2. Environmental , health , and safety legislation , such as the Coal
Health and Safe ty Act of 1969 , will continue to be enacted. This
legislation will cause energy prices to rise si gnificantly .

3. Ways will be developed to solve nuclear waste disposal problems and
to make nuclear power plants acceptable from a safety standpoint.

4. Alternate sources of energy , such as wind , solar, solid waste con-
- 

- version , geothermal , etc., will be exploited in increasing amounts
but will not make up more than 5% of our energy requirements prior

- 
— to the year 2020.

5. Conservation measures will reduce the demand for energy by a sub
stantial amount. However, the use of electricity will continue to
increase rapidly because of environmental considerations , and addi-
tional fuel will be required because of the conversion efficiency
of the fuel to electricity process. These two considerations are
expected to approximately nullify each other so far as their effect
on energy demand.

14—
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TABLE 2. Assumptions for Coal (Probable Case).

1. Technology will be developed to permit use of high sulphur coal in
power generation with an ‘‘ accep table ’’ level of pollution .

2. Strip mining of western coal will be permitted with land reclamation .

3. Synthetic pipeline gas will be made from coal in significant quan-
tities after 1985 .

4. Synthetic liquid fuels will be produced from coal in significant
quantities after 1990.

5. Real earnings of coal miners will  increase at 1-3% per yea r f I s t e r
than the  average for all wage earners.

TABLE 3. Assumptions for Natural Gas (Probable C.ise).

- I 1. There will be a partial decontrol of prices .

2. There wi l l  be end-use control .

3. Liquid n a t u r a l  gas will be imported in quantity after 1980.

4. Significant quantities of Alaskan natural gas will be imported after
1985 .

5. Synthetic pipeline gas will be made from coal in significant quan-
t i t ies a f t e r  1985.

TABLE 4. Assumptions for Oil (Probable Case).

1. Political , economic and logistical considerations will not greatly
restrict the availability of foreign oil or gas in the long term.

2. Extraction of shale oil will reach significan t production levels
after 1990.

3. Synthetic oil will be produced in significant quantities after 1990.

‘5 
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TABLE 5. Assumptions for Electricity (Probable Case).

• 1. Pollution considerations will require the consumption of electricity
to continue to rise at a high rate.

2. Nuclear energy will be used to powe r elect ric plants at a rap idly
increasing rate.

3. Most power plants will be fueled by coal.

4. The use of oil and natural gas for power plants will be severely
limited by legislation .

COAL

INTRODUCTION

The United States has abundant resources of coal. In the face of a
- I widening energy gap , our domestic coal resources potent ial ly rep resen t an

asset of si gnif icant value . A major question , however , is the extent to
- 
‘ which the United States can capitalize on this asset . The production of

~~
‘—-. coal must be exp anded and addi tional uses of coal mus t be developed which

are env-ironmentallv acceptable and economically sound in order for us to

- - 
exploit this asset.

I It is clear that the United States coal resources can make a major
• contribution to the nation’s future energy needs only with the further
- development and application of technologies for:

1 . Solving the environmental problems inherent in the mining and
combustion of coal.

2 . Transforming solid coal into synthetic gaseous and liquid fuels.
• 3. Transporting and storing coal economically.

COAL RESOURCES OF THE UNITE D STATES

The United States has vast resources of coal. The United States
Geological Survey (USGS) has identified deposits at depths of less than
3,000 feet containing about 1 ,600 billion tons. They estimate that addi-

-- 
tional coal resources of similar size exist on th e basis of broad geolog-

• ical knowled ge and theory .

16
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Table 6 ( f r o m  R e f .  4) sh ows the estimated remaining coal resources
ot the United States as of January 1 , 1974. These estimates include beds
of bituminous and anthracite generally 14 inches or more thick , and beds
of subbituminous coal and lignite 2 1/2 feet or more thick , to overburden
dep ths of 3,000 and 6 ,000 feet.

Coal reserves generally repor ted by the USGS are divided into three
• categories according to the relative abundance and reliability of data

used in preparing the estimates . These classes are termed ‘‘measured’’ ,
‘‘indicated’’ and ‘ ‘ inferred ’’ . Measured reserves are those for which
tonnage is computed and dimensions revealed in outcrops , trenches , mine
wo rkings and drill holes . The points of observation and measurement are
so closely spaced ari d the thickness mid extent of coal are so well defined
that the tonnage is judged to be accurate within 20% of true tonnage.
Although the spacing of the points of observation necessary to demonstrate
continuity of the coal differs from region to region according to the char-
acter of the coal beds , the points of observation are , in general , about
0.5 mile apart .

Indicated resources are those for which tonnage is computed partly
from s p e c i f i c  measurements and partly from projections of visible data for
a reasonable distance on the basis of geological evidence. In general ,
the points of observation are about 1.0 mile apar t , b ut  they may be as
much as 1.5 miles apart for beds of known continuity.

The sizing categories selected to c l a s s i fy  t h e  bed th ickness  of the
reserves in the estimates presented here are limited to those that conform
closely to present mining practices . Specific~ul lv , for higher rank coals
(bituminous , semi—anthracite and anthracite), reserves are classified into
two bed thi cknes ses , namely 28 to 42 inches and more than  42 inches . For
lower rank coals (subbiturn inous and l i g n i t e) ,  bed thicknesses  are limited
to 5 to 10 feet thick .

Table 7 (from Ref. 5) shows a t abu la t ion  by s ta tes  of the measured
and indicated coal reserve in beds 28 inches and more in thickness under
a max imum overb urden th ickness of 1 ,000 f ee t .  Comparison is made of these
spec i f i c  condit ions wi th  coal resources in the ground having a bed thick-
ness of 14 inches or mo re and under a maximum overburden thickness of
3,000 feet.

Table s 8, 9, and 10 (from Ref. 5) show by individual states the es-
timated remaining measured and indicated reserves as of January 1 , 1970 ,

1 in var ious bed thi cknesses wi th maximum overburden of less than 1 ,000 f e e t .
Reference 5 s t a t e s , ‘‘These data were derived by using the various repor ts
listed in USGS bulletins 1136 and 1275 and various Bureau of Mines reports .
A l l  production data were derived from the Bureau of Nines reports . Losses
in mining were assumed to have been equal to production . and production
plus losses in mining have in all cases have been subtracted from mea-
sured reserves .’’
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TABLE 7.. Total Estimated Remaining Measured and Indicated Coal Reserves
of the United States as of January 1 , 1970.*
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TABLE 8. Si.siinary of Estimated Ori ginal or Remaining Reserves of
Bituminous Coal of the United States According to Thickness of Beds

and Under Less Than 1 ,000 Feet of Overburden..*
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TAB LE 9. Summary of Estimated Original or Remaining Reserves of
Subbi tuminous Coal and Lignite of the United States According to Thickness

of Beds and With Less Than 1 ,000 Feet of Overburden.*

l5, ’r , l  s o ’ > -I n,,-. ‘, , ‘‘ ., j , ,; ‘ I , ’

1. ’ , : :  3 5 . . ~~~ — ,;. e , , : . : . I 5 : : - ’ s:’ . ; ,. :

I” ‘ t ’..i,’ ’, ~~~~~~~~~~~~~~~ _t 1 .~~ -_~~.1,.’ : .
y . 5 , 5 1 ’ ; 5 1 ,  ‘ .0, ° - ‘.. u S ” s ,  - 1 - 2

— I S 
— —— ——

12 . ‘ .1,7 751
‘ . 2  1 5 1  2 , ‘ ‘ . 3 2  - - . 5 . ’ ‘ . 1 1 7  . 0

‘5 ‘1 1 (1
l C n ,1 i  3’ . . , , . 3- I  - . .‘ - i

4 . ‘ , i ’- ’ , ‘- ‘ 0 130
7’ n ’  :3 ‘. , : ‘ . ‘:- . 1~ .1. - 1 .  n _ I :  ,r,, 5 na 

i n ;  ‘ t 0 3 .  ‘ ‘ - l i  i’ :  
- 

‘.1 . - I ’ S  ‘ , 0’2  ;~~~;1s
i t : : 4 5 , 0  l O s ; .  ., ‘,‘  ,, -4 . 1 2  a
I ( r i  , a ,; . ,~ , ,  , ‘ ‘ . 105 .15. 5 . ‘ ,‘ I ‘ 1 , - ’ .

5 3  . 1
, , ~. “3 ‘3 It 0’) 3 13 ‘1
. 1 ’ - ~~‘ —S , . ‘5. ‘3 ‘I’ — ‘

- ‘s ’ - ‘ 0’ 1 9 I ’ S 13 ~: 13
- s  ‘, . 3 0

0 i . ’ . . , , 5 $ ‘ 0 , 52 4 , ’ . . h o -I‘I ‘. 5  ‘ t - . , . ‘ t ;.,s 1 ‘2 , 4 1  ‘ 3  n . 5
-3 - .  3 .:

5I ..s ( s “ : . ;s  . ‘ . ‘ . ~~l ‘ .1 2 ,5 2 2 1  1 -0’
Is ’ ) I I ‘ ,u~ ,,,9 ‘)

1 j 1 : 7  - ;  a 0
1 ° fl ’ ’ ’ ’ ’ ’  ‘ ‘‘ ‘ ‘~ 

-. ‘ ‘ ‘) 0
1 - - r 0 , , ‘ 4 ~ ‘ . .1; , ‘ 1,

4 ‘ 0’ ‘. ‘ , . - , 
- ‘ 5 , ; ‘  s.~~’ . ” ’ ’  ‘5, 71 0 . “ 13. l’ s

G,~~~d 5 1  l j ,, ,7 - 3 3  5 , 71’3 s , ’ . - 7  . 3 ° 113 “3 ,53 ,  p - t

- 10 , ‘ ,.‘ s ” o - - , ’ : , . n . , v ’ - p , - > : s 5 . . ’, ”. ’ , t , ’ : ’ c : t ’ - , ’ . 5 ’ ts ) ,

‘ ‘ 5 - 1 . S I r . , ’ . 5 . 5 .  i.1 ,i, ‘ . 1  - l.i,. r , , s J (  l ’ , ’ ’,, , (  0 ,  t - ’ - i ; , , , s ’ i r .  : ‘ . r ; in th,~~~- r ’ , . s r ’ l
Il ‘5 ’ t

:,“.I: t_ I t ” , , I ,’ . n ’ r - r ,( ‘u - LI.:,: ‘_ . : : , yt . .r 0’, .: ‘ , ‘it : l, r’ ’ , ’ ’ - : - . . _ ‘,, , . - . ‘ . 1  ‘s i - ,.,,,

• t i n _ c  ‘ I  ic: r tio rr  , S i . ’’ ,~~ ,I 1 t ‘ r

2 I , i .~ . s t ’ ,:. 9 5~ - i !  5’ ~’ ‘ ‘i: . c t I - n  ‘ 1 ’ ,’ i i ’ , s : : , - ’ . - . ’ I , , ‘ . , ‘ . ‘ ‘  0’ ‘ ‘5’  i i i , , , , i i .

i , .  r e s t _ - i  Ii ‘ ‘s It  ,‘ - . - ,‘t’ - , , l I ,’ ... :1 , ,’ ’ 7 .1 ,:, ’ ,, - ( I s O .

~~~~~~~~~~ L A . • -

21

L ~~~~~. ~~~~~~~~~~ -- - ‘

~~~



-5- . - . 
_ _ _ _

N\ ’.’l ’ TP 59 ’~~

-v r ‘—‘ 0 sri ‘i in a’, -p
~~~~~~~~~~~~ ci - n u-nt na ., r

~~~i: 4’ ~“ nr .-4 I’. “3
n’ lO. 4 ’

• -o t: ~I -I r i  - ‘
4 a.

I. I SD II ~.

“1~~~~~~’- ’ 5  45

o ‘~‘- “1 ,~
1_I 7 5 ,~~~~ 

1.

u-i ° I  - C.;

0(3 —‘, - - s ’ ’ . 3” — I,. S

— (I I”i °:, 
. t ’ 5 , t O  0,’ ~‘ 

-
~

-~~~~~~~~ . 4 1 -~ -. 
is

-
‘ .47

o -~~ ~~~~.“ 12 •Oi

“1 ,- I  _.

C ~

> .v t- ’ U C s - I
l.e n l.a 47 4 ) 0 T h  .5 “5 (2

I’ .‘ 4
P’S -0 . . . .11,

‘ I  ° ‘  ‘~ ~ 14 +  U -  .47 - - :‘ “2

~~~~~~~~~~

l~a ~3 ( — ~ ~ 
0 ’ ” ,- 

4
- 5’ . .‘l

~~~~~~ .2 c .. tn. 
-

s _ i  ~~~~~~~~~~ “2 -‘ . :-. ‘-

‘~~ 5 i — 4 ~‘ ““  “ ‘7 ,;. ‘ 1
- ‘

5— 1_J i_~~._.. 
‘ 5 .  - :7 -. .5

I s  ‘ , a - - .

E O .~ .:. . - — 
~‘1 -,

.-I 0 A) ‘ . n s  - 
- 

-
‘ 

- . ,,- s i  a .~.
5 1 2  - ‘7

“1 ~‘ ‘ 
‘
.

- . — ~
‘ 

‘7 ‘ ‘1 ‘ ‘ I.;

•,-1 .~, 
- ,, - ‘7

4~4 (.1 5 0.I -,
.is’ I — 

-~ t ’ 2
l.a ‘I . , - ‘7

0 ~~~~~~~~~~~~~~~~~~~~ 
. . -

C C

r’ l . ’’ 1 ) . . . ,  0’ - , t ’ ,. •. S i  t ‘4’

‘-‘I “5 5 -  :- . s ’  S - , .1 I.’ ‘.‘
.
~
, . ‘ 1 ’ ’  s, ..t 0’

‘Ii 4 7 , ’ .. ’ . .’
S i  ‘ I i .  ~ -~~~~‘ 5  “ ‘ 7  7) 5

— . 5 p .  - 7.

7)

—. — ‘ - 
~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _  _ _ _ _ _ _ _ _ _  -5 .-

I’ 010 0

Table  i i  ( f r om Ref. 5), s5’!ii h is a contpilation of the remaining
i’eservt 5s of medium and is’s..’ vol atile hittmiinous coals , gives some indica-
don of t h e  reserve~ of t~ieo-i c coa ls w h i c h  arc u sed l a rge ly  for specia l
pu rpo st.’s ( coking)  in tNt ’  I’d te d S tate s -md ;i }rro ;i d and may not be oiv ;d 1-
ab le fo r  hea t  and power genera t i on use .  As shown in Table 11 , t hese
specia l  purpose  coals  r ep resen t  less  than o n e - f i f t h  of the  measured and
i n d i ; -a t e d  reserves of b i t u m i n o u s  coal in those  o ta t e s  where they are
f o u n d .

Tabl eo  12 and 13 ( f ’rom R e f .  5) con ta in  s t a t i s t i c s  on st r i p p 5 i b l e  coal
!‘eI-Iervt03 in the U n i t e d  S ta t e s . i’hese t o N i c s  .show the minimum coal bed
t h ick n e s s , maximu m overburden t h i c kn e s s  and economic  st r i p p ing r a t i o .
R e t e r e n c e  1 st a t e s , ‘ ‘T h e orig ina l  in -p l a c e  resource  was obtained ma in lo ’
in : ; s i  ‘ ,211’.’ o

In publ i shed  reports  where  ou t c rop  maps were ava i lab le , the
leng th  of each minable coal bed ou tc rop  was measured  b y map meter
or t i l e  area was measured by p l an i m e t e r , and an . iver ~ice coa l be d
th i cknes s  was de termined for  each bed .  An average  bench  w i d t h
f r o m  outcrop to  m ax imum overburden  t h ickness was e°~t i m a t e d .  This
data gave acre s  of s t ri p p a h i e  ‘aol wh i ch , \s’ h I e f l  m u l t i p l ied hv a
to n na ge f a c t o r , gave t o t a l  or it-; in a l  i n - p l a c e  resoi ,ir ‘ .

2 roll: l a t e s t  e s t i m a t e s  of the  U . S. Geologic;t l Survey , S t a t,  Ceo-
logical. Survey , coal mining companies and railroad companies .

‘‘Remaining strippable reserves are total original coal resources
red uced by depletion computed from past strip and auger production to

‘5’ date of estimate. Available strippable reserves are the recoverable
reserves adjusted to conform to the economic stripping ratios assigned to
the various states. Coal that cannot be mined owing to proximity of
natural or man-made features is excluded from this estimate. ’’

The United States ’ coal reserves ols indicated are so large that only
about  10% of the remain ine  coal reserv e could supp ly all  the  energy ex-
pected to be consumed by the  U n i t e d  S ta te s  b et I er ,’ii now and t i l e  year  2020.

COAL DEMAN D

Table 14 ( R e f .  6 )  show s Uni ted  States coal p roduc t ion  for  t 1 ~~,’ period
1890- 1975 . Also shown is the  cumul ative product ion  dur ing  that peri od.
The records for  coal production prior to 1 890 are not readily available ,
but production was small. Tab les 6 and 14 ind ica te  t h a t  t h e  q u a n t i t y  of
coal mined to date is equivalent to less than 10% of t h i e  estimated present
day reserves .

4 23

-, ~~~

- 

— ‘  

p

L~~~~~._ _ _ _ _  ‘ _ _ _  • “
~~~~~~~~~



-
~~

‘
.:~ Ti’ 3°~ S

TABLE 11. Summary of Maaa ured and Indicated Reserves of Meditn~
and Low Volatile Biti5univoua Coal in the United Statu s According tO Bed

Thickness and Under Less Than 1 ,000 Feet Overburden.*

(Mi l l i on  Tons)

Remaining Reserves
According to Total Remaining Medium & Low

Thickness of Beds——l—l--70 Reserves——All Volatile as %
State 28 —42” Over 42” Tota l Grades over 28” of To ta l

Alaba5’na 420 380 800 1,731 46
Arkansas 153 160 313 313 100
Colorado 0 386 386 8,811 4
Maryiartdt 200 100 300 557 54
Oklaho ma 273 274 547 1, 583 35
Pennsy lvaniat 2 , 200 5 , 200 7 , 400 24 ,078 31
Tennesseet 60 160 220 939 24
Virg in i a  770 330 1, 100 3 , 561 31
W ashing ton  40 80 120 312 33
We st  Vi rg iniat  2 , 730 6 , 370 9 , 100 68 ,023 13

Tota l  6 , 846 13 , 440 20 , 286 109 , 908 19

* Based on data  publ ished in USGS B u l h ’t i n s  1136 and 1275 and var ious  U . S .
Bu reau of M ines pu b l i ca t~.cas c c n t a in in g  d a t a  on analysis of bituminous coal in
ind ividual  s t a tes .

‘5’-

1’ Based in pa r t  on data  pub l i she d  in U . S .  Bureau of Nines Coking Coal Survey
Repor ts  (1 948 —1 9 5 5— —Do wd r e p o r t s ) .
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TABLE 12. Su~~nary of Estimated Rese rves of St rippable
- . Bituminous Coal in the United States.*

(~~i lUau  S h o r t  Tons)

1-linimum Maximum
ht - m-3 I rJ t i - ,’ Aval lsl~’ i Coa l Bed Overbutden F.conomi C
St r i p p a i ’ l e  St r i pp ob le T h i c - k n s ’ s ,- ; Th ickness  S t r i pp ing R a t i o

lun and S L a t e  Re serve s ;  Reserve ( inches)  (Fee t )  (Ycet :Fee t )

App ’ii liull ia
A l .  i, a 607 134 14 120 24 :1
K~ or i ’c ky——East 4 , 609 781 28 120 14:1
N a r : i on , .1 150 21 28 120 15:1
O h i o  5 , 566 1,033 28 120 15:1
l’~ n iss y 1vonia 2 , 272 752 28 . 120 15:1
‘ I r s :  s l i c e  483 74 28 120 19:1
V i s ’ h ~in i a  2 , 741 258 2~ 120 15:1
b O o s t V i r 4~in i a  11, 230 2 , 118 25 120 ]5: 1

ho t t o t a l  27 , 658 5 , 1, 7 1

,‘, ‘ ‘v .o,.t 200 i~’+9 14 60 30:1
i l l  : n sj s  18 , 845 3 , 241  150 3 5 : )

2 , 741 1, 096 J , 5p 90 20 :1
105 1 1, 000 180 2 12u 1 2 :1

- 7 
5’ 

5’ 
h ’ ; : I I  ‘ ss 1, 388 375 12 120 15 :1
F ’  . ; l i : 1 2 2 ,” ” ’,~ s st  4 , 7 16 24 I s O

1CN 2 0 : 1
i 1l’ ’,lrj 3 ,4 . 5  1, i r s ’) 1.2 11-) !h: 1

( r i  . .; ,
~~ 4o’. 31]. 12 122

S ;’’ s~t .dl  32 , 185 7 , 29 (

R i - . , ’,’ ~i- I i ’  s .  2 1 7

1 ‘ C 2 [ ,i C .  Coo~
A L  .11, r ’V 1, 20 ] .  4 5fl 14 120 i N : )

870 500 60 50 to 12u 4 :1~ 3~ - : ] .
4 UI I l l s  252 150 60 39 t o  h i  3 : 1—8 :1

2 , 32 3 1 , 130

62 , / ( 6  13 , 597

‘
4 11n1 , t  0 ( ‘ :5 :‘ t ’~~eil t : u r e~ I of ~-ii nes s t o N y sO : 1  I ’ i b l . ’7 .li le co~~i . r “ s w S ’V C ( ;  Of t O O

l I I I L I N S t . ’ i t ,o ’ .

l : s c ] p c i r - s  ‘ ‘/ 11 . 1 3 1 1 5 ’ ; ,  ( s p ; ~~, s r i  ‘ i F  \ ‘ i H: N - i  t : 5  r n  Al~~s ; ’ .~, Fi I d s  (~ h.r s t h  Siope)
t h ot .  t’ . ;v  f l s  - 5 ’ , - , - l. ’ 0 4 :  r i  11  st . ;’ i ~r 1 r , p 15 I c  a I, t O  s t I -

St r I p~r’7 Is Ic ~ - i t i :  - i . ; t c r \ 2 i .  coal resc-rvs-s or 1d~ lie , M o n t a n a , Ne w Me:-: i cc , T exaS  and
I 5 , 3  Ofl were . ; s o t  ( ‘ 1 . ’. l I d  I c’ij .
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TABLE 13. Summary of Es timated Reserve s of Strippable
Subbi tuminous and Li gnite Coal in the United States. *

: 511  ti 101 ‘ - ‘ ,~ ‘: 1 - ton

2- - . 5  .~ - - , - , t i  I I ~:~ - 1. :’ , e . I  ~
‘ ‘,‘ -t ’ b s i t . 1 ’ -~~ .1 ‘flianic

- - : . -
~~~~~

- 
‘ - - - I ‘~ 1’ ; ‘ 1 s t  0 I ’  .1’, I’ 17 L I

‘ 1  - 0 . : . ’~ ’ . . , , ‘ , ‘, i ’ ’

,r ‘0I’,~ 1 . 1  

‘

‘ — 

1 , 1 - 0  1 , 1 ,0 ;  i l  12 1  . 12 :1
— N 1 .- I/ , ; ~5 s  5 : 1

‘ ‘ - 3  . I I I) I:
- - s  / , - - -. I , ’ ’ ) . )  6~~ Or )  L i )  ~~

S - . 3 , I . 2 , ‘s / s  ‘,~ i t o  ‘ I i  S : 1-— I 2: 1.
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~~‘ 
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* 
. TABLE 4.  Uni ted  S t a t e s  Coal Pr o du -t ion i r ~r a  1 8051 t o  P r &  s e nt .

CumulativeProduc t ion ,
Sea r produ i ’t io nthousan d I S IS

t hous and toi i ’~

1890 111, 302 111, 302

L 1891 117 ,901 22 9 ,203

1892 126 ,857 356 ,060

1893 128 ,358 234 ,445

1894 113,820 603 ,2t5 5

1895 135 , 118 738 ,383

1896 137 , 640 .27 6, 023

13~ 7 147 , 618 1 ,023,641

1N9 ~: 166 ,594 1, 190,235

1c~ 9 193 ,232 1, 383, 558

1 900 212 , 316 1, 595, 274

1 901 ‘ 22 5 ,828 1 ,321 , 702

1902 260,217 2 ,081,919

1903 282 , 7d9 2 , 364 ,668

1904 278 , 660 2 , 643 , 323

1905 315 ,063 2 ,958 , 39~
1906 342 ,879 3 ,301 ,266

1907 395 ,759 3 ,697 ,025

1908 332 , 574 4 ,029 ,599

1 909 379 ,744 4 ,409 , 343

1910 4 17 , 111 4 ,826 ,454

1911 405 ,907 5 ,232 , 361

1912 450 .105 
- - 

5,232 ,361

--
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TABLE 14. (Contd .)

C umula t iveProduc t ion
- s ’~~r p roduc t ion ,thous and tons

thousand tons
191~ 478 ,435 6 , 160 ,901

1914 422,624 6 ,483 ,522

1- i15 442 ,624 6 ,583 ,525

191 o 502 , 520 7 ,528 ,669

1 9 1 7  551 .79 1 8 ,080 ,460

579 , 386 8 ,659 ,846

1919 465 ,860 9 , 125 ,706

1920 568 , 667 9, 694 , 373

1921 415 ,922 1Q, 110 , 295

1922 422 ,268 10 , 532, 563

1923 564 ,565 11 ,097 , 128

1924 483 ,687 11 , 617 , 181
“ 1925 520 ,053 12, 137 ,234

1926 573 , 367 12 , 710 ,601

1927 517 , 763 13 ,228 ,364

1928 500 , 745 13 , 729, 109

1929 534 ,989 14 ,264 ,098

1930 476,5 26 14 , 731,624

1931 382 ,089 15 , 113 ,713

1932 309 , 710 15 ,423 , 423

1933 333 ,631 15 , 757 ,054

1934 359 , 368 16 , 116, 422

1935 372 ,373 16 ,488 , 795

20
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TABLE 14.  (Contd.)

CtgnulativeProduction ,Year thousand tofls production ,
-1--- t i o u s a nd  ton s

1936 439,088 16,927,833

1937 455,531 17 ,373 ,414

1938 348,545 17 ,721,959

1939 394,855 18 ,166 ,814

1940 400,722 18,517 ,586

1941 514,149 19.031 ,735

1942 582,693 19,614,428

1943 590,177 20 ,234,004

1944 619 ,576 20,853~580

1945 577,617 21 ,431,197

1946 533,922 21 ,956,119

1947 , 630,624 22,595,723

1948 599,518 23 ,195,261

1949 437,868 23,633,129

1950 516 ,311 24,149 ,440

.
7 

1951 533 ,665 25,149 ,926

1952 466,841 25,149 ,946

1353 457 ,290 25 ,607 ,236

1954 391 ,706 25,998,942

1955 464,633 26,463,575

1956 500,874 26,964,449

1957 492,704 27,457 ,153

_ _ _ _ _ _ _ _ _ _  -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 1 4. (Cont d . )

P roduc t ion  C u m u l a t i v e
Year ‘ produc t ionthousand tons

_____ 
t housand  tons

1958 410,446 27,867,599
- 

- 
1959 412 ,028 28,279,627

1 960 415 ,512 28,695,139

1961 402,977 29,098,116

1962 422,149 29,520,265

1963 458,928 29,979,193

- 

1964 486,998 30,466,191

1965 512,088 30,978,279

1966 r33,881 31 ,512 ,160

1967 522,654 32,064,814

- 1968 545,245 32,610,059

1 969 560,505 32,666,109
- 

1970 602,932 
I 

33,269,041

1971 553,192 33,821,233

1972 585,386 34,406,619

1973 591 ,738 34 ,998 , 357

[1 1974 603,406 35 ,601,763

1 1 97 5 640 ,000 36,241,763

‘- Si
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Table 15 shows the  volume of imports  and expor ts  during this  saut e
t ime per iod .  I t  is readil y seen tha t  the  volume of imports is negl ig ib le.
The expor t s  make up about 107 of to ta l  U n i t e d  States product ion . This
value isn’t expected to change very much in the future because of the
cost  ol’ t r a n s p o r t i n g  coal.

TABLE 15. United States Coal Imports and Exports.

Product ion , thousand tons Product ion , thousand tons
Year  Year

Exports Imports Exports Imports

1890 1 , 272  1 , 047 1920 38 , 517 1 , 245
1891 1 1 , 652 1 , 182 1921 23 , 131 1 , 258
1892 1 ,905 1 ,4 9 7 1922 12 , 413 5 , 060
1893 1 , 986 1 , 714  1 923 21 , 454 1 , 882
1894 2 , 440 1 , 246 1924 17 , 100 4 17

1895 2 , 660 1 , 4 1 1  1925 17 , 462 402
1896 2 , 516 1 , 893 1926 35 , 2 7 2  486
1897 2 , 670 1 , 443 1927 18 , 012 550
1898 3 , 0 1)4 1 , 42 6 1928 16 , 164 547
1899 I , 8~s8 1 , 410 1929 17 , 429 495

1900 6,061 1 , 912 1930  15 ,877 241
19131 : 6,45 3 2 ,2 1 5 1 931 12 ,126 206
1902 6 , 049 2 , 174 1932 8 ,814 187
1903 5 ,806 , 4 , 044 1933 9 , 037 197
1 904 7 , 207 2 , 180 1934 10 ,869 180

1905 7 , 513  1 , 203 1935 9 , 742 202
1906 8 , 014 2 , 039 1936 10 ,659 272
19( 17 ~s , 470 1 , 493 1937 13 , 145 258
1 908 11 , 071 2 , 219 1938 10 ,490 241
1 909 11 ,101 1 ,375 1939 11 ,590 355
1910 11 , 663 1 , 820 1940 16 , 466 372

‘ 1  191 1  13 , 260 1 , 973 1941 20 , 740 390
1912  16 , 475 1 ,456 1942 22 , 943 498
1913  18 , 013 1 , 768 1943 25 ,836 758
1914  17 , 590 1 , 521 1944 26 , 032 634

1915 18 , 777 1 , 704 1945 27 , 956 467
1916 2 1 , 255 1 , 714 1946 41 , 197 435
1917 23 , 840 1 ,468 1947 68 , 667 290
1918 2 2 , 351 1 ,457 1948 45 ,930
1919 20 , 114 1 , 012 1949 27 , 842 315

11
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TABLE 15. (Contd .)

Produc tion, thousand tons Production , thousand tons
Year Year

______ 

Exports Imports Exports Imports

1950 25,468 347 1963 47,078 267
1951 56,722 292 196 4 47,969 293
1952 47,643 262 1965 30,181 184
1953 33 ,760 227 1966 49,302 1 78
1954 31 ,041 299 1967 49 , 528 227
1955 51 ,277 337 1 968 30 ,637 224
1956 68 , 553 356 1969 36 , 234 109
1957 76 ,446 367 1970 20 , 944 36
1958 50,293 307 1971 36,633 1 1 1
1959 37 , 253 375 1972 35 , 960 47

1 960 36,541 260 19 73 52 ,903 127
1961 34 , 970 164 1974 59 , 926 2 , 080
1962 38 , 413 232 1975 66 ,000 1 , 105

Fioure 7 indicates the estimated production of coal in the United
States to the ‘.‘ear 2020. It indicates that coal production is expected
to rint - substantially during the near future. This rise in produc t ion  is
not e:’:;~a s ’ted to he caused so much by the preference for coal but rather
by the  s1sorta~~e of o ther  energy sources.

COAL PRICE PROJECTION

There are a large number of fac to rs  that  may have an influence on
the future price of coal. The magnitude of the effect of most of these
is hi~ hiv s u b j e c t i v e . For the most part , these factors are trends that
are perceived to he developing or tha t  are expected to develop, it is
not clear in some cases if or when some events that could have a major
e f f e c t  on the pr ice  of coal wi l l  occur.

Table 16 l is ts  some of th e  f ac to rs tha t are expected to tend to
raise the price of coal in the future and Table 17 lists some of the
factors that will tend to restrain coal prices. Some of the factors in
these tables , along with historical prices , are discussed and an esti-
mate of future coal prices is developed .

The historical price of coal was obtained for the period 1890 to the
present time and is shown in Table 18. Shown are the prices for each
year  i n  then year dollars .  These prices were then corrected for  infla-
t ion  by two methods (Consume r Price Index and Cross National Product
Imp l ic i t  D e f l a t o r)  and expressed in terms of 1975 dollars as shown in the

32
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FIGU RE 7. Estimated Production of Coal in the United States
to the Yea r 2020.
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TA UI.U 16.  }-‘ ,i~tors Tending to Raise Coal Prices .

1 . S i :  ~ t v  and ,~- a1  t O  l eg is l at ion

2 .  Py l  ion and en v i r o n m e n t a l  considerat ions  associated wi th  mining coal

to o i l  and gas pr ice  changes

Pt- r . - i v - . d  one rgv  ~:~o rt a ge

5 . Hi~z )~~-r  real  s’ ~ges fo r  coal miners

(~~. Need f o r  cap i t a l  fo r  expansion of coal product ion

7. 0ii~~ co~i~~if l~

8. Inc rs -J- -ing ex po r ts

+ 
~~. ,Lr lit ed abilit y to s a t i s f y  increased demand in the near tern

TABLE 17. Factors Tending to Restrain Coal Price Raises .

P,~ -ser~t r e tu rn  on inves tment  is high

2 . I c - o r  is re I ;it I ‘c 1Y cheap

3. I n ( - r o  i ’~ing  p e r c - ’n t  of coal is from s t r ip mines where co st s  are 1o~-+ - i’r

.. Dema n d i~ not  growing  fas t

5. [- t r~ t ’ re t - rve ’  ‘x i st

- C -/ r e n t e d , (- on 1) €- t i . t i ve  i n d u s t r y

7. Nis t i - disposal (ash and sul ph u r )  prob l ems

8. P o l l  I t  ion and env i ronmen ta l  cons ide ra t ions  associated with burning
(

_
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TABLE 18. Coal Cost Per Ton .

Average cost per ton

Year
1975 dollars 1975 dollarsThen year dollars

_____ 
(CP I correc tion)  (GNPID cor rec t ion)

1890 0 .99
189 1 0 . 9 9
1892 0.99
189 3 0 .96
189 4 0 . 91
189 5 0 .86
189 6 0 .83
189 7 0 .81
1898 0.80
1899 0.87

1900 1 .04
190 1 1 .05
1902 1 . 1 2
190 3 1.24
1904 1 .10

1905 1.06 I
1906 1 . 1 1
1907 1 . 1 4
1905 1.12
1909 1.07

1910 1 . 1 2
1 9 1 1  1 1 . 1 1
1912 

+ 1 . 1 5
1913 1 . 18  6 .34
1914 1 . 1 7  6.20

1915 1 . 13  5 .92
1916 1.32 6 .44
19 1 7  2 . 2 6  9 .37
1918 2 .58  9 . 1 1
1919 2.49 7.64 7.64

1920 3 , 75 9 . 9 4  10.09
1921 2.89 8.61 9 .08
1922 3.02 p .57 10.00
1923 2 .68  8.36 8.68
1924 2 . 2 0  6.84 7 . 2 2

1925 2.04 6.18 6.55
1926 2.06 6.20 6.61
1927 1.99 6.09 6.53
1928 1.86 5 .77  6.03
1 929 1.78 5.52 5 .77
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TAJILE 18. (Contd.)

Average cos t per too

Year 1975 dollars 1975 dollarsThen y ear  dollars
________ ___________ 

(CPI correction) (CNPID correction)

1930 1.70 5 . 4 1  5 .75
1931 1.54 5 .39 5.87
1932 1 .3 1  5.10 5 .52
1933 1.34 5 .51  5 .79
1934 1 .75  6 . 9 5  7 . 1 1

1935 1 . 7 7  6 .85 7 . 2 7
1 3 6  1 .76  6 . 7 4  6 .95
1937 1 .94  7 .18  7 . 5 7
1938 1.95 7 .35  7 . 6 1
1939 1.84 7 .05 7 . 2 7

1940 1 .91  7 . 2 4  7 .45
1941 2.14 7.73 7.62
19!~2 2 .36  7.69 7 .46
1943 2 . 6 0  i 7 .98  7.49
1944 2 . 9 2  ~ .82 8.26

1945 3.06 9 .06 
I 

8.42
1946 - 3 .44 1 

~.39 8.84
1947 4.16 9.90 9.61
1948 !. ,99 1 1 .08 10.88
1949 4.88 10.93 10.49

1950 4 .84 10 .75  10.31
1951 4 . 9 2  10.14 9.64
1952 4 .90 9 .90  9 .46
1953 4 .92  9 .84  9 .40
1934 4 .52  8 .94 8.59

1955 4.50 9 .00 8.51
1956 4.82 9 . 5 0
1957 5.08 9.65
1958 4.86 9.04 8.31
1959 4 . 7 7  8 .7 8

1960 4.69 8 .44 7 .7 9
196 1 4.58 8.20
1962 4.48 7.44
1963 4.39 7.64
1964 4.45 

I 
7 .70

1965 4 . 4 4  7 .55 6 . 9 3
1966 4.54 7.49
1967 4 .62 7.39
1968 4 . 6 7  7 .19  6 .49
1969 4.99 7.19 6.64
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TABLE 18. ( C o n t d . )

Average ost per ton

Year  1975 d o l lar s  1975 dollarsThen year dollars
_______ _____ 

(CPI co r rec t ion ) ( GNPID correct ion)

1970 6 . 2 6  8 .51  7 .95
1971 7 . 0 7  9 .26 8.55
1972 7.06 8.83 8.26
1973 8.53 1 0 . 1 5  9 . 4 7
1974 15 .75  16 .82  16 .70
1975 18.75 18 .75  18.75

table . It is readily apparent that the two methods of correcting the
cost of coal fo r  i n f l a t i o n  are nearl y e q u i v a l e n t .  For this reason , the
Consumer Price Index cor rec t ion  was used for  the  coal cost values . These
prices are mine mouth prices . They do not include transportation costs.

The s a f e t y  and health of coal miners is of Lontinuing concern.
There has been a concerted e f f o r t  in t h e  past b\- ule i n d u s t ry  to improve
the in j ury ra te .  Subs t an t i a l  progress ha s been made as show n by Figure
8 ( R e f .  7 ) .  The improvement has , no doub t , been enhanced by leg is la t ion
from time to t ime . The Federal Coal Mine and S a f e t y  Act  of 1969 is the
latest example of federal legislation to improve the  s a f e ty  and heal th

- 
. of coal miners.

C -

As shown in’ Figure 8, the fatalit.- rate declined steadily over the
years . This trend is encouraging;  ho~-~~ver , Figure 9 (Ref .  8) indica tes
t h a t  both  t h e  se v e r i t y  rate  and frequency rate of injuries for underground
coal min ing  are both substantially l im b e r  than for  any o t h e r  indus t ry .
For th is  reason , additional safety and health measures are expected.
These will substantially increase the future price of coal in the Uni ted

+ States .

Table 19 ( R e f .  9) shows the  t rend of the  e f f e c t  of the p resen t  s a f e t y
and reclamation requirements on mining costs for specific examp les of
mines . This table illustrates the total cost impact . inc lud ing  amounts
spent  fo r  the  add i t i ona l  equipment  and personnel , required to sat isf y the

+ + regulations . As coal mines are brought into full comp liance with the law ,
the costs shown in Table 19 are expected to increase rapidly.

The earnings for various coal industry occupations are shown for
1972 and 1973 in Table 20 (Ref. 9). These wages are low in comparison to

C o the r  major  i n d u s t r i e s .  They are expected to increase at a ra te  exceed-
ing the av~ rage of other indus t ry for an extended period of time .
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TABLE 20. Earn ings for Various Coal Indus try Occupations .

I > S tlv 1-age__I~at.e~~- - ‘- b>~r November

1~j72 1073

4
70d~ o ’ ’,x’ o ui. .l Occup.i t ions

C’’)I’otinu ous ~1i nS.ng - ‘ ) C~ 1 if l C ’  () p ’-t ’ato r’;,
E i c - c t x - i c i a n , M ’.-ch:o n i - , I i s’ & -  ); ss ,
L> ~~ -,all Machine O~ t -t’ a~ or , ~“eU1t’r S45. 75 $50.00

C u’ , t i ’~~ Mic’liin- ’ Opei’.otor , 1 )is p CotC l e t ’ , Lo~sdiii ~;
‘~~ I ( , i l i l C C  Oj ra1oi’ ,~~-~ac!sine OpL-t -a t - 1 - ’

UCC U SI’ i- t i. RepaiC’s:s-an— ’ -lder , Rot ~ Bol toy 43. 75 47.25

Drillor , Shooter , Du~. ipcr , Construct ion , 1-’acemari 41.75 44.75

~-:oturmaoi , Shuttle Cat’ Operato r 40.45 43.25

Boitman , Bonder , Brakeman , Brat tjces”an , Ge:’Scral
1,aobr , Electric ian helpe r , Ma~ On , ‘- ! C - C i l a S I t C  Helper ,
Pumper , T i n ker m a n , Trackman , IVireman 40.00 42 . 75

Labo r er — Unskilled 39.75 42 .25

S ur f a c e  M i n e  Occupa t ion s ’t

Loading Shovel Operator , Overburden Machine
Operator , M a s t e r  E l ec t r i c i an  46 .00 50.00

Electrician , Machinist , Mechanic , Welder—
F i r s t  C l a s s , Shove l— Drag l ine  O ile r  42 .50 46.00

~ r -bi 1e E q u i p m e n t  Operato r , Repairman , Stationary
L c i U  ~p~-:on~ Operator , ~Velder , Dr i l l e r — S h o o t e r ,
Gi’oundman 40.90 43.75

t ‘I ipple At tcndant , E l e c t r i c i a n  ilelpIl’s- , Machinist

hel :’-~o’, Mechanic Hel per , Repairman l ie ]  per 39 . 50 42.00

4 1

L _ _ _ _  - - 
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TABLE 20. (Contd.)

Da i ly  %‘.agc’ hate —
No ve~ ber Novem ber

] 972 1973

Surface Mine Occupationst(continucd)

Car Dropper , Car Dumper , Car Tr immer ,
Sampl es , Truck  D r i v e r  Service , U t i l i t y  Man S39 .OO $41 .50

Laborer  — Unskilled 38.85 41.25

Occupa t ions  in Prepara t ion  Plants  an d O t h er  S u r f a c e
F a c i l i t i e s  — Deep and Sur face  Opera t ios is t

Ele ct r ician , Machinist , Mechanic , \celder First

Class , Prep. P lan t  Control Operator 41.50 45 .00

MobUc ’ Equ ip m en t  Operator , Repairman ,
Stationary Equipment Operator , Welder  h a i l road
Car Loader Operator 40.40 ‘13 . 50

Tipple  A t t e n d a n t , Dock Man , Elec t r i c i an  hel per ,
Machinist Helper , Mechanic Helper 39.15 ‘11.75

Car Dropper , Dumper , Trimmer , Sampler , Bit
Sharpener , Truck , r )r iv er  Service , Equipm ent

Service , Prep. Plant  U t i l i t y  Man , Surface
U t i l i t y  Man 38 .65 41. 25

Laborer — U n s k i l l e d  38 .4 0 41.00

Note; General Pay Provisions: Time and one—half pay for overtime beyond
(1) 40 hours or (2)  36— 1/4 hours . A l )  ~ a t  u r d ,  tv  ‘..os-k a t  t nue and
one—half  pay ,  Sunday work at thsubli---t I T S I - . l i o l  i d t v s  (n is :e provided)

worked paid at trip le—time i-at .- . Fourteen- -day ~acation for all
-; employees wit h an add t tionat d ‘.y pci- year ~or each year ’s con t i n u o u s

employment  beyond 10 years up to 19 years.

D a i l y  sate , usidco’~~round occupa t ions  , based on poo - ~~— to—po i’ t al ~—1tour
(lay,  ‘10 hour (Monday—Friday) ‘~‘ - -e k .

t
Bail y i-ate based on 7—1/4—hour ( M o n d , t v — F r  I slav)

~~s, t l 1 ’ c ( ’ :  P r ov I d e d  by N a t  iorsa l  B i t ( 5 5 5 1 1 0 5 0 0  \‘~~1~~~ ~~ F C ’(” C ( ’ S i t  of 1971

-~~ 42
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Figure 10 (Ref. 10) shows the recent  action of both spot and contract
coal prices . There is a large difference between the spot and the con-
tract price of coal for the period shown. This is not normal. About 80~
or coal is sold on long term contracts and the remainder on the ‘‘spot ’’
or open market. The oil embargo caused an increased demand for coal
during this period. This increased deman d for  coal caused the spot
p rices to rise signif icantly because it couldn ’t be met fr om in creased
production due to the required lead time for new coal mine openings or
expansion of existing mines . It is also felt that coal prices rose in
sym p a t h y to the higher oil prices .

The coal in dustry has the capability of large increases in coal pro-
duction . It cannot , however , meet sudden unexpected increases in demand.
These unexpected increases in demand will tend to sharpl y raise the price
of coal for short periods of time . It then could go back down as the
supply rises to meet demand . It appears , howeve r , that the price of
coal or any other similar commodity will not usually go completely back
to the original price .

There are few large coal companies whose princi pal product is coal.
It is , therefore , difficult to calculate return on investments for the
industry . It does appear , however, that the return on investment for
coal mines is near the average for all industrials. It appears to have
been about 15% in 1970 , 13% in 1972 and 10’/ in 1972 (Ref. 10). This
compares with an average of 10-11% for all industrials for these years.
In 1973 the average for  all indust r ia ls  was 147,, wh ile coal remained at
10/ . In 1974 , howeve r , the return on investmen t for  coal companies rose
to 25% while that for all other industries was 14%. It appears that pro
f i t s  from coal mining can adequately meet the demand for  increased pro-
duction as long as it occurs in an orderly fashion.

Table 21 (Ref. 10) indicates the shares of total production of the
top four , eight and twenty coal mining f i rms . It is apparent that the
industry is highly segmented. It is unlikely that coal pr ices can be
raised by manipulation of the market,

The percentage of coal that is produced by surface mining methods
has been rising rap idly over the years (see Figure 11 (Ref. 7)). This is
expected to act to restrain coal prices because it is the cheapest method
of mining coal. A difficulty, however, is tha t western strip coal mines
ar c gene rally long distances f rom the place of consumption. This means
the transportation costs are high.

Land reclamation costs are expected to be substantial for both sur-
face and undergroun d coal mining . The costs of reclamation are expec ted
to be appreciably higher , however, for surface mines .

For surface mines , the mined areas will probab ly be returned to
their original topography ,  but restoration requirements and capabilities
will vary with location. For examp le , restoring the land to its original
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TABLE 21. Bituini.nous Coal Indust ry  Concentration Ratios:
Shares of Total. Production (Percen t ) .

Number
of Fi rms 1955 1960 1965 1970 1971 1972 1973 1974

Top 4 17.8 21.4 26.6 30.2 27.8 30.2 29.1 26 .6

Top 8 25. 4 30.5 36.3 4 0 7  37.6 40.0 39.1 36.7

Top 20 39 ,5 44 .5 50.1 56.5 52.2 55.8 54.9 51.2

a! A 1-1st of the top 20 coal producers and their parent companies is
given in Appendix Bof Ref . 10.

SOURCES: FTC - Concentration in the U.S. Energy Indus t r~y, 1974 .

Keystone Coal Manual , and McGraw-Hi ll , for various years.

60
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0
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FIGURE 1 1 .  In crsa.e in Coal Production by Surface Mining.
(Adapted from Gous. ~~d Rubin , 1973: 111-5.)
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form will be almost impossible when the thick Montana and Wyoming coal
beds are mined. Revegetation in arid areas such as these is also a major
problem.

The reclamation problems associated with underground mines vary
from those of surface  mines . The largest problem is the disposal of
materials mined with the coal. Often coal is cleaned at the surface to
remove these materials. These waste materials cannot be simp ly piled up
and left because they may produce acid water runoffs when dissolved by
rain .

Reference 11 is an indepth treatment of reclamation costs. It in-
dicates that reclamation costs can run as high as $10 per ton of coal.
Other studies (Ref. 5) indicate much lower reclamation costs as shown
in Table 22.

The large coal reserves of the United States probably will be the
largest restraint on future coal prices . These large reserves combined
with the segmented industr’.’ are expected to jointly act to stabilize and
restrain coal prices through the t ime  period of in te res t .

F ir u r e  12 presents the projections of future coal prices for the
serse d l - ~~5 -2 ( ] 2 O .  Shown are prices for three assumptions—optimistic ,
orobdi le . ~ind p e s s i m i s t ic .  The optimistic and pessimistic values are
inLended to represent probable extreme s .

ftc pr ices shown in Figure 12 are for freight-on-board at the mine
mouth. T~~~~-v represent average prices for all coal mined , both surface
and un d e r g r o un d . Inc luded  in the price projections are the costs of
r4cLIn Iti (n and other environmental considerations associated with coal
minin~~. Coal desu lphuriza t ion  and t r anspo r t a t i on  costs are not included.

The prob able price curve assumes that coal production will increase
by about an order of magnitude over the time period of interest. This
expansion Ot production is assumed to he smooth and stead y.

TABLE 22. Impac t of Cost of Reclamation in Western United States .
(Cents per ton of coal mined)

Seam Appro x . Reclamation Cost

Tlo,ckne~s Recovery (Do llars/Acre)

J!~viL.. (Ton/Acre) S500 $1.000 $1 ,500

5 9.000 5.6 11.2 16.8

10 18,000 2 8  5.6 8.4
20 36.000 14  2.8 4.2
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In order for the prob able price curve to occur , i t  wifl he neces~ arv
for federal coal leases to be granted for substantial acrc lge. ThI- prob-
able price curve assumes that safety , health , environmental and ri-cLini-
t ion related laws and social press ures will become more d i f f i c u l t  fo r  t h e
coal mining Industry . It assumes , howeve r, that the indus t ry w i l l  : e
able to grow and overcome these problems . Substantial costs are expected
to be incurred because of these concerns . These costs ~re expected
to increase with tine.

The optimistic price projection assumes that events or trends which
would be expected to depress the price of coal will tend to happen .
These would incl ude no oil emb argo , no United States balance-of-payments
problems , development of low cost desulphurizatiori technology , low coal
exports , and lower than expected growth in energy consumption .

The optimistic price assumes that the recent rapid and large increase
in coal prices caused by the oil embargo return to their normal levels.
The optimistic price projection could , perhaps , F e considered an exten-
sion of long term coal price trends because it appears to simp ly extend
them. It is felt , however , that an extrapolation of recent (last 5 ~‘ears)
t rends ( s a f e t y ,  heal th , environment , cos t , etc .) more nearly approximates
th e  p r o j e c t e d  probable  pr ice curve .

The pess imis t i c  price pro jec t ion  assumes t h a t  events  or trends ~s-hich
should act to raise the price of coal will tend to happen . These  would
include an oil embargo , United States b a l an c e - o f -p avn ~en t s  proh 1 ens ,
failure to develop low cost desulphurization technology , large ~ -al cx-
ports , and hi gher than expected growth in energy consumption .

The pessimistic price projection assumes that coal consumption w i l l
show large fluctuations from year to year and tend not to return to t h e
price levels that existed prior to the unexpected increase in demand.
These demand fluctuations may be caused by oil embargoes , government
controls , etc.

A summary of the extent that some of these major events would he
expected to occur fo r  each of the th ree coal price p r o j e c t i o n s  is - -hewn
in Table 23.
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NATURAL GAS

IN TRO DU C T ION

In the past , natural gas consumed in the United States has been
supp lied by conventional oil (associated) and gas (nionassociated) wc~-~ ls
located in the contiguous 48 states with a small fraction supplied hy
over land pipe line impor ts from Canada and Mexico.  Na tu ra l  gas is not onl y
the  c leanest  but also one of the lowest cost f u e l s .  The demand has been
stead i ly  increasing because of government price regulation . For the past
several years the conventional sources have not been able to meet this
- -xpanding  demand , which has exceeded both the current productive capacity
. n d  it s  projected resource base. The government is currently increasing
se lec ted  wel l -head pr ices  in an effort te encourage and s t imula te  new gas
exp l o r a t i o n  as well as to increase production from existing fields.

In order to fill this unsatisfied demand , utility companies are seeking
dtt-rnite sources such as the production of hig h Btu (pipeline) gas from
coal , synthetic gas from liquid hydrocarbon feedstocks . impor ted liquid
natt~r a l  gas ( L N G ) ,  and pipeline gas from the Alaska North Slope.

i~-chnology breakthrough in new areas such as nuclear stimulation and
massive hydraulic fracturing of low-permeability reservoirs , the extraction
of g-i - f rom organic wastes, and the use of nuclear heat to generate pipeline
ges from coal are also possible .

in this section , the status of the natural gas reserves are briefly

~iscussed , the projected supply and cost of natural gas from each socrce
(conventional , imported , and synthetic) estimated , and the results s~~nmarized
to yield the most probable supply and aggregate cost of natural gas through
t e year 2020. In conjunction with the most probable cost projection ,
o timS.stiC and pessimistic estimates are included .

NATIONAL POLICY AND OTHER ASSUMPTIONS

As one reads such digests as BNA ’s Weekl y Energy User ’s Report and
the FPC News and per iod icals such as Bu siness Week and Rarr on ’s, it
)ec omcs  apparent that t l k  Nation ’s policy on natural gas is still in
the formative et I g - s . For tile purposes of this report the followi~ g
natural gas policy has been assumed :

Dere-csilation of new gas will occur in the near future , probably
in calendar year 1977.

End use p r io r i t i e s  wi l l  be establIshed in the use of natural gas
with the highest pr iority going to Lnd iv idu a l  home owners , thuc
I orcing industry to util ine other f u e l s .

51)
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ihe l imi t a t ion  on natural gas import- H , currently set at I trillion
cubic  f e e t  (Tc f )  per annum , will eit her be lifted or raised to
about 3 Tcf .

O t h e r  assumptions include:

All costs are represented as 1975 dol la r s .

A1.l natural gas prices are well-head pr ices  ( th i s  should be kept
in mind ‘~-hen comparing n a t u r a l  gas prices with those of crude
oil , which ar e retail prices).

The following abbreviations will he emp loyed in this section :

A -Tcf = t r i l l i o n  cubic f ee t

M c f  thousand cubic feet

A
Qcf = quadrillion cubic feet

RESERVES

In 1974 the production of natural gas was 21 .3 Tcf , a decrea se of
6~ f rom t h e  previous year , causing concern about future supplies. Table
24 (Ref. 12)  p resen t s  various estimates of remaining United States natural
gas resources. It includes both proven and potential reserves.

h A h I E 24• Estimates of U.S. Natural Gas
Reso-irces Remaining

( i n c l u di n g  Alaska).

- Undiscovered recoverable Proved* -
~- - ~~ c- - ~~~~~ . [ota l

• p lus in fe r r ed  resources r ese rves  (1 f )
-~ (Tel) ( T c f )  C

‘- 1~~~~- j ~~ i ) j j  rn. 1 4 7 4  443 ~ 65 250 758
‘h k-*o I 485 + 65 237 787

- \ -  sd.  e~ Sc h -n C  5 19 75  530 + 118 237 885
U .S. - -o ’ ~c i -  a l  Surv v 1975  ( 3 2 2 - 6 ~~~~

) + 202 237 76 1 1094
Poten i i i  ~

‘- i -  - re~, i t  t
1 • ,~~ 1146 266 1412

- 
- - - \  s’ whiCh (ac he economically produced

us n -i ~v -l t j -n mr- I ed
OTl -~ I I t ~~~ O h  oH 51 -
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One can adopt an optimistic attitude and conclude that at the
present rate of consumption there  is amp le na tu ra l  gas. The American
Gas Association (ACA) states that there is enough undiscovered gas to
last through the year 2030 (Ref .  13 ).  AGA also s ta tes  t ha t  t h e r e  are
vast quantities of natural gas in hard-to-produce reservoirs in the
Rock y Mounta in  region (estimated at 600 Tcf) and in the  E a s t e r n  Uni ted
States (estimated at 500 T c f )  await ing the development of advanced
frac uring techniques (nuclear , hydraulic) wh ich would make ex t rac t ion
economical (Ref. 14).

There are , however , ominous signs that belie optimism. First ,
proved reserves of the United States monotonica ll y increased up to
1967 , peaking at 292.9 Tcf . With the exception of 1970 , when 26 T cf
of proven reserves in the Prudhoe Bay field of Alaska ’s North Slope
were added to the i n v e n t o r y ,  the  proven year-end reserves have been on
a downward trend , production having exceeded new reserves.

Another  c r i t i c a l  sign is t h e  stead y dec l ine  of the  reserve- to-
production ratio (R/P), a measure of the rem a ining years of proven
reserves at the current level of production. In the past 10 tars it
has declined from 18.3 years (1964) to 11 .1 years (1974).

A final significant parameter for assessing prospects for the
f u t u r e  is the finding rate (Mcf/successful foot drilled~~. For
nonassociated reserves * in the lower 48, the f i n d i n g  r at e  i~ss  d ropped

- 
- 

-~~ from 409 Mcf/foot in 1970 to 104 Mcf/foot in 1973.

These I igsi r -s Ir e  summarized in Table 25 (Ref. 15 , 16. 17).

The 1974 year-end reserve for the world was 2.16 Qef , down
from the 1973 f i g u r e  of 2.23 Qcf (R ef . 18).

*Free n a t u r a l  gas not iii  contact w i t h  nor  d i s so lved  In -.~rude
oil in the reservoi r .
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TABLE 25. U n i t e d  States Natura l  Gas Reserves ,
Reserve/Production Ratio , and

Finding Rate : 1946-1974.

Proved reserves Reserve/production Pinding rate
Year (Tcf) ratio (years )  ( M c f/ f o o t )

1946 15 9.7 b 2 . 5
1947 165.0 29.5
1948 1 7 2 . 9  28 .9

• 1949 179. 4 28 .9
1950 184.6
1951 192.8  2~~~.3

1952 198.6 23. 1
1953 210 .3  2 2 . 9
1954 210 .6  2 2 . 5
1955 2 2 2 . 5  22 . 1
1956 236.5  2 1 . 8
1957 2 4 5 . 2  2 1 . 4
1958 252 . 8 22 . 1
1939 2 6 1 . 2  2 1 . 1
1960 2 6 2 .3 29 . 1
1961 266 .3 19 .9
1962 2 7 2 . 3  20 .0
1963 2 7 6 .2  19 .0
1964 281 . 3 I 18.3
1965 2 56 . 5 1 7 . 6
1966 25° . 3 16. 5 662
1967 2 9 2 . J  15 .9  831
1968 287. 4 14 .8  613
1969 2 7 5 . 1 13 .3  286

4 1970 290 .7  13. 2 409
1971 278 .8* 12.6 379
1972 266.1* 11 .8 284
1973 250.0* 11 . 1 104
1974 237.1* 1 1 .1 not available
1975 222.2** not available not available

*Figures  inc lude  26 Tcf in Prudhoe B :- v , Alaska (discovered in
1968).

**pr e l imj f lary .
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PROJECTED SUPPLIES ANI ) COSTS

Lower 48_Nat ural ~as

Supp ly. Tab l e  26 show s the  q u a n t i t y  of gas consumed f rom t h i s
source for the past 15 years (Ref. 17).

I t  is g e n e r a lly  accepted  t h a t  the  future supply and production of
continental United States natural gas will depend upon the outcome of
the  cu r ren t  d e h a t  -r ing 1gt ~d In Congre —o ; on t he  proposed d e r e g u l a t i on
of n a t u r a l  gas .

There have been a number of studies made on the effect of ‘ new ’’
gas price deregulation on near-future domestic gas supplies as well as
projections in response to the current legislative bills on deregulation
being considered in Congress . seedless to say, there is not agreement as
to what the effect will be. Many feel that deregulation will stimulate
the search for additional reserves. h owever , some believe that such an
act ion is as much a potential means of reducing demand as increasing
supp ly. The’• fee l that the rising natural gas pr i ces  tha t d e r e gu l a t i o n
w i l l  p r e c i p i t  : l t  e 5011 - i act as an InCentive f o r  e n e rgy  conservation as
we ll as encc)nr (1~~- conversions to  a l t e r n a t i v e  f - i t - I s  ( R e f .  19) -

TABLE 29 .  Quantity of Bas Consumed .

Natural gas consumed
Year ( T c f )

196 ( )  12 .51
1 961 13.01
1962 13.81
1963 1 4 . 5 6
1964 15.45
1963 16.03
1966 17 . 19
1967 18. 17
1 968 19. 46
1969 20. 92
1970 22.05
1971 2 2 . 6-k
1972 23.01
197 1 22.97
1974 2 1 . 3 0
1975 20.20*

*Est imated
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Table 27 shows the results of several of the studies.

- - TABLE 27. E f f e c t  of Deregulation of Natura l
Gas Prices on Produc tion.

Proj ected total
New gas deregula tion study Time period covered produc t ion
___________________________ ____________________ (T c f )

Schwartz (Ref . 19) 1975-80 22 .5  (1980)
Project Independence (Ref . 19) 1974-85 21 .3 (1985)
FEA (Ref. 20) 1974-85 22.3 (1985)
AGA (Ref. 19) 1975-85 22.0 (1985)
GAO, Case 1 (Ref. 21) 18.7 (1985)

Case 2 (Ref .  21)  21 .4  (1985)
Libary of Congress (Ref. 18) - 25.0 (1985)

All of these studies , of course, exclude Alaska. The GAO study,
Case 1 , assumes new f inds  equal to the last 10 years of U.S. exploration.
The wri ter  feels  tha t  deregulation will s t imulate  the market such that
future exploration will exceed that of the last 10 years, and consequent ly,
that the 1985 projection of 18.7 Tcf is too low. Also , the Library of
Congress ’ 1 985 es t ima te  of 25 Tcf is quoted as a maximum figure.
Averaging the remaining clustered estimates f or the supp ly of Cont inental
United States natural gas in 1985 yields 21.8 Tcf. (It is interesting to
note that if the low (18.7) and high (25) estimates are included in

5— the averag ing, the result is about the same.) Thus , assuming deregulation
of new gas in 1977 , the most probable pr ojec ted suppl y is taken as a
linear growth function from l975’s figure of 20.2 Tcf to 21.8 Tcf in
1 985. Af ter 1 985, one of the studies indicates a leveling-off (viz,
the Library of Congress stud y ) .  However , others  bel ieve the supp ly will
gradually diminish (Ref. 22). It appears probable that exploration
stimulated by der egu la tion will peak in 1990 at 22 Fcf and , as alternate
fuels become avai lable, the demand and , consequently , the  supply or year ly
production will gradually decrease to 19 Tef in 2020. The most probable
trend is summarized in Table 28.

TABLE 28. Projected Supply of Lower
48 Natural Gas (Tcf).

1975 1 980 1 985 1 990 1995 2000 2010 2020

20.20 21.00 21.80 22.00 21 .80 21 .50 20.50 19.00
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Cost. Once deregulation of new gas occurs , it is predicted that the
-~~ average well-head pr ice  of new gas  will  escalate iimnediatelv to the  average

intrastate price ($1 .55/ N c f , first quarter 1976 , Ref . 2 3 ) ,  and wi l l  con t inue
-~~ to rise (Ref . 24) reaching $ 1 .75 / Me f  within a short period of t ime (Ref.

2 1 ) .  In 1985 it is es t imated  the price will he $2 . 13/Mcf (Ref. 2 9 ) .  This
agrees f a i r ly  wel l  with one stud y (Ref . 25) , which predicts the pric e
will continue to escalate , but at a f a s t e r  r a t e  ( e . g . ,  1 990: $3. 20 ,

-
~ 2000: $4.80). Another simulation study (Ref. 26) has the price increasing

- - at about the same rate (e.g., year 2000: $3.12). Assuming dereg lation ,

- - it appears that cost will rise until 2000, as the SRI studs’ assumes , ;snJ
- 

- 
will then level off to about $3.25 to remain competitive with t1i~
p r o j e c t - n i  p r i ce  of the alternate gas sources (Alaska , LNC , SN G)  w h i  - - h”
t h a t  t l O e  n - t l l  he c o n t r i b u t i n g  s i g n i f i c a n t ly  to the supply.

file p r o j e ct e d  cos t s  are sui~nar ized  in Table 2 9 .

IABLE 29.  Pro jec ted  Cost of Cont inenta l
United States Natural Gas

( 1 9 7 5  do l la rs)
1 477* 1981) 1985 1990 2000 20 10 2020

1 .73 1 .Q() 2. 13 2.63 3.12 3.25 3. 75

- 

~ i Inc of W-r .-gu lat ion

Th e p r i  - t e d  ~-e-~t nro -ih1 ~ ~‘:i 1 14 it the supp ly and cost of Con~ x n —
en t a l  t n i t • -1 5 t  a t  - - 4  fl :1 ’ n r  1 I S  i s  d i - : p l . s v e d  in l ’igure 13.

A ha n ka ~ - c t  h - I - -2
~ 

-

• 
- u n j ) 1 ’ - . In  “-~~ - L  l ar g .  (2 .  e l  p roven reserve)  na tu ra l  gas f i e ld

was d i n -  o v 4 - t ~. - l  i i y  Al ink s ’ S ‘hi ii i th addi t iona l  p o t e n t i a l  supp lies
4 (as  

~~
- - s n - h  - - - - - lop .-1 ) ‘ n t  I : i t  -2 I t  ~h i  I I ( } 4e f  . 2 7 )  . There are several

p lans  : - r  r-snsp r~ i 4. n -  i - i ~~ to  the  of l t  iguous l i m i t e d  S t a t e s  under
cons i 1 ~ - r a t  ion . 1 ic  I.! P - i — i i  p 1 in  8 . 28 ) recormiends bu i ld ing  a p ipel ine
f rom the f i .  I d  in  l’ r u d h ioe  I c r -  o a soi t! -rn Alaskan port such as Valde7 .
At t h i s  p o i n t  , t h e  g e-, -ioil d -c  LI q s i i - t  h o d  and t ranspor ted  via LNG
t a n ker s  ~ - i ‘ - r t in ‘ i h i t o r n i a  ( po~ s i l i 1 v  P t .  Conception or Oxna rd ) .  I t
wou h tht-n h. r i - n i s i  t i d  f o r  - I s I r i U s ’  ion . The Arc t i c  proposal ( R e f .  ~‘~~i)

is t o  bui ld -i p i r - - - I i n e  a l l  t U  wa~ f r o m  the  f i e l d s  to  the  B a n a d i a n — U n i t e d
S tat - . bo rde r  ( at  ‘Ii - c - i - n o !  a )  A I: i r h  prop o-n i I , the  N o r t h w e s t e r n  plan ,
w h i c h 4  i s  : i r i l - I r  to  I i i -  Ar t ic proposa l , has jus t  been in t roduced  in to
Congress (U -I . 11)). the r u t  e 111.1 -— i - - s n - . I or transporting t h e  ~~dS will
pro l - a} ] 1; he de t - r c i i - 1  - - - i r i v  i i i  ilendar year 1977.

‘I i  - — - —
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Regardless of the outcome , the schedule for delivery is estimated to
be 1 .5  Tcf per year s t a r t i n g  in 1986 and growing to a maximum of 3 Tcf
per year in 2 1 ) l ) ( )  (R e f .  2 2 ) .  Th is level will probabl y be ma in t a ined
through the ye ar  2020. One constraint to the future supp ly f r om Alaska
will be the p ipe l ine  s ize.  This is estimated to allow fo r  a max imum
transmission of about 4 .5 Tcf per year (Ref . 31). Ther e is a strong
likelihood that if t h e Arctic or Northwestern plan is selected Canadian gas
will  be t r anspor t ed  through the line along w i t h  the  Alaskan gas , p a r t i c u lar l y
if the  Cana d i an  Mac K enz ie  Del ta  and/or  A r c t i c  I s land f i e l d s  can be developed .
Theref ore, t I l t -  3.00 Tcf per year maximum is r e a l i s t i c .  The pro jec t ed  suppl y
for Alaskan N o r t h  Slope gas is summar ized  in Table 10.

TABLE 30. P ro j ec t ed  Supp iv of Alaskan
N o r t h  Slope Gas

(Tcf).

1977 1 985 1 990 2000 2010 2020

0 1.50 1 .80 3.00 3.00 3.00

Cost. To he able to combine and compar e price estimates for Alaskan
gas with those at the well-head in t h e  c o n t i n e n t a l  U n i t e d  S t a te s ,
transportation costs must he included . Since the method and the means

• . of t r a n s p o r t a t i o n  have not as vet been dec ided , t h i s  is specu la t ive .
I t  was assumed in one stud y (Ref . 26) t ha t  t h e  cost of Alaskan gas would
be $3.37 in the year 2001. Another stud y (Ref. 31) indicates an initial
cost of $1.05/Mef using the EL Paso proposal (p i p el i ne  and LNG tani~ers to
t h e  h’es t  C o a s t ) .  Th i s  seems low since ano the r  stud y (Ref . 32) p r oj e c t e d
a cost of $l .00-$1.50/Mc f for LNG from Al geria (wh ich  has since r i sen  t o

- 
- 

$3.00) and this Involves no cost fo r  p ipel ine  c o n s t r u c t i o n . Based on
these inputs , the  most  p robable  cost of Alaskan gas is in tim a ted to he-
$3.OOhIcf in 1 986. It is antici pated that the price will remain at
t h is level th roug h 2020.
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Synthetic Natural Gas from Liquid Hydrocarbons (SNG-L)

~~~~l . At one time liquid hydrocarbons were a promising source of
s y n t h e t i c  natural gas because of the low price of liquid feedstock (e.g.,

- :  naptha at five cents per Mcf). Thirteen synthetic gas plants are in
operation or are tinder construction in the United States (Ref. 21). These
p lants ‘•-~ere planned several years ago before the Arab oil boycott
sharp ly increased prices. Rising costs will probably make synthetic
gas from liquid feedstock unfeasible (Ref . 32).

However , it is likely that there will be a modest production of gas
from this source s ta r t ing  at a level of .28 Tcf in 1 980 , decreasing to
. 12 Tcf in 2000 , and then dropp ing to zero as new break thr oughs are made
in high Btu coal gasification technologies. These estimates were obtained
by averaging the projections in the references (Ref . 22 and Ref . 33) and
are displayed in Table 31.

Cost. The cost of SNG will be governed by the price of impor ted oil
to a considerable extent. The price of naptha has risen from $.05 to
$1 . 1O/Mcf (Ref. 32). The estimated price for SNG-L currently lies in the
$3. h2- $4.76/Mcf range (Ref . 13). Allowing for a nominal increase in the
cost of Liquid feedstock , it is assumed that the price of SNG-L will be
S4.00/Mcf in 1980 and will rise to $6.00/Mcf in 2000 du~ to r ising import
pr i :es. acne costs are summarized in Table 32.

TABLE 31. Projected Supply of SNG-L (Tcf).

1977 
~ 

1980j~ _ 1 985 1990 2000 2010

o L .28 J .23 . 18 .12  0

TABLE 32. Projected Cost of SNG-L (1975 Dol lars) .

~977 f 1 980
~~1 

1 985 1990 2000 2010

0 $4 .00 ] $4 .50 $5.00 $6.00 0
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Synthe t ic  N a t u r a l  Gas from Coal (SNG-C )

Supp ly. The f i r s t  generation (Lurgi )  technology was established h
the Germans during World War II. Projects utilizing the Lurgi process
are cur ren t ly being pursued . However , a second generation technology,
which is simp ler , cheap er , and more efficient , will be available within
a very short time .

Rather than approve loan guarantees that would predominantly under-
write the on-going Lurgi projects , the Congress will probably be more
supportive of the development of tile second generation process (Ref. 34).

High Btu gas from coal is a substitute natural gas. The process is
still in the developmental stages.

There are many studies that predict the production of SNG-C:
Edison Electric Institute and Data Resources , Inc . (Ref. 35), Department
of the Interior (Ref . 22), National Petroleum Council and Syn. Gas (Ref. 16)
and the Federal Power Commission (Ref. 36 and 37). All pretty much agree that
there will be .3- .4 Tcf available in 1980, rising to 1.0-1.5 Tcf in

- - 1985. Two studies , Syn. Gas (Ref . 16) and FTC (Ref. 36) predict about
3.0 Tcf in 1990 and four studies , f~iectric Power Research Institute ,
Data Resources , Inc. (Ref . 35), Dep artmen t of the Interior (Ref. 22),
and National Petroleum Council (Ref . 1~~) indicate 3.6-7.8 Tcf available
in 2000. Taking the average of these studies and extrapolating the

~~~~~~
- curve to 2021) yields the most probable production of SNG-C throug h 2020.

Considering the current thinking , which emphasizes development of
second generation technology, it is expected that all of these dates
will slip by about five years.

The results are summarized in Table 33.

4

TABLE 33. Projected Supp ly of SNG-C (Tcf).

1 977 1985 1990 1995 2000 2010 2020

0 .35 1 . 2 5  3. 00 3 .50 4 .00 5.00

6(1 

-- - --5 ---- — —---5 - - - - - - -  _ _ _ _ _ _ _ _ _ _



- - 5 - -— - --

NWC TP 5958

Cost .  in a detailed economic analysis oil coal gasification (Ref. 34),
a relationship was established showing the effect of the incremental
rise in coal costs on the price of SNC-C. The basic assumptions in
developing this relationship were:

Process efficiency, 601.
Capital charges supp lies via a public utility financing method .
Plant operating cost escalation included .
Method applies to first and second generation processes.

It is estimated that synthetic natural gas generated using the Lurgi
process would today cost $4.00/Mcf , while a typical second generation
process  would yield gas at about 20Z less , i.e., $3.20/Mcf (Ref. 34).

The determining factor for escalation in the Cost of syn the t i c
gas will be the price of coal. The coal used to run synthetic gas plants
will be from new mines which is more expensive than average coal costs.
It is assumed that new mine coal will run 10% higher than the average
price. It is further assumed that after 20 year s the price for  new
mine coal would be the same as the average price .

The first synthetic gas from coal will he from the Lurgi process
starting in 1985, at a cost of $4.10/Mcf. The cheaper second generation
process will phase in around 1990, at a cost of $3.40/Mcf. The cost
pattern for synthetic gas from coal is disp layed in Table 34.

FABLE 34. Pro~ected Cost of SNC-C (1975 Dollars).
1980 1985 1990 2000 2010 2020

1st ~-eno r--i t ion 4.10
2nd -generation 3.40 3.50 3.65 3.80

- 

*P[p elin e gas from A l a s k a  is not considered an impor t .

~~~~or ted  (Canadian) Pip~ line Gas

~~~~~~~ Most of the imported pipel ine gas comes from Canada * with a
small amount coming -Tr oin M e x ic o .  Even though there have been some recent
promising oil finds , the future natural gas potential of Mexico is
unknown . Consequently, in establishing the most probable projected supp l y ,
it will be assumed t ha t  future pipeline imports n-i ll be exclusively from
Canada. Tab le  35 shows the  amount of n a t u r a l  gas piped in f rom Canada
over the past few years (Ref. 17).

-
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1ABLE 1~~ . Imported Canadian Pipeline (as (Tcf).

0.61
l°h~i 0.68
1970 0 .78
1971 0.91
1972 1.01
107 3 1.03
1974 0.90
1975 0. 0fl~

*P r e lj m i r n i r~- -

Proven reserves in Canada at the end Di 1975 were 57 Tcf (Ref. 13) .
This included an estimate for the undeveloped MacKenzie I)elta region
but not for the Arctic Islands.

As can he seen from the table , Canada imports declined in 1974 .
The Canadian Goverument has outlined a 10-year program for making the
co- in t r - - li -sn dependent  on fo re ign  o il  supp liers (Ref . 38). Though the
rn-n national &-nerly strategy did not reflect on f u t u r e  expor t po l i c i e s
ru~~ardiii .; the United States , Canad a’s National Energy Board has scheduled
h e a r i n c s  fo r  ‘) c t o h e r  1976 at wh ich time it s-ill reconsider its oil export
policies. It is anticipated that because of Canada ’s energy strategy ,
the export of natural gas will cease h\ 1980.

- 

S Cos r . Canada ’s attempt to attain energy self-sufficiency alread y
has been reflected in the recent announcement of an increase in export
prices , S1.80/Mcf in September 1976 to he raised to $1 .94 in January 1977
(Ref . 39) .  I t  is assumed t ha t  t u e  price wi l l  r i se  to $2.50/Mcf in 1980
when Canada ceases to export natural gas. These prices are summarized in
Table 36.

TABLE 36. Projected Price of Imported Canadian
Pipeline Gas.

1976 1977 1980

$1 .80 $1 .94 $2.50
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Imported Li q p e f i e d  N a t u r a l  Gas (LN G)

Su~ppjy .  Impor t e d  l i q u e f i e d  na tu ra l  gas r ecen t ly  has loomed as an
important factor in attempts to alleviate the energy shortage. Except in
tu e Canadian p ipelin e , importation of natural gas first requires its
reduction to a li quid so that useful amounts can he transported . Once
the gas has been transported , it is regasified . Until quite recently,
most INO faciliti es have been devoted to liquef ying domestic gas for
peak load service in gas distribution operations.

Small quantities of LNG have been imported in the past; for example,
0.004 Tcf from A l geria in 1973 (Ref. 40). However , none was imported
in 1974 . Eleven projects by domestic oil companies for importation of
LNG from Algeria and Indonesia have been approved and several more are
under consideration (Ref. 32). Niger ia and the  USSR ar e al so f uture
potentia l sources for LNC . Projected deliveries of LNG are expected
to he 0.4 Tcf in 1977 (Ref. 12) and rising to 1 Tcf in 1980 (Ref. 41).
A White h ouse proposa l has been made to limit LNG imports to 1 T c f / y e a r
by 1985 (Ref . 41). However , this proposal has been termed unrealistic
(Ref. 28) and will probabl y he reconsidered (see National Policy
A s s u m p t i o n s ) .  I t  is e s t ima ted  that  the  most t ha t  can he b rough t  in to  tile
U n i t ed St a tes by 1985 is 3.04 Tcf , with a realistic figure being 2-2.5
(Ref . 28 ) .  ~tost probab l y ,  imported LNG supp l ies  w i l l  he 0 .4 Tcf in 1977
rising to a value of 2 .0 in 1985 and leve l ing  of f  to  a c o n s t a n t  2 .5
in 1990.

This agrees fairly well with several recent studies by Hardy in
1974 and Linden in 1973 (Ref. 16) as well  as the Shell Corporation
(Ref . 33) .  P rojec ted  h N G  supp lies are d i s p layed in Table 37.

TABLE 37. Projected Imported LNG Supp ly (Tcf).

1 977 1980 1985 199 0 2000 2020

0.40 1.07 2.00 2.50 2.50 2.50

6 3
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Cost .  In order to compare the price of imported LNG with the
well-head price of domest ic  gas , the cost for liquefaction , transportation ,
and regasification must he added onto the price of the gas at the source.
Original contracts for LNG from Algeria had to be renegot iated recently

— since the new source price was escalated to about four times that
originally agreed upon (from $0.33 to S1 .25/M cf) (Ref. 32). The total
pric e for Algerian INC at port of arrival will he $3.00/Mcf. In add i t ion ,

- 

- the cost of Indonesian 1~NG to be delivered to  the Nest Coast also will he
$3.00/Mef  (Ref . 3 2 ) .  One company was able to avoid the tremendous price
increase. El Paso N a t u r a l  Gas has n i - g o t i a t e d  w i t h  S on a t r - i c h  to import
Al gerian gas at $1.50/Mcf . However , it appears that the trend has been
set and the cost per Mcf for  o ther  c o n t r a c t s  wil l  be it least $3.00.
A s e ns it i v i t y  ana l ys is  conducted several ear .s ago ‘Tief. 26) assumes
the pr ice  project ions for imported LNG as shown in Table 38. The nominal
estimate in considered to be tifl- most probable.

The projected cost of imported LNG is s~mrnarized in Table 39.

TABLE :38 . P r i ce  P r o j e c t i o n s  for  Imported l iquef ied
Natural Gas (LNG) .

(in dollar s pe r M c f )

1975 19Sf 1995 2001

Nominal 3.02 3.98 4.38 4.57
-~ Low 3.02 2 . 4 1  2.63 2.82

High 3.76 4.95 5.46 S.69

TABLE 39. Projected Cost of Imported LNC
(1975 dollars).

1977 1980 1985 1990 2000 2010

3.00 3.T,o 3.90 4.10 4.50 4.90

-- —5-— -  — 
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PROJECTED AGGREGAT E SUPPLY AND COST

The projected aggregate supply of na tural gas (domestic , imported
and synthetic) is disp layed in Figure 14. Th e  comp lete cos t/ supp ly
breakdown is shown in Table 40 , including the aggregate or weighted
average Cost computa t ions .  This p ro jec ted  a g g r eg -t e  cost is p lo t ted
in Figure 15.

EXTR~~-1E COST PROJECTIONS

The previous discussion has dealt with the most probable cost
estimate. In this section an optimistic and pessimistic estimate are
considered .

~pt imis t ic  Es t ima te

- : The following f u t u r e  events , if they occurred , would lead to lower
natural gas costs.

- Deregulation of new gas leads to intense exploration and the
f inding of a number of large reserves both  within the cont inguous
Uni t ed  States  and the Atlant ic  outer  continental  shelf .

‘—~ - Advanced f r a c t u r i n g  techniques become available to allow for
the  economic recovery of gas from reservoirs  locked in near-
impermeable geolog ical format ions  in the Rock y Mounta ins  and
the Eastern United States.

- Large untapped natural  gas deposi ts  in Canada ’s MacKenzie
Delta and Arctic Islands conf i rmed as proven resources.

- Technological breakthroughs in the liquefaction , regasification ,
and transpor tation of na tural  gas occur lead ing to  the inexpensive
importation of LNG from Alger ia , Russia , Nigeria and Indonesia.

- Stabilization of OPEC oil prices.

- Second generation coal g a s i f i c a t i o n  technology developed
ear l ier than anticipated , accompanied by a s tab i l iza t ion  of
coal prices (i.e., op t imum pr ojec ted coal prices discussed
elsewhere in this report).

- Large Mexican oil f inds verif ied along with extensive associated
na tural  ga s reserves. 
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3 If a number of these contingencies occur , the price of na tural gas
probably would still rise to the average intrastate well-head price
(currently $l.55/Mcf), continue to rise as exploration and technology
are st imulated , to about $l.75/Mcf in 1980. Rising reserves and increased
production would cause the price to s tabi l ize  and remain at this  level
through 2020.

Pess imis t ic  Est imate

The f ollowing future events , if they occurred , would lead to higher
natural gas costs.

- un hid for energy self-sufficiency and failure to exploit its new
- ) f ind s, Canada stops exporting pipeline gas to tile United States.

- LNG technology lags .

- OPEC continues to escalate well-head price of na tural gas (which
would be exported as LNC).

- Canada does not approve trans-Canada pipeline from Prudhoe fields;
gas must he shipped as LNG from Alaska south coast to West Coast
at a considerably higher  cost than  ant ic ipated .

- Deregulat ion does not s t imula te  exp loration as expected and/or
new finds considerably below past 10-year average , leading to

- 

- 
a stead y d imin i sh ing  of reserves and RIP r a t io .

- SNC-C technology lags , cost estimate on Lurgi process too low ,
accompan ied by coal costs rising more rapidly than anticipated .

- Advanced f ra ctu ring techn iques prove uneconomical and impractical.

- Litigations tie up exploration on the Atlantic ’s outer continental
shelf.

- No pipeline gas from Mexico.

If a number of these contingencies occur , the pr ice of na tural gas
would still rise to the average intrastate well-head pr ice and con tinue
to rise, reaching $2.40 in 1985 (Ref . 25). Under severe conditions,
it is speculated that the projected year-end gas re serves would be
90.16 Tcf in 1990 (Ref. 16). The pessimistic conditions assumed here are
even worse. Consequently, the supply of natural gas would be expended by
1995 , or bef ore , and there would be inadequate alternate gas sources to
fill the void . From 1985 to 1995, the cost would continue to rise because
of the scarcity of the commodity. The results of the three cases, optimis tic ,
pessimis tic , and most probable ar e disp layed in Figure 16.
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SUMMARY

The price of na tu ra l  gas will increase as the price of new gas is
d ir e g u l a t e d  and , in all likelihood , will continue to rise.  Reserves wi l l
p robab l y increase for  a short period , then level off , and graduall y
decline. Production and supply will follow the same pattern. Considering
c l).) inexorable increasi-- in overall demand and the establishment of end-use
p r i o r i t i es , the Navy should consider sources other than natural gas to
meet its energy requirements.

71

- r ’—- ’ - 
- ‘.,-.i~~~

- 
~~~~•~~•

L - .   -~~~~~- -~~~~~~~~~~~~~~~ - - - - -— — - - - -



PETRO L

- 

INTRODUCTION

D o m e s t i c  pe t ro l eum p roduc t ion  w i l l  continue to supp ly less of the
-
~ Uni ted  S t a t e s  demand which  should increase about 1Z per year between now

and the vi --~i r 2020.  T i i j ~- is i l l u s t r a t ed  in Table 41 ( re fe rence  17)  which
3 show s the  U n i t e d  S ta t e s  and Wor ld consumption versus proven reserves at

the t ime of th e  oil emb argo.

The share o f impor t s  i s  shown in -rah l~- 42 (reference 17) and total
deraancl is shown in F [~ )Irc- 17.

- Ihe po i i  i ca l  c l i I - I a t o  f o r  t he  o i l  imp o r t e r  today produces highiy
uncertain world oil prices (reference 4 2 ) .  Economic pressures  on many
major  oil exporters are  m i n i m a l  be cau- -;e g r e a t e r  revenues are not needed
to suppor t  t h e i r  economic g r o w t h .  Wor ld oil  prices are currently f a r

- i  above produc ’ ion costs  of the key supp l ie rs  in the  Middle East  who hav e
-~~ 60Z of t h e  - -:orld rese rves .  Foreign sources of oil and t he i r  p r ices  are

l i ke ly  to O l l i t i - - unpredictable throui~TI 1985. The development  of d o m e s t i c
su ~~s L i L u t e s  in the United S tat e s  will hi - - costly, requiring revenue for
the p r o d u c t  a pp r o a c h i n g  or exceedin g  c u r r e n t  w o r l d  crude p r i ces  at  $11
per ba r r e l .  w i t h  -~- i c h  f o re ign  l i - -ver ace  on world oi l  pr ices  ti~ - United

- 
Stat4-s will be forced to subsidize in one form or another t h e develop -

- ment  of domes t i c  s u b s t i t u t e s .

- I  I- i g i ir e  18 ( r i - - f i - r e n c e  -~2 )  sh ows  the complete cycle of U n i t e d  S ta tes
pe t ro l eum p r o d u c t i o n  based on th ree  d i f f e r e n t  e s t ima tes  of r e se rvcs .

1 TABLE 41. Petroleum Reserv?s and
R a t e  of Con~ unpt ion  ( 1 9 7 2 ) .

United States World

Consumption 6.03 ‘ 1O~ 19.6
barrels/yr i-iarrels/vr

Proven reserves 38 ‘ i0 9 633 ‘ i O~
barr e ls bar re l s
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TABLE 42. The Share of Import s in United States
Domest ic  Pet roleum Demand .

(thousands  of ba r re lu~ -
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THE EVO!. V I NIl S U P P L Y  P l C  FI R E

Early in the development of an o i l  or gas f i e l d  the  f i n d i n g  r a t e s  are
c h a r a c t e r i s t i c a l l y  h igh . W i t h i n  th ree  years a f t e r  World War II , dome s t i c
p e t r o l e u m  was p l e n t i f u l .  A much lower cost source of oil then became
available in the Middle East  in the  1950s . D r i l l i n g  a c t i v i t y  logical ly
tollowed the high finding rates overseas so that over the last 10 to 15
y e ar s  d r i l l i n g  in the United States has declined at a rate of about 4 to
51 per year. Production costs in the Middle East were so low that crude
oil could he delivered to the United States more cheap ly, including trans-
portation costs , than could crude from domestic fields. To protect domestic
o i l  p roduce r s , o i l  impor t  quo ta s  were e s t ab l i shed  in 1959 and maintained
u n t i l  1973 .

OIL  FROM SHALE -7

There are vast resources of shale in the western United States. The
Green R i v e r  Formation of Eocene age in western Colorado , northeastern Utah ,
and s o u t h w e s t e r n  Wyoming , a t o t a l  area of about  16 ,000 square  miles , is
e s t i m a t e d  to c o n t a i n  1, 800 x 10 2 ba r r els of oil ( R e f .  4 2 ) .  Of t h i s , 139 x
10 ’ ba r re l s  are of s u f f i c i e n t ly  hi gh grade to w a r r a n t  p resen t  c o n s i d e r a t i o n .

There are a number  of e x t r a c t i o n  processes  under  c o n s i d e r a t i o n . In
one f o r  an assumed c a p a c i t y  of 10- b a r r e l s  per day of s y n t h e t i c  crude  oil
p r o d u c t i o n , two mines of c a p a c i t y  62 , 500 t o n s / d a y  each would be requi red .
The shale  is r e t o r t e d  at t e m p e r a t u r e s  above 1, 100° F which , in a d d i t i o n  to
r e le as in ~ the  kerogen , forms  h i g h l y  a lka l ine  b y — p r o d u c t  waste  ( R e f .  42) .

• The w a t e r  r e q u i r e m e n t s  are  e s t i m a t e d  to he ~ , 0O0 to 16 , 000 a c r e — f e e t  ( 3 . 5
to 7.0 x 10a ft ’) per y ea r .

The above c a p a c i ty  would not suppor t  a ve ry  large f r a c t i o n  of p resent
c rude  c o n s u m p t i o n . I f  ten such plans were opera ted , the production r a t e
would be 1 million barrels per day bu t  would  involve the min ing  of 1 .25
m i l l i o n  tons of o i l  shale per day which  is almost  the  present  annual  coal
p r o d u c t i o n  of the  U n i t e d  S t a t e s .  However , in s i t u  process ing  could  g r e a t ly
reduce  the  amount  of m i n i n g  r e q u i r e d .

E L A S T I C I T Y  OF PETROLEUM DEMAND

E l a s t i c i t y  of demand is the  degree of responsiveness  of consumers
to a p r i c e  change  in the  p r o d u c t .  It  is equal  to the  percen t change in
q u a n t i t y  demanded , d i v i d e d  b y the  pe rcen tage  change in demand .
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E = (1)
d £~P / P

In equation (1), Q is the quantity demanded and P is the price.

A h igh degr ee of elasticity (E
d >> 1) is favorable to the consumer

and a low value (E d << 1) is unfavorable to the consumer . When E
d 

=

t he situation is neutral; the supplier neither makes nor loses money by
ra is ing  his  pr ice.  When elasticity is higher , the consumer is in control
and the suppl ier  loses money if lie raises his prices. When Ed is low ,
the suppl ier  can raise his prices and , consequently, his profi ts, and
the consumer response will not thwart him .

E l a s t i c i t y  is apparently very low in the case of fossi l  fuels  in
• both fact and theory . For instance , ga soline consump tion recen tly

declined only the order of 10% in the face of 1 00% price increases at
the pump . This represents  an e las t ic i ty  of approximately 0.1 .

In theory , the elas tici ty of demand of a pr oduct is grea ter
* (1) the larger the number of good substitutes that are available ;

(2) the larger the item is with respect to one’s total budget ; and
(3) the more the product is regarded as a luxury item . At present ,
f o s s i l  f u e l s  f a i l  all three tests  and the low value of e l as t i c i ty ,
t h e r e f o r e , should not be surpris ing .

Attempts to use price-demand e las t ic i ty  informat ion to assist in
predicting the future price of petroleum were not successful. There
appears  to be l i t t l e  use fu l  data  on price-demand e l a st i c i t y  re la t ionships
for energy.

PETROLEUM PRICES

• Available repor ts  hes i t a t e  to predic t  the price of pe t ro leum f uels
beyond 1985. This is because the period 1985- 1990 is expected to begin
a new epoch for the several reasons shown in Table 43.
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TABLE 43. Epoch Events of 1 985-1990•
(O ptimistic and not necessarily in order of importance)

1. Alaska pipeline reaches fu l l  production .
2. Extraction of shale oil reaches significant production levels.

* 3. Production of synthetic fuel from coal and solid wastes becomes
a reality .

s. Nuclear p lants significantly relieve demand on fossil fuels for the
generation of electricity.

. . Conservation measures (e.g., better insulated homes , carpools , mass
transit) reduce the demand for petroleum products.

b. Alternative sources (mostly geothermal) reliev e energy demand by the
order of 1Z. Solar energy and other sources under full development.

If most of the events in Table 43 become true , it is quite possible
that the price of petroleum products after 1 985 will not increase in
real dollars. The optimistic curve in Figure 19 , therefore, shows petroleum
prices , specifically for number 2 diesel , increasing at 6% faster than
inflation between 1975 and 1985 (after Hoffman-Muntner report , reference
43) and level wi th  i n f l a t i o n  a f t e r  1985. Number 2 diesel was chosen
because this fu el and the similar ly pr iced hea t ing f uel oil are the
princ ipal prod ucts used by the Navy.

It is also possible to take the view that most of these events fail
as shown in Table 44.

- 
_ TABLE 44. Epoch Events of 1985-1990.

(Pessimistic and not necessarily in order of importance)

1 . Pipeline fails to reach full production , costs of operation become
excess ive, reserves in Alaska and rest of world not as large as
thought.

2. Shale oil technology ‘‘bombs out. ’’
3. Synth etic fuel technology not cost effective , especially in removing

sulfur and other toxic constituents.
4. Safety and waste disposal problems reduce neclear-generating capacity .
j .  Conservat  ion f l e a— a i r e s  ignored .
6. Al te rna t ive energy sources not developed .
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If most of the events in Table 44 occur , the pr ice may continue
* to increase at the worst rate predicted by reference 3 unt i l  2020.

That is , prices wi l l  increase 8% faster than inflation between 1975
and 2020.

A more probable curve (Figure 19) can be constructed by taking
- 

- the mean of the optimistic and pessimistic. The increase is 7% unt i l
1985 and reduced to 4~

- a f t e r  1 985.

5-
5-

71 _I

L - _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  —— —- - - -- -— - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _
~~~~~~~5~~~~~~~~5_ -



-----5

\(I.~7 ’ 
~‘P ~~3-~

-

~ 4~

.2
r- .. —

-‘

0.

-5- - c:-)
—5- --

~~~~ :>- ~~~~~

:11C,
—

tI)

C;,

-

-~~~~~~~ .- t  -~~~ - )- - - -- ; L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ~“

tufT !~~ ‘ ~~~~~~~~~~~~~~ ~~~ 3!~~~~~d 1IV.1~111
-P7

- ~~~ -~~~~~~~~~~~~~~~~~~~~~
; -

~~~~~
- 

4



NWC TP 5958

ELECTRICITY

INTRODUCTION

The economics of power generation and th e evaluation of alternatives
from the standpoint of cost is a complex undertaking . There are many
factors which must he considered . Some of these include energy resource
costs of plant facilities , power transmission La-i t s , interest rate ,
value of the dollar , and the effects of escalation and economic changes.

Economic forecasting methods can l)e grouped into two categories,
extrapolation and correlation . Extrapolation is based upon the
assumption that future growth will be a continuation of discernible

4 - patterns of past growth. The results are acceptable because electric
loads show stable growth over long periods of time. Of course , under-
lying changes which affect future growth are considered . Some of these
changes might he the availability of the raw materials used in the
production of electricity and the quantity of the electricity demanded
by the populous due to unusual weather conditions , e.g., air conditioning
and/or  hea t ing .

Correlation relates electrical power loads to selec ted associated
factors. These factors include the availability of the fuels used to
generate the power and the current and projected cost.

In order to be knowledgeable in the economics of future power
generation , a few topics must he understood . These include the history
of the industry, the potential future of electrical utilization , cost
of fuels for electricity in the past-present-future and cost prediction s
in the future .

These subjects follow , along with tables and curves to substantiate
the data .

From its small beg innings at Edison ’s steam electric station in
New York C i ty , the electric industry has experienced rapid gr owth and
development. in the early 1880s , local groups built electric power
p lants  to provide energy fo r  the immediate area .

The introduction of the transformer in 1886 led to the  rise of
alternating current , higher distribution voltages , and an expansion of
the servicing area by an individual plant. The increasing economics of
scale in power production and th e standardization of equipment led to
many consol idat ions of the smal l electr ic  companies serving given areas.
The diminu t ion of compet i t ion  led to government regulat ion of publ ic
utilities and government ownership as a means to try to achieve lower
rates for local consumers .

4 MI
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ib ~ e l e c t r i c a l  utility industry in the United States is dominated
by a rapid expansion in energy output . Between 1948 and 1973 , t h e  energy
ou t p u L  i n c re a se d  f rom 300 10 6 megawa t thour  (MWhr) to 2000 X 10 MWhr.
lhe aunita l ~ro-stb rate has averaged over 8 .  If th i s  cont inues , t h e  output
should I L  3200 -- 0~ Ml-’hr in 198(1 and 620 7 1 0L MWh r in 1990 (reference
44).

FU-d.S I- 0k ELECTRICITY

Lnergv sources ~-ost commonly used for the generation of electricity
in i n c  U n i t e d  S ta t e s  are coal , oil , gas , and f a l l i n g  water . Nuclear
f ue l  is he t~ p u t i l i z e d  more and more and i t  is p ro jec t ed  tha t  b y the
c-nd of the  c en t u r y  wil l  make up more than i i  If the nat ion ’s e lec t r i ca l
cflergV uL-cd - ( -ee  F i g u r e s  20 , 21 , 22 , r e f e r e n c e  4 4 ) .

Coal is ti -ic most  abundant  indigenous foss i l  fue l  and provides
the  p r i m ar y  ene rgy  fo r  about 56% of fossil-fueled electric generation .
T h e  n aj o r  a t t r a c t i o n  of the  use of coal Lv the electr ic  indus t ry  is
it s  rel a ti v -- abundance and pr ice  s t a b i l i ty  desp i te  i n f l a t i o n .

- - hi-a rl - i S I  of t natural gas consumed in the  coun t ry  is burned to
gc-iu-rate el~-~~tricit~- in utili ty power p l an t s . T h e  consumption of n a t u r a l
-sas h :~ elL -ctrl c utilities is expected to decline rapidly in the future

- I to 16 .  ~;: iii 1 hSH and to 3.87 in the ye-i r 2000 (reference 44).
Prol - - t  ion s of ll&: L -on-sump t ion of gas are shown in Table 45 (reference
!3 ) .

5-
—

5-
-

The advent and large scale use of nuclear energy is p robab l y the
most  i m p o r t a n t  single change in the  electric power industry during
t h e  pas t  f i f t ~’ ye-Irs. I t  is e s t ima ted  t h a t  nuclear  cap aci t\ ’  wi l l
co n s t i t u t e  2 1 /  of the t o t a l  ole - : n c  generating capacity in 1980 and
38 ;- im 1 4 T h .

- : l c - t r i c  power cost p r o j e c t i o n s  are provided on a r~-gion al bas i s
which  is i L -  sane used by both the Federal Power Commission and the
N a t i o n a l Coal A s s o c i a t i o n  to provide  an effective cost projection .
Population in con 1 -nct ion vit hi electrical energy trends are considered.
It is -st i:-Iated that each (u l s to r lc -r will use three times as much
e lec t r i c it - :  in i l ’ s . O t h e r  f a c t o r s  which  must be considered are the
p ro j ec t ed  r e t i r e m e n t s  of the  g e n e r a t i n g  unit , e. g . ,  30 y e a r s  f o r
the rmal  units . a v a i l a b i l i ty  and cost of s i tes  for  expansion and new
p l a n t s , e . g . ,  n u c l ea r  f u e l  plants , transportation , e.g. , equipment and
prod uct , and export-import across state and national boundaries. Fhi~
ac tua l s e l l in g  pr ice  per  k i l o w a t t h o u r  of e l e c t r i c i t y  ~1- i l 1  be a f u n c t i o n
of f u e l  cost , p lus a l l  o t h r ( - r  C O S t S .
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TABLE 45. Fossil Fuel Inputs to the Electrical Sector 1974
and Projected to the Year 2000.

1974 1980 1985 2000

Coal
M i l l i o n  shor t  tons 390.6 547 704 94 1
T r i l l i o n  Btu 8 , 668 12 , 250 15 , 700 20 , 700
i’ercent of total 1/- 56.1 63.3 67.1 78.4

- 
Natural Gas

Bil lion cubic feet 3,260 1,940 1,460 970
Trillion hltu 3,328 2 ,000 1,500 l ,COO

- P e r c e n t  of  total 2/ 21.5 10.3 6.4 3.8

I Pe t roleum
Mil l ion  bar re l s  554 830 1,000 750

I Trillion hitu 1,448 5,100 6 ,200 4 ,700
Percen t of total 1/ 22.4 26.4 26.5 17.8

1 Total
Trillion B tu 15 ,444 19,350 23 ,400 26 ,400

I
; p / Preliminary .

1/ Perc-m tages may not, add to 100 due to independent rounding .
Based on Btu inpu t .
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The forecast of power requirements for the South Central Region
should peak out at a compound growth rate at 6.9% around 1990 based on

* population growth estimates. The compound growth ra te for  the Wes t
Central Region in population is 1 .4/ by 1990. Therefore , the power
requirements should he around 6.57 compound growth rate.

The compound grow th ra te for  the Wes t Reg ion in energy requirements
is 7.37 . It is interesting to note that this region , hav ing the hig hes t
growth rate , also expects to have an increase in nuclear power to
compensate for the need.

The Northeast Region should have a compound growth rate of 4.5%
to the year 1990. This region also imports power from Canada. It is
interesting to note that the Southeast and the East Central Regions
are about  the same as the South Central  Region (see Figure 23 ,
reference 44).

4 COST

It is obvious from studying the char ts of estima ted annual electric
utility generation by primary energy sources and est ima ted annual foss il
fuel requirements for elec tric utility generation that the price of
coal will he one of the most important factor s in the price of electricity
(Fi

~
ures 2-5 , 25 and 26 , reference 44).

‘5-
- A list and plot of the cost in cents/KWhr from 1 926 through 1975

(reference 46) is shown in Figure 27 and Table 46. The cost has been
corrected to 1975 dollars. The estimated cost of electricity f rom an
optimistic , probable , and pessim istic stand poin t from the year 1976
throug h 2020 is added to the plot (Figure 27) and Table 46. It is noted
that the optimistic cost growth rate is 1% , probable is 3%, and pessi-
mist ic  is 6%. These prices reflect the projected costs of the fuels
needed to genera te electrical power.

Also included in the price predic t ion is the consideration that the
demand for  electr icity is growing faster than that for any other form
of energy . An increase in efficiency is expected in conventional fossil
fueled p lan ts , and even greater gains are expected with advanced cycle
plants and breeder reactors. There will also be an increase in the use of
coal and a decrease in the use of na tural gas and petroleum . The conversion
of existing plants will contribute to the increase in electricity prices.
Tables 47 thr ough 50 are forecas ts given in this study (reference 45).
Table 47 shows the installed generating capacity and the projected
generating capacity. Table 48 shows that nuclear plan ts will be the maj or
power source in the f u t u r e  and petroleum will be used much less. Table
49 is an overall survey of the  s i tuat ion .

L - - --  - 
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• Conventional Units lO~ Tons of Coal Equivalent 2 Percent of Total
Year 5 - 5 -  5- ______ ______

Coal Gas Oil Coal Gas Oil Total Coal Gas Oil

196! 182 .1 1 .82 5. ! 85 .7 174.8 7o .3 21.6 272.7 64.1 28.0 7.9
1 01-2 193.2 1• 9 ’ e . O 85 . 8 185 .4 82. 3 21.7 289 .4 64.1 284 7.5
19131 21 1 2 ,141 3 93.3 202.6 89 23.5 315.7 64 .2 28.4 7.4

225.4 2 ,322 . 0 101 . 1 215 .7 97 .1) 256 318.3 63.7 28. 7 7.6

1%) 244 .8 2 . 3 2 1 . 1  115 .2 2 3 4 . 5  97 .0 10 .0 :459. 5 64 . 9 27.0 8.)
1- l i , , , 

- - - - - 2 ’ - . .5 2 ,609 9 140.9 234 .0 109.2 .45.5 307 . 7 63 . ’~ 27 . 5  8.9
10* 7 274.2 2,746.4 161 .3 258 3 114 . 7 4O.4~ 413 6 62. 5 27.7 9.8
1968 297 13 3,147 ‘I 1138 .6 2430 .5 1 3 1 4 4 7 . 5  459.4 61 . 1 28.6 10.3

19 3(0.3 3.4 13 , 4 131 .9 292.3 145.5 *,3 2 501 .0 584 29.0 12.6

1970 322 3j194 342 3041 2 161 . 7 82.8 544.7 55 . 1 29.7 15.2
l°75 425 4, 110 SoS 39~ .I 170 2 141 .2 707.5 56.0 24.0 20.0

19811 500 3 ,800 1344) 464.0 157 .3 14 (1 .0 781 3 59.4 20. I 20.5

198: 600 1 ,80*) 725 554.4 157.3 181 .3 893.0 ~2.l 17.6 20.3

1990 700 4,204) 800 644.0 174 .0 2(40.0 1 ,018.0 63.3 17 .1 19.6

- [TI If ll~~( I O flS of *nns of coal . 01 111 s of b.i rr *-I.s of oil, and mil l io ns  Mcf of gsa .
2 
-‘ Ion o~ coa l rq ui s akn i  ~ as . l *SI IZI I1 d aa Cc-nI lIn I n g 2.3 mIlli on Bt u.

F l C~’RE 24 . Annual  Consumpt ion  of Fossil  Fuels by Elec t r ic  Utility
Power P lan ts , 1961 - 1970 , and Proj ected t o  1990.

5-
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TABLE 46. Historical Electricity Costs Corrected
to 1975 Dollars.

Year Cents/KWhr Year Cents/KWhr

1 926 8.16 1951 3.67
1927 8 .2 9  1952 3 .62
1928 8.24 1953 3.53
1929 7 . 9 7  1954 3.50
1930 8.46 1955 3.34
1931 9.63 1956 3.23
1932 11 .09 1957 3.17
1933 10.93 1958 3. 18
1934 10.25  1959 3 .11
1935 9.53 1 960 3.04
1936 8.70 1961 3.03
1937 8.02 1 962 2.79
1 938 8.68 1963 2.87
1939 8 .27 1964 2.80
1940 7 .80 1965 2. 70
1941 6.85 1 966 2.58
1942 5.84 1967 2.50
1943 5.10 1 968 2.39
1944 4.98 1969 2.21

-
~~~ 1945 5. 11 1970 2 . 1 6

1 946 4 .94 1971 2. 22
1947 4,21 1972 2.21
1948 3.97 1973 2.22
1949 4. 17 1974 2,46

- - 1950 402 1975 2.57

~~~~~~~~~~~~~~~~~~~~~~~~~ FessimtstT~
cost cost cost

Year growth rate growth rate growth rate
- 

- 

1% 3% 6%

1976 2.60 2.64 2.72
1977 2.62 2.73 2.89
1978 2.65 2.81 3.06
1979 2.67 2.89 3.24
1980 2.70 2.98 3.44
1 981 2.73 3.07 3.65
1982 2.76 3.16 3.86
1983 2.78 3.26 4.10
1 984 2.81 3.35 4.34
1985 2.84 3.46 4.60

91 
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TABLE 46. (Contd.)
- ;  Pro bable Pessimistic

* cost cost cost
Year growth rate growth rate growth rate

1% 3% 6%

1986 2 .87  3.56 4.88
1987 2.90 3.67 5.17
1988 2 .92  3.78 5.48
1989 2.96 3.89 5.81
1990 2 .98 4.01 6 .16
1991 3.01 4.13 6.53
1992 3. 04 4 .25  6 . 9 2
1993 3.07 4 .38  7 .34

— 1994 3. 10 4 .51  7 .78
1995 3.14 4.64 8.24
1996 3.17 4.78 8.74
1997 3. 20 4.92 9.26
1998 3.23 5.07 9.82
1999 3.26 5.23 10.41
2000 3 .29  5.38 11.03
2001 3.33 5.54 11.69
2002 3.36 5 .71  12 .39
2003 3.40 5.88 13.13
2004 3.43 6.06 13 .92
2005 3.46 6.24 14.76
2006 3.50 6.43 15.65
2007 3.53 6.62 16.58
2008 3.57 6.82 17.58
2009 3.60 7.02 18.64
2010 3.64 7.23 19.75
2011 3.68 7. 45 20.94
2012 3.71 7.68 22.19
2013 3.75 7.91 23.53
2014 3.79 8 .14 24 .94
2015 3.83 8.39 26.43
2016 3.86 8.64 28.02

-; 2017 3.90 8.90 29.71
2018 3.94 9.16 31.48
201 9 3.98 9,44 33.37
2020 4.02 9.72 35.38
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TABLE 48. Conversion Losses for the Electrical Sector, 1974
Preliminary and Projected to the Year 2000.

1974 1980 1985 2000

Fossil fueled plants
• Trillion Btu 10 ,442 12 ,700 15 ,110 16 ,320

Percent of total 1/ 78.7 69.6 59.0 33.3

Hydropos~cr p l a n t s
Trillion Bt ti 2,025 2 ,360 2 ,140 2,720
Perceut. of total 1/ 15.3 12.8 8.4 5.5

Nuclear plants
Trillioa 3tu 798 3,090 7 ,950 28,710
Percent of total 1/ 6.0 16.9 31.1 58.6

• 
Geothermal t~ antS 2/

Trillion B t u  -- 120 380 1,280
Percent of total 1/ —— .7 1.5 2.6

Total Conversion Losses
Trillion Bt u  13 , 265 18,250 25,580 49,030

1/ Pc rc .~at r ~~~s niny not  add to 100 due  to  independent  rounding .
2/ In c lu d e i  in h y dr opm ~cr for  1974.

TABLE 49.  ~‘n it ed  States Elect r ic  U t i l i t y  Power Statistics (on
Popula t ion , Capaci ty ,  and Consumption Basis) 1974

Preliminary and Projected to the Year 2000.

1974 1960 1985 
— 

2000

Ge~ er .~t iu~, cap ac i t y
(i t!~~ n I  

~~) 474.6  648.0 900.0 1 , 88/.0

Po~ut.i~ ion
(. l L i o m ~) 211.9 224.1 235.7 264.4

K i 1e~wa tt  ( ;i ~; i ty
pec cap i r . .~ 2 . 2  2 .9  3 .8 7. 1

Po~?~ r c o u n u ~~t ion
(L ~i l l1o~ k~Th) 1, 867 2 , 769 3 , 960 8, 650

A n n u a l  pe r capit a
ccr . .~’i ~’pt ion ( kWh ) 8 , 811 12 , 356 16 , 800 32 , 71.5

~u c I c  ~r F~ :°r cap ac i t y
(Fer ceuJ ;  of t o t a l )  6 .7  11.6 22 .2  47 .7

9 4
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TABLE 50. Comparative Analys is of Electrical Sector Energy Inputs , 1975-
2000, for the 1972 and 1975 Versions of United States Energy Through

the Year 2000 (Trillion Btu).

1980 1985 2000

Coal
1972 S t u d y  10 , 660 14,220 17 ,520
1975 St ud y 12 ,250 15 ,700 20,700

Difference 1/ -1 ,590 -1 ,430 -3,160
Percent decline 1/ -14.9 -10.4

Liquid Hydrocarbons
1972 Study 5 ,000 6,650 5 ,040
1975 Stud y 5,100 6,200 4,700
Diftc rcnc~ 1/ -100 450 340
Percen t de~ tine 1/ -2.0 6.8 6.8

Gaseous Fuels
1972 SLud y 3,600 3,450 2,640
1975 S t u d y  2 ,000 1,500 1,000
Difference XI 1 ,600 1,950 1,640
Percent decline 11 44.4 56.5 o2.1

Nuclear Encrgy
1972 St u d y  6,720 11,75(1 49,230
1975 Study 4,550 1l ,81i0 46,080

Differc~~ c 1/ 2,170 —90 3,150
Percent decline 1/ 32.3 .7 6.4

}lydropm’cr 2/
1972 ~;tud\ 3,990 4 ,320 5,950
1975 Stay 3,650 3 ,400 4,550

Diflercrce 1/ 340 92C l ,1~00
Pcrc nt dicl inc 1’ ~.5 21.3 23.5

c o t t c r ’ . r l  3/
1972 S t t ~~y — — —
197’ St :. 

— 
150 450 1 ,520

D i f f c r  ence 1/ — — —

Perc  1 C( . i i  1/  — — —

Tot a t  ~~~ I n p u t ;
191/ S t I R 1 ~. 29 , 970 40 , 390 80 , 380
1975 s t u d y  27 , 700 39 , 090 78 , 550
Di f f p r e i i c e  1/ 2 ,270 1 ,300 1 ,83()
j’~ rc~ ut der) inc 1/ 7 .6  3 .2  2 .3

1/ Nc~’:i t ivc [igt?ri ~ I n d i  C a t c h  i f lC I 5 c.

2/  19 12 vers ion  i n c l u d e d  pun ped ~t or agc .
3/ N’- t  ~p e c i f i c~i I 1 y  b r o k i i ,  ~.u t  in 1972 version of United Suites Energy
Throu ~,h the Year 2000 .

L_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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SUMMARY AND CONCLUSIONS

The price that the Navy is expected to pay for coal, fuel oil,
natural gas , and electricity have been estimated for the period 1975-
2020. Included in these projections are the price extremes that may occur
for each energy source as well as the most probable price.

The price estimates were based on available literature, on
discussions with knowledgeable people , and on historical trends where
possible . Much of the literature was found to be repetitive and to
contain little or no original work. The biases inherent in the litera-
ture were taken into account as much as possible . It is recognized that
by doing this , other biases were introduced .

Governmental action (laws, embargos , etc.) both in the United
States and in other countries are expected to have a major effect on
future energy prices. It is difficult to predict what these actions will
be and when they will occur.

The price projections as presented , therefore, are based on facts
where possible but must he considered subjective in nature.

The price estimates are repeated in Figures 28, 29, 30 and 31
for convenience . Figure 32 contains the price estimates for each of the
energy sources for the probable case on a dollars-per-million-Btu basis.
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28 Januar y  197 6

Dear Sir:

The Naval Weapons Center , China Lake has been asked to conduct
studies of fuel and energy ava ilability and cost. These studies are
sponsored by the Naval Facilities Engineering Coicnand . They are for
the purpose of ensuring adequate future supplie s of fuel and energy
at Naval Shore Facilities.

One of these studies requires us to document the histori cal pro-
duction , use, and cost of natura l gas , fuel oil , coal , and electricity
and to make projections as to their future availability and cost. The
time period of interest is from about 1900 to the year 2020.

We are writing to severa l selected corporations , government agen-
cies , and industry associations requesting assistance in obtaining
information for our studies. It seems probable that in depth studies
have been conducted detailing both past and projected usage and cost
of natura l gas, fuel oil , coal , and electricity by organi zations such
as yours .

Any assistance you can provide in identify i ng and obtain ing such
information would be greatly appreciated . Copies of reports or in-
formation as to where we can obtain them would be most useful .

We will cite credit to any material furnished or wi thhold credit
as you desire. Any material that you identify as proprietary will be
treated as such.

Thank you for any assistance that you may be able to provide.

Sincerely,

ELLIS E. KJ\PPELMAN
Asst. for Systems Analysi s
Code 45402
Naval Weapons Center
China Lake , California 93555
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Response
Addressee Yes No

Air Transport Association of America X
Alabama Power Co. X
Amax Coal Co. X
Amerada Hess X
American Electric Power Co., Inc . X
American Gas Association X
American Pe troleum Institute X
Atlantic City Electric x
Atlantic Richf ield X
A tomic Industrial Forum X
Aztec Oil and Gas Co. X
Baltimore Gas & Electric Co. X
Bituminous Coal Research X
Brooklyn Union Gas X
Carolina Power & Light Co. X
Center for Strategic & International Studies X
Central & Southwest X
Central Illinois Public Service X

H Central Louisianna Electric Co., Inc . X
Central Maine Power X
Chase Manhattan Bank X
Chicago Electric Co. X
Cities Service Co. X
Citizens Gas & Coke Utility X

-~~~ Clark Oil & Refining X
Cleveland Electric Illuminating X
Coal Research , Inc. x
Columbia Gas System of Ohio X
Columbus & Southern Ohio Electric X
Commonwealth Edison Co. X
Consolidated Coal Co. X
Consolidated Edison Co. of New York X

-~ Consumers Power Co. X
Con tinen tal Oil X
Detroi t Edison X
Duke Power Co. X —

East Ohio Gas Co. X
Edison Electric Institute X
Energy Institute X

Federal Power Commission X
Florida Power & Light X
Gas Service Co. x
General American Oil X
Georgia Power Co. x
Ge tty Oil X
Gulf Oil X
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Response
Addressee Yes No

Hawaiian Elec tric Co., Inc . X
• Houston Ligh t ing & Power Co. X

Interstate Natural Gas Association X
Jacksonville Electric Authority X
Lone Star Gas X
Long Island Ligh ting Co. X
Los Angeles Depar tment of Water & Power X
Mara thon Oil X
Memphis Light , Gas & Wa ter Division X
Michigan Consolida ted Gas Co. X
Nashville Elec tric Power Board X
National Association of Elec tri c Companies X
Na tional Coal Association X
Na tional Fuel Gas Co. X
Na tional Oil Fuel Institute X
National Petroleum Council X
Nevada Power Co. X
Niagara Mohawk Power Co. X
Nor thern Illinois Gas X

• Nor thern Indiana Publ ic Service X
Nor thern States Power Co. X
Off ice  of Technology Assessmen t X
Ohio Edison Co. X
Oil and Gas Associa tion , Wes tern X
Oklahoma Gas & Elec tric X
Omaha Public Power District X
Pacific Gas & Electric Co. X
Peabody Coal Co. X
Penn Power & Light Co. X
Peoples Gas , Light & Coke Co. X
Philadelphia Elec tric X
Philadelphia Gas Works X

9 Phillips Petroleum X
Pittston Coal Co. X
Power Authority of the State of New York X
Public Service , Indiana X
Public Service , New Hampshire X
Public Service , New Jersey X
Puerto Rico Water Resources Authority X
Sacramento Municipal U tility X
Sal t River Project X
San Antonio Public Service Board X
San Diego Gas & Electric X
Seattle Department of Light ing X
Seattle Electric Works X

• Shell Oil X
Southern California Edison Co. X
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Resp onse
4 Addressee Yes No

Sou thern California Gas Co. X
Southern Indiana Gas & Electric X
Southwestern Public Service X
Standard Oil of Ohio X
Sun Oil X
Superior Oil X
Tampa Elec tric X

-t Tennessee Valley Aut hori ty X
Texas U tilities X
Union Elec tric Co. X
Uni ted Gas , Inc . X
United Mine Workers of America X
Uni ted States Department of the Interior X
Utilities Research Associations , Inc . X
Virginia Electric & Power Co. X
Washing ton Natural Gas Co. X

1 16
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ERDA
ff20 Mass. Ave

Washington , D.C .

Resources for the Future

1755 Mass. Ave. N.W.

Washington , D.C .

8and

Santa Monica , CA

EPRI
Palo  Al to , CA

SRI
Menlo Park , CA

Counc i l on Wa ge an d Pr i ce Stab i l ity
726 Jackson Place N .W.

Was hi n g ton , D.C.

Americans for Energy In dependence

Washin gton , D.C.

• Federa l Power Coninission

825 iL Capital St. N .E .

Wash i ngton , Li.C.

Na tional Rura l Electric Cooperative Assoc .

2000 Florida Ave

Wash i n gton , D.C .

Nat i ona l Petroleum Counci l
1625 K St. N.W.

Washington , D.C .
US

~
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Amer i can Gas Assoc i a ti on
1515 Wilson Blvd .

Arlington , VA

Center for Stra teg i c and In terna ti onal S tu di es
37 & 2 LW (3520 Prospect)

Washington , D.C.

Dean W it te r & Co .
Washington , ).C.

Air Transport Association of America

1 709 LV. Ave N.W.

Washington , D.C.

inters tate Nat iona l Gas Assoc .
1660 L St. ~LW.
Washington , D.C .

Department of the Interior

l 8 th&C

Washington , D.C.

US Geolo gi cal Survey
Menlo Park , CA

Federal Energy Adm.
14th & Penn.

W a s h i n g t o n , ‘p .C .

~ationa 1 Association of Electric Companies

1140 Conn . Ave N .W .

• Washington , D.C .
119

- ~~~ ...: •
~~.



NWC TP 5958

United Mine Workers

900 15th St. N.W.

Wash i ngton , D.C.

Booz-Allen Applied Research

Bethes da , MD

Hoffman-Munter Corp

8750 Georg i a Ave
Wash i ng ton , D.C.

Na ti onal  Coal Assoc .
1130 17th St N .W .
Wash i n gton , D.C.

Ame r i can Pe troleum Ins ti tu te
-
~~ Washingt on , D.C.
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Purchasing Power of the Dollar

Year PPD Year PPD

1913 537 1945 296
1914 530 1946 273
1915 524 1947 238
1916 415 1948 222
1917 41.5 1949 224
1918 353 1950 222
1919 307 1951 206
1920 265 1952 202
1921 298 1953 200
1922 317 1954 198
1923 312 1955 200
1924 311 1956 197
1925 303 1957 190
1926 301 1958 186

- -~ 1927 306 1959 184
1928 310 1960 180
1929 310 1961 179
1930 318 1962 166

II 1931 350 1963 174
1932 389 1964 173
1933 411 1965 170
1934 397 1966 165
1935 387 1967 160
1936 383 1968 154
1937 370 1969 144
1938 377 1970 136
1939 383 1971 131
1940 379 1972 125
1941 361 1973 119
1942 326 1974 107
1943 307 1975 100
1944 302

PPD = Purchasing Power of Dollar in cents based on 1975 dollars = 100 . These
were taken from:

1913 - 1957 Historica l Statistics of the U.S . , Colonial to
1957. Bureau of the Census, Department of
Commerce, Washington , D.C. 1961 .

1947 - 1973 Abstract of the United States 19 74. Bureau of the
Census, Department of Commerce , Washington , D.C.
1974.

1966 - 1975 CPI Detailed Report f o r  September 1975.  Library
of Congress No. 74-647019, Bureau of Labor
Statistics, Department of Labor , Washington , D.C.
1975.
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FUEL AND POWER CONVER SION FACTORS
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Fuel an d Power Conversion Factors

E quiva lent  to 1 short ton
Fuel of b i tu m inous coa l  Btu per i r,.t

B i tum i no us ove rag e 0 1 .000 ton s 26,200 ,000 per toe
Penns y lv an ia  ant hr acit . I .03 ton s  75 .4 30 .000 per ton 1

L ign it e 1.58 tons 8 , 300 per lb
B ro wr , coa l  2 . 7 1  ions 4 ,830 per lb
Peat ri the bo g 6. 96 t e ns 1 ,880 per lb
Cro ~le pet ro leum 4 .517 b b l 5 .800 ,000 per bbl
Na t u ra l - g as  l i quids 6 .532 bbl 4 ,0 1 1 ,000 per bbl
Na,u iol  ga s 24 ,372 cv f t  1 ,075 per cu f t b
Natur a l  gaS 4 24 , 952 cu f t ~ 1 , 050 ~~~ cu f t

cok. 1 .056 ~~~~~ 24 , 800 , 000 per ton 1

Co k e b ,eeze 1 . 248 t ons 9 21 ,030 ,000 pe r ton 9
B las t . I0 rna c e gas 262 ,000 cv f t 100 per Cu ft
Co k e-r ice0 ga s 47 ,636 cu f t  550 pet cu f t
Mc,nu fo c t o re d  gas 4 48 ,519 cv f t

5 540 per cv f t~
M ix e d g~ s 28 , 887 cu ft c 907 per Cu 1t~
Tar and p i t ch  3 .899 bbl 6 ,720~003 ç i  t~’ -

-
B r i q u e t tes  and pack aged fuel .068 ton s 28 .003 ,000 per t o n ’
Kero s ene 4 . 62 1  bb f  5 ,670 , 000 per bb l
Gas ol ine (noturo l )  — 4 .620 , 000 per bb l
Gasol i ne (mo t or fuel) 5 .02 1 bb l 5 .21 2 , 080 per
Gasol i ne (oc io t  io n) 5 . 19 0  bb l h 5 .043 , 400 per bb l ,,
D i s t i l l a t e  !i.el o i l , Di ese l  o i l  4 . 49 3 bbl 5,825 ,400 pe’ bb l
Re s i d u a l  f i ,e l o i l  4 . 1 6 7  b b l ’  6,2o 7 , .~C0 per bbl i
Ac i d  s ludge 5 .822 bb l 4 ,500 , 000 per bb l
Ref i nery  (still) gas 17 ,467  c u f t  1 .500 per c - .i 1,
Petro l eum coke 0 .870 ton s 30 ,120 , 000 per ton

Co Le oven and manufactured
gas p r c 4 - . ic t s , li ght oi ls — 5 .460 , 000 per bbl

Lubr icants — 6,060 , 000 per lb
W ax — 5,570~CO0 per lb

‘-5’. Asp ha lt — 6 ,64 C~00O per lb
Rood oil — 6,640 ,000 per lb
Wood 1.350 cords 79 ,407 ,4 07 per cord

Soft — 5 ,820 per lb
Hard — 5 .820 per lb

Charcoo l — 12 . 100 per lb
Fuel a lcohol - 

— 10 ,400 per lb
Farm waste 6 ,250 per lb
Dung — 7 , 500 per lb

o Inc lude s a l l  rori li s of b i t um inous .
b At  wo l lhead (containi ng li quid , ).

j C Sold b y uti l i t i e s .  Mixe d ga~ inc ludes a port ion a t no ’ o r a l  gas , an d t b ,  conve rs i on  f a c t o r  o p p l ,es  to 194 7 onl y.
d Gas is somet imes  b i l led to the consumer b y the ‘‘ t h e rm , ’’ wh i ch is  100 , 000 Btu , 26: t her ris s , s  the equ i v a len t  of or ,.

ton of bitum in ous coo 1 .
• A s  i lel i-,er ed to consumer (most l i qui ds romove rl ) .

As suming  4 percent mo is tu re  as  consumed.

9 A , su m . r i q  12 percent m o i S t u r e  as consumed.
a~ eroge o1 gra des 1 to 4.

~~~~~~~~ ~~~~~~~ of g r ades  5 an d 6.
P f P , , ~ ,, , of ~~~- -  e s , E P . c ar mon , p.~rs or ,al  com ,nun , ~~~~ May 2 , 195~ -

‘ I i ~ h irp e i c r  u , Nov e nm bre - Dec emb,e , 1948 , An o L I I , r., 888 , p. 532 .535 .  A r gen t i ox  ~-jb l ’ cc ’ cn .
I I h o s e l  on Cr . P . E.  f ( ow ~ , f o r m er l y w i th  U.S. A gi cu ‘ u r al  Research  Center , 8u reo~ of Art  ‘ mal  Indu s tr y , D—po rt m en p

~~l S~) , ic i i l ~~re , a, w orke d up b y H . C. Schor , pe rsona l  commun i ca t ion , iul~ 27 , 195
Sou rc e Putn a m (see b ib l iograp h y item 19).
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Conversion Factors

St y Per Unit

Cool:

A n , h r o c , t e  (Penn .) 75 ,400 ,000 Ten
-
~ Bi tum nov ~ 26 200 000 Tan

BIos ’  h i - m ace Gas 100 Cu. Ft .
B r i q i . e i te s  on d Poc kag . Fuels 28 ,000 ,000 Ten
Co ke 24 ,800,000 Ton
Coke Il i eeze 20 ,000,000 Ton
CoI.e’ O~en Gas 550 Cu. Ft .
Cool Tar 150 ,000 Ccl .
Coke . Oce n and Manufactured Gas Product s , Li g ht O i ls  5 ,460 ,000 Bbl .

Not ur o l Ga s (Dry) 1 ,035 Cu. Ft .

Natura l G~i~ L iqu ids (Average) 4 ,011 ,000 Bb l .

Buta ne 4 ,284 ,000 Bb l .
Prop ane 3.843 ,000 BbI.
LN6 BtuIBb l or Cu Ft
SNG BtuIBbl or Cu Ft

Petr ol eum

A s p ’ o l t  6 .640 . 000 8b 1 .
Coke 6 ,024 ,000 8b 1 .

5’- C’~ de C 5 , 800 , 000 BbI .5~5

D,es . l  5 ,806 ,000 Sb l .
Di n ’ - - ~i ie Fuel 0.1 5 , 825 ,000 Bb l.
Go s o l i r - ., A v ia t i on  5 ,048 ,000 abI.
Go ,o l , n e , Motor Fuel 5 .253 ,000 Bbl .
Jet  F0.l

Com mercial  5 ,670,000 Bb l .
M. l i io ry 5 ,355 ,000 Sbl .

- 

- 
K erote n 5,670 ,000 Bb l .
Lubr icants 6,060 ,000 Bbl .
Misce llaneous Oils 5,588,000 BbI .
Ref inery  St i l l  Gas 5,600,000 Bb l .
Hea vy  Fuel Oil . . . - 6 ,287 ,000 Bb l.
Ro a4  O i ls  6 ,640 ,000 Bb l .
Wa x  5 , 570 ,000 Bb l .

E I .c t ,u c , t ~ 3,412 Kwh ,

Source. Pesos Eastern Gas T ransmission (s ee bibl i o g raph y t Im 21).
C
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Coeff icients of Equivalenc e 8 Energy Contents for Various Fuels
an d for Electr icity

Coa l Equ iva lent  Energy Cont rr ’
(Met r i c  Tons)  10~ Ki l o ca o mi e ,

1 metr ic  ton anthrac i te  & b i tumino u s  cool I

I n ie t r i c  t o r i  of coke of on th rac i te  or b i t um inous  coal  0.9 6 , 3~
I metr ic  to r t  of l ignite 0.3 to 0.6 2 , 1C3 t O  4 , 200

I m e t r i c  ion of crude pet ro leum 1.3 9,1~ 0
1 met r ic  Ion of gaso lin e , kerosene , fuel o i l  1.5 10 , 50 0

1003 cu b , n i e tor s natural  gas 1.33 9, 3 0

1000 cub i m et e rs  manufactu red and coke oven gases  0.6

1000 k i l owat t -hour  e le c t r i ca L  energy — h y dr o 0.375 7 ,~~ 5

1000 k i low a t t - hour  e lec t r i ca l  energy — thermal or nuc lear  0. 4 2 ,~ :2

Blu

The above energy conte nt s ore c on S i S t e n t  w i th :

1 pound of cool 12 , 60 0

1 pound of l iquid fuel 19 , C )

1000 cubic feet of natura l  gas I , 050 , C0

Source F e l i x  (see bib l iograp hy i tem ¶ 5~ .

5
’-
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H~~t and Electricity from Various Fuels

FUEL HEAT ELECTRICITY
(assuming 33.3%
conversion)

Engineering Units METRIC KWH/kilogram
BTU/LB. kilojoules/kilograms

Petroleum Products

CIISUDE 18700 — 19500 43500 — 45300 4.03 — 4.19

FUEL OIL - 18500 — 19400 43000 — 45100 3.98 — 4.18
- 

- 
KEROSENE 19800 46000 4.26

GASOLINE 20700 48100 4.45

BUTAN E 21200 49300 4.56

PROPANE 21600 50200 4.65

- 

- 
COAL and Solid Fuels

- - WOOD 3600 — 5800 8400 — 13500 .78 — 1.25

* PEAT 3500 — 10000 8100 — 23300 .75 — 2.16

* LIGNITE 5500 — 11000 12800 — 25600 1.19 — 2.37
* BITUMINOUS 11000 — 15300 25600 — 35600 2.37 — 3.30
* ANTHRACITE 11500 14000 26700 — 32600 2.47 — 3.02

* COKE 12000 — 14400 27900 — 33500 2.58 — 3.10

Natural Gas

Pittsburg 21700 — 23800 50500 — 55300 4.68 — 5.12

Nuclear

3.53 x 1010 8.21 x 1010 7600000.

From “Marks ’ Mechanical Engineers Handbook” ~th Edition ,, except
* The Engineers Manual”, Hudson, 2nd Edition , Jotni Wiley.

** assumes Density of .04616 LBS~ ft- 3.
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NOMENCLATURE

AGA American Gas Association

- 
Btu British Thermal Unit

CPI Consumer Price Index

GNP Gross National Product

- 
KWhr Kilowatthour

LNG Liquid Natural Gas

Mcf Thousand cubic feet

MWhr Megawatthour

- Qcf Quadrillion cubic feet

- 
QUAD Quadrillion Btu

SNG Synthetic Natural Gas

Tcf Trillion cubic feet

5’—. USGS United States Geological Survey

I
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