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CHAPTER 1 

Introduction 

In recent years, the availability, consumption, and 

costs of energy have become national issues in the United 

states. In fact, these issues have become so important that 

the current situation is often described as an energy 

crisis. Since the oil embargo by the Organization of 

Petroleum Exporting Countries {OPEC) in 1973-74, all sectors 

of society have been affected by the increases in the costs 

of energy and the actual and potential shortages of various 

energy sources. During this same time period, accountants 

have become more interested in social accounting issues in 

an attempt to measure and report the social and 

environmental aspects of business activities., One of these 

aspects, energy usage, has already become a reporting 

reality since some companies are now required to submit 

these data to the Federal Government, and accountants have 

become involved in energy audits to help companies fulfill 

this requirement. However, investors are also interested in 

social accounting data, 1 and perhaps these data should be 

I Robert E. Jensen, "Phantasmagoric Accounting: Research and 
Analysis of Economic, Social and Environmental Impact of 
Corporate Business," ~udies in. !££.Qunting Research !Q. ll 
{Sarasota, Fla.: American Accounting Association, 1976) : 
199-201; Ralph Estes, Corporate Social Accounting (New York: 
John Wiley & Sons, 1976): 4. 

1 
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included in accounting or social reports if it would help 

them in their investment decisions. One area that investors 

are generally assumed to be interested in is assessing the 
~/ 

risk of their investment. The purpose of this research is ~ 

to investigate if this particular social accounting issue, 

i.e. energy usage, is associated with the risk of 

manufacturing companies and industries and, therefore, might 

be appropriate data to be disclosed to investors in 

accountiqg or social reports. 

Although the energy problem is widely discussed, 

studies of this type are needed because there appears to be 

little unanimity on many facets of the crisis .. John s. 
Foster, Jr., vice-president and general manager of the 

Energy Systems Group of TRW Inc., notes, "myths are 

springing up, positions are beginning to harden, and the 

difference between real and unreal perceptions of the crisis 

is becoming wider • 11 2 In addition, he notes that the energy 

problem is not limited to technological considerations; 

instead, it " • is a very large set of major interrelated 

problems, each having several possible solutions with 

aspects unacceptable to certain individuals, groups, or 

segments of the population.na Because of this complexity, he 

2John s. Foster, Jr., ttEnergy: An Emerging Role for 
Aerospace," ;ilill!};]!al 21 Energy 1 (January 1977): 3. 
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believes an analysis of the political, social, and economic 

issues, as well as the technological issues, is needed, and 

interdisciplinary energy research can help provide these 

analyses.• This need is apparently being recognized by 

economists and accountants who have recently begun to study 

the effects of energy usage on the economy as a whole and on 

businesses specifically. This study can be related to these 

efforts as a further step in determining the implications of 

energy usage on specific businesses and industries. 

To provide support for the hypotheses tested in this 

research, a review of the literature dealing with the energy 

problem will first be presented. This review will include a 

study of tpe OPEC oil embargo and its relationship to the 

supply and demand for energy in the United States. The 

results of public opinion polls and recent writings by 

economists and other business writers will then be reviewed 

to see if the energy problem is perceived to be of 

importance. A summary of the effects of the energy crisis 

on the stock market will also be presented. This review of 

the energy crisis is presented in Chapter 2. 

of this dissertation is as follows. 

The remainder 

Chapter 3 gives a review of the recent work of 

3Ibid. 

4-Ibid. 



accountants in the areas 

accounting. This review 

perspective with other 

undertaken by accountants. 

4 

of energy audits and social 

will help place this research in 

work that has recently been 

Chapter 4 presents a discussion of the measures of risk 

that have been developed in the finance literature to help 

investors evaluate alternative investments. This will also 

provide justification 

research. 

for the measures used in this 

Chapter 5 formally states the objective of the study 

and the hypotheses that are being tested. The methodology 

for testing the hJ!potheses will also be stated. 

Chapter 6 presents the data and results of the 

statistical tests. A discussion of the results is also 

provided. The limitations of the study and areas for future 

research are presented in Chapter 7. 

Chapter 8 briefly summarizes the research and provides 

a restatement of the conclusions. The implications of the 

study for the accounting profession are also considered. 



CHAPTER 2 

The Energy Problem 

The OPEC Embargo 

The energy crisis that was caused by the OPEC oil 

embargo in 1973-74 affected the lives of most Americans, and 

"while the •crisis 1 proved to be a •problem', there is 

little doubt that the economic, political, and psychological 

ripple effect will be felt for years to come. 11 1 Although it 

is clear that the factors leading to the crisis did not 

develop over night, the specific event of the embargo 

highlighted the dependency of the United States• economy of 

cheap and plentiful sources of energy.2 In fact, the energy 

crisis of 1973-74 was not even the first such situation 

faced by the American people, 3 but it Irtay have been the 

first to really cause a change in the attitudes of Americans 

toward the increasing use of energy in this society. To see 

why the current energy crisis differs from the previous ones 

it is necessary to review the relationship between the 

1warren w. Ware and Andrew c. Gross, "World Energy: 
and Supply," Columbia ~nal of World Business 9 
1974):7. 

Demand 
(Fall 

2Roger LeRoy Miller, "The Economics of Energy: How Price 
Controls Did Us In,u Business 2_ ~i~j:I Review/Innovati.Q,!!, 
no. 9 (Spring 1974) : 74-76. 

3Ibid. 

5 
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supply and demand of various energy sources at the time of 

the shortages. 

The economist, Roger LeRoy Miller, notes that there 

were at least two previous energy crises in the United 

States before 1973.• The first occurred during the Civil war 

when whale oil was a major source of artificial lighting in 

the United States. During that time, the demand tor the oil 

increased tremendously while the supply dropped by 60 

percent. This drop in supply occurred because many whaling 

ships were conscripted to carry freight, and the supply of 

whales could not keep up with the demand. However, no 

crisis developed because the price of whale oil increased 

from 23 cents a gallon in 1832 to $1.45 a gallon in 1865 

which caused people to conserve the oil. s A.t the same time, 

petroleum was discovered in Pennsylvania and in 1867 

kerosene became a cheap substitute for whale oil. Thus, the 

first energy· shortage was solved by the discovery of a 

substitute energy source. This ushered in the petroleum age 

which has continued ever since. 

The second energy shortage occurred in 1967 when the 

Suez Canal was closed as a result of the Six-Day War. 

4Roger LeRoy Miller, 
!rong.? (Glen Ridge, 
1974} : 75-86. 

5Ibid., p. 76. 

The Economics of Energy: Wha! !fil!i 
N. J.: Thomas Horton and Company, 
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Tankers were then forced to go around Africa to deliver oil 

to the United States and Europe from the Persian Gulf. 

Although the United States was not importing much oil that 

year, the prices of petroleum products began to rise due to 

an increase in the exports of the United States to Europe. 

However, no one seems to remember that crisis because there 

were no shortages of petroleum products since the price 

mechanism of the economy permitted prices to rise until, 

once again, demand equalled supply. 

'I'he 1973-74 crisis had a much more serious effect on 

Americans than the 1967 event because of a .couple of 

factors. First, the market system in the United States had 

been under a series of price controls since August 1971 when 

they were first imposed by President Nixon .. & These controls 

meant that prices of oil products could not adjust freely to 

reflect increases in demand and decreases in supply, and, 

thus, shortages developed when the OPEC states withheld 

products. A second factor contributing to the seriousness 

of th.e latest crisis was that the United States had become 

more dependent on imports of petroleum and, therefore, a 

disruption in these supplies had a more severe effect on the 

economy. Although these two factors probably made the 

initial crisis more severe than it might otherwise have 

f>Ibid., p. 78. 
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been, the energy problems have continued to the present time 

and solutions to the problems do not appear to be imminent. 

To see why the embargo on oil imports by the OPEC 

community in 1973 created shortages, it is necessary to 

explore the changes in the sources of energy that .have taken 

place in the United States. The primary dependence of the 

United States on energy sources has shifted in the past 200 

years from wood to coal, to oil and gas, and the quantities 

of energy consumed have also increased especially in recent 

decades. For example, between 1950 and 1970, the total u. 
s. demand for energy doubled, and it is predicted that it 

may double again by 1985.7 However, the supply of energy 

from domestic sources had never been a problem until 

recently. Now domestic supplies fall short of demand, and 

the need for imports is expected to continue in the future.a 

For example, the data in Table 1 show the shortages in the 

supply of energy from domestic sources in 1975 and 

projections for future years. These data are given in quads 

where one quad equals 2.929 x 1oi1 kwh = 101s Btu. 

The data in Table 1 show that the dependency of the 

7Department of Commerce, "Observations on the Energy 
Situation," .!!· _§;. Industrial Outlook, 1ill (Washington, D. 
c.: u. s. Government Printing Office, 1973): 1. 

&John A. Belding, 
Energy Management," 
1978) : 2. 

"Alternatives to Oil 
Journal .Qi Energy 2 

and Gas Through 
(Jan uary-Pebruary 
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TABLE 1 

UNITED STATES ENERGY SHORTFALL 

(quads) 

Domestic Supplies: 

Natural gas and biomass 

Petroleum. 

Coal and wastes 

Hydro and geothermal 

Nuclear 

Other (solar and shale) 

Total Domestic Supplies 

Domestic Consumption 

Shortfall to be satisfied by 

Imports 

illQ 

22.19 23.03 21.05 19.31 

17.73 29.40 27.20 22.00 

15.45 20.96 26.25 35.82 

3.02 3.98 4.50 7.80. 

1.65 7.98 15.31 28.49 

.=Q.:: • 3 2 dl2 !!.&2 
60.03 85.67 95.16 118.27 

1.1:..12 97.82 109.95 138.83 

J.h.1§ 12.15 14.79 20.56 

SOURCE: Energy Resource and Development Administration, 
reported by John A. Belding, "Alternatives to Oil and Gas 
Through Energy Managen1ent," ~rn! .QI Energy 2 (January-
February 1978): 2. 
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United States on foreign sources of energy is expected to 

continue in the future. This dependency has occurred 

primarily because the United States is now relying heavily 

on petroleum as an energy source. Since 1970 when the 

united States• spare capacity in oil production vanished, 

the level of domestic oil production has declined.9 This 

decline in production and the resulting· increase in imports 

is illustrated in Table 2. 

The data on the consumption of oil given in Table 2 

show that since 1960 the quantity of oil imported by the 

United States has steadily increased. Foster has noted 

results similar to those given in Table 2 and concludes that 

there has been an increase in the vulnerability of the u. s. 
to another embargo.1° This conclusion is also supported by 

Scarbrough who notes that in 1977 the u. s. received 70 

percent of its imports from OPEC members compared with only 

60 percent in 1975.11 Thus, the dependency of the United 

States on OPEC for oil has continued to exist since 1973, 

and the u. s. appears to still be vulnerable to another 

9Robert Stobaugh and Daniel Yergin, "The Energy Outlook: 
Combining· the Options," Harvard Busines2 Review 58 (January-
February 1980): 58. 

lOJohn s. Foster, Jr., p. 4. 

11John E. Scarbrough, "Do the Arabs Have Us Over A Barrel?" 
~, Marwick, Mitchel! ~ £2.· !~ (Autumn 1979) : 36. 
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TABLE 2 

UNITED STATES CONSUMPTION OF OIL 

Imports as a % 
~ £onsu!l!E.tiQD. Production !!!l2Q!:tS Qf £QnsuJllpj:j.op 

1960 9.7 mb/d* 8.0 mb/d 1.8 mb/d 19% 

1962 10 .2 8.4 2.1 21 

1964 10.8 8.8 2.3 21 

1966 11.9 9.6 2.6 22 

1968 13.0 10.6 2.8 22 

1970 14.4 11.3 3.4 24 

1972 16.0 11. 2 4.7 29 

1974 16 .2 10.5 6.1 38 

1976 17 .0 9.1 7.3 43 

1979** 18.4 10.0 8.4 46 

* millions of barrels per day 

** estimated 

SOURCE: Robert Stobaugh and Daniel Yergin, "The Energy 
Outlook: Combining the Options," Harvard Business Review 58 
(January-February 1980) : 58. 
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embargo that would probably have more disruptive 

consequences than the shortages experienced in 1973-74. 

The effect energy shortages might have on various 

sectors of the economy can be seen by examining the energy 

used by those sectors. For example, Table 3 contains the 

1973 energy usage by primary use sector as reported by the 

Committee on Science and Technology of the 94th Congress. 

These data show that the industrial sector used 26.9 percent 

of the total energy in the United States in 1973. However, 

if the final use of energy from electric utilities is 

considered, the industrial sector used about 42 percent of 

the tota1.12 

The data on energy usage by specific manufacturing 

industries in the United States have been reported in 

various sources. For example, the quantities of fuels used 

for heat and power by u. s. manufacturing industries for 

various years have been reported in censuses and surveys of 

manufactures by the u. s. Department of Commerce. These 

data for the twenty manufacturing industries for various 

years are given in Table 4. 

These data in Table 4 show that the energy used by 

almost all manufacturing industries has increased over the 

years since 1958. It also shows that some industries are 

l2Belding, p. 2. 
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TABLE 3 

ENERGY USED BY PRIMARY USE SECTOR--1973 

Sector 

Electric Utilities 

TrC!:nsportat ion 

Industry 

Residential/Commercial 

SOURCE: John A. Belding, 
Through Energy Management,n 
February 1978): 3-4. 

Quads of 
Energy Used 

19.7 

18-.6 

23.7 

26.1 

% of 
Total Energy 

22.4 

21.1 

26.9 

29.6 

"Alternatives to Oil and Gas 
lI2,urnal of ~n~rgy 2 (January-
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TABLE 4 

QUANTITIES OF FUELS USED FOR HEAT AND POWER 

BY 0. s. MANUFACTURING INDUSTRIES 

(Billions of Kilowatt-Hours Eguivalent) 

SIC 
Code Industry 19,21! ll§Z 1lli 1971 1974 

20 Food 208 .8 216.1 239.3 266.8 268.8 

21 Tobacco 3.6 3.6 4.9 4.6 5.5 

22 Textile prod. 54. 7 59 .1 72.2 81.6 90.0 

23 Apparel 8 .2 7.5 10 .3 13.9 16.4 

24 Lumber 23.0 20 .o 47 .. 7 57.3 67.2 

25 Furniture 8 .6 9 .o 11.1 14.2 13 .. 6 

26 Paper 223.8 255 .1 313.0 350.5 354.6 

27 Printing 9 .o 10 .5 13.6 21.0 25.5 

28 Chemicals 366 .3 459.8 625.6 680.1 814.7 

29 Petroleum 263.5 322.8 390.3 443.3 397.8 

30 Rubber 31.1 35.2 43.4 51.3 66.5 

31 Leather 8 .6 8.4 8.5 8.3 6.6 

32 Stone, clay, glass 264.9 294.0 340.6 357.5 339.8 

33 Primary metals 467 .8 603.6 600.5 595.4 654.9 
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TABLE 4 

(continued) 

QUANTITIES OF FUELS USED FOR HEAT AND POWER 

BY U. S. MANUFACTUBING INDUSTRIES 

(Billions of Kilowatt-Hours Equivalent) 

SIC 
Code Industry .J.2.58 1962 1967 1il1 j974 

34 Fab. metals 48 .4 53 .6 72.6 82.8 107.6 

35 Mach. except elect. 54.0 58. 7 74.6 85.3 96.8 

36 Electrical mach. 33 .5 39 .1 50.0 56.7 66.7 

37 Transportation eq. 64 .4 69.LJ 83.6 86.4 101.9 

38 Instruments 8.3 9.7 12.9 16.5 20.4 

39 Miscellaneous* 13 .9 16 .3 19.5 24.5 13.1 

* for all years except 1974, SIC Code 19, Ordnance and 
Accessories, is included in the total 

SOURCE: Department of commerce, llll ffill.§!!§ £?!. Manufactures 
(Washington, D. c.: U. s. Government Printing Office, 
1972) : SR6-3--SR6-9; 1975 Annual survey of Manufactures 
reported by Department of Energy, Annual Re12ort ~Pirnort 
Document, Volume ll 1 Industri.s-1 .fil!ergy Efficienc;y- f_rogm 
(Washington, D. c.: U. s. Government Printing Office, 1978) : 
3. 
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much more energy intensive than others. For example, if the 

petroleum and coal products industry (SIC Code 29) is 

excluded, the five most energy-intensive industries are 

food, paper, chemicals, stone and clay, and primary metals. 

Projections of future demand for energy by these industries 

show that it is expected to continue to increase.t3 one of 

these projections made in PrQj~ Independence is given in 

Table 5. 

These data show that the demand for energy by u. s. 
manufacturing industries has increased over the years and is 

expected to continue to increase in the future. Thus, 

another disruption in energy supplies could have as serious 

effects as the interruption that resulted from the OPEC 

embargo in 1973-74. Since some industries are much more 

energy intensive than others, it seems that a disruption in 

supplies may affect these industries more than the less 

energy-intensive industries. However, no study has been 

found by this researcher to support or reject the validity 

of this assertion although the economics of energy may 

provide indirect support for believing it. 

1 asome projections of the future demand for energy by U. s. 
manufacturing industries are reported by Claire Doblin, 
Energy Qgl!!filll! £1. !!· ~- !irull!~!YJ:'ifill !ndustriee (Laxenburg, 
Austria: International Institute for Applied Systems 
Analysis, 1978) • 
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TABLE 5 

PROJECTIONS OF FINAL ENERGY CONSUMPTION 

(1012 Btu) 

Jpdust~y 

Food 

Paper 

Chemicals 

Stone and Clay 

Primary Metals 

Total for five industries 

Other manufacturing inds. 

Total manufacturing excluding 

petroleum and coal 

SOORCE: Compiled from Pro~ct 
Claire Doblin, ~mY Demand 
Industries (Laxenburg, Austria: 
Applied Systems Analysis, 1978) : 

1980 12!!2 ll2Q 

1,001 1,154 1,345 

1,567 1, 742 1,947 

4,822 6.175 7,481 

1,566 1, 702 1,900 

5LJ.2~ 5,519 ?,.924 

14,118 16,292 18,597 

4 1 657 5 1 602 1.L442 

18 I 772_ 211895 ~1039 

Independence as reported by 
.QY. ~· ~· Manufacturing 
International Institute for 
25. 
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The Economics of Energy 

In the past, economists who have been concerned with 

energy have generally assumed that cheap and plentiful 

sources of natural resources would continue indefinitely. 

This view has been expressed as follows. 

For reasons that are difficult to fathom, 
most economic analyses of the energy 
situation--particularly with respect to 
petroleum--have largely ignored the supply side of 
the equation. Economists and journalists • • • 
appear to believe that present energy prices are a 
departure from some sort of cheap energy norm. 
And many journalists appear to be willing to 
accept, without reservation, Disney's I,.irst 
Law--Wishing Will Make It so.1• 

Although this view of energy may be widespread among 

economists, in recent years some divergent views on the 

topic have been expressed. These views can generally be 

summarized into three classifications ranging from totally 

optimistic to totally pessimistic. Naturally, the 

seriousness of the current situation depends on the view 

taken, and as yet no one view has become generally accepted 

among economists. A summary of these viewpoints follows: 

The optimistic view, sometimes called the Nee-Victorian 

view, is that there is no problem that cannot be solved by 

science and technology. Thus, the current energy crisis is 

i•william H. Miernyk, Frank Giarratani, and Charles F. 
Socher, Regional Impa.£i§. of Rising Energy Prices (Cambridge, 
Mass.: Ballinger Publishing company, 1978): 14. 
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nothing to worry about. Even OPEC presents no problem since 

it is a cartel and competition will eventually bring about 

its destruction. After all, in the long run, the forces of 

competition cannot be frustrated. In addition, the 

optimists believe that if one type of energy runs out, 

scientists and engineers will develop alternative or 

substitute sources. Thus, these are the ones who are 

believers in Walt Disney•s First Law--Wishing Will Make It 

So. 

The problem with this optimistic view is that it is 

basically theological rather than analytical or empirical. 

As William H. Miernyk, a regionalist economist, notes, "The 

idea of unlimited material progress for mankind is as much 

an article of faith as are the conventional religious 

concepts of immortality and salvation. 11 1s Those who hold 

this view, therefore, believe that since science and 

technology have solved past problems, they will continue to 

solve a.11 the problems in the future. 

The pessimistic view of the energy situation is based 

on the argument advanced by Thomas Mal thus in 1798 that the 

population will tend to outrun the means of subsistence. 

The current advocates of this view claim that Malthus will 

eventually prove to be right--sometime in the 21st century 

lS!bid., P• 38. 
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there will be an overpopulation crisis because there w·ill 

not be enough resources to support the population. This 

view is expounded in The Limits .1Q ~~, a study sponsored 

by an. organization known as the Club of Rome. The three 

conclusions of that study are as follows: 

1. If the present growth trends in world 
population, industralization, pollution, food 
production, and resource depletion continue 
unchanged, the limits to growth on this planet 
will be reached sometime within the next one 
hundred years. The most probable result will be a 
rather sudden and uncontrollable decline in both 
population and industrial capacity. 

2. It is possible to alter these growth 
trends and to establish a condition of ecological 
and economic stability that is sustainable far 
into the future. The state of global equilibrium 
could be designed so that the basic material needs 
of each person on earth are satisfied and each 
person has an equal opportunity to realize his 
individual human potential. 

3. If the world •s people decide for this 
second outcome rather than the first, the sooner 
they begin working to attain it, the greater will 
be their chance of success.16 

Although the models used in the study to reach these 

conclusions have been criticized,17 this pessimistic view 

continues to be held by some economists. If this viewpoint 

turns out to be correct, the energy crisis of 1973-7'l was 

16Donella H. Meadows, Dennis L. Meadows, Jorgen Randers and 
William H. Behrens, III, lli Li!!!ili !Q ~~!J!, 2nd ed. (New 
York: Universe Books, 1974) : 24. 

t7Some of the criticisms of the study are given by Miller in 
~Economics of ~gy: Wha1 !.fil!.1 Wrong?, pp. 14-15. 
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only an indication of future events, and the outlook is as 

grim as that originally predicted by Malthus in the 18th 

Century. 

The moderate view of the energy situation is perhaps 

best described by the moderate pessimism of the economist, 

Nicholas Georgescu-Roegen. His view of energy and economics 

is summarized in an article entitled "Energy and Economic 

Myths .. n1e Basically, this view bolds that there is no 

immediate impending disaster but the era of cheap energy is 

over, and the entire structure of prices in the economy will 

continue to change as the available energy sources become 

depleted. This argument is grounded in the discipline of 

Thermodynamics, specifically its second law--The Law of 

Entropy. 

This Law of Entropy states that the energy that cannot 

be transformed into work in a closed system contiuously and 

irrevocably increases towards a maximum. In other words, 

"all kinds of energy are gradually transformed into heat and 

heat becomes so dissipated in the end that man can no longer 

use it.n19 Since the earth's immediate environment, the 

solar system, is a closed system, the ultimate fate of all 

tBNicholas Georgescu-Roegen, "Energy and Economic Myths," 
southern Economic !1.Qyrnal 41 (January 1975): 347-381. 

19Ibid., p. 352. 
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life as it is currently known is a thermodynamic death. 

However, this grim result does not have to occur in the 

foreseeable future if the current energy sources are 

conserved, and solar and nuclear energy are developed. The 

argument for using the sun as an energy source is that is 

represents a flow rather than a stock of energy; it is a 

non-polluting source since the heat will exist whether it is 

used or not; and it will probably continue to shine with the 

same intensity for another five billion years.20 Thus, the 

future is not as grim as that predicted by the Neo-

Malthusians, but the economics of natural resources and 

energy must recognize that the price structure of energy 

resources will change dramatically as the cheap sources of 

current energy become depleted. This change in the price 

struc·ture may have as important consequences in the short 

run as would occur if the Neo-Malthusian view is true. 

The reason for this change in the price structure of 

energy resources has been discussed by environmentalist, 

Barry Commoner.21 He notes that the main reason for the 

energy crisis is that the current energy sources--oil, 

natural gas, coal, and uranium--are nonrenewable. Since the 

201bid., pp. 370-371. 

21Barry Commoner, :!'be ~olitics of ~rn, (New York: Alfred 
A. Knopf, Inc., 1979). 
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deposits of these are limited in total amount, they will 

eventually become depleted. But before this happens, the 

cost of producing the resource, and therefore, its price 

will ~ise faster and faster. He concluded that this 

increase follows an exponential process because 

• there is a strong interaction between 
the act of finding and producing oil and the 
structure of the "crop" of accessible oil fields 
that remain to be found. When exploitation of the 
u. s. oil resource began in earnest at the turn of 
the century, the largest, best-yielding, most 
accessible fields were the first ones brought into 
production. The exploration and production costs 
were extremely low--only a few cents per barrel. 
But as oil was produced from the initial, large 
fields, the compQsi ti on of the remaining oil 
deposits changed. soon the big, easily exploited 
fields were exhausted and it became more costly to 
find and exploit the next-best area. At first, 
when the costs were reckoned in pennies per 
barrel, their gradual rise was hardly noticable. 
But now, after nearly one hundred years of 
exploitation, the cost per barrel is reckoned in 
dollars, and soon in tens of dollars, and the 
annual increase in cost is correspondingly large. 
Like the rate of growth of a hundred-year-old bank 
deposit, the rate of growth of oil production 
costs in the United States has become 
spectacularly fast.22 

This change in costs is the real cause for concern 

about the future. The problem is not that the resource will 

become totally depleted, but that it will become too costly 

to bring out of the earth. Since work can be generated only 

by the flow of energy, modern industrial and. agricultural 

22Ibid., p. 27. 
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production depends on these nonrenewable energy sources, and 

this reliance may have severe economic consequences. 

Commoner states, 

In sum, all the harmful consequences of the 
nonrenewahility of the energy sources on which we 
now depend are economic. The progressive 
depletion of the supplies of these energy sources 
results in an exponential rise in the cost of 
producing them, and therefore in their price. In 
turn, the rising price of energy intensifies 
inflation; it reduces the standard of living, hut 
of the poor more than others; it hinders new 
industrial investments and aggrevates 
unemployment; it intensifies the shortage of 
capital. The end result is a serious threat of 
economic depression.23 

'I'hese economic consequences of past increases in energy 

costs have already been noted. The author of one study 

concluded that the 1973-74 increase in energy costs added 2 

to 3 percent to the overall inflation rate, and the 

continuing rise in prices will further increase the 

inflationary trena.z• In addition, if energy demand grows at 

the same rate as the Gross National Product (GNP),"· •• a 

minimum of 35 cents of primary energy (as coal-based 

hydrogen) or a maximum of 60 cents (synthetic non-fossil 

liquid fuel) will be required to generate a further dollar 

of goods and services [in the year 2000], compared with 3 

23Ibid., p. 30. 

24A. J •. A.ppleby, "Energy Costs and Society," ID!_ergy Policy 4 
(June 1976) : 89. 
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cents in 1970 and about 10 cents today.nzs The researcher 

concludes that a continuation of current energy usage will 

be intolerable from the economic and social viewpoint, and 

also impossible because of the problems involved in 

financing. The capital requirements for replacement and 

renewal of existing energy sources may be as high as 5 to 6 

percent of the United States• GNP, and this amount cannot be 

raised without seriously affecting industries• other 

requirements. The only solution to this problem is energy 

conservation and the gradual transformation of industries so 

that energy-intensive production. is less important than it 

currently is.z6 

This review of the economics of energy demonstrates 

tha.t the energy crisis that began with tb.e OPEC oil embargo 

has had an effect on the thinking and writings of 

economists. Although they do not agree on all the 

implications of energy use, most seem to support the 

contention that the current energy sources will eventually 

become depleted but before that happens, a restructuring of 

energy prices will occur that will have many economic 

consequences. One study by economists has already been 

conducted to see if this change in the price structure of 

Z5Ibid., P• 90. 

26Ibid., p. 91. 
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energy affected some areas more than others.27 

Miernyk, Giarratani, 

hypothesis that the new 

future price increases, 

and socher examined the basic 

structure of energy prices, and 

would have differential regional 

impacts in the United states. They assumed that consumers 

in all regions would pay more for energy, and studied the 

current situation to determine if energy producing states 

would benefit while the energy consuming states would be 

adversely affected by the new price structure. Although the 

conclusions of the study are not offered as definitive proof 

to support the hypothesis, they do suggest that it is true. 

For example, the authors conclude that energy consuming 

regions, such as New England, are experiencing a shift in 

their interregional terms of trade, i.e. they have to pay 

more for energy imports than they receive for goods and 

services exported to 

researchers concluded 

other regions. Likewise, 

that energy producing states 

the 

are 

attracting more manufacturing businesses because of the 

increased market demand in those areas. 

These writings by economists show that they have 

apparently become more aware of the effects of energy on the 

economy in recent years and have begun to study just what 

these effects are. To see if the American people have also 

27Hiernyk, Giarra tani and Soc her. 



27 

become more aware of the energy problem, public opinion 

polls dealing with the energy situation will now be 

reviewed. 

Public Opinion Polls 

A survey of the results of public opinion polls dealing 

with the energy crisis shows that many people believe the 

energy situation is serious although the percentages have 

varied over the years since the OPEC embargo. For example, 

in recent years, the Gallup poll has asked the question, 

"How .serious would you say the energy situation is in the u. 
s.--very serious, fairly serious, or not at all serious?" 

The results of these polls are shown in Table 6. 

These results shown in Table 6 are also supported by 

other polls.ze For example, the Harris Survey during the 

time of the OPEC embargo asked the question, "How serious do 

you think the energy shortage is in this country--very 

serious, somewhat serious, or not serious at all?" The 

results of these polis are shown in Table 7. 

Although these resul.ts show that many people believe 

the energy problem is at least somewhat or fairly serious, 

other polls show that ". • • most Americans remain doubtful 

28For examples of the results of polls dealing with the 
energy problem, see Al Richman, "The Polls: Public Attitudes 
Toward the Energy Crisis," .fublic Qpinion Quarterly 43 
(Winter 1979) : 576-585. 
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TABLE 6 

SERIOUSNESS OF ENERGY SITUATION 

Gallup Opinion Polls 

Very Fairly Not at all No 
~ Serious Seriou2 seriou,e Opipion 

August 3-6, 1979 47% 35% 16% 2% 

June 1-4, 1979 37 36 24 3 

February 1979 43 42 13 2 

March 31-April 3, 1978 41 39 15 3 

November 18-21, 1977 40 42 14 4 

August 5-8, 1977 38 43 13 6 

April 1-4, 1977 41 39 16 4 

SOURCE: Gallup Opinion Polls reported in various issues of 
the §.allup Opinion Index during the 1977-1979 period. This 
index is published by the Gallup Opinion Poll, Princeton, N. 
J. The specific issues are listed in the Bibliography. 
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TABLE 7 

SERIOUSNESS OF ENERGY SHORTAGE 

Harris survey 

Very Somewhat 
~ 2grious ~Ql!§ 

August 1974 263 413 

June 1974 22 44 

April 1974 23 45 

March 1974 22 44 

February 1974 31 41 

January 1974 34 45 

November 1973 50 37 

S.OURCE: Harris Surveys reported 
Restraint in Energy Consumption." 
(November 1974): 114. 

Not Serious 
ll All ~~ 

303 3% 

31 3 

28 4 

28 6 

22 6 

17 4 

9 4 

in "People Continue 
current Opinion 2 
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that there is a •real' oil shortage stemming from a genuine 

depletion of oil resources. Their predominant view is that 

oil shortages have been contrived, particularly by the oil 

companies, to raise prices and profits.n29 The results of 

Roper Polls supporting this conclusion are shown in Table 8. 

The instructions given the respondents were: "Here is a 

list of statements about the gasoline and oil shortage 

(respondent given card). Which one of these statements 

comes closest to expressing your opinion?" 

These percentages in Table 8 show that many people 

believe there is no real shortage of energy, but the 

problems were contrived for political and economic purposes. 

However, when these results are viewed together with those 

in Tables 6 and 7, they suggest that the crisis may be 

serious regardless of its cause. In fact, the Gallup poll 

has asked at frequent intervals the question, "What do you 

think is the most important problem facing th.is country 

today? 11 The results of these surveys showing the 

percentages who believe the energy problem is the most 

important problem are shown in Table 9. 

The data in Table 9 show that the percentages of people 

who believe the energy problem is the most important problem 

facing the United States has varied considerably since the 

29Richman, p. 576. 
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TABLE 8 

PERCEPTIONS OP ENERGY SHORTAGE 

Roper Polls 

Statements given respondents: 

A. There is a very real shortage and the problem will get 

worse during the next 5 to 10 years. 

B. There is a real oil shortage but it will be solved in 

the next year or two. 

c. There was a short-term problem, but it has been largely 

solved and there is no real problem any longer. 

D. There never was any real shortage--it was contrived for 

economical and political reasons. 

Statements Don 1 t 
~ ! 1! £ Q ~ 

May 1974 21% 223 8% 533 6% 

Hay 8-15, 1976 25 9 9 48 9 

April 30-M.ay 7, 1977 40 15 6 33 6 

April 22-May 3, 1978 32 8 9 45 6 

April 28-.May s, 1979 25 12 6 51 6 

SOURCE: Roper Polls reported by Al Richman, "The Polls: 
Public Attitudes Toward. the Energy Crisis," Public Qpinion 
Qparterly 43 (Winter 1979): 578. 
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TABLE 9 

PERCENTAGES OF PEOPLE BELIEVING 

ENERGY CRISIS IS MOST IMPORTANT PROBLEM 

Gallup Polls 

Qil~ ! 
April 1972 0 

July 1972 0 

February 1973 0 

May 4-6, 1973 4 

September 7-10, 1973 8 

January 4-7, 1974 46 

May 31-June 3, 1974 6 

October 11-14, 1974 3 

July 18-21, 1974 5 

October 17-20, 1975 6 

March 18-21, 1977 23 

October 21-24, 1977 17 

February 23-26, 1979 14 

SOURCE: Gallup Opinion Polls reported in various issues of 
the §.allJm QEj.pj.pn Index during the 1972-1979 period. This 
index is published by the Gall up Opinion Index, Princeton, 
N. J. The specific issues are listed in the Bibliography. 
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OPEC oil embargo. However, it does appear that the 

perceptions of an energy problem have increased during that 

time since there is no mention of energy as a problem in the 

polls conducted prior to 1973. To see if business 

executives also believe an energy problem exists, recent 

polls and writings by them will now be reviewed. 

Executives• Polls and Opinions 

Polls and writings by executives since the OPEC oil 

embargo show that they also believe the energy crisis is 

serious. The results of one poll of top-level executives of 

u. s. corporations reported in 1976 are given in Table 10. 

These are the responses the executives gave on a five point 

scale to the question, nHow serious do you think the 

proclaimed •energy crisis• really is to business?" 

These researchers also analyzed the responses by 

industry and reached the following conclusion: 

Industry by industry analysis reveals that 
executives associated with energy intensive 
industries rated the energy crisis as being· more 
severe than executives working for low energy 
intensive industries. For example, all sixteen 
(100%) of the chemical executives surveyed 
assessed the energy crisis as serious--equally 
split (50-503) between serious and very serious. 
At the other end of the continuum, one finds the 
electronics industry with only 66.63 of the 
executives thinking of the energy crisis as either 
serious or very serious--again equally split 
(50-50%) between serious and very serious. The 
highest percentage of executives who rate the 
energy crisis as •very serious• were affiliated 
with the energy/utilities industries.30 
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TABLE 10 

SERIOUSNESS OF ENERGY CRISIS 

Executives• Responses 

~sponse 

Not serious 

Slightly serious 

Moderately serious 

Serious 

Very serious 

1 
0.7 

1.4 

13.7 

35.3 

48.9 

SOURCE: Asterios G. Kefalas and Archie B. Carroll, 0 U. S. 
Business and the Energy Crisis," ~!l~!:SI .F2!i£?. 4 (September 
1976): 268 .. 
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This same survey also asked the executives for their 

opinion on the long-range effect, either positive or 

negative, of the crisis on the firm's prospects for economic 

growth. The responses to this question are listed in Table 

11. 

The authors express their analysis of these data in 

Table 11 as follows: 

The data reveal the degree of difficulty in 
making any statements about an uncertain situation 
such as the future impact of any event which is 
not yet fully explained and understood. over 50% 
of the executives chose not to answer the question 
on the positive impact of the energy crisis on 
their company's growth prospects and in addition, 
of those who did answer both sides of the 
question, approximately 503 of them chose the non-
commital alternative of •moderate• .a1 

The results of this poll show that a large majority of 

executives believe the energy crisis is either serious or 

very serious. This belief is also supported by the Gallup 

polls on the seriousness of the energy crisis where the 

results are broken down into categories including the 

business and professiona1 occupation. 

Other surveys also support the notion that executives 

believe an energy problem exists. Two marketing professors, 

aoAsterios G. Kefalas and Archie B. Carroll, "U. s. Business 
and the Energy Crisis," En~rgy ~!!.£I. 4 (September 1976): 
268. 

31Ibid., p. 269. 
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TABLE 11 

EFFECT OF ENERGY CRISIS ON LONG-RANGE GBOW1'H 

Executives• Responses 

·Positive Negative 
No. = 62 No.= 104 

ReSEQ™ ! ! 
None 19.4 10 .6 

Slight 16.1 21.2 

Moderate 41.9 51.0 

Large 14.5 11.5 

Great a.o 5.8 

SOURCE: Asterios G. Kefalas and Archie B. Carroll, "U. s. 
Business and the Energy Crisis," ~!.9..1 Policy 4 (September 
1976): 268. 
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Douglas M. Lambert and James R. Stock, surveyed the Fortune 

1000 largest industrial firms to determine the effects the 

energy crisis was having and what actions were being taken 

to respond to it.::sz The results of this survey regarding the 

·problems created by the energy crisis are given in Table 12. 

The data in Table 12 show that the most serious 

problems faced by businesses were the cost of energy 

supplies, the uncertainty within the company caused by 

government's actions in energy matters, the cost of raw 

materials, and the shortages of energy supplies. This 

survey also asked companies about their energy policy. The 

replies to this question are as follows: 

Approximately one-half of the firms had a 
formal written corporate energy policy, statement 
or plan. Twenty-two percent of those with such a 
plan said it had been in effect for five or more 
years. Corresponding figures for four, three, two 
and one years were 22 percent, 25 percent, 18 
percent, and 13 percent.::sa 

Since this survey was conducted during 1978, many of 

the firms have started their formal policies since the OPEC 

embargo. This observation together with the results of 

other surveys indicates that executives have become more 

aware of the energy problem in recent years. Two steel 

32Douglas .M. Lambert and James R. Stock, "Organizing and 
Implementing the Corporate Energy Plan," rlli.\! Business To.Elli 
27 (Summer 1979) : 5-15. 

33Ibid., p. 6. 
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TABLE 12 

PROBLEMS CREATED BY THE ENERGY PROBLEM 

in percentages 
No 

Problem 

Responses 
Serious 
Problem 
2 !! 

Problem No 
~ ~ 1 QEinion 

Cost of raw materials 

Shortage of raw materials 

Cost of Energy supplies 

Erratic delivery of raw 
materials 

33.2 25.4 25.4 6.6 7.0 

13.0 9.6 22.6 29.3 21.3 

50.2 28.7 13.0 6.1 1.2 

6.3 9.3 18.2 28.7 29.1 

2.4 

4 .2 

.8 

8 .4 

Shortage of energy supplies 18.0 15.9 27.8 16.3 20.4 1.6 

Shortage of packaging 
materials 

Uncertainty within the co. 
caused by gov•t actions 

1.3 4.7 9.8 19.7 50.4 14 .1 

in energy matters 41.0 20.9 20.5 9.8 6.6 1.2 

Maintaining customer service 
standards 3.8 4.2 14.6 21.4 46.0 10 .o 

Coordinating physical dist. 
and marketing .8 5 .4 12.1 21.7 47.1 12.5 

Worker layoffs, furloughs, 
or leaves of absence 1.3. 5.9 17.6 21.7 48.9 4.6 

Maintaining long-term supplier 
commitments on energy 
sources 8.4 19.2 22.6 19.7 24.3 5.8 

Reduced working hours due to 
energy shortages 2.5 5.4 17.3 24.0 47.5 3.3 

SOURCE: Douglas M. Lambert and James R. Stock, "Organizing 
and Implementing the Corporate Energy Plan," ~Business 
Topics 27 (Summer 1979}: 7. 
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executives have summarized the problems the energy crisis 

has on management: "Once an item that could be taken for 

granted, energy considerations now capture top management 

time and interest. In today's environment, energy planning 

must be an explicit element of corporate planning. 11 a• 

This review of the results of polls and writings by 

economists and executives indicates that many are more aware 

of an energy problem now than they were before the OPEC 

embargo. It also shows that many executives are uncertain 

as to all the implications of the energy crisis. To see 

what the implications of the energy crisis are to investors 

and the stock market, the effect of the embargo on the stock 

market will now be reviewed. 

Energy and the stock Market 

Although no surveys of investors or financial analysts 

have been found by this researcher to see if they believe 

the energy problems are affecting their investments, a 

review of the stock market activity at the time of the OPEC 

embargo shows that it had an affect on investors. one 

writer in discussing the importance of oil to the United 

States described the stock market's reaction to the embargo 

3•Larry F'. Shanok and Terry R. Welf, "Energy Modeling for a 
Changing Environment , 11 Man51~~is.J. .f!~aning 27 (May/June 
1979): 14. 
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as follows. 

But ask yourself this: Is there really one 
key input that is so important that the whole 
country hinges on it? According to the stock 
market, that is in fact the way we view oil. The 
reduction of oil shipments to the United States 
meant a 10 to 15 percent shortfall. Total crude 
oil shipments in the u. s. for 1974 based at $7 
per barrel of oil would have amounted to $40 
billion. A reduction in that of $5 to $6 billion 
would mean that we had lost about 3 to 4 tenths of 
one percent of GNP. The stock market, howev·er, in 
a five or six week period said that all 
manufacturing industries were worth 10 to 15 
percent less because of this 4/10ths of one 
percent reduction. That•s very hard to imagine. 
And, in fact, it was an overreaction, but one that 
was certainly consistent with the kind of 
disruptions that were occurring because of 
improper allocations and shortages.35 

This reaction is also supported by the writings of 

columnists in Th_g !,sll Street Journal at the time of the 

OPEC embargo. For example, an article in the November 9, 

1973, issue stated: 

The country's energy shortage may have been 
only dimly perceived by most investors before the 
Middle East crisis erupted, but the cutoff of Arab 
Oil to the United States is abruptly bringing the 
stock market face to face with future shock. 

Some analysts believe that the first 
stirrings or reappraisal appeared in the sharp 
market declines that began early last week .a6 

A few weeks later, another writer noted that concern 

3 s Miller, Ihg Economics Qt En e~gy: !l!S!- !2!!!. Wrong?, p. 9 2. 

36Charles J. Elia, "Energy Lack 
Slowdowns in American Economy," !!u! 
(November 9, 1973): 1. 

Threatens Disruption, 
~ Street Journal 182 
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over the energy crisis sent the Dow Jones Industrial Average 

down 29.05 points in one day for the biggest decline in 

eleven years and the fifth largest decline in history .a7 

From late October 1973 to the middle of December, the 

Average fell almost 200 points, and the cutoff of Arab oil 

was the main factor for the decline.3s 

During that time, the major cause of the decline 

appears to be the uncertainty created by the shortages. 

This uncertainty was described as follows. 

Economists are facing an almost impossible 
job in trying to factor the impact of the Arab 
Embargo into their outlook models. "It defies 
rational analysis," says one veteran forecaster. 
He calls the exercise "a form of economic 
roulette" that could lead one to forecast disaster 
while others are projecting almost no interruption 
of economic activity. 

If that•s true for economists, it goes double 
for investors and the researchers they rely upon 
to help them formulate their judgements on 
industries and stocks. 

The result so far has been one of the worst 
cases of uncertainty the market has had in years. 
"That has to be the biggest factor in what we•re 
seeing," says one technical analyst in the wake of 
yesterdays market slump. "If professional 
investors could get a handle on this thing, even 
though its a negative, they'd be in better shape 
to make some judgements .39 

37Victor J. Hillery, "Industrials Skid 29.05, Steepest Drop 
in 11 Years; Action is Termed 'Panic• over Energy Crisis," 
!~ W!. street ~fil!maI 182 (November 27, 1973): 45. 

3&Victor J. Hillery, "Abreast of the Market," The Wall 
Street Journa!_ 182 (December 19, 1973) : 45. 
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During November and December of 1973, this uncertainty 

seemed to be attributed to the effects of the shortages on 

the economy. However, by the beginning of 1974, the effect 

of the increased pri.ces for oil on businesses was beginning 

to cause concern. William w. Helman of Smith, Barney & Co. 

noted then that the higher oil prices were creating a new 

set of problems that had not yet been widely considered by 

investors.• 0 Leslie M. Pollack, senior vice-president of 

Hayden Stone, Inc., expressed a similar thought.•t 

The reaction of the stock market during this period 

affected companies in some industries more than in others. 

For example, chemical companies that use petroleum products 

as raw materials and are energy intensive were weakened by 

the oil shortages.•2 Other companies that were placed in 

greatest jeopardy by the shortages were aluminum, steel, 

paper, automobiles, and glass concerns.•3 At that time, one 

3 9 Charles J. Elia, "Heard on the Street," ~ liSll Street 
Journal 182 (November 27, 197~: 45. 

4°Charles J. Elia, "Heard on the Street,"~~ Street 
Journal 183 (January 8, 1974): 37. 

• lVictor J. Hillery, "Industrials Index Skids 26 .99 Points 
to 834.79; Concern Over Soaring Price of Oil is Cited," The 
!ill Street Journal 183 (January 10, 1974): 31. 

42Charles J. Elia, "Energy Lack 
Slowdowns in American Economy," ~ 
(November 9, 1973): 1. 

Threatens Disruption, 
!s..!!. Street Journal 182 

•3Victor J. Hillery, "Abreast of the Market" lli !All Street 
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writer expressed the view that "a logical new investment 

source would be a sector that doesn't depend heavily on fuel 

or would be treated well in a rationing program.•• However, 

other writers felt that the crisis might not have as severe 

effects as the market•s initial reaction to the shortages. 

They believed that companies would be able to change their 

product mix to offset any impact on earnings caused by the 

shortages.•s This view lead them to believe that shortage 

stocks might be the investment of the future. One writer 

stated: 

Few combinations can whet investor appetities 
more than materials scarcities and fast rising 
prices for those materials. That formula has been 
behind the "shortages" scenario that has brought 
back into into favor such cyclical groups as 
paper, chemical, steel, aluminum, copper and other 
nonferrous metal stocks. 

Prevailing opinion, in fact, is that the 
shortages are so severe and so basic that many 
companies normally vulnerable in an economic 
downturn will be able to escape the downdrafts 
this time.•& 

From these writings it seems that the energy shortage 

affected the stock market al though all the impacts were not 

Journal 182 (November 19, 1973): 29. 

44Joseph Rosenberg, "Heard on the Street, 11 lli Wall Street 
Journal 182 (November 26, 197~: 31. 

ttSAlan Abelson, "Up & Down Wall Street, 11 Barrens 52 
(November 19, 1973): 1. 

46Charles J. Elia, "Heard on the Street," ~ J!g!! Street 
Journal _183 (January 18, 1974): 29. 
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known at that time and some people predicted different 

results than others. However, if the effect was a valid 

reaction to the energy problem, one might expect that the 

market would have readjusted to the energy problems since 

that time and that this readjustment may have affected some 

stocks more than others. No study has been found, however, 

by this researcher to determine if this adjustment has 

occurred. This research is a study of one possible reaction 

to th is problem • 

The purpose of this chapter has been to review the 

current energy situation and show that energy is still 

perceived to be a problem by many individuals. This is 

supported by the review of the opinion polls and the 

writings of economists and business executives. In 

addition, the stock market•s reaction to the oil embargo was 

noted to show that the uncertainty created by energy 

shortages and rising prices had an affect on the value of 

stocks. This background on energy will provide a basis to 

support the hypotheses that are tested in this research. 



CHAPTER 3 

Energy and Accounting 

Although the energy crisis has had an effect on all 

sectors of American society during the 1970 1s, it seems to 

have particular implications for accountants in two 

areas--social accounting and energy audits. Both of these 

areas are relatively new and have only recently received 

attention by the accounting profession. The current work of 

accountants in these areas will be reviewed in this chapter. 

Energy Audits 

The term ••energy audi tsn came into use with the 

enactment of the Energy Policy and Conservation Act by the 

u. s. Congress.,• Under this act, some companies in the major 

energy-consuming industries are required to report to the 

Federal Government on their energy usage .and conservation 

efforts. To help companies do this, accountants have become 

involved in these energy audits although it has been noted 

that the term, energy audit, is somewhat misleading.z It is 

IPublic Law 94-163, "Energy Policy and Conservation Act, 11 in 
United States ~, Conqres::;ional ~ !dministrative News, 
.2lli £9P9!J3~~, ls,t ~ssion, 1.21~, Vol. 1 (St. Paul, M.inn.: 
West Publishing Co., 1975): 871-969. 

2American Institute of Certified 
£.Qnservation Studies IJlclud;ing 
American Institute of Certified 
17. 
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Public Accountants, 
~P~9l. Audits (New 
Public Accountants, 

Energy 
York: 

1977) : 
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not an audit related to the traditi.onal attest function of 

public accountants but instead is conducted with a 

management advisory services orientation. 

The basic aims of an energy audit as noted by Charles 

Ryder, head of Energy Conservation Technology in the United 

Kingdom •s Department of Energy, are to find out (1) how much 

energy costs; (2) how and where it is used; (3) how much is 

wasted; and (4) how and what internal and external factors 

cause changes in energy consumption from one period to the 

next.a Although monetary costs can be used in the analysis, 

the typical measuring unit for these audits is a unit of 

heat or energy, i.e. kilowatt hour, therm, British thermal 

unit, etc. Appendix I presents selected portions of an 

internal management newsletter of a Fortune 500 Company (a 

supplier of automotive parts) that tells how they use energy 

audits to improve energy management.• 

'!'he benefits accountants can make to society and 

businesses in the energy area have been noted in the 

literature. For example, Bernard Katugampola, an accountant 

for the Consumers• Gas Company in Willowdale, Ontario, notes 

acharles Ryder, "The Need for an Energy Audit," ~gement 
Accounting (£:n_g.) 54 (May 1976): 189. 

•This company has consented to the use of this newsletter if 
the company •s name and their· employees are not iden.tified. 
Therefore, no identification is made in this research. 
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that the first benefit of an energy audit is to create an 

awareness that a scarce resource is being depleted while a 

longer-term benefit is the prevention of waste and the 

development of more energy-efficient processes and 

machines.s Ryder notes that the energy audit can be used as 

a tool for investment appraisal and to identify energy waste 

in industrial processes.& Finally, Gary J. Anderson, Gordon 

B. Harwood, and Roger H. Hermanson conclude, "The benefits 

of such a serv·ice include not only preserving our nation •s 

energy resources and improving the balance of payments 

situation but also assisting clients to function profitably 

in future periods of rising energy costs."7 

These writings indicate that the importance of energy 

usage has been recognized by accountants as they develop 

techniques for energy audits. However, it seems that if 

accountants are to evaluate all costs of energy, they should 

give consideration to possible indirect costs and benefits 

as well as the direct costs and benefits of energy. one of 

these indirect items may be in the form of the cost of 

SBernard Katugampola, "The Energy Audit, 11 The Internal 
Auditor 35 (October 1978): 93-95. 

6Charles Ryder, "Energy Audi ts and Case Histories," Energy 
World 32 (November 1976): 3-4. 

7Gary J. 
Hermanson, 
1979) : 34. 

Anderson, Gordon 
"Energy Audits," 

B. Harwood, and 
The ~ Journal 49 

Roger H. 
(January 
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capital if an association exists between energy usage and 

risk since risky companies must generally pay higher costs 

in the capital markets than companies that are less risky. 

This research will help show if this possibility exists. / 

However, it may also have implications to accountants in the 

area of social accounting. The recent writings in this area 

will now be reviewed. 

Social Accounting 

The interest in social accounting by accountants has 

developed because every business action is seen to have 

social as well as economic implications. A Committee of the 

American Institute of Certified Public Accountants has 

expressed this view as follows. 

Every business action, if traced with 
sufficient care, will be found to have both 
economic and social consequences. Whether a 
company wishes it or not, in the course of being a 
producer of goods or services, it generates a wide 
variety of important social impacts. Most of 
these impacts are unavoidable by-products of the 
process of manufacture and distribution. Others 
arise through the use of goods and services by the 
company•s customers. Some, but proportionately 
few, result from business participation in civic 
and charitable ac~ivities. 

Corporate social measurement is concerned 
primarily with the social consequences of business 
actions; its end product--social information--is 
increasingly viewed as an important complement to 
the substantial amount of information that is 
available about the financial consequences of 
business actions. Together, they are thought to 
present a considerably better picture of a 
company•s performance than either can alone.a 
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Although this interest in the social performance of 

business is not new, a greater number of individuals, 

governmental agencies and non-governmental organizations now 

seem to be interested in such data. This interest has been 

attributed to three ideas.9 The first is of an economic 

nature and holds that some business activities cause harmful 

consequences, e.g. air and water pollution, that are not 

included in the producers• costs. This exclusion can result 

in an underpricing of the product which leads to a 

misallocation of resources from an economic standpoint. 

The second idea underlying the interest in social 

performance is philosophical. This holds that companies 

have a social obligation because society has given them the 

right to operate. "Thus, business, like other institutions, 

is permitted to seek its private objectives subject to 

legal, social, and ethical boundaries that operate either as 

limitations on negative behavior or as incentives to achieve 

positive goals.n10 

The third idea is a pragmatic one. It is based on the 

belief that companies take many actions with social 

acommittee on Social Measurement, 
Corporate Social Performance (New York: 

~ Measurement of 
American Institute 

of Certified Public Accountants, 1977) : 3. 

9lbid., pp. 4-5. 

1 Oibid • , p. 5 • 
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implications regardless of the underlying reason. Because 

of this, society should be able to judge whether these 

actions are adequate, appropriate and effective. Thus, 

companies are seen to have a "social contract" with society 

and should provide information to let a judgment be formed 

on how well the contract is being fulfilled. 

In the past several years, accountants have been 

advocating the measuring and reporting of various aspects of 

corporate social performance.11 In addition, this aspect has 

recently been included as an objective of financial 

statements by the Accounting Objectives Study Group. That 

group notes, "An objective of financial statements is to 

report on those activities of an enterprise affecting 

society which can be determined and described or measured 

and which are important to the role of the enterprise in its 

social environment. n12 Since the statement of this 

ltExamples include, Floyd A. Beams and Paul E .. Fertig, 
"Pollution Control Through social cost Conversion," Journal 
Q! Accountancy 132 (November 1971) : 37-42; Lee J. Seidler, 
11 Dollar Values in the Social Income Statement," Social 
Accounting: Th~ory, Issues and Cases, Edited by Lee J. 
Seidler and Lynn L. Seidler (Los Angeles: Melville 
Publishing Company, 1975): 1-13; David Linowes, "Socio-
Economic Accounting," Journal of !,££Q;gntan£.I, 126 (November 
1968) : 37-42; and R. Lee Brummet, "Total Performance 
Measurement," ~nage!!!fil!i !££2untip_g 53 (November 1973) : 
11-15. 

12study Group on the Objectives of Financial Statements, 
Objectives of financial st~~ment2 (New York: American 
Institute of certified Public Accountants, 1973): 66. 
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objective, several attempts have been made to develop a 

normative theory of corporate social accounting,13 "· • • 

and the question of whether companies should disclose more 

information (than they now typically do) on their social 

performance is currently confronting accounting policy 

makers. 11 1 • 

The social accounting issue that is being studied in 

this research, energy usage, appears to meet the criteria 

stated by the Accounting Objectives Study Group as an 

activity that should be measured and reported. In fact, 

energy usage has been explicitly noted as a social 

accounting issue by at least one author ,1s and implicitly 

included under the subject of resource depletion by 

others.16 

In recent years, there have been some empirical 

13Examples include, Ralph w. Estes, "A Comprehensive 
Corporate Social Reporting Model," Social Accounting,: 
Theory, Issue§ filll! £2~~~, Edited by Lee J. Seidler and Lynn 
L. Seidler (Los Angeles: Melville Publishing company, 1975): 
185-204; and Kavasseri V. Ramanathan, "Toward a Theory of 
Corporate Social Accounting," !he Accounting Review 51 (July 
1976): 516-528 .. 

t•Barry H. Spicer, ".Market Risk, Accounting Data and 
Companiest Pollution Control Records," Journal of Business 
Finance ~ Accounting 5 (Spring 1978): 67. 

1sRalph Estes, fQIE_orate Social Accoun!i!!s (New York: John 
Wiley & Sons, 1976): 2. 

l6Jensen, pp. 205-206; and Committee on Social Measurement, 
pp. 91-100. 
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studies dealing with social accounting issues. For example, 

Longstreth and Rosenbloom surveyed institutional investors 

and found that approximately 57 percent of those responding 

considered social factors as well as economic factors in 

making investment decisions.t7 

Spicer has reported research conducted to determine if 

there is evidence of association between the pollution 

control records of companies in the pulp and paper industry 

and firm characteristics. He concluded that ". • • 

companies with better pollution-control records tend to have 

higher profitability, larger size, lower total risk, lower 

systematic risk and higher price/earnings ratios than 

companies with poorer pollution-control records.n1s In a 

related study using regression analysis instead of 

correlation analysis, the same researcher concluded that the 

companies• pollution control records appear to provide some 

information to investors that could help them judge the 

riskiness of common stocks.19 

These studies by Spicer dealt only with the pollution 

17Bevis Longstreth and H. David Rosenbloom, Corporate social 
!!gsponsibility S.M !.b.~ Institpj:;ipJlA! Investor (New York: 
Praeger Publishers, 1973): 42. 

tsBarry H. Spicer, "Investors, Corporate Social Performance 
and Information Disclosure: An Empirical Study," The 
Accounti~g Review 55 (January 1978): 109. 

19Spicer, Journal 21 fil!sines2 fin~ ~ A,ccounting, p. 80. 
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control records of companies in the pulp and paper industry. 

Ingram examined the impact of additional disclosures of 

social data on security returns.zo He divided the 

disclosures into five categories consisting of 

environmental, fair business practices, personnel, community 

involvement, and product disclosures. He concluded that the 

informational content of firms' social disclosures varied 

depending on the market segment to which the firm belongs. 

In other words, information should be evaluated by analyzing 

its impact. on market segments rather than on a general cross 

section of firms.21 

Another study in this area analyzed the impact on 

capital markets of voluntary social disclosures contained in 

the 1972 annual reports of Fortune 500 firms.22 The authors 

of this study suggested three conclusions from their 

analyses: (1) firms that disclose social information 

outperform those that do not; (2) the systematic risk level 

of the portfolios used in the statistical tests did not 

influence the results significantly; and (3) the market does 

2°Robert w. Ingram, "An Investigation of the Information 
Content of (Certain) Social Responsibility Disclosures," 
!Im!Dlll of Accounting Research 16 (Autumn 1978): 270-285. 

21Ibid., p. 283. 

22John c. Anderson and Alan w. Frankle, ttVoluntary Social 
Reporting: An Iso-Beta Portfolio Analysis," lli Accounting 
Review 55 (July 1980J: 467-479. 
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not anticipate the disclosures prior to the release in the 

annual report.23 They conclude, 

The results have many important implications: 
economic resources appear to be allocated in the 
market to securities of those firms that socially 
disclose; social performance information has an 
impact on the market; and voluntary (not subject 
to GAAP) accounting information has an impact on 
the market. Thus, the "ethical investor" may exist 
and, in fact, dominate the market.24 

These studies show that empirical research on social 

accounting issues has been conducted in the past several 

years. However, none of them have included energy usage in 

the factors studied. 'I'hus, this research -is similar to 

these, particularly Spicer•s correlation study, and should 

provide some additional empirical data that could be used in 

deciding whether one particular social disclosure might be 

useful to investors in assessing the risk of the common 

stock of corporations. 

23Ibid., p. 472. 

24Ibid .• , p. 477. 



Chapter 4 

Business Risk 

In the fin a nee literature, it is generally assumed that 

investors are risk averse and primarily interested in the 

returns on their investments and the risks associated with 

those returns. Francis notes that ". the investment 

objective is to select assets which have the maximum 

expected rate of return in their risk class. .n1 The 

purpose of this chapter is to review the measures of risk 

that have been developed in the finance field and to 

determine what factors have been found to affect this risk. 

Justification for the measures used in this study will also 

be discussed. 

Risk Measures 

Various operational measures of risk have been 
...... __ -

presented in the finance literature. All of these are based 

on measu_:i;:JJtg. __ the ___ price ___ v9latili ty of a stock as a surrog_ate ----- - . ---~··--~-· . .---···-.-~ ... -~-·~···--~---·-·--------~~·-------~ ·----" ---··-·--_______ ,_..,.,~.-...---~---~--

for risk. Zinbarg notes the reason for this. 

The reason for this linkage of risk to value 
changes or price fluctuations is that such 
fluctuations reflect investors• uncertainty about 
the future. That is, current prices change when 
investors change their ideas about probable future 

lJack Clark Francis, Investments: Analysis a!!S. ~naqemep!, 
2nd ed. (New York: McGraw-Hill Book Company, 1976}: 5. 
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prices (whether for logical or purely emotional 
reasons) • Therefore, investments whose future 
prices are highly uncertain are the object of 
frequent revaluation by the investment community 
and their current prices change frequently as a 
result .z 

Based on this idea of price volatility as a surrogate 

for risk, several different measures have been used in the 

finance field. The authors of one finance textbook, Thomas 

E. Copeland and J. Fred Weston, list five measures that can 

be used: the range, the semi-variance, the semi-

interquartile ranqe, the variance, and the absolute mean 

deviation.3 They note that the variance is the statistic 

most frequently used to measure the dispersion of a 

distribution. Therefore, the variance in the rates of 

return is one measure of risk used in this research. 

The rate of return for a security for any time period 

can be calculated using the following formula:• 

- P + d )/P t ~t t 
where: rit = rate of return in time period t for security i; 

pt = market price at beginning of period t; 

pt+1 = market price at the end of period t or 

-----------------
2Ed ward D. Zinbarg, "Modern Approach to Investment Risk," 
Financial Execu~ 41 (February 1973) : 45. 

3Thomas E. Copeland and J. Fred Weston, Financial Theo~y and 
Corpor~ Policy (Reading, Mass.: Addison-Wesley Publishing 
Company, 1979): 123-127. 

4Francis, p. 330. 
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equivalently, the beginning price for period 

t + 1; and 

dt = cash dividend in period t. 

This formula incorporates the volatility of the price 

changes as well as the dividends paid on the stock. 

However, it does not give the same percentage changes for 

equal increases and decreases in prices. For example, if 

there are no cash dividends and a stock is selling for $10 

at time period t and $11 at time period t + 1, the return 

for that period would be .10 or 103. If at the end of the 

next period, the price had declined to $10, the return would 

be -.0909 or -9.093. To overcome this inconsistency, the 

returns were converted to value relatives by adding one to 

the returns and using the natural logs of these relatives in 

this research. The variance in the logs of these value 

relatives is used as a measure of the total risk of the 

security. 

This total risk of a security can be divided into two 

parts--the sy~1:.~111atic risk and the unsystematic risk. The 

systematic risk is that portion of the total variability 

caused by factors which affect the prices of all securities 

in the market. The unsystematic risk is that portion of the 

total which is unique to a firm. Mathematically, the 

relationship between these risk measures is: Total risk = 
Systematic risk + Unsystematic risk. 
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The importance of dividing risk into two parts is based 

on the theory underlying the Capital Asset Pricing Model 

(CAPM). According to this theory, the systematic risk is 

the factor that risk-averse investors should consider when 

deciding whether the rate of return on the investment is 

adequate. The unsystematic risk is unimportant to the 

investor because it can be diversified away by holding a 

portfolio of investments. For that reason, a measure of the 

systematic risk of a security is also used in this research. 

The systematic risk of a security can be calculated 

from the market model using the ordinary least squares 

regression technigue.s This method is based on the following 

equation: 

where: 
rit =a + Si rmt + E: i it 

rit - monthly return on security i in period 

rmt = monthly return on market portfolio in 

t; 

a1 = intercept of regression line; 

s1 = slope of regression line = an index of 

systematic risk; and 

E:it = residual error. 

t; 

period 

This market model is used in this research to estimate 

SGeorge Foster, Financial ~~.filll. Analy~~§. (Englewood 
Cliffs, N. J.: Prentice-Hall, Inc., 1978) : 265. 
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the systematic risk of a company, i.e. the beta. Both the 

returns on the security and the returns on the market 

portfolio were first converted to value relatives and the 

natural logs of these used for the regression analysis. 

Since the hypotheses are tested using non-parametric 

correlation tests based on ranks rather than absolute 

values, the beta is a valid measure of the systematic risk. 

Although it is not a cardinal measure that can be compared 

with the total risk, it may be used for ordinal rankings of 

the systematic risk of different assets.6 

It should be noted that al though ordinary least squares 

regression estimates of beta are extensively used, there is 

evidence that these are not unbiased estimates of the 

underlying beta of a firm's securities • ., Support for this 

observation bas been presented by Blume.a In an attempt to 

overcome this problem, researchers have developed a variety 

of techniques to adjust for statistical factors. One of 

these developed by Merrill Lynch is to use ordinary least 

squares to make a preliminary estimate of beta (B ) ols and 

then adjust it using the following eguation:9 

6Francis, p. 333. 

7Foster, p. 265. 

&Marshall E. Blume, "Betas and Their Regression Tendencies," 
~ournal of Financ~ 30 (June 1975) : 785-795. 

9Foster, pp. 266-267. 
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B = .35 + .65 (B016 ) 

This adjustment has the effect of pulling the beta 

toward the value of one, which is the average beta of all 

securities. However, since the statistical tests in this 

research are based on rankings rather than actual values of 

beta, no revisions of ordinary least squares estimates will 

be made. 

Another criticism of using the Capital Asset Pricing 

Model in empirical tests has been presented by Richard 

Ro11.10 His criticisms have been summarized as follows: 

1. The only legitimate test of the CAPM is 
whether or not the market portfolio (which 
includes all assets) is mean-variance efficient. 

2. If performance is measured relative to an 
index which is ~ post efficient, then from the 
mathematics of the efficient set, no security will 
have abnormal performance when measured as a 
departure from the security market line. 

3. If performance is measured relative to an 
~ pas~ inefficient index, then any ranking of 
portfolio performance is possible depending on 
which inefficient index has been chosen .11 

These criticisms of Roll focus on the use of the CAPft 

to measure cross-section abnormal performance and "it is 

10Richard Roll, "A Critique of the Asset Pricing Theory•s 
Tests, 11 )Journal of Financial Economics 5 (March 1977): 
129-176; and Richard Roll, "Ambiguity When Performance Is 
Heasured by the Securities Market Line," Journal .Qt Finance 
30 (September 1978): 1051-1069. 

11copeland and Weston, p. 183. 
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important to note that he does 

series measures of abnormal 

described by the market model. 

not take exception to time 

performance such as those 

.n12 Since the market 

model is being used in this research to estimate the 

systematic risk of the securities and not measure portfolio 

performance, these criticisms do not seem to be severe 

enough to invalidate this research. Although the market 

index used will undoubtedly be inefficient since it will not 

include all assets, the use of the variance as a risk 

measure in addition to the beta should help overcome this 

criticism of estimating beta using the market model. This 

will allow one to compare the results of the tests using the 

two risk measures to see if they give similar results to 

support or reject the hypotheses in this study. 

This review of measures that are used as surrogates for 

risk shows that more than one has been discussed in the 

finance literature, and problems involved in using them have 

not been completely solved. Therefore, all the hypotheses 

in this research are tested using a measure of the total 

risk, the variance, and a measure of the systematic risk, 

the beta. The underlying sources of these risks will now be 

considered. 

12Ibid. 
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Sources of Risk 

According to the literature, there are various sources 

of systematic risk and unsystematic risk. The sources that 

Francis lists for each of the types of risk are given in 

Table 13. Since both total and systematic risk measures are 

used in this study, a brief summary of these sources as 

discussed by Francis follows .13 

The interest rate risk is the variability in the 

returns caused by changes in the level of interest rates. 

Since all market interest rates tend to move in the same 

direction over the long run, the changes affect all 

securities in the same way. Thus, interest rate risk is a 

source of systematic variability. 

Purchasing power risk is also a source of systematic 

risk since it is the chance that the real value of an 

investment will decline because of inflation. This 

inflation tends to affect fixed income securities such as 

bonds more than common stocks but. the value of all stocks 

may also be affected by changes in the price level. 

Market risk refers to the chance of loss on an 

investment due solely to market fluctuations. Sometimes an 

event will occur which will cause the market to fall. For 

example, the assassination of President Kennedy caused 

13Francis, pp. 318-327. 
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TABLE 13 

SOURCES OF RISK 

Sources of Systematic Risk 

1. Interest Bate Risk 

2. Purchasing Power Risk 

3. Market Risk 

4. Financial Leverage Risk (cyclical) 

5. Operating Leverage Risk (cyclical) 

Sources of Unsystematic Risk 

1. Financial Leverage Risk (noncyclical) 

2. Operating Leverage Risk (non cyclical) 

3. Management Risk 

4. Industry Risk 

SOURCE: Jack Clark Francis, Investments: Analysis and 
f!~aa_gemen;t, 2nd ed. (New York: McGraV=iiill Book company, 
1976): 319. 



officials to close the exchange early that day but not 

before the Dow Jones Industrial Average fell 24.5 points in 

21 minutes.14 Since the decline was across the market, 

events of this type are a source of systematic risk. 

Financial leverage is a source of both systematic and 

unsystematic risk. This leverage is usually measured using 

the debt to equity ratio or the debt to total asset ratio. 

In general, the variability in the returns increases with 

the increased use of leverage. This conclusion is supported 

in empirical tests by Hamaaa1s and Beaver, Kettler, and 

Scholes .16 

The reason financial leverage is a source of both 

systematic risk and unsystematic risk is because the fixed 

interest expense rises as the company uses more debt. The 

systematic risk increases because as the company 1 s revenues 

rise and fall over the business cycle, its profits fluctuate 

more through this use of leverage. The unsystematic risk 

occurs because factors other than business cycles, i.e. 

t•Ibid., pp. 322-324. 

ISRobert s. Hamada, "The Effect of the Firm's Capital 
Structure on the Systematic Risk of Common Stocks," Journal 
of Finance 27 (May 1972): 435-452. 

16William Beaver, Paul Kettler, and Myron Scholes, "The 
Association Between Market Determined and Accounting 
Determined Risk Measures," The Accounting Revie.!! 45 (October 
1970) : 654-682. 
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strikes or disasters, may also affect revenues and thus 

cause similar fluctuations in profits. 

Operating leverage, like financial leverage, has a 

similar effect on both the systematic and unsystematic risk 

of companies. In general, the higher the operating 

leverage, the greater the variability in the returns. This 

conclusion has been supported in empirical tests by Lev .t 7 

It occurs because operating leverage, which refers to the 

ratio of fixed to variable operating costs, causes 

fluctuations in profits in the same way as the fixed 

interest costs. Thus, the fluctuations due to business 

cycles cause systematic risk, and other fluctuations, 

unsystematic risk. 

The management risk listed in Table 13 as a source of 

unsystematic risk refers to the variability in returns 

caused by management decisions or errors. Since the 

management of each company is unique, their actions affect 

only the unsystematic portion of the total risk. 

Industry risk is caused by forces which affect all 

companies in an industry but have no significant effects on 

firms outside that industry. This risk can stem from many 

sources. Francis notes, 

17Baruch Lev, "On the Association Between Operating Leverage 
and Risk,tt Journal of Financial ill 2J!antitati.!!! Analysis 9 
(September 1974): 627-641. 
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One cause may be a disruption of raw material 
supplies. For example, shortages of rubber during 
World War II caused the tire com.panies much 
consternation until they hurriedly developed 
synthetic rubber. Antipollution laws pose a real 
threat to paper pulp manufactures, oil refineries, 
steel mills, and other industries that generate 
large quantities of offensive waste materials. 
Entire industries can wither on the vine if their 
product becomes obsolete (for example, the buggy 
whip industry) • Foreign competition such as is 
offered by the Japanese steel and electronic 
industries, can quickly disrupt entire domestic 
industries if they are not competitive and if they 
are unsuccessful in pursuading Congress to erect 
international trade barriers to protect them. 
Such industry effects may be small and temporary 
or large and permanent.is 

In addition to these sources of risk, Foster notes that 

the line of business activity has an effect on the 

systematic risk of a multiactivity firm.19 This occurs 

because the risk components of diversified firms are simply 

a weighted average of the risk components of the activities 

of that firm. Thus, a company may be able to alter its risk 

in the same way an investor can affect his individual risk 

through diversification. 

Al.1. of these factors listed above can affect the risk 

of a company's securities. In addition, the effects may be 

hard to estimate. Foster notes that the effects of 

operating leverage and line of business _activity are 

tBFrancis, p. 327. 

t9Foster, pp. 270-271. 
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difficult to test empirically because the data are not 

usually available.2° Although these factors will be given 

consideration where possible in the tests in this research, 

the inability to account for some of them will limit the 

conclusions that can be drawn. 

The purpose of this chapter was to show that various 

measures of risk are available from the finance literature 

and review the sources of both systematic and unsystematic 

risk. Both the variance, a measure of total risk, and the 

beta, an index of systematic risk, are used in this 

research. The reason for using a measure of the total risk 

is that the energy crisis may have affected individual 

companies and ind u.stries as well as the whole economy. If 

this is true, the total risk of industries and companies may 

be associated with energy usage and may have changed as a 

result of the OPEC embargo. The reason for using the 

systematic risk measure is based on the theory of the 

Capital Asset Pricing Model which states that investors 

should only be concerned with that portion of the total risk 

which cannot be diversified away. Thus, the systematic risk 

is important to investors if the CAPM theory is true, and 

the factors associated with it should be studied. For these 

reasons, all the hypotheses in this study are tested using 

20Ibid. 
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both total and system a tic risk measures. 



CHAPi'ER 5 

Objective, Hypotheses, and Methodology 

In the previous chapters, it was shown that economists, 

executives, and the A.merican public in general have changed 

their opinions about energy in recent years particularly 

since the OPEC oil embargo. They seem to believe that the 

d.ays of cheap sources of energy are over and the changes in 

the price structure of energy resources will have 

implications on all sectors of society. It was also shown 

that the stock market reacted to the initial embargo and 

analysts were unable to determine what all the effects were. 

~his research is directed towards one of the possible 

effects that the increased awareness of energy may have had 

on the stock market, and, thus, on investors and companies. 

The results may have implications to accountants in the 

areas of social accounting and energy audits. The purpose 

of this cha.pter is to give a statement of the objective of 

this research, list the hypotheses tested, and describe the 

methodology for testing these hypotheses. 

Objective 

The objective of this research is to determine if there 

is empirical evidence to suggest th.at an association exists V 
between energy usage and the risk of manufacturing 

industries and companies. This objective will be 

69 



accomplished by testing two 

The first group consists of 

see if there is association 

70 

different groups of hypotheses. 

hypotheses that are designed to 

between the energy usage of 

manufacturing industries and companies and the risk of those 

industries and companies. These hypotheses will be tested 

using data for recent years, e.g. data for the period since 

the OPEC embargo. This span of time seems like a logical 

choice based on the increased awareness of energy problems 

during that period. Both the quantities and types of energy 

used are tested in these hypotheses. 

The second group of hypotheses consists of those 

designed to see if the oil embargo caused a change in the 

risk of Amer.ican manufacturing industries and companies. 

Thus, changes in the risk measures for tb.e periods before 

and after the embargo are computed to see if there is 

association between energy usage and changes in risk. 

Again, both the quantities and types of energy usage are 

included in the hypotheses. A formal statement of these 

hypotheses follows. 

Hypotheses 

The specific hypotheses tested in this research to see 

if association exists between energy usage and risk are as 

follows: 

a1: There is an association between the energy usage 

of manufacturing industries and their risk. 
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H2: There is an association between the energy usage 

of manufacturing industries and changes in their risk since 

the OPEC embargo. 

H3: There is an association between the energy usage 

of manufacturing companies and their risk. 

H": There is an association between the energy usage 

of manufacturing companies and changes in their risk since 

the OPEC embargo. 

HS: There is an association between the oil usage of 

manufacturing companies and their risk where oil usage is 

calculated as the percentage of total energy that is 

obtained from petroleum products. 

H6: Th.ere is an association between the oil usage of 

manufacturing companies and changes in their risk since the 

OPEC embargo where oil usage is calculated as the percentage 

of total energy that is obtained from petroleum products. 

The null hypothesis related to each of these is that no 

association exists. As noted in the preceding chapter, each 

of the hypothesis will be tested using both a measure of the 

total risk and a measure of the systematic risk. The 

methodology for testing the hypotheses follows. 

Methodology 

The hypotheses presented above will be tested using the 

Kendall's Tau Rank Correlation test.1 The assumptions of 

this test are as follows: 
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A1. Then bivariate observations (X 1 ,Y1 ), •• ,(Xn,Yn) 

are mutually independent. 

A2. Each (X1 ,Y1 ) 

bivariate population.2 

comes from the same continuous 

The reasons for using a nonparametric test rather than 

the normal theory Pearson's correlation test is that these 

two assumptions are much less restrictive than the 

assumptions of the normal theory test. For example, 

significance tests of the Pearson•s Product Moment 

Correlation coefficient are appropriate only if the 

observations are distributed as. bivariate normal variables.a 

Since nothing is known about the distribution of energy 

usage of manufacturing industries and companies to this 

researcher, a nonparametric test seems more appropriate. In 

addition, the asymptotic relative efficiency of Kendall's 

Tau Correlation with respect to the normal theory 

counterpart is .912 which means that when the assumptions 

and requirements underlying the proper use of Pearson •s test 

are met, then Kendall's test is 91.23 as efficient as 

IMyles Hollander and Doµglas 
Statistical MethQ.de (New York: 
185-193. 

2Ibid., P• 185 .. 

A. Wolfe, Nonparametri~ 
John Wiley & Sons, 1973): 

3Robert R. 
Francisco: 

Sokal and F. Jatrtes Rohlf, Biometry (San 
w. H. Freeman and Company, 1969) : 497. 
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Pearson •s statistic in rejecting the null hypothesis.• For 

these reasons, a nonparametric test of association is used 

in this research. 

The two assumptions stated above for the Kendall's Tau 

Rank Correlation test appear to be reasonable for the data 

in this research. The observations are mutually independent 

since the energy usage and risk measures are calculated for 

industries and companies that have different management and 

are not affiliated. The population underlying the variables 

should be the same since the measurements are made for the 

same time period and using the same techniques. The 

assumption that the population is continuous may not be 

completely valid, but there are only a few ties in the data 

so continuity appears to be a reasonable assumption. 

It should be noted that the tests used in this research 

are not designed to establish and estimate the dependence of 

one variable on another. 1'hus, they will not be able to 

establish a causal relationship. Although some researchers 

apparently believe It . that to qualify as research an 

empirical study must attempt to establish causality ,ns 

others do not agree. Spicer states, 

•Hollander and Wolfe, p. 199. 

sBarry H. Spicer, "The Relationship Between Pollution 
Control Record and Financial Indicators Revisited: Further 
Comment," !h.g !££opnting Review 55 (January 1980): 179. 

I 
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In my opinion, the view that a particular 
study must attempt to establish causality to be 
considered "research" is unwarranted. Theory 
building, viewed as the development of causal 
explanations of observed phenomena, must start 
somewhere and may involve processes of both 
induction and deduction. One obvious place to 
start is with observation and description of the 
real world and with noting the correlation among 
variables of interest.6 

Since no study has been found by this researcher to see 

if association exists between energy usage and risk, 

correlation tests seem appropriate if the purpose of the 

investigation is to establish interdependence between the 

two variables. Sokal and Rohlf note, 

In correlation, we are concerned 
largely whether two variables are interdependent 
or covary--that is, vary together. We do not 
express one as a 'function of the other. There is 
no distinction between independent and dependent 
variables. It may well be that of the pair of 
variables whose correlation is studied, one is the 
cause of the other, but we neither know nor assume 
this. A more typical (but not essential) 
assumption is that the two variables are both 
effects of a common cause.7 

If the results of this research show there is 

association between the two variables, then further tests 

can be conducted to see if a causal relationship exists or 

if both are caused by a common source. 

Although this correlation analysis cannot be used to 

6Ibid. 

7Sokal and Rohlf, p. 496. 



75 

establish dependency, a procedure called partial correlation 

analysis can be used to measure the association between two 

variables with a third variable being held constant .. i'his 

procedure allows one to remove the influence of the third 

variable on the measure of association. The partial Tau 

coefficient can be calculated using the following formula: a 

T = (T - T T )/ (1-T2 {k (1-T2 )f xy.z xy xz yz xz yz 
where: T = the partial Tau coefficient between the X xy.z 

and y characteristics when the z factor is 

held constant; 

Txy = the Tau coefficient between x and y·; 

Txz = the Tau coefficient between x and Z; and 

Tyz = the Tau coefficient between y and z. 
This partial Tau coefficient will be used in this 

research to eliminate the influence of financial leverage on 

the measure of association. As noted in Chapter 4, this 

leverage has been found to be positively associated with 

risk. Since this leverage can be calculated for the 

companies in this research, its influence on the Tau 

correlation will be eliminated through this procedure. 

However, "since the sampling distribution of the partial Tau 

has not been tabled in the literature, the value of· T 

&Jean Dickinson Gibbons, 
Quantitativ~ !!H=tlysi§ (New 
Winston, 1976): 298. 

Nonparametric 
York: Holt, 

Methods 
Rinehart 

for 
and 
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must be considered only a.descriptive measure from which 

statistical inferences cannot be made."9 Thus, it is not 

possible to test for significance of the partial Tau but its 

sign and magnitude give an indication of the association 

between the two primary variables with the third held 

constant. Therefore, Kendall•s Tau Rank correlation is used 

to test the hypotheses in this research while the partial 

Tau coefficient is used to give an indication of the 

association if the financial leverage of the companies is 

held constant. 

The purpose of this 

statement of the objective, 

this research. Although 

cha pt er was to give a formal 

hypotheses and methodology of 

other nonparametric statistical 

Rank Correlation test could be tests such as the Spearmants 

used, the Kendall•s Tau Rank Correlation test was chosen 

because the purpose of this research is simply to determine 

if there is empirical evidence to show that energy usage and 

risk are associated. In addition, this procedure provides 

statistics for performing partial. correlation analysis while 

other nonparametric correlation procedures do not. Although 

causal relationships cannot be inferred from the results of 

the tests, this research should provide some evidence that 

accountants could use in deciding what factors might be 

9Ibid., p. 299. 
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useful to investors in assessing the risks of companies and, 

therefore, be disclosed in annual or social reports. 



CHAPTER 6 

Data and Statistical Tests 

To test the hypotheses in this research, it is 

necessary to have data on energy usage and risk measures for 

manufacturing industries and companies. The purpose of this 

chapter is to present the data used in this research and the 

results of the statistical tests. A d.iscussion of the 

results of the tests will also be presented. 

Energy Usage Data for Industries 

Various sources of data on the energy usage of 

manufacturing industries are available. Appendix II shows 

some of the sources available and the concept of energy used 

in those reports. For this research, the primary sources 

used for industry energy usage data are the Censuses and 

surveys of Manufactures reported by the u. s. Department of 

Commerce. These data, however, include only the fuels 

purchased for heat and power. Therefore, two major energy 

demand items are excluded. They are the following: 

Fuels not purchased from the outside, i.e. 
captive coal consumption. This occurs mostly in 
the case of metallurgical coke used for primary 
metals production (SIC 33) ; this coal comes from 
mines owned by the steel companies. 

Fuels not used to generate heat and power but 
as raw materials or "feedstock" such as petroleum 
for the production of petrochemicals that are part 
of SIC 28 chemicals.1 

78 
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Since these two items are excluded in the data reported 

in Table 4, an adjustment will be made to include the fuels 

used as feedstocks. The captive coal consumption will not 

be adjusted for since that coal is produced within the 

industry and, therefore, not likely to be unavailable for 

consumption due to an embargo. Table 14 contains the 

percentage structure of useful fuel and electricity used by 

processes in manufacturing industries in 1967. These data 

show that three industries, paper, chemicals, and rubber, 

use some fuels as feedstocks. Table 15 contains the energy 

usage by industry if an adjustment is made to the 1974 

energy usage data reported in the survey of manufactures. 

This adjustment assumes that the percentages given in Table 

14 are still applicable in 1974, but no more current data 

have been found by this researcher on the use of fuels for 

f eedstocks. In addition, since the statistical tests are 

based on ranks rather than absolute amounts, a small change 

in the percentages would not have a material effect on the 

rankings. 

The data shown in Table 15 are used to test the 

hypotheses dealing with the manufacturing industries. The 

petroleum and coal producing industry (SIC Code 29) has been 

1c1aire Doblin, ~Iill ~!!!filHl 1ll. !!· ~· t!fil!ufactyr~ng 
Industries (Laxenburg, Austria: International Institute for 
Applied systems Analysis, 1978) : 5-6. 
' 
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TABLE 14 

PERCENTAGE STRUCTURE OF USEFUL FUEL AND ELECTRICITY 

USED BY PROCESS IN l'IANUF AC TURING I NDUSTRIES--19 67 

Ore Chem Pro- Air Elect-
SIC Reduc- Feed- Motive cess Water Space Condi- ric 
~ iill stock power he& heai heat tioning E.,ower 

20 76 .2 .2 8.6 .8 14.2 

21 .4 39 .4 .4 15.0 41.2 3.6 

22 53.5 10.4 8.4 27.9 

23 77.B 11.1 11.1 

24 .1 56 .1 .5 23.2 .1 19.4 

25 1.4 27 .1 .9 45.7 24.9 

26 .4 .1 86 .9 1.8 .5 10.3 

27 1.8 10 .2 1.1 54.5 2.1 30.3 

28 36.6 49.2 1.1 1.3 11.8 

30 60 .6 26 .8 6.3 .8 5.5 

31 45 .4 36.4 18.2 

32 .5 .2 83.2 • 1 4.5 .5 11.0 

33 50.6 35.8 1.3 .1 12.1 

34 .9 .4 62.3 .4 16.7 .9 18.4 

35 .5 50 .o .s 24.2 3.0 21.8 

36 .6 26 .7 31.1 11.1 21.8 

37 .8 .8 43 .o 21.5 5.6 28.3 

38 21.4 46.4 10.7 21.5 

39 1.5 22 .6 .9 48.2 1.5 25.3 

SOURCE: BNL reported by Claire Doblin, &;p.erqy Demand Jr! !!.· 
~- Manufacturing Industries (Laxenburg: IIASA, 1978): 34. 



TABLE 15 

ENERGY USAGE BY MANUFACTURING INDUSTRIES 

INCLUDING FEEDSTOCKS 

SIC Energy Usage 
£.ode !ndustr1 Excludi11g Feedstocks Feedstocks . Total 

20 Food 

21 Tobacco 

22 Textiles 

23 Apparel 

24 Lumber 

25 Furniture 

26 Paper 

27 Printing 

28 Chemicals 

30 Rubber 

31 Leather 

32 Stone, clay 

33 Primary metals 

268.8 

5.5 

90.0 

16 .4 

67.2 

13 .6 

354.6 

25.5 

814.7 

66.5 

6 .6 

339.8 

654 .9 

34 Fabricated metals 107.6 

35 Nonelect. machin. 96.8 

36. Elect. ma chin. 66. 7 

37 Trans. Equip. 101.9 

38 Instruments 20.4 

39 Miscellaneous 13.1 

1.4 

470.3 

102.3 

268.8 

5.5 

90.0 

16.4 

67.2 

13.6 

356.0 

25.5 

1,285.0 

168.8 

6.6 

339.8 

654.9 

107.6 

96.8 

66.7 

101.9 

20 .4 

13.1 

SOURCE: Energy Usage Excluding Feed stocks from 1975 survey 
of Manufactures; Feed stocks estimated from percentages in 
Table 14. 
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excluded since the effects of shortages and increased prices 

for energy may have affected this industry in a different 

way than other manufacturing industries. Thus, only 

nineteen industries are available for the tests in this 

research. 

The data in Table 15 show that some industries use much 

more energy than others. If energy intensiveness is defined 

in terms of total energy usage, this Table contains the 

quantities that should be used to rank the industries to 

test the hypotheses in this research. However, if energy 

intensiveness is defined as the quantity used per unit of 

output, 

Defining 

presents 

these data may not give appropriate rankings. 

energy intensiveness in this manner, however, 

problems since the output from the various 

industries are not comparable. Thus, if the hypotheses are 

to be tested by taking into account the relative sizes of 

the industries, some common measure of size must be found. 

One measure that seems appropriate is to use the sa-les or 

total receipts since this is expressed in terms of dollars. 

Table 16 contains the energy usage per dollar of receipts 

for 1975 for the manufacturing industries. 

One can compare the data in Table 15 with the data in 

Table 16 to see if the rankings of the industries are the 

same under the two definitions of energy intensiveness. 

Table 17 presents a comparison of these rankings. Although 
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TABLE 16 

ENERGY. USAGE PER DOLLAR OF RECEIPTS 

SIC Billions Receipts 
Code j:ndustry ~•b fil:llions Q!. ! .[!h/Receipts 

20 Food 268 .8 158. 1 1.70 

21 Tobacco 5.5 13.5 .41 

22 Textiles 90 .o 31.1 2.89 

23 Apparel 16.4 30.6 .54 

24 Lumber 67 .2 31.4 2.14 

25 Furniture 13 .6 10 .3 1.32 

26 Paper 356 .o 35.7 9.97 

27 Printing 25.5 37 .4 .68 

28 Chemicals 1,285.0 96.7 13.29 

30 Rubber 168.8 25.1 6.73 

31 Leather, shoes 6 .6 7.7 .86 

32 Stone, clay 339.8 27 .1 12.54 

33 Primary metals 654.9 92.5 7.08 

34 Fabric. metals 107 .6 60.2 1.79 

35 None1ect. machin. 96.8 94.7 1.02 

36 Elect. ma chin. 66.7 83.6 .80 

37 Trans. equip. 101.9 147.5 .69 

38 Instruments 20 .4 21.1 .91 

39 Miscellaneous 13 .1 18.5 • 71 

SOURCE: Energy Usage from Table 15; Receipts from Leo Troy, 
Almanac 2f Business §. In.dustrial Financial Ratios 
7/1974-6/1975 (Englewood Cliffs, N. J .: Prentice-Hall, 
1978) • 
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there are some differences in the rankings, they do not 

appear to be great since the highest ranking industries are 

similar under both methods. Since arguments can be made for 

using either method to rank the industries in terms of 

energy intensiveness, the results of the statistical tests 

using both methods will be presented in this research. 

Risk Measures for Industries 

As noted previously, the measures of risk used in this 

research consist of a measure of the total risk, the 

variance in t.he natural logs of the value relatives, and a 

measure of the systematic risk, the beta calculated using 

the market model. These measures for each industry were 

calculated as an average from a sample of companies in those 

industries. This sample was selected using the following 

procedure. 

First, the population was defined as manufacturing 

companies whose common stock was traded on the New York 

Stock Exchange (NYSE) during the entire period from January 

1969 to December 1978 and which had rates of return data on 

the monthly computer tape provided by the Center for 

Research in Security Prices (CRSP). This time period of 10 

years was chosen because it provided approximately 60 months 

both before and after the OPEC oil embargo to estimate the 

risk measures. Foster notes that 60 months of data are 

often used to estimate beta since this number Of 
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TABLE 17 

RANKINGS OF INDUSTRIES BY TOTAL ENERGY USAGE 

AND ENERGY USAGE PER DOLLAR OF RECEIPTS 

Rank by Total Rank by Energy 
SIC Energy Usage Usage/Receipts 
Code J:ndustry (Table J.2.) crablg 16) 

20 Food 5 9 

21 Tobacco 19 19 

22 Textiles 10 6 

23 A.pparel 15 18 

24 Lumber 11 1 

25 Furniture 16 10 

26 Paper 3 3 

27 Printing 13 17 

28 Chemicals 1 1 

30 Rubber 6 5 

31 Leather, shoes 18 13 

32 Stone, clay 4 2 

33 Primary metals 2 4 

34 Fabricated metals 1 8 

35 Nonelect. mach. 9 11 

36 Elect • ma ch. 12 14 

31 Trans. equip. 8 16 

38 Instruments 14 12 

39 Miscellaneous 17 15 
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observations appears "· to be a reasonable compromise 

between having sufficient observations to ef f icien.tly 

estimate and not going so far in time that we are dealing 

with a structurally different firm. n2 

Although the population was defined as New York Stock 

Exchange manufacturing companies, not all of these companies 

were included in the list of companies from which the 

samples were selected. To eliminate the problem of having 

diversified firms whose risk measures may not be indicative 

of any one specific industry, those companies that were 

listed as diversified (Code 9980) in the l ! ~ Index 2! 
£orporation2 ~ Industries 3 were eliminated. Table 18 

lists the number of companies in each industry after the 

elimination of diversified firms. 

The data in Table 18 show that two industries, SIC 

Codes 24 and 25, each have less than five undiversif ied 

companies. Because of this small number, those two 

industries are eliminated in the analyses that follows. 

once the companies in each industry were identified, a 

preliminary estimate of the average variance and beta for 

2George Foster, Financial aatemen!, Analysis (Englewood 
Cliffs, N. J.: Prentice-Hall, Inc., 1978): 265. 

3f ~ ~ Inde~ of Corporations SJld !!!1!!stries, 1978 Annual Ed. 
(Cleveland: Predicasts, Inc., 1979). 
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TABLE 18 

NEW YORK STOCK EXCHANGE COMPANIES 

BY INDUSTRIES 

SIC 
Code l!!dustn ll2· 2i Companies 

20 Food 49 

21 Tobacco 8 

22 Textiles 19 
23 Apparel 15 

24 Lumber 4 

25 Furniture 3 

26 Paper 20 

27 Printing 13 

28 Chemicals 60 

29 Petroleum 25 

30 Rubber 11 

31 Leather, shoes 1 

32 stone, clay 23 

33 Primary metals 39 

34 Fabricated metals 21 

35 Nonelectrical machinery 66 

36 Electrical machinery 44 

37 Transportation equipment 29 

38 Instruments 32 

39 Miscellaneous 6 
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each industry was made. This average was calculated using 

ten randomly selected companies in each industry for those 

industries having more than ten companies listed in Table 

18. These preliminary estimates were then used to determine 

the sample size needed in each industry to estimate an 

average beta for 1974 to 1978 with a bound on the estimate 

of 0.1. This bound was chosen because it gives a relatively 

close estimate of the beta which should be near enough to 

the true beta to use in ranking the industries. 

The formula used to determine the sample size for each 

industry was the simple random sampling formula.• That 

formula is: 

n = (Ns2) /[ (N-1) D + 52] 

where: n = sample size; 

N = population size; 

s2= estimate of population variance; 

D = B2/4 = .12/4; and 

B = the bound on the estimate. 

Table 19 contains the number of companies finally 

included in the sample for each industry. All the companies 

were included for those industries containing less than ten 

firms or whose sample size was less than ten since these 

"Richard L. Scheaffer, William Mendenhall, and Lyman Ott, 
Elementa!:I ?!l~!~I ~pling, 2nd ed. (North Scituate, Mass.: 
Duxbury Press, 1979): 43. 
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TABLE 19 

NUHBER OF COMPANIES IN SAMPLE 

BY INDUSTRY 

SIC 
Code Industry Number 

20 Food 29 

21 Tobacco 8 

22 Textiles 10 

23 Apparel 13 

26 Paper 10 

27 Printing 10 

28 Chemicals 10 

30 Rubber 10 

31 Leather, shoes 1 

32 Stone, clay 13 

33 Primary metals 12 

34 F'abrica ted metals 18 

35 Nonelectrical machinery 19 

36 Electrical machinery 28 

37 Transportation equipment 14 

38 Instruments 17 

39 Miscellaneous 6 
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data had already been collected. The additional companies 

for the industries needing more than ten firms where then 

randomly selected using a random number table until the 

required sample sizes were met. Appendix III contains the 

the names of the companies by industry that were included in 

these samples. 

The data for calculating the variance and the beta for 

each of the companies were obtained from the monthly return 

computer tape provided by the Center for Research in 

Security Prices. These returns were calculated using the 

formula for rates of return shown in Chapter ti.s One problem 

with these rates of return is that if a stock is not traded 

on the last day of the month, then a missing return exists 

in the stock returns file. The CRSP user• s guide explains 

how this is handled on the tape. 

When a price is missing for some date, the 
return for that date is recorded as a large 
negative number. As soon as a trade or bid/asked 
average price is available, a multi-period return 
will be recorded. This multi-period return will 
span the period where prices were missing. For 
example, if the price of the security were $100 at 
the previous month-end and missing for the current 
month-end, the return for this month would be 
entered as a large negative number. If the next 
month-end price were $110 and the shareholders 
received no distributions during the two months, 

scenter for Research in Security Prices, £R.§.f 
11onthly and Qs,.ily lli!,~ ~!§. Guid~ (Chicago: 
Research in Security Prices, Graduate School 
University of Chicago, 1979): 9. 

bste,£ !ili 
Center for 

of Business, 



91 

the return would be entered as .10. Either 
single-period or multi-period returns may be 
aggregated to a multi-period return, as long as 
the price is available at the start and end of the 
aggregate period.6 

To overcome this problem, the returns for the month 

with the missing price and the following month were 

calculated using the price as of the last trading day in the 

month with the missing price. To be sure that the correct 

month was being calculated, the preceding month's rate of 

return and the second month's following rate of return were 

also recalculated. These manually calculated returns were 

then entered into the data set before the variances and 

betas were calculated. 

The other rates of return on the CRSP tape were 

verified in a two step process using published stock market 

price data. 7 In the first step, all rates of return equal to 

or greater than plus or minus 25 percent during the ten year 

period for the companies included in the preliminary sample 

of ten per industry were manually recalculated. This 

involved the recalculation of 562 monthly rates of return. 

In this number, 17 could not be recalculated from the stock 

market data for an error rate of 3.02 percent. However, all 

6Ibid., P• 10. 

7Stand.ard. & Poor•s Corp., ~I.~& Price Record ~.!York 
§tock E}Cchange (New York: Standard & Poor•s Corp., 
1969-1978). 
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of the differences were less than 10 percent of the rate of 

return entered on the tape and most were very small. 

Because of this, no correction of these was made. 

The second step in the verification process consisted 

of selecting 20 rates of return from those not included in 

the first step.. One of these could not be verified for an 

error rate of 5 percent. Again, the difference was less 

than 10 percent of the recorded return. Since these errors 

appear to be immaterial, the data on the tape were used as 

recorded except for the corrections needed because of the 

missing prices as noted above. 

After the data, were verified, the variances in the 

natural logs of the value relatives for each company for two 

periods of time were calculated. These two periods were the 

period from January 1969 to October 1973 and November 1973 

to December 1978. November 1, 1973, was selected as the 

dividing point since November was the first full month after 

the beginning of th.e OPEC oil embargo. Thus, this date is 

used as the beginning of the period when Americans became 

more aware of the effects of energy usage on society. 

The industry variances were calculated as an equally 

weighted average of the variances of the natural logs of the 

value relatives for the companies in the industry. This 

means that the industry variances are simply an average of 

the variances of the companies in that industry with the 
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weight assigned each company equal to 1/n where n is the 

number of companies. Table 20 contains the industry 

variances for the two periods of time and the difference 

between these two measures. The data in Table 20 are used 

as a measure of the total risk of the industries to test 

hypotheses 1 and 2 in this research. 

The beta for each industry was calculated as an equally 

weighted average of the betas for the companies in that 

industry. The market model as presented in Chapter 4 was 

used to calculate the beta for each company. The index of 

the market (the independent variable) .. used was a value-

weighted average of the returns of the stocks on the New 

York stock Exchange. This index was obtained from the 

computer tapes provided by the Center for Research in 

Security Prices. The user's guide explains this index. 

The return on a stock is defined as the 
change in the total value of an investment in that 
stock over some period (such as a day or month) 
per dollar of initial investment. The return on a 
value-weighted portfolio is calculated as the 
weighted average of the returns for the individual 
stocks in the portfolio; the weight assigned to 
stock i's return is: V(i)/V(p), the ratio of the 
total market value of company i to the market 
value of the portfolio.a 

The betas for the industries for the two periods of 

time and the differences are shown in Table 21. These are 

ecenter for Research in Security Prices, p. 13. 
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TABLE 20 

INDUSTRY VARIANCES 

Variance Variance Difference 
SIC January 1969- November 1973- in 
~ Industry October 1973 ~ember 121!! V'ariance 

20 Food .0069t45 .o 12075 .005130 

21 Tobacco .005298 .005287 -.000011 

22 Textiles .009826 .009298 -.000528 

23 Apparel .010453 .o 17284 .006830 

26 Paper .009655 .o 10082 .000428 

27 Printing .011136 .009630 -.001506 

28 Chemicals .008513 .o 100t49 .001537 

30 Rubber .007049 .o 10402 .003352 

31 Leather, shoes .007815 .012336 .004522 

32 stone, clay .006976 .010577 .003601 

33 Primary metals .008249 .008619 .000370 

34 Fabric. metals .009176 .013444 .004268 

35 Nonelect. mach. .009205 .012073 .002867 

36 Elect. roach. .012332 .o 15623 .003291 

37 Trans. equip. .010271 .011978 .001707 

38 Instruments .011512 .o 13536 .002023 

39 Miscellaneous .013069 .o 15736 .002667 
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used as a measure of the systematic risk to test hypotheses 

1 and 2 in this research. 

Energy Usage Data for Companies 

The data on energy usage for individual companies used 

in this research were obtained from reports filed with the 

u. s. Department of Energy {DOE), and collaborated by 

contact with the individual companies. The reports to the 

Department of Energy are required by the Energy Policy and 

Conservation Act in response to the oil embargo and the 

recognition that industry represented a potential source of 

energy conservation. The need for these reports is given by 

the DOE as follows. 

Even prior to the oil embargo, three growing 
realities were recognized: The dramatic and steep 
increase in the nations energy demand curve; the 
fact that domestic supplies were not keeping pace 
with growing needs, thereby causing increased 
imports; and the fact that industry, including 
manufacturing industry, being the single largest 
user of energy (about 403 of the total National 
consumption) represented a large and reasonable 
potential for energy conservation. • • • The oil 
embargo added visibility and urgency to the task 
of energy conservation. • • .. 9 

Section 37 3 of the Energy Policy and Conservation Act 

identifies those companies that are required to report to 

9Department of Energy, !.n.nual Report Suppo,E!:. Document, 
!olume ,!I, Industrial Energ1 ~ff iciell£I Improvemen! ~rog~ 
(Washington, D. c.: u. s. Government Printing Office, 1978): 
1. 



96 

TABLE 21 

INDUSTRY BETAS 

Beta Beta Difference 
SIC January 1969- November 1973.L in 
£ode Industry October .12.ll December 1978 ~ 

----·--- --::::.· 
-~···;.:::'/ 

20 Food .94923 1.02442 .07519 

21 Tobacco .67779 • 72119 .04340 

22 Textiles 1.18833 .91112 -.27721 

23 Apparel 1.36728 1.33213 -.03516 

26 Paper 1.15366 1.21490 .06124 

27 Printing 1.54429 1.04828 -.49601 

28 Chemicals 1.26256 1.09340 -.16916 

30 Rubber 1.23584 1.04657 -.18926 

31 Leather, shoes 1.14471 1.18608 .04136 

32 Stone, clay 1.24090 1.01123 -.22967 

33 Primary metals 1.08076 .90583 -.17493 

34 Fabric. metals 1.22316 1.18086 -.04230 

35 Nonelect. mach. 1.23089 1.16211 -.06878 

36 Elect. mach. 1.5tJ025 1.'12714 -.11311 

37 Trans. equip. 1.45372 1.08432 -.36940 

38 Ins trum en ts 1.55672 1.48084 -.07589 

39 Miscellaneous 1.5186 7 1.48499 -.03368 
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the DOE. That section states: 

Within 90 days after the enactment of this 
Act, the Administrator shall identify each major 
energy-consuming industry in the United States and 
shall establish a priority ranking of such 
industries on the basis of their respective total 
annual energy consumption. Within each industry 
so identified, the Administrator shall identify 
each corporation which--(1) consumes at least one 
trillion British thermal units of energy per year, 
and (2) is among the corporations identified by 
the Administrator as the 50 most energy 
consumptive corporations in such industry.to 

In accordance with this section, the ranking of the 

industries by energy consumption was based on the .1fil 

Annual SUJ:Yil Qi !1fil!,Ufactures. The top 10 industries are 

the subject of the Department of Energy •s reporting program. 

"By focusing on the top 10 manufacturing industries, over 

90% of the purchased energy used within the manufacturing 

industrial sector fall within the program.n11 

Although the Energy Policy and Conservation Act 

reguires the 50 largest energy users to report to the DOE, 

many companies have chosen to report their energy usage 

indirectly through voluntary trade associations. Thus, the 

data on energy usage by individual companies are somewhat 

limited. For 1978, onl.y 71 companies chose to report their 

1opublic Law 94-163, "Energy Policy and Conservation Act," 
in United States £Qde, Congressio!m!. lli. Administrative 
!fillli, 2!!!J!. !=gpg]::ess, 12!. Session, 1.212, Vol. 1 (St. Paul, 
Minn.: West Publishing Co., 1975): 936. 

11oepartment of Energy, p. 3. 



98 

energy usage through directly filed reports. Correspondence 

with. some of these trad.e associations and indirect reporting 

companies shows that they will not release the types and 

quantities of energy used by them even for research 

purposes. The typical response was that the companies 

feared the release of such data would cause competitive 

harm. 

The 71 companies reporting directly to the Department 

of Energy for 1978 were used as the source of energy usage 

data for individual companies in this research. Appendix IV 

contains a list of those companies. Copies of the reports 

filed by these companies with the Department of Energy were 

obtained from the Freedom of Information Office. The 

instructions for these reports12 require the companies to 

show the energy used for the following purposes. 

1. Direct manufacturing operations. 

2. Thermal self-generation of electricity. 

3. Heating, ventilation and air conditioning of 

manufacturing buildings and plant off ices plus manufacturing 

services such as shops, cafeteria, other plant personnel 

services and plant chemical and analytical laboratories. 

4. In-plant transportation, such as lifttrucks, 

conv·eyors, cranes and railroads. 

12Ibid., pp. 128-129. 
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5. Transportation on producer•s property between 

mining operations and manufacturing facilities. 

6. Raw materials storage. 

7. Services for finished product warehouses within a 

plant fence if directly related to manufacturing operations. 

The reports exclude the following energy uses: 

1. Feed stocks. 

2. All uses of electricity self generated by thermal 

means. 

3. Services for corporate and divisional offices. 

4. Services for basic research. 

5. services for regional distribution centers. 

6. Fuel for corporate aircraft, salesmen•s cars and 

over-the-highway trucks. 

1. By-product fuels sold and shipped or stored for 

sale. 

8. Waste used as fuel. 

9. Facility start-up energy (to point of commercial 

quality production). 

10. Transport of intermediate product to another 

producer for finishing within the same two-digit industry. 

11. Fuel received for storage for later disposition. 

The reports show the energy content of all fuels 

consumed in billions of Btu•s and the conversion factors 

used to convert the fuels to British thermal units. The 
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recommended conversion factors as given by the Department of 

Energy are listed in Appendix V. 

These reports are subject to verification by the 

Department of Energy. Although the annual report by the DOE 

for 1978 does not give any information about the 

verification procedures during that year, the report for 

1977 indicates that the energy usage data for nine companies 

were verified by DOE specialists. These verifications 

showed the following exceptions to the energy data required 

to be reported. by the companies. 

One company did not include the energy consumed by in-

plant transportation. 

Four companies included energy used by their basic 

research facilities; three of these also included the energy 

consumption of their corporate offices. 

All but one of the nine companies included plant start-

up energy in their reports. 

Four companies included the energy derived from burning 

waste as fuel .13 

The report also noted that problems exist in comparing 

the data between companies. For example, five of the 

companies reported actual metered values for energy usage 

while the other four used utility bills and fuel invoices. 

13Ibid., p. 63. 
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In addition, some companies experienced difficulty in trying 

to measure energy usage by two-digit SIC Code and had to use 

allocation methods.1• Although these verification procedures 

indicate that problems may exist in using the reported data, 

the reports are checked for mathematical and clerical errors 

by the DOE and corrections made before they are included in 

DOE analyses.is Thus, the data will be used as reported to 

the DOE. 

An examination of the reports filed by the 71 direct 

reporting companies for 1978 shows that not all of them can 

be used in this research. The reasons for needing to 

exclude some of them are as follows: 

Five companies were eliminated because they 

their energy usage directly for some SIC 

indirectly through trade associations for others. 

reported 

Codes but 

One company was excluded because it was required to 

report in SIC Code 29 and thus was in the petroleum and coal 

production sector. 

Thirteen companies were eliminated because they were 

not traded on the New York Stock Exchange during all or part 

of the 1969 to 1978 time period. 

Ten companies were eliminated because they were listed 

14Ibid. 

tSibid., p. 3. 
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as diversified (Code 9980) in the l ~ ~ Index of 

Cptporations and Industries and their SEC reporting industry 

did not agree with their DOE reporting industry. 

Ten companies were eliminated because their primary SIC 

Code listed in the l ~ ~ Index of Corporation~ ~ 

Industries did not agree with their DOE SIC Code for 

reporting companies. Thus, these companies are primarily in .i 

industries that are not major energy consumers although they 

are required to report their energy usage for some of their 

manufacturing operations. 

After the elimination of these companies for the 

reasons cited above, there are 32 companies with energy 

usage data available. These companies and their SIC Codes 

are shown in Table 22. To verify that the energy usage data 

for 1978 were typical of their annual consumption, these 

companies were contacted and asked if they had chanqed 

significantly the quantities and types of energy used during 

the 1969 to 1978 period and if they use any fuels as 

f eedstocks. An example of the letter sent to these 

companies is presented in Appendix VI. Replies were 

received from all except three companies. Those companies 

failing to reply were Gardner Denver Company, General 

Refractories Co., and Interpace Corporation. However, three 

other companies did not answer 

questions-Am er ic an Standard, Inc., 

any 

Gulf & 

of the 

Western 
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Industries, Inc., and National Gypsum Corporation. 

replied that the data were no longer availablee 

They 

In response to the question about the use of fuels as 

f eedstocks, all the 26 companies that replied except for two 

stated that they did not use any fuels as feedstocks. The 

two exceptions were Borg-Warner Corporation and Fruehauf 

Corporation. Borg-Warner replied that the feedstocks data 

were confidential and could not be disclosed. Fruehauf 

Corporation did not respond to the question. 

In response to the question relating to changes in 

types of fuels, most of the companies responding indicated 

that the fuels used for 1978 were typical of their energy 

usage throughout the 1969 to 1978 period. One company, 

Eaton Corporation, did not reply to this question and four 

others indicated some changes. The changes that were 

significant are the following. Deere & Co. indicated that 

their use of natural gas had declined from 613 in fiscal 

year 1972 to 50% in 1978; electricity increased from ·13 in 

1972 to 213 in 1978; and coal and coke decreased from 283 in 

1972 to 233 in 1978. Fruehauf Corporation increased the use 

of electricity from 25% in 1972 to 313 in 1978; increased 

the use of fuel oils from 153 in 1972 to 203 in 1978; and 

decreased the use of coal and coke from 12" in 1972 to 0% in 

1978. 

The other two companies indicating changes in sources 
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TABLE 22 

COMPANIES WITH ENEBGY USAGE DATA 

com pan 

1. A. o. Smith Co. 

2. Allis-Chalmers corp. 

3. American Standard, Inc. 

4. ASARCO, Inc. 

s. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Bendix Corporation 

Borg-Warner Corporation 

Briggs & Stratton Corporation 

Dana Corporation 

Deere & Company 

Diamond International Corporation 

Eaton Corporation 

Emhart Corporation 

Federal Mogul Corporation 

Fruehauf Corporation 

Gardner Denver corporation 

General Refractories Co. 

Gulf & Western Industries, Inc. 

Hanes Corporation 

Interpace Corporation 

Litton Industries 

Mohasco Corporation 

g£~ 

31 

35 

34 

33 

37 

37 

35 

37 

35 

26 

37 

35 

35 

37 

35 

32 

33 

22 

32 

35 

22 
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TABLE 22 

(Continued) 

COMPANIES WITH ENERGY USAGE DATA 

com pa!!.! 

22. National Gypsum Corporation 

23. outboard Marine Corporation 

24. Rexnord, Inc. 

25. Rockwell International Corporation 

26. Rohr Ind.ustries 

27. The Stanley Works 

28. st. Joe Minerals Corporation 

29. Texas Industries, Inc~ 

30. u. s. Gypsum Company 

31. United Technologies Corporation 

32. Wallace Murray Corporation 

g£~ 

32 

35 

35 

31 

37 

3q 

33 

32 

32 

31 

34 
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of energy did not give quantitative data. Hanes Corporation 

listed two changes during the 1969 to 1978 period. At one 

plant, steam boilers were converted from coal to fuel oil. 

This decreased coal consumption from 13% before the change 

to 0% in 1978. The second change was a change from natural 

gas to propane as an alternative fuel source in 1975 when 

natural gas was iµ. short supply. However, the company did 

not use any propane in 1978 and natual gas represented only 

143 of total energy consumption so this change does not 

appear to have affected their usage significantly. 

The other company indicating a change in sources was 

Litton Industries where fuel oil or propane was added as a 

back-up for natural gas. However, no indication of amounts 

was given. 

The third question asked the companies about changes in 

the quantities of energy used during 1969 to 1978. A 

variety of responses to this question was received al though. 

most were not in quantitative terms. Most of the non-

quantitative replies indicated that the quantities changed 

with changes in production, growth, and acquisitions and 

divestitures. Only four companies give quantitative data. 

ASARCO, Inc. indicated that the energy usage for 1978 was 

about 15% below the average for the period. Deere & Co. 

indicated that total energy usage decreased 63 from 1972 to 

1978. Federal Mogul Corporation stated that their typical 
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annual usage is 2,000 billion Btu•s per year. Finally, 

United Technologies Corporation replied that their total 
" energy consumption for 1978 was probably over 20,000 

billions of Btu"s per year although only 12,138.1 billion 

were required. to be reported to the DOE. 

The problem caused by companies not reporting all their 

energy usage to the Department of Energy is common to all 

companies in this research. As noted previously, only 

operations in certain industries are the subject of the 

reporting program, and the energy consumption that must be 

reported does not include all uses. However, these 

companies have been identified in the !: !i, ~ Index of 

Corporations and Industries or by the SEC as being primarily 

in the industry in which they are required to report. 

Therefore, a substantial portion of their operations should 

be in their reporting SIC Code, and the energy usage data 

should cover this portion of their operations. Although 

this will limit the conclusions of this research, there does 

not appear to be any way to include this unreported energy 

usage in the data for the companies. 

The problem caused by changes in production, growth, 

and acquisitions and divestitures also appears to be 

impossible to include in the energy usage data. A review of 

the history of these companies in Moody's Industrial Manual 

shows that almost all of th em had acquisitions and/or 
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divestitures of operations during the period since the OPEC 

oil embargo. Although these undoubtedly affected energy 

usage, accounting for the effects does not appear feasible. 

Again, this will limit the conclusions that can be drawn. 

Although these problems may affect the reliability of 

the data available, the energy usage data for 1978 as 

reported to the Department of Energy will be used in this 

research. The quantities of energy used by these companies 

are shown in Table 23. In addition, this Table also 

contains the energy usage per dollar of sales. Both 

measures will be used for testing hypotheses 3 and 4. 

The portion of energy usage obtained from petroleum 

products for these companies can be determined from the 

reports filed with the DOE. Table 24 contains these 

percentages. 'I'hese will be used to test hypotheses 5 and 6 

in this research. 

Risk Measures for Companies 

The risk measures for the individual companies were 

calculated in the same way as those for the companies used 

in calcul.ating the industry measures. The returns for the 

months with missing prices were calculated and entered into 

the data set before the variance and beta were calculated. 

The other returns were verified by recalculating all those 

returns equal to or greater than plus or minus 25 percent. 

This required the recalculation of 62 returns. All of these 
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TABLE 23 

ENERGY USAGE FOR COHPANIES--1978 

Total Usage Sales Btu•s per $ 
Compa!!l Billions 21 Btu•s }tillions of ! of ~~ 

A. O. Smith Co. 2,250.37 

Allis-Chalmers Corp. 3,067.68 

Amer. Standard Inc. 2,227 .50 

ASARCO, Inc. 20,952.40 

Bendix Corp. 3,072.30 

Borg warner Corp. 4 ,605. 70 

Briggs & St. Corp • 2, 290. 80 

Dana Corp. 4,565.10 

Deere & co. 13 ,970. 80 

Diamond Int. Corp. 13,685.50 

Eaton corp. 3,846.00 

Emhart Corp. 1,056.20 

Federal Mogul Corp. 963.00 

Fruehauf Corp. 4,646.00 

Gardner Denver Co. 984.00 

Gen. Refract. co. 4,771.80 

Gulf & Western Ind. 15,810.80 

Hanes corp. 1,584.70 

Interpace co. 4,259.30 

806.526 

1,762.361 

2,110.860 

1,774.991 

3,649.300 

2,031.900 

456.960 

2,252.627 

4,154.953 

1, 108 .496 

2,790.521 

1,346 .. 449 

568.606 

2,244.513 

651.977 

414.423 

4,311.956 

* 
300.225 

2.790 

1. 741 

1.055 

11.805 

.842 

2.267 

5.013 

2.027 

3.362 

12.346 

1.378 

.784 

1.694 

2.070 

1.509 

11.514 

3.667 

* 
14 .187 

* 1978 sales data not available because the company was 
acquired by Consolidated Food Corp. on Jan. 30, 1979. 
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TABLE 23 

(Continued) 

ENERGY USAGE FOR COMPANIES-1978 

Total Usage Sales Btu•s per $ 
~pmpany Billions of ~tu•s Billions of ! of Sales 

Litton Industries 

Mohasco corp. 

National Gypsum Co. 

2,801.60 

1,496.00 

477 .20 

outboard Marine Corp. 3,172.93 

Rexnord, Inc. 

Rockwell Intl corp. 

Rohr Industries 

Stanley Works 

2,059.32 

18,791.70 

737.27 

1,248.60 

St. Joe Minerals Co. 10,620.49 

Texas Ind. Inc. 2,552.74 

u. s. Gypsum co. 10,416.00 

United Tech. Corp. 12,318.10 

Wallace Murray Corp. 1,105.20 

3,653.209 

712.517 

906 .. 323 

703.853 

859.305 

5,668.800 

299.043 

753.807 

789.435 

189.731 

1,398.032 

8,511.464 

516.724 

• 767 

2.100 

.526 

4.508 

2.396 

1.551 

2.465 

1.656 

13 .302 

13 .1'55 

7.450 

1.447 

2.139 

SOURCE: Energy Usage data from reports filed with the u. s. 
Department of Energy; Sales data from tJoody 1 s Industrial 
Manual.. 
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TABLE 24 

PORTION OF ENERGY USAGE OBTAINED 

FROM PETROLEUK PRODUCTS 

Com,Ea!}y 

A. o. Smith Co. 

Allis-Chalmers Corp. 

American Standard, Inc. 

ASARCO, Inc. 

Bendix Corp. 

Borg-Warner Corp. 

Briggs & Stratton Corp. 

Dana Corporation 

Deere & Company 

Diamond International Corporation 

Eaton Corp. 

Emhart Corp. 

Federal Mogul Corp. 

Fruehauf corp. 

Gardner Denver co. 

General Refractories Co. 

Gulf & Western Ind., Inc. 

Hanes Corporation 

Interpace Corporation 

Litton Industries 

! 
11.88 

15.81 

14.92 

14.53 

21.89 

15.73 

5.96 

20.50 

2.94 

57.16 

6.67 

67.97 

7.28 

21.99 

14.36 

9.26 

11.76 

50.70 

14.34 

60.62 
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TABLE 24 

(Continued) 

£5.?mEa!lI 

PORTION OF ENERGY USAGE OBTAINED 

FROM PETROLEUM PRODUCTS 

Mohasco Corporation 

National Gypsum Co. 

outboard Marine Corp. 

Rexnord, Inc. 

Rockwell International Corp. 

Rohr Industries 

Stanley Works 

st. Joe Minerals Corp. 

Texas Industries, Inc. 

u. s. Gypsum Company 

United Technologies Corp. 

Wallace Murray Corp. 

! 
34.62 

27.78 

2.41 

8.77 

12.60 

16.44 

30.97 

.71 

11. 79 

20.86 

66.96 

10.31 
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agreed with the returns as recorded on the CRSP tape, and, 

therefore, no further verification was made. 

The variances for these companies for the two periods 

of time and the differences in these variances are given in 

Table 25. Table 26 contains the betas and the differences 

in these for the same time periods. These are used for 

testing the hypotheses dealing with the energy usage by 

manufacturing companies. 

Results of Statistical Tests 

The Kendall's Tau Correlation analysis used to test the 

hypotheses in this research was run using the 1979 version 

of the Statistical Analysis System computer program. This 

program was run on an IBM system/370 computer at the 

Virginia Polytechnic Institute and Stat.e University 

Computing center. The program calculates the Kendall's 

Correlation coefficient and the significance probability of 

the correlation. Both the industry and company hypotheses 

were tested using this program. 

The results of the correlation analyses for hypotheses 

1 and 2 concerning energy usage by industries are presented 

in Table 21. This table contains the correlation 

coefficients and in parentheses, the significance levels of 

those coefficients under the null hypothesis that the 
/,··· 

correlation is equal to zero. These results are based ori 17 
--.. ,.. 

observations--the 20 manufacturing industries excluding SIC 
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TABLE 25 

VARIANCES OF COMPANIES 

Variance Variance Difference 
January 1969- November 1973- in 

Company Q£tober .12ll ~~!: J~J~ Variance 

Allis Chalmers Co. .0121 .0081 -.0040 

American Std. Inc. .0119 .o 110 -.0009 

ASARCO, Inc. .0095 .0095 .oooo 
Bendix Corp. .0066 .0061 -.0004 

Borg-Warner Corp. .0057 .0066 .0008 

Briggs & Stratton Co. .OOLJS .0066 .0019 

Dana Corp. .0056 .0102 .0046 

Deere & Co. .0081 .0070 -.0011 

Diamond Inter. Corp. .0052 .0042 -.0010 

Eaton Corp. .0067 .0075 .0008 

Emhart Corp. .0068 .0065 -.0003 

Federal Mogul" Corp. .0036 .0076 .0040 

Fruehauf Corp. .0065 .0076 .0011 

Gardner Denver Co. .0082 .o 117 .0035 

Gulf & Western Ind. .0120 .0190 .0070 

Hanes Corp. .0126 .0062 -.0064 

Interpace Corp. .0129 .0118 -.0011 

Litton Industries .0197 .0234 .0037 

Mohasco Corp. .0096 .0111 .0015 

National Gypsum Co. .0100 .0071 -.0029 
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TABLE 25 

(Continued) 

VARIANCES OF COftPANIES 

variance Variance Difference 

~ompany 

January 1969- November 1973- in 
October 12.ll December 121.§.. Variance 

outboard. Marine Corp. .0135 .0175 .0040 

Rexnord, Inc. .0043 .0079 .0037 

Rockwell Intl. Corp. .0060 .0037 -.0023 

Rohr Industries, Inc. .0097 .0175 .0078 

st. Joe Minerals Corp. .0043 .0100 .0057 

Smith, A. 0., co. .0075 .0115 .0039 

, Stanley Works .0049 .o 114 .0066 

Texas Industries, Inc. .0082 .0094 .0013 

o. s. Gypsum Co. .0042 .0080 .0038 

United Tech. Corp. .0107 .0060 -.0047 

Wallace Murray Corp. .0077 .0102 .0024 
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TABLE 26 

BETAS OF COMPANIES 

Beta Beta 

Compapy 
January 1969- November 1973-
Q£tober 1973 ~ember 197B 

Allis Chalmers Corp. 1.4011 

American Std., Inc. 1.0868 

ASARCO, Inc. 1.4784 

Bendix Corp. 1.2532 

Borg-Warner corp. 1.2047 

Briggs & Stratton co. .8424 

Dana Corp. 1.0682 

Deere & Company 1~4125 

Diamond Intl. Corp. 1.2333 

Eaton Corp. 1.4807 

Emhart ~orp. 1.4652 

Federal Mogul Corp. .8378 

Fruehauf, corp. 1.3654 

Gardner Denver co. 1.2832 

General Refract. Co. 1.6569 

Gulf & Western Inds. 2.1399 

Hanes Corp. 1.5138 

Interpace Corp. 1.3800 

Litton Inds. Inc. 2.2619 

Mohasco Corp. 1.2870 

1.0132 

1.3969 

.8693 

.9830 

1.0989 

1.1672 

1.2263 

.8984 

.8246 

1.0762 

.9511 

.8040 

1.0714 

1.2933 

1.5830 

.8750 

1.0890 

.9106 

1.2057 

1.2154 

Difference 
in 
~ 

-.3886 

.3101 

-.6091 

-.2702 

-.1058 

.3248 

.1581 

-.5142 

-.4088 

-.4045 

-.5142 

-.0338 

-.2939 

.0102 

-.0739 

-1.2650 

-.4248 

-.4693 

-1.0562 

-.0716 
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TABLE 26 

(Continued) 

BETAS OF COMPANIES 

Beta Beta 
January 1969- November 1973-
Q£tober 1211 December 1978 

National Gypsum Corp. 1.6173 .9542 

outboard Marine Corp. 1.9320 1.7454 

Rexnord, Inc .• .7837 1.1094 

Rockwell Intl. Corp. 1.1281 .6007 

Bohr Ind ustr'ies, Inc. .8733 .9187 

St. Joe Minerals Corp. .8858 1.1209 

Smith, A. O., Corp. 1.1996 1.3336 

Stanley Works .8083 1.1661 

Texas Ind., ' Inc. 1.3007 1.0534 

u. s. Gypsum co. .9511 1.0514 

United Tech'. Corp. 1 .. 5192 .8389 

Wallace Murray corp. 1.4061 1.2118 

Difference 
in 

Beta 

-.6631 

-.1865 

.3256 

-.5274 

.0455 

.2352 

.1340 

.3578 

-.2473 

.1003 

-.6803 

-.1943 
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Code 29, the energy producing industry, and SIC Codes 24 and 

25 which were deleted because of the small number of 

undiversified companies in those industries. 

The data in Table 27 are the results of testing 

hypotheses 1 and 2 using the two measures of risk and the 

two definitions of energy usage. Whe_n. ·--~gergy usage is 
---··-~- ·-------

~--

defined in terms of ~o~a_l:. ~nE?rgy consumption_-· anc:f'.'. the 

,varian~~~)is used as the risk measure, '-· .-· 
hypothesis 1 states 

~ -----·---
that an association exists between the total energy usage of 

~-------------- --- --·------------------ ·------- - -- ·------- ----- "" 

man-ufaet-uri-ng-·i-n-d-us-tL'.ies-and ·their total risk.· The test of 

this hypothesis produced a correlation coefficient of 

·-.. 30882 for-the __ a~sociation between total energy usage and 

total risk. This coefficient is significantly different 

from zero at the .0836 level, and, therefore, the null 

hypothesis of no association between total energy usage and 

total risk for manufacturing industries can be rejected at 

the • 10 signi:fi~ance level. Using this same definition of 

energy usage andr/beta as the risk measure, hypothesis 1 

states that an association exists between the total energy 

usage of manufacturing industries and their systematic risk. 

The test of this hypothesis produced a correlation 

coefficient, of -.26471 with a significance level of .1381. 

Although the null hypothesis of no association between the 

total energy usage and the systematic risk of manufacturing 

industries cannot be rejected at the .10 level, the 
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TABLE 27 

KENDALL TAU CORRELATION 

FOR INDUSTRY DATA 

Variable 
Total Energy Energy Usage per 

Usage ! of Receipts 

Total Risk -.30882 -.27941 
( .. 0836) (.1175) 

sys,t~ma ti,c Risk -.26471 -.17647 
( .1381) (.3228) 

Change in Total Risk -.02941 .02941 
(.8691) (.8691) 

Change in Systematic Risk -.19118 -.07353 
( .2842) ( .6804) 
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correlation is also in the negative direction and near the 

.10 level of significance. 

Lines 3 and 4 of column 1 in Table 27 contain the 

results of testing hypothesis 2 using total energy usage as 

the measure of energy consumption. When the variance is 

used as the risk measure, hypothesis 2 states that an 

association exists between the total energy usage of 

manufacturing industries and the change in their total risk 

since the OPEC embargo. The test of this hypothesis 

produced a correlation coefficient of -.02941 with a 

significance level of .8691. Therefore, the null hypothesis 

of no association between the total energy usage of 

manufacturing industries and changes in their total risk 

since the OPEC embargo cannot be rejected. When beta is 

used as the risk measure, hypothesis 2 states that an 

association exists between the total energy usage of 

manufacturing industries and the change in their systematic 

risk since the OPEC embargo. The test of th is produced a 

coefficient of -.19118 with a significance level of .2842. 

Therefore, the null hypothesis of no association between the 

total energy usage and the chanIDL__~~ systemat-ic tis-k 
---------~-

cannot be rejected at the .10 level. 

The second column in Table 27 presents the results of 

testing hypotheses 1 and 2 using a definition of energy 

usage based on consumption per dollar of receipts. With 
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this definition and the variance as the risk measure, 

hypothesis 1 states that an association exists between the 

energy usage per dollar of receipts and the total risk for 

manufacturing industries. The test of this hypothesis 

produced a coefficient of -.27941 with a significance level 

of .1175. Although the null hypothesis of no association 

cannot be rejected at the .10 level, the correlation is 

again in the negative direction and near the .10 level of 

significance. When beta is used as the risk measure with 

the same definition of energy usage, hypothesis 1 states 

that an association exists between the energy usage per 

doll,_ar_o_f_r.e_ce_ip_:t_s ____ Q~ manufacturing industries and their 
--- _________ , __ ._ ---•"<-•·--~--------·----· ---··-··- ------.. - --· 

syst~!:_i.9 ___ ~_isk •.... ____ .The. test of - t-his hypothesis produced. a 

correlation coefficient of -.17647 ;ith a significance level 
---·---~-~--.·-. • • -- •.. ,~·-----··M•·-c,•O•"·'""•-'-•• •'-·•"•''•,....,._ -~-·,,••·•'""• 

-·. -
of .3228. Thus, the null hypothesis of no association 

between __ the energy usage per dollar of receipts and the 

systematic risk of manufacturing industries cannot be 
,.--------

~ 
The results of the tests of hypothesis 2 using the 

definition of energy usage as consumption per dollar of 

receipts are given on lines 3 and 4 of column 2 in Table 27. 

Using this definition and the variance as the risk measure, 

hypothesis 2 states that an association exists between the 

energy usage per dollar of receipts of manufacturing 

industries and the change in their total risk since the OPEC 
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oil embargo. The test of this hypothesis produced a 

correlation coefficient of .02941 with a significance level 

of .8691, and the null hypothesis of no association cannot 

be rejected. When beta is used as the risk measure, 

hypothesis 2 states that an association exists between the 

energy usage per dollar of receipts of manufacturing 

industries and the change in the systematic risk since the 

OPEC embargo. The test of this hypothesis produced a 

coefficient of -.07353 with a significance level of .6804. 

Again, the null hypothesis of no association between the 

variables cannot be rejected. 

These tests of hypotheses 1 and 2 using the two 

definitions of energy usage and the two measures of risk 

show that only one of the correlation coefficients is 

significant at the .10 level. That hypothesis is that an 

association exists between the total energy usage of 

manufacturing industries and their total risk. However, the 

sign of the coefficient is negative which means that higher 

total energy usaqe is associated with lower total risk. 

Although the other coefficients presented in Table 27 are 

not significant at the .10 level, the signs of these are all 

negative except for one and tend to support the direction of 

negative correlation. 

These results are interesting when viewed in' relation 

with the data presented in the previous chapters. From the 
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review of the energy crisis, the public opinion polls, the 

writings (lild opinions of economists and executives, and the 

stock market's reaction to the oil embargo, the ex ante 

expectation of correlation between these variables was in a 

positive direction. However, the statistical tests of 

hypotheses 1 and 2 show that this is generally not the case, 

and energy usage and risk appear to be negatively 

correlated. 

To see if this observation is supported at the company 

level, the next step in the analyses was to calculate the 

correlation coefficients showing the association between th.e 

energy usage data and the risk measures for the individual 

companies. However, before these were calculated, the 

Kruskal-Wallis nonparametric testt6 was used to determine if 

there were differences in the variances and betas for the 

industries represented by the 32 companies. The data for 

the companies used to test the industry hypotheses were used 

for this analysis. The results of this test for the 

variances produced a Chi square statistic of 8.13 with a 

significance level of .2284. Thus, the null hypothesis of 

no difference in variances between the industries 

represented by the 32 companies cannot be rejected at the 

t6Myles Hollander and Douglas 
?i:St!;i.~ticg! Methods (New York: 
115-120. 

A. Wolfe, 
John Wiley & 

Nonparametric 
Sons, 1973) : 
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.10 significance level, and, therefore, all 32 companies 

were used to calculate the association between energy usage 

and the variances. 

The Kruskal-Wallis test for the betas produced a Chi 

square statistic of 18.03 for a significance level of .0062. 

Therefore, the null hypothese~ of no difference in the betas 

between the industries can be rejected at a high 

significance level. To determine which industries were 

different, a multiple comparisons test based on the Kruskal-

Wallis rank sums was used.17 This test which is valid for 

unequal sample sizes rejects the null hypothesis of no 

difference if 

I R. u - R. v I ~ z ( a.(k/ (k-1) )) 

where: R.u = average rank for group u; 

R.v = average rank of group v; 

z = normal theory z statistic; 

a. = significance level; 

k = number of groups; 

N = total number of observations; 

Du = number of observations in group 

Ily = number of observations in group 

u; and 

v. 

The average ranks and the number of observations for 

each industry represented by the 32 companies are as 

17Ibid., p. 125. 



follows: 

SIC 33 

Average rank 30.25 

No. of Obs. 12 

22 

30.60 

10 

125 

32 

39.92 

13 

37 

48.57 

14 

34 

57.67 

18 

35 

58.21 

19 

26 

64.40 

10 

The results of the multiple comparisons test show that 

there are no differences at an experiment wide significance 

level of .20 for industries 33 and 37 and industries 32 and 

26. These results can be illustrated as follows: 

SIC 33 22 32 37 

Average rank 30 ....... 2 .... s_ .... 3 .... 0.-.•..-.6.-0_-.3 .... 9..-. ..... 9_.2_ ..... 4 .... 8.-.•-.5.-7 

34 35 

57.67 58.21 

26 

64.40 

Since only five of the 32 companies are in industries 

33 and 22 and 13 of the companies are in industries 3il, 35, 

and 26, the five companies in industries 33 and 22 were 

excluded in the tests of hypotheses 3 and 4 using beta as 

the risk measure for the companies. This left a total of 27 

companies for testing the hypotheses. 'I~he results of the 

correlation analyses at the company level are given in Table 

28. Again, the significance levels of the coefficients are 

given in parentheses. 

The first column in Table 28 contains the correlation 

coefficients for hypotheses 3 and 4 when energy usage is 

defined as total energy consumption. With this definition 

and the variance as the risk measure, hypothesis 3 states 

that an association exists between the total energy usage of 

manufacturing companies and their total risk. The test of 
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TABLE 28 

KENDALL TAU CORRELATION 

FOR COMPANY DATA 

Vari ab]& 

Total Risk 

Systematic Risk 

Change in Total Risk 

Change in Systematic Risk 

Total Energy 
]!§ag~ 

-.19028 
( .1271) 

-.15100 
( .2692) 

-.20234 
( .104 7) 

-.32764 
( .o 165) 

Energy Usage per 
! of .§S:les 

.08425 
(.5072) 

.03704 
(. 7864) 

.14671 
(.2476) 

.06553 
( .6316) 
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this hypothesis produced a correlation coefficient of 

-.19028 with a significance level of .1271. Although this 

is near the .10 level of significance, the null hypothesis 

of no association between the total energy usage and the 

total risk of manufacturing companies cannot be rejected at 

that level. When beta is used as the risk measure, 

hy·pothesis 3 states that an association exists between the 

total energy usage of manufacturing companies and their 

systematic risk. The test of this hypothesis produced a 

correlation coefficient of -.15100 with a significance level 

of .2692. Thus, the null hypothesis of no association 

betveen the total energy usage of manufacturing companies 

and their systematic risk cannot be rejected. 

Hypothesis 4 states that an association exists between 

the total energy usage of manufacturing companies and the 

change in their total risk since the OPEC embargo if energy 

usage is defined as total energy consumption and the 

variance is used as the risk measure. The test of this 

hypothesis produced a correlation coefficient of -.20234 

with a significance level of .1047. Thus, the significance 

level of this coefficient is near the .10 level although the 

null hypothesis of no association between the variables 

cannot be rejected at that level. If the beta is used as 

the risk measure, hypothesis 4 states that an association 

exists between the total energy usage of manufacturing 
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companies and the change in their systematic risk since the 

OPEC oil embargo. The test of this hypothesis produced a 

correlation coefficient of -.32764 with a significance level 

of .O 165. Therefore, the null hypothesis of no association 

can be rejected at the .10 level of significance. -- The results of the tests of hypotheses 3 and 4 using 

energy consumption per dollar of sales are presented in 

column 2 of Table 28. With this definition of energ·y usage 

and the variance as the risk measure, hypothesis 3 states 

that an association exists between the energy usage per 

dollar of sales of manufacturing companies and their total 

risk. The test of this hypothesis produced a correlation 

coefficient of .08425 with a significance level of .5072. 

Therefore, the null hypothesis of no association between the 

energy consumption per dollar of sales and the total risk of 

manufacturing companies cannot be rejected. If beta is used 

as the risk measure, hypothesis 3 states that an association 

exists between the energy usage per doll.ar of sales and the 

systematic risk of manufacturing companies. The test of 

this hypothesis produced a coefficient of .03704 with a 

significance level of .7864, and the null hypothesis of no 

association cannot be rejected. 

Lines 3 and 4 of column 2 in Table 28 present the 

results of testing hypothesis 4 when energy usage is defined 

as the consumption per dollar of sales. If this definition 
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is used and the variance is used as the risk measure, 

hypothesis 4 states that an association exists between the 

energy usage per dollar of sales of manufacturing companies 

and the change in their total risk since the OPEC embargo. 

The result of testing this hypothesis shows a correlation 

coefficient of .14671 with a significance level of .2476. 

Therefore, the null hypothesis of no association between 

these variables cannot be rejected at the .10 level. If the 

beta is used as the risk measure, the hypothesis states that 

an association exists between the energy consumption per 

dollar of sales and the change in the systematic risk since 

the OPEC embargo. The test of this produced a correlation 

coefficient of .06553 with a significance level of .6316, 

and the null hypothesis of no association cannot be 

rejected. 
---·--· 

These tests of hypotheses 3 and 4 at the company level 

show that all. the correlation coefficients are negative when 

total energy consumption is used as the definition of energy 

usage although only the correlation between total energy 

usage and the change in the systematic risk is significant 

at the .10 level. However, when energy consumption per 

dollar of sales is used as the definition, all the 

coefficients are positive although none are significantly 

different from zero at the .10 level. This lack of 

significance is consistent with the results of the tests of 
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hypotheses 1 and 2 at the industry level when energy usage 

per dollar of receipts is used in the tests. The difference 

in the signs of the coefficients, however, shows that the 

tests of the hypotheses at the industry and company level 
' 

are not consistent in the direction of the association. One 

explanation for this difference may be that these companies 

are not typical of the industries they represent. If this 

is true, the results of the tests of hypotheses 3 and 4 when 

energy, usage per dollar of sales is used, may not indicate 

the actual association. 

To test the fifth and sixth hypotheses dealing with the 

use of oil as a fuel source, the percentages of the total 

energy obtained from petroleum (Table 24) were correlated 

with the risk measures and the changes in those measures. 

The results of these analyses are presented in Table 29. 

The coefficients presented in Table 29 for the 

association between the percentage of total energy obtained 

from petroleum products and the risk measures and the 

changes in those measures are all negative although none of 

them are significantly different from zero at the .10 level. 

If the variance is used as the risk measure, hypothesis 5 

states that an association exists between the oil usage of 

manufacturing companies and their total risk. The test of 

this hypothesis produced a correlation coefficient of 

-.00871 with a significance level of .9623. Thus, the null 
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TABLE 29 

KENDALL TAU CORRELATION 

FOR OIL USAGE 

Variable 

Total Risk 

Systematic Risk 

Change in Total Risk 

Change in systematic Risk 

3 of Energy From 
Petroleum Products 

-.00871 
( .9623) 

-.19658 
( .1503) 

-.26363 
( .1449) 

-.08832 
(.5181) 
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hypothesis of no association cannot be rejected. If the 

beta is used as the risk measure, hypothesis 5 states that 

an association exists between the oil usage of manufacturing 

companies and their systematic risk. The result of testing 

this hypothesis shows a coefficient of -.19658 with a 

significance level of .1503. Again, the null hypothesis of 

no association cannot ~e rejected at the .10 level. 

Lines 3 and 4 of Table 29 show the results of testing 

hypothesis 6 using the changes in the two measures of risk. 

If the variance is used, hypothesis 6 states that an 

association exists between the oil usage of manufacturing 

companies and the change in their total risk since the OPEC 

embargo. The test of this hypothesis produced a coefficient 

of -.26363 with a significance level of .1449, and the null 

hypothesis of no association between the variables cannot be 

rejected at the .10 level. When the change in beta is used, 

hypothesis 6 states that an association exists between the 

oil usage of manufacturing companies and the change in their 

systematic risk since the OPEC embargo. The test of this 

hypothesis produced a correlation coefficient of -.08832 

with a significance level of .5181. Again, the null 

hypothesis of no association cannot be rejected. These 

results of the tests of hypotheses 5 and 6 suggest that if 

any correlation exists between these variables, it is in the 

negative direction al though the results are not significant 
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enough to reject the null hypotheses of no association at 

the .10 level. 

To calculate the partial Tau coefficients controlling 

for financial leverage, the Tau correlation coefficients 

between financial leverage, the risk measures, and the 

energy usage were first computed. The financial leverage 

was calculated as the ratio of total debt to total assets. 

The average of these for the five y·ears, 1974-1978, was used 

as a measure of the financial leverage for each company. 

These coefficients are given in Table 30. 

Table 31 contains the partial Tau coefficients for the 

association between the energy variables and the risk 

variables if the financial leverage of the companies is held 

constant. 

Chapter 5. 

These were calculated using the formula given in 

These data in Table 31 show that the signs of the 

partial Tau coefficients have not changed from the signs of 

the coefficients shown in Table 28. Thus, the directions of 

the correlations have not been affected by controlling for 

financial leverage. However, as previously noted, no tests 

of significance of these coefficients is possible since the 

distributions have not been determined. 

Although the results of the statistical tests presented 

in this chapter differ from what one might have expected 

from the analysis of the energy problem in Chapter 2, some 
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TABLE 30 

KENDALL TAU CORRELATION 

FOR FINANCIAL LEVERAGE 

Variable Financial Leverage 

Total Risk 

Systematic Risk 

Change in Total Risk 

Change in Systematic Risk 

Energy Usage--Total Btu•s 

Energy Usage--Btu 's/Sales 

.11336 
(.3636) 

.00285 
(.9834) 

-.06073 
(.6264) 

-.17379 
(.2035) 

.06048 
(.6266) 

-.17742 
(.1536) 
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TABLE 31 

PARTIAL TAU COEFFICIENTS 

Total Energy Energy Usage/ 
Variable J}§~9~ ~ 

Total Risk -.20044 .10916 

Systematic Risk -.15173 .03877 

Change in Total Risk -.20023 .14087 

Change in Systematic Risk -.32821 .03694 
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possible explanations for the results are available. A 

discussion of these results and some of the possible reasons 

for them will now be presented. 

Discussion of Results 

The results of the tests of the hypotheses in this 

research are difficult to interpret since the correlation 

coefficients are not all in the same direction and many of 

them are not significantly different from zero at a 

reasonable level of significance. In addition, the 

perceptions of investors as to how they define energy 

intensiveness are not known to this researcher. However, 

the results of the tests in this research do not seem to 

support the ex ante expectation of a positive association 

and an explanation for the negative correlation is needed. 

This discussion will present some possible explanations for 

this result. 

The reason for assuming that the negative association 

is more reasonable than positive association or no 

association is based on the results of the analyses of the 

industry data and the definition of energy intensiveness 

that seems to be generally used. Since the empirical 

measures of beta for a portfolio of securities are generally 

more stable than those for a single security,1a it seems 

1BFosterr pp. 267, 285. 



137. 

that the results Of the industry analyses should be 

considered more valid than the results of the analyses at 

the company level. As given in Table 27, all the 

correlations at the industry level are negative except for 

one, and these tend to support the assumption of negative 

correlation. Thus, the explanations will focus on reasons 

why there may be a negative association between energy usage 

and risk. 

The reason for assuming that investors may think of 

energy intensiveness in terms of total energy usage rather 

than usage per dollar of sales is based on the rankings of 

energy intensiveness that are often used when the subject is 

discussed. For· example, the rankings used by the Department 

of Energy to determine which companies are required to 

report their energy consumption and conservation efforts are 

based on total energy usage .19 similarly, the analyses of 

major energy, consuming industries by the International 

Institute for Applied Systems Analysis are generally based 

on energy intensity in terms of total usage although the 

value added per unit is also considered.z0 Since these 

studies tend to focus on total energy usage, it seems 

t9Department of Energy, 1978, p. 1. 

20Doblin. 
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reasonable that investors may also think of energy intensity 

in terms of total energy consumption. If they do, then the 

results of the analyses at both the industry and company 

level support the assumption of negative association. 

Although most of the significance levels of the correlation 

coefficients are not high, they are all in the negative 

direction. 

One explanation for the negative association between 

energy usage and risk is that they are not related and other 

factors are causing the results. Since correlation analysis 

is not designed to detect a causal relationship, this 

possibility must be considered. Many events have occurred 

since the OPEC oil embargo that could have affected the 

results found in this research. For example, interest rates 

have become higher and probably more unpredictable since the 

time of the embargo. Also, governmental regulations in many 

areas, i.e. occupational health and safety, have increased 

during this period. If these factors have affected low 

energy users more than high energy users, then one might 

expect the risk of low energy users to be higher than the 

risk of high energy users. This could also explain why 

there is a negative association between the usage and the 

changes in the risk measures since the low energy users 

would have increased in risk more than the high energy 

users. 
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Another explanation for the negative association is 

based on the idea that firms may be able to raise prices to 

cover the increase in the cost of fuels and, thus, may be 

able to maintain the same profit margin. This explanation 

can be supported by recent research by Brenner and Smidt.21 

They examined the relationship between the systematic risk 

of a security and the characteristics of the underlying real 

assets and concluded that changes in the values of certain 

asset characteristics affect the relative risk, i.e. the 

beta, of a firm's securities. Specifically, five asset 

characteristics were found to affect the risk. These are 

(1) the unit sales, (2) the fixed costs, (3) the 

contribution margin, (4) the covariance between the unit 

sales and the returns on the market portfolio, and (5) a 

scale parameter.22 Table 32 contains the effects of an 

increase in the value of each of these characteristics on 

the present value of the cash proceeds, the market value, 

and the relative risk and expected return of the security. 

The data in Table 32 show that an increase in the fixed 

cost of an asset increases the systematic risk of a 

security. This conclusion agrees with the results of 

21Menachem Brenner and Seymour Smidt, "Asset Characteristics 
and systematic Risk," Financial !1!l!!qemeB.t 1 (Winter 1978): 
33-39. 

22Ibid., p. 37. 
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TABLE 32 

CHANGES RESULTING FROM INCREASES 

IN VALUES OF ASSET CHARACTERISTICS 

Increased 
Asset 

Characteristic 

Unit Sales 

Fixed Costs 

Contribution Marg in 

Covariance of Sales 

Scale 

Present Value 
of Cash 
Proceeds 

+ 

+ 

0 

+ 

Market 
Val!!£. 

+ 

? 

+ 

Relative Risk 
and Expected 

Betur,n 

+ 

? 

- (B>1) 
+ (B<1) 

0 

SOURCE: Menachem Brenner and Seymour Smidt, "Asset 
Characteristics and Systematic Risk," Financial Management 7 
(Winter 1978): 37. 
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research that shows the operating leverage to be an economic 

determinant of beta.z3 Since some fuel costs such as the 

cost of fuels for heating and air conditioning can be 

considered fixed in relation to the number of units 

produced, this conclusion would tend to support the ex ante 

expectation that the risk of high energy users should 

increase with increases in the cost of fuels. However, the 

effect of increases in the contribution margin must also be 

considered in this type of analysis. Table 32 shows that an 

increase in the contribution margin has an indeterminant 

effect on the risk of a security. Brenner and Smidt discuss 

this as follows. 

An increase in the contribution margin per 
unit sold increases the present value of the 
expected cash flows and also the absolute risk of 
the asset. Depending on other characteristics of 
the asset, this could result in either an increase 
or a decrease in the asset market value. 
Similarly, it could either increase or decrease 
the asset's expected rate of return.2• 

The absolute risk of the asset referred to in this 

quote is a measure of the quantity of risk associated with 

an asset and is defined as follows. 

B = [ Cov (X,Rm) + Cov ("'1 V ,Rm} VVar (Rm) 

where: B = the measure of risk; 

2aThis concept is discussed in Chapter 4. 

2•Brenner and Smidt, p. 37. 
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X = the cash received by the owners of the stock 

during the next period; 

b.y = the change in the value of the stock during the 

period; and 

R = the expected rate of return on the market 
m 

portfolio. 

When risk is defined in this manner, the beta of a 

security is simply B divided. by V where V equals the value 

of the· stock.ZS 

To see how a change in the contribution margin may 

affect the risk of a security, it is necessary to examine 

the change in terms of the valuation equations presented by 

Brenner and Smidt. They present three equations that are 

needed to estimate the effect of changes in the 

characteristics of assets on the risk of a security. A.11 of 

these are derived from the CAPM equation, 

R = Rf + (R - R ) Beta, m f 

and are as follows: 

(1) B = [y ch/ Var(~)] [ (1 +Rf) /Rf] 

where: B - the measure of risk associated with the asset; 

y = a scale parameter; 

c = th.e contribution margin per unit sold; 

h = the covariance between unit sales and the 

25Jbid., p. 35. 
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returns on the market portfolio; 

Var(R )=the variance in the expected returns on the m 

market portfolio; and 

R r= the risk free rate. 

(2) V = [ y (QC P) /Var (Rm) ] [(Rm Rf) /Rf] 

where: 

[ y c h / Var (~ ) ] [ ( 1 + Rf) / Rf] 

v = the present value of the expected cash flows 

from the asset; 

Q = the expected value of the unit sales; 

F = the expected fixed costs; 

R = the expected returns on the market portfolio; m 

and 

y, c, Var (Rm) , R :r, and h are defined as given above 

for equation (1) • 

(3) Beta = B/V 

where: Beta = the relative risk of the security, and 

B and V are as defined in equations (1) and (2) • 

From examining these equations, one can see that the 

risk of a security depends on the five asset characteristics 

noted previously and three macroeconomic variables: the risk 

free rate, the expected returns on the market portfolio, and 

the variance in the returns on the market portfolio. A 

numerical example will now be presented to see if an 

increase in the contribution margin can cause the systematic 

risk of the security to decrease. If an example can 
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illustrate that this possibility exists, then an explanation 

for the negative association may be that high energy users 

are able to increase the contribution margin by a greater 

amount than the increase in the fuel costs. The initial 

values for the variables used in this analysis are the 

following: 

Macroeconomic variables: 

Rf = .10 

Rm = .20 

var (Rm) = .01 

Asset Characteristics: 

Q = 34 

F = $ 15 

c = $0.50 

h = .1818 

y = 1.0 

Using these values, the resulting endogenous variables 

and the value of beta are presented on the first line of 

Table 33. The other lines show various values for the 

v·ariables if the assumed changes in the initial conditions 

are made. 

Line one of Table 33 shows that when the initial 

conditions hold, a beta of one exists. Line 2 shows that 

when an increase in the fixed costs occurs with no increase 

in the contribution margin, the market value declines and 
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TABLE 33 

NUMERICAL EXAMPLE: EFFECT ON 

BETA OF CHANGES IN' CONTRIBUTION 

MARGIN AND FIXED COSTS 

Change 
Amount 

Resulting Values of 
Endogeneous Variables 

! ~ lliUi! 

1. Initial Conditions 100 100 1 

2. F + .so 
c 0 50 100 2 

3. F + .50 

c + .0147 100 100 1 

4. F + .so 
c + .02 118 100 .847 
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the beta increases. Line 3 shows that if the fixed costs 

increase and the contribution margin increases to exactly 

cover the fixed costs, beta does not change. However, if 

the contribution margin increases by more than the fixed 

costs, line 4 shows that the beta decreases. Brenner and 

Smidt have summarized their conclusions from a similar 

example. 

Three generalizations seem justified. Any 
change in the characteristics of an asset will 
lead to a change in its market value. Any change 
in market value that is not simply a pure change 
in the scale of the asset will lead to a change in 
the asset's beta coefficient and, therefore, in 
its expected rate of return. If there is a 
change in the expected cash flows that does not 
affect the absolute risk of the asset, the beta 
coefficient and the expected rate of return of the 
asset will vary inversely with its market value.z6 

The example in Table 33 and the conclusions reached by 

Brenner and Smidt show that a company may be able to 

decrease its systematic risk if it can increase its 

contribution margin to more than offset any increase in 

fixed costs. This may expiain the negative association 

found in this study. Perhaps high energy users are able to 

raise the prices of their products easier now since people 

are more aware of energy costs and the increases in those 

costs in recent years. If this is true, then the risk of 

26Ibid., p. 38. 
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those companies that can raise prices may be lower than the 

risk of other companies and it may have decreased more as 

people became aware that energy problems actually exist. 

This explanation can be extended to give consideration 

to increases in fuel costs that are classified as variable. 

Since the contribution margin is simply the sales price 

minus the variable costs, an increase in the contribution 

margin will occur if the price increases by more than the 

variable costs increase. Using a line of reasoning similar 

to that given above for fixed costs, the systematic risk 

could decrease if this occurs. 

An explanation such as this can also be extended to 

give consideration to price elasticities. Although no study 

of the relationship between price elasticity and risk has 

been found by this researcher, the above analysis of changes 

in asset characteristics suggests that a relationship 

between these variables may exist. For example, if a 

product has a,n inelastic demand, increases in price increase 

total receipts, and decreases in price decrease total 

receipts. Likewise, if demand is elastic, an increase in 

price will decrease total receipts and the opposite will 

occur with a decrease in price.27 Thus, if high energy users 

27Richard H. Leftwich, ~ ~Ii9! aistem and !!!:!source 
Allocation., 5th ed. (Hinsdale, IL: The Dryden Press, 1973): 
52-53. 
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also have inelastic demand functions, they may have been 

able to increase the contribution margin by more than the 

increases in fuel costs and, therefore, have reduced their 

risk. This possibility seems plausible since increases in 

the prices of resources used in producing goods and services 

shift the supply curve to the left.2a Thus, if the supply 

curve intersects the demand curve where it is inelastic, the 

results of the shift in supply would be an increase in 

prices and also total revenues. As shown above, this could 

cause the systematic risk to decrease if the increase in 

price more than offsets the increase in the costs. 

Therefore, in theory, it is possible that a high energy user 

may have been able to decrease its risk if it faces an 

inelastic demand curve. Since the high energy users are in 

the consumer and durable goods industries, .they may face a 

more inelastic demand than the other industries and, 

therefore, have lower risk than the low energy users. 

The results of the tests of the hypotheses dealing with 

oil usage can also be interpreted in this same manner, 

although none of the correlation coefficients from these 

tests are significantly different from zero at a .10 level. 

Since the cost of fuels obtained from petroleum has 

increased greatly during the period after the embargo and 

28Ibid., p. 62. 
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people are aware of these increases, companies may be able 

to increase the prices of their products to more than offset 

the increases in cost. If this occurred, the valuation 

equations presented previously show that the systematic risk 

could have decreased. 

This ex post discussion of this research shows that the 

results of the statistical tests may be explained by· the 

characteristics of the assets used by the companies and 

their price elasticities. Although the ex ante expectation 

of a positive correlation between energy usage and risk was 

not supported, possible reasons for the negative correlation 

have been given. If a company faces an inelastic demand 

curve that allows it to increase total revenues by an amount 

that is greater than the increase in fuel costs, that 

company may be able to reduce its risk as indicated by the 

valuation equations presented by Brenner 

Therefore, the results of this research 

interpreted with this possibility in mind. 

Since the results of the tests of the 

and Smidt. 

should be 

hypotheses in 

this research show negative correlation between energy usage 

and risk, the implications of this finding to accountants 

must be reconsidered. In the previous discussion in Chapter 

3 of the possible implications, it was noted that if an 

association was found, it could indicate that there is an 

indirect cost from energy usage in the form of a higher cost 
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of capital, and this could be relevant to accountants when 

they conduct energy audits since one of the purposes of 

these audits is to determine the cost of energy. The 

results of this research show that this indirect cost 

probably does not exist and, therefore, accountants may not 

need to be concerned with this possible implication of 

energy usage. 

In the area of social accounting, the implication 

discussed in Chapter 3 was that perhaps data on energy usage 

should be included in financial or social reports if it 
. 

would help investors assess the risk of their investments. 

Since the results of this research indicate that the 

disclosure of such data would probably not help investors in 

this task, justification for the disclosure of energy usage 

data would need to be based on some other consideration. 

These implications and others will be further considered in 

Chapter 8. 

This chapter has presented the data used in this 

research, the results of the statistical tests, and an ex 

post analysis of these results. The limitations of the 

study and areas for future research will be discussed in the 

next chapter. 



CHAPTER 1 

Limitations and Areas for Future Research 

Although the results presented in the preceding chapter 

suggest that a negative correlation exists between energy 

usage and risk, several factors place limitations on the 

conclusions that can be drawn from this research. The 

purpose of this chapter is to state explicitly those 

limitations and give some areas for future research that 

have been identified in this study. 

Limitations of the Study 

The results of this study must be viewed in conjunction 

with the limitations that are inherent in an empirical 

investigation of this type. Since no previous studies 

dealing with energy usage and its relationship to businesses 

have been found by this researcher, this study was an 

initial investigation of one of the possible relationships 

and as such, is subject to certain limitations. 

One of the limitations of this study is based on the 

statistical method used to test the hypotheses. The 

correlation analysis cannot be used to establish a causal 

relationship. As noted previously, any correlation between 

the variables may be caused by a third factor that affects 

both variables under study. However, the analysis does give 

an indication of how two variables covary together. Thus, 

151 
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the results of this research cannot be used to imply that 

high energy usage causes lower risk. Instead, the results 

only show that total energy usage and risk appear to covary 

inversely with each other. This could be caused by price 

elasticities and asset characteristics as discussed in the 

preceding chapter or by some other factor. It does appear, 

however, that a positive correlation between the variables 

does not exist as implied from the material presented in 

Chapter 2. 

A second factor that limits the results of this 

research is based on the industries and companies used in 

the analyses. Neither the industries nor the companies were 

randomly selected and, therefore, the results cannot be 

generalized to other industries or companies. For the tests 

using industry data, all the two digit SIC Code 

manufacturing industries except for the three that were 

excluded for the reasons noted were used in the analyses. 

Thus, data were available for 17 industries and taking a 

sample of these would have resulted in a very small number 

all 17 industries were used, 

generalized to include non-

of observations. Therefore, 

but the results cannot be 

manufacturing industries. Similarly, the companies used in 

the analyses were not randomly selected because energy usage 

data were not available for all companies. Because of this, 

the results can only be considered applicable to the 
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industries and companies used in the study. 

A third factor that limits the conclusions of this 

study is that the energy usage for the industries and 

companies was based on only one year. However, the 

statistical analysis was based on ranks rather than absolute 

quantities and one year's data may be representative enough 

to provide approp.riate rankings. To see if the rankings of 

the industries for that year are typical, one can compare 

that year's usage with the consumption of the industries 

during other years as shown in Table 4. A review of these 

data shows that the rankings do not differ significantly 

over the years. For the companies• data, the individual 

companies were contacted to determine if the energy usage 

for that year was typical of their annual usage. The 

replies to these requests were summarized in Chapter 6 and 

indicate that the data were representative enough to justify 

using it to rank the companies. However, this use of only 

one year•s consumption places a limitation on the 

completeness of the data used in the analyses. 

Another factor that limits the conclusions is that the 

perceptions of energy intensiveness by investors are not 

known. The ex post discussion of the negative correlation 

was based primarily on the assumption that total energy 

usage was the appropriate definition. 

perceive of energy intensiveness in 

However, if investors 

terms of usage per 
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dollar of sales, the negative correlation is less supported 

by this research. Although the industry analyses show a 

negative correlation for the risk measures and the change in 

the systematic risk, the company data do not support this 

correlation. Th us, the ex post discussion of the results 

must be considered vi th this limitation in mind. 

A fifth factor that limits this research is that the 

energy usage data for both the industries and the companies 

do not include all the energy consumed. The data that are 

reported by the companies to the Department of Energy 

include only the energy consumed in certain SIC codes and, 

therefore, the reported quantities must be less than the 

total amount actually used by the companies. However, the 

companies used in this research were identified as being in 

their DOE reporting industry either in the ! §. a, !!!~ of 

Corporations and Industries or by the SEC. In addition, the 

SIC Codes for some companies were verified as including a 

substantial portion of the company's operations by taking a 

sample of the companies and checking that their line of 

business disclosure in their annual reports agreed with the 

SIC Code. However, this lack of complete data on all fuels 

consumed limits the results of this research. 

Another limitation is that the interdependency of the 

companies on other companies for inputs has not been 

considered in this research. Since these inputs require 
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energy for production, a company could experience shortages 

or increased. prices for resources that can be traced to 

energy sources although their own energy sources have not 

been vulnerable to shortages or increased prices. For 

example, the textile industry requires inputs from the 

chemical industry that uses fuels as feedstocks. To account 

for this, an input-output analysis would be needed and data 

on the sources of raw materials collected. Since companies 

would probably be reluctant to release this information, an 

analysis of this type at the company level would likely be 

impossible. For this reason, only the data on fuels used 

was considered in this research. 

Similar to this limitation is another limitation caused 

by the fact that the outputs of some industries and 

companies need energy before they can be used. For example, 

the electrical machinery industry and the transportation 

industry both produce products that consume energy. The 

increases in the costs of energy in recent years may have 

affected the demand for these products and, thus, the risk 

of the companies. However, this aspect of the energy 

problem was not included in this research and, 

the results do not reflect all implications of 

crisis on businesses. 

therefore, 

the energy 

Another problem in this research is that the market 

index used to calculate the betas is subject to the 
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criticisms noted by Roll and summarized previously in this 

study. Since the market index only included New York Stock 

Exchange securities, other investments were excluded and the 

index was not comprehensive. However,. this problem is 

encountered in all studies of this type, and the variance 

was also used as a risk measure to see if the tests produced 

similar results with the two measures. Although the 

correlation coefficients for both measures are generally in 

the same direction,. the conclusions of the tests using betas 

are limited by the use of an index that includes only NYSE 

stocks. 

Another limitation to the study is that other events 

could have affected the risk of industries and companies at 

the same time as the OPEC oil embargo. For example, the 

removal of price controls at that time or increases in 

inflation and interest rates may have affected the risk of 

some companies and industries more than others. I.n 

addition, a review of the !ill g~ ~Ill! I.ndeJ. for 1973 

and 1974 shows that almost all the companies used in this 

research experienced events such as strikes,. lawsuits, or 

acquisitions during that period. Since the effects of these 

events on the risk measures are not known or included in 

this study,. the conclusions must be limited by this 

exclusion. 

All of these factors tend to limit the conclusions that 
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can be drawn from the tests in this research. Although the 

discussion of the results was an attempt to explain reasons 

for the negative correlation between energy usage and risk, 

these limitations must be considered in conjunction with 

that discussion. Only be doing more research will the 

effects of these limitations on the results of th.is study be 

known. Some areas for future research that have been 

suggested by this study will now be considered. 

Areas for Future Research 

Several possible areas for future research have become 

apparent from this study. Of course, additional studies are 

needed to determine if the negative correlation found in 

this study is supported by other studies and if it is caused 

by other factors. These studies could be 

other companies and/or other time periods as 

conducted using 

well as other 

statistical tests designed to detect a causal relationship. 

Perhaps more companies will make their energy usage data 

available in the future and these further studies will. 

produce more definitive results. 

These additional studies could also include research 

aimed at determining if the price elasticity of the demand 

for a company•s product is related to the risk of the 

company's securities. Although this possibility was 

discussed in this research, no empirical evidence was 

collected to see if it actually exists. These studies could 
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elasticity changed as 

problem. studies of 
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aimed at determining if the price 

people became aware of the energy 

this type would help show if the 

elasticity was a third factor causing the correlation in 

this study. 

Another area that could be pursued in future studies is 

to determine how investors perceive of energy intensiveness 

and if they believe it is related to risk. This could be 

accomplished by surveying investors and/or financial 

analysts or by conducting experiments where subjects are 

asked to determine the risk of a security by being given 

various pieces of information about the underlying assets of 

the company. These studies would help show if the 

characteristics found by Brenner and Smidt affect the 

perceived risk of the security and provide support for the 

idea that companies may have been able to decrease their 

risk by increasing their contribution margin to more than 

off set increases in fuel costs. They would also help show 

which definition of energy intensiveness used in this 

research is more valid for future studies. 

Finally, an area for future research that could have 

implications for financial reporting is to determine why 

some companies are willing to report their energy usage data 

directly to the Department of Energy but other companies 

consider this information confidential and report it only 
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indirectly through trade associations. These studies might 

be aimed at determining if there are different 

characteristics for the direct versus the indirect reporting 

companies or if the disclosures are a result of the 

philosophy of the management of the company. The 

implication of these studies to accounting is that they 

might provide better insight as to why financial reports 

differ in the amount of disclosures or why some companies 

are opposed to additional disclosures when proposed by the 

Financial Accounting standards Board or the Secu.rities 

Exchange Commission. 

These areas for future research could help clarify the 

results of this study and provide information that would 

help determine if the limitations presented earlier in this 

chapter are so severe that the results are irrelevant. 

Since this was an initial study of the relationship between 

energy usage and businesses, other 

determine if the negative correlation 

studies and what factors might 

association. 

research is needed to 

is supported by other 

be affecting this 
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summary and Conclusions 

The purpose of this research was to determine if there 

is empirical evidence to show that an association exists 

between the energy usage of manufacturing industries and 

companies and their risk. This possibility was considered 

important because of the attention that has been focuseg on 

energy problems since the OPEC oil embargo and the interest 

of investors in the risk of securities. No previous studies 

on this issue have been found by this researcher and, 

therefore, support for the idea that an association may 

exist was based on reviewing the energy problem, public 

opinion polls, writings of economists and business 

executives, and the stock market's reaction to the OPEC 

embargo. From this review, it was implied that high energy 

users may have higher risk than low energy users, and their 

risk may have increased more since the energy problem became 

recognized in this country. To see if empirical evidence 

supported this, various hypotheses were tested using the 

nonparametric Kendall's Tau Rank Correlation procedure. 

The hypotheses that were tested in this research were 

aimed at determining if any association exists between 

energy usage and risk and changes in risk since the OPEC 

embargo. These hypotheses were tested using two different 

160 
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definitions of energy usage and two measures of risk. The 

definitions consisted of one where energy usage was stated 

as the total consumption of Btu•s or kwh 1 s by companies and 

industries. The second definition was based on energy 

consumption per dollar of receipts or sales. The use of 

both definitions was necessary because of the lack of 

information on how investors perceive of e!!_~~_gy 

intensiveness. Much of the writings about energy usage by 

industries is based on energy intensiveness in terms of 

total consumption and, therefore, investors may also think 

in those terms. However, the consumption per unit of sales 

may be the appropriate way to measure energy usage, and this 

definition was also included to see if the statistical tests 

produced similar results with both definitions. 

The risk of businesses was measured using the 

variability in the returns to the common stockholders. Both 

a measure of the total risk and a measure of the systematic 

risk_ were used for the statistical tests. The total risk 

was measured as the variance in the natural logs of the 

wealth relatives of the common stock. The beta was 

calculated using the market model with a value-weighted 

index of New York Stock Exchange stocks being used as the 

market index. These were calculated for both manufacturing 

industries and individual companies for periods both before 

and after · the--oPEC embargo. The __ measures for· the per.~Q~ .. · 
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afte:r-··'t·he·,.·embargo'"'Were used to· test for·associati·on· ·between 

energy usage and risk, and the changes in the risk measures 
.. -------------·-··-··-------·--·" _________ ,,. .. ---··----· ·-·-··· --

for the two periods were used to test for association 

between energy usage and changes in the risk. 

In addition to these tests based on energy usage from 

all sources, hypotheses were also tested to see if the oil 

usage by companies is associated with the risk measures and 

the changes in the risk. These hypotheses were tested by 

calculating the percentage of the total energy that is 

obtained from petroleum products and determining the 

correlation between these and the risk measures. The reason 

for testing these hypotheses was based on the observation 

that oil appears to be the energy source that is most likely 

to be in short supply if future embargos occur. 

The results of the statistical tests are difficult to 

interpret since the correlations are not all in the same 

d.irection and most of them are not statistically different 

from zero at a reasonable level of significance. At both 

the industry and the company level, the tests show that when 

energy usage is defined in terms of total energy 

consumption, the correlations between energy usage and the 

risk measures and the changes in the risk measures are all 

in the negative direction. However, at the industry level 

only the correlation between the usage and the total risk is 

significant at the .10 level, and at the company level, only 
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the correlation between the usage and the change in the 

systematic risk is significant at that level.. When energy 

usage is defined in terms of consumption per dollar of 

sales, the tests at the industry level show the correlations 

to be in the negative direction between the usage and the 

risk measures and positive when the change in the total risk 

is used. At the company level, all the correlations are in 

the positive direction when this definition is used. 

However, none of these are significant at the .10 level. 

The tests of the hypotheses dealing with the oil usage 

of companies show a negative correlation between the 

percentage of energy obtained from oil and the risk measures 

and the changes in the risk. Again, none of these are 

significant at the .10 level. 

In addition to these tests of the hypotheses, a partial 

Tau correlation analysis was used at the company level to 

take into account the effect of financial leverage on the 

measures of association. The results of this procedure show 

that the directions of the correlations do not change when 

the financial leverage is statistically held constant. 

However, no test of significance of the partial Tau 

coefficients can be made since the distributions have not 

been determined. 

From the tests of the hypotheses, it seems that the 

positive association implied in the discussion of the energy 
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problem and its possible effects on businesses is not 

supported by the empirical data used in this research. 

Instead, if any association does exist, it appears to be in 

the negative direction. This conclusion is based on the 

analysis of the industry data where the risk measures should 

be more stable than at the company level. The ex post 

discussion of the results was based on this assumption that 

negative correlation may exist. 

The discussion of the reasons why negative correlation 

between energy usage and risk may exist focused on the 

characteristics of the assets which affect the systematic 

risk and the price elasticity of the demand for a company's 

product-. 

presented by Brenner and Smidt that if a company can 

increase its contribution margin to more than offset an 

increase in fuel costs, then it is possible for the 

systematic risk of the company's securities to decrease. 

This analysis was then extended to show how the price 

elasticity may affect the ability of a company to increase 

its contribution margin to cover the increase in costs. The 

conclusion of this analysis was that it is possible for the 

risk of a company to decrease if it faces an inelastic 

demand curve and the shift in the supply curve from 

increases in resource costs caused total revenues to 

increase by more than the increase in the costs. However, 
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no empirical evidence on price elasticities is provided in 

this research to support the validity of this conclusion. 

Although the discussion of the results of this research 

was based primarily on reasons why negative correlation 

between the variables may exist, several factors place 

limitations on the conclusions that can be drawn. These 

limitations were then discussed and some areas for future 

research that have been identified from this study noted. 

This brief summary of the research and the results of 

the tests of the hypotheses shows that the expectation of 

positive correlation was not supported by the empirical data 

and if any association actually exists, it is more likely to 

be in the negative direction. The implications of this to 

accounting will now be considered. 

In the discussion of energy and accounting presented 

previously, it was stated that this research had 

implications for accounting in the areas of energy audits 

and social accounting. For energy audits, the implication 

was that· if a positive association between the variables 

existed, then perhaps there was an indirect cost from energy 

usage in the form of a higher cost of capital and this 

should be considered in energy audits. Since the results of 

this research suggest that if any association does exist, it 

is negative rather than positive, this implication does not 

appear to be relevant and perhaps accountants need not be 
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concerned with this possible indirect cost of energy usage. 

However, if accountants are going to continue to be involved 

in energy audits in the future, the results of this research 

are relevant to them since the empirical data suggest that 

they do not need to devote their time and resources to 

studying this aspect of energy usage. Instead, they· should 

concentrate on the more conventional aspects of the energy 

audit such as helping management ,cope with the high costs of 

energy and helping them develop conservation methods. 

The results of this research may also be relevant in 

the area of social accounting although the negative 

correlation was not what was expected. It does not appear 

that the disclosure of the types and quantities of energy 

used by a company would be helpful to investors in trying to 

assess the risk of their investments. But, the disclosures 

of such data may still be useful to investors in other ways. 

For example, providing information about resource usage may 

indicate that management is concerned about the effects of 

their operations on the environment and help "ethical" 

investors better evaluate the company. Since some investors 

are concerned about these aspects of a company's social 

performance as well as the risk and return on their 

investment, they may want to have this information available 

to them. Although this research bas not studied this issue, 

the results should not be used to imply that investors may 
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not want access to data of th-is kind. 

The analysis of the results of this research may also 

have implications to accounting. In that analysis, it was 

noted that a third factor such as the characteristics of the 

assets or the price elasticity of demand may be the cause of 

the negative correlation. Only future research will show. if 

these factors and risk are related. However, if there is a 

relationship, perhaps accountants should become involved in 

measuring and reporting these aspects of a company's 

operations to investors. 

This research was a study of one possible aspect of 

energy usage and its relationship to manufacturing 

industries and companies. Although the results are not 

definitive and specific conclusions are difficult to draw, 

they do help· show that an association between energy usage 

and risk probably does not exist in a positive direction. 

The implication of this is that further research efforts 

should concentrate on other aspects of how energy usage may 

affect businesses. 
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APPENDIX I 

A Program of Energy Management 

by 

A Fortune 500 company 

one of the best tools for an energy management program 

is the energy audit. The audit accounts for the energy 

consumed 

Properly 

within 

done, 

a 

it 

manufacturing plant or 

should identify each 

operation. 

major energy 

consumer, the kinds of energy used and the use patterns. 

The exploratory or 1tmacro" audit should be the initial 

step in the energy management program. It consists of 

compiling past energy records for a period such as the last 

12 months or last 24 months. A profile of energy usage 

should be developed for each energy form (natural gas, 

electricity, coal, oil, propane, steam, water, etc.) by 

analyzing each month's billings, dividing by the number of 

days of the billing period, then plotting the normalized 

daily or weekly consumption rate for the entire year. The 

plants at A and B have done such audits. 

Similar plots of heating and cooling degree days should 

be prepared as an aid in analyzing the needs for space 

heating and cooling. • • • This data was obtained from the 

a. s. Department of Commerce by the local weather bureau. 

Next, a· detailed breakdown of production records for 
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the same 12 month or 24 month period should be obtained. 

This record may be in number of units produced, pounds or 

tons processed or direct labor hours. These figures will be 

used in the energy management to compare energy uni ts per 

production unit for various time periods, e.g., Btu •s per 

production manhour for winter 1972 versus winter 1978. Both 

the A and B plants use 1972 as the base year for measuring 

energy usage improvements. In 1972, B required 766,170 

Btu•s per unit of product (frames) and A Plant needed 

284,400 Btu•s per production manhour. 

The next step in the exploratory audit is to analyze 

specific pieces of equipment. 

pieces of equipment that offer 

Begin with departments and 

the greatest potential for 

energy savings. Meters are important elements for measuring 

energy consumption. If the audit is to be effective, 

guesswork must be eliminated by careful metering and knowing 

whether the metered· results are indicative of average or 

maximum or minimum conditions. Andy B. and his crew have 

developed a method of metering and recording pertinent data 

on electrical machinery •• • • 

Andy B. describes his electrical metering: "To 

determine a distribution of electrical power, we used a KW 

meter Model EPIC (clip-on) IOM-3 and a recording ammeter 

made by General Electric Corporation Model 8CH7BAB17.. In 

order to document the information desired, we used. • • (a) 
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machinery electrical data form. • • • This form gave us the 

department from which the information was taken, the 

location in the pla.nt, the asset number, machine 

manufacture, type of machine, the model number, serial 

number, the machine full load amperes, the machine total 

connected horsepower, the machine average kilowatt per hour 

usage, the date the information was taken and the person 

doing the checking. This gives us a rather accurate 

distribution of electrical power throughout the plant." 

Some operations may vary significantly from hour to 

hour, day to day or season to season. Thus it may be 

advantageous to develop several energy flow diagrams to 

evaluate conditions. Documenting energy usage at various 

production levels may point up need for changes in operating 

procedures. 

Both of the above-mentioned plants have used "pie-

charts" to show energy flow diagramming of various fuels. A 

further r·efinement of energy usage can be the development of 

energy balance diagrams for major operations. These 

diagrams quickly point to the energy losses and recovery 

potentials of energy systems. 

When you have accumulated the historical data on 

purchased energy, convert all values to a common measure, 

such as Btu•s. Then determine the total annual energy 

requirement and the energy requirement per unit of 
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production. Refinements to this basic measuring may include 

monthly or seasonal energy figures per production unit if 

such is significantly different than annualized figures. 

These energy figures will be the primary means of measuring 

overall plant conservation improvements. 

With the accumulated information, you are now ready for 

the next step in energy management: setting conservation 

goals. At this point, it is wise to select a conservation 

team to more effectively analyze the situation and to 

establish specific, measurable goals. The team should have 

authority to establish energy policy, and thus it requires 

appropriate management members. Three to five members 

should be adequate and might include the plant manager, 

facilities engineering manager, production superintendent 

and manager of purchasing plus ail hourly employee. 

The team may elect to establish goals first for each 

piece of equipment, then for each department and last for 

the entire operation. If it can be determined how much 

energy is needed to produce a product, then this can be 

compared to industry standards or used to evaluate 

alternative processes or equipment. 

The next step involves selecting those projects which 

can be implemented quickly with little capital investment 

and those changes which will result in the greatest energy 

savings and/or financial savings. An example of such a 
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project was the electrical loading at the A plant. "During 

our first year of operation {1968) , th.e power factor kept 

going down until it reached 673," reports Andy B. 11The 

feeder bus was installed as the plant progressed and 

departments were placed in operation. To increase the power 

factor. • • capacitors were installed at the end of each of 

our feeder bus lines. • • The next step was to install 

capacitors on large motors throughout the plant. A 

directive went out to install the proper KVAR capacitor on 

any electric motor 10 HP or larger. • • • Through. these two 

processes, we were able to achieve approximately 98% power 

factor overall from month to month." A. B. estimates his 

cost savings is $1,500 per month to get power factor from 

90% to 983 and $4,000 per month to improve from 853 to 98%. 

The A plant carries this a step further in their 

continuing efforts at conservation. They have an on-going 

program on the electrical system, with testing being done by 

High Voltage Maintenance Corporation. Half of the 

electrical gear is tested one year and the other half in the 

second year. The maintenance and testing program involves 

cleaning, aligning, lubricating, insulation resistance and 

contact resistance tests, transformer checks for oil, 

electrical connections, power factor check and turns ratio 

tests. An infra-red scan of the power distribution is made 

annually to detect any hot spots, loose connections, etc. 
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Polaroid pictures of the defective locations help the 

maintenance men to locate the trouble spots. 

A.dequate record keeping of all energy measurements, 

project proposals and project actions is as important in 

energy management as financial records are to money 

management. A well organized and properly conducted 

conservation program will nearly always result in sizable 

financial returns. Set realistic timetables and monitor 

results (energy and financial savings) as they occur. Areas 

of responsibility in energy management should be assigned to 

specific individuals. 

To be truly effective, the energy conservation program 

must be a continuing effort. The conservation team should 

hold scheduled review meetings (not just chance-type 

meetings). At these meetings, the results to date should be 

evaluated, changes in operating procedures considered, plan 

new improvements, consider ideas and revise goals as need 

arises. Other employees should be encouraged to participate 

through. idea awards, conservation bulletins, etc. Also at 

these meetings, the overall energy efficiencies can be 

compared by measuring the current period's Btu•s per 

production unit against the historical usage of the previous 

year or month. 

As mentioned previously, the A and B 

their energy efficiency improvements 

plants measure 

against 1972 
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consumption data. A reduced energy , requirements from 

113,300 million Btu•s in 1972 to 75,800 million Btu•s in 

1978 for equivalent production manhours. This is an 

improvement of 33.15% in energy usage. The B plant dropped 

from 570,400 million Btu•s in 1972 to 331,400 million in 

1978 for equivalent frame production. Their efficiency 

improvement was 41.89%. These ener9y efficiency 

determinations are made and reported every 6 months at these 

plants. 
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SOURCES OF ENERGY USAGE DATA 

us Census Project Ford Workshop 
of M.anu - Indepen - Mfg. on Alter. 
f acturi.ng dence Report ~· §Ql. 

Coverage: 

Purchased Heat 
and Power x 

Captive Coal 
Consumption 

Feedstock 

Concept: 

Final consump-
tion x 

Useful Consump-
tion 

Years Covered: 

Observed 

Projected 

1947;1954 
1958; 1962 
1971;1974 
1975; 1976 

x 

x 

x 

x 

1954; 1958 
1962; 1967 

1971 

x 

x 

1947 
1954 
1958 
1962 
1967 
1971 

1975; 1977 1975 
1980; 19 85 1980 

1990 

x 

x 

x 

x 

1972 

1985 
2000 

Brookhaven 
Input/ 
output 

x 

x 

x 

x 

1967 

1985 
2000 

SOURCE: Claire Doblin, En_ergx Demand !U. .!! • §.. 
Manufacturing Industries (Laxenburg, Austria: International 
Institute for Applied systems Analysis, 1978): 18. 
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APPENDIX III 

SAMPLE COMPANIES BY INDUSTRY 

SIC 20--Food 
1. American Bakeries Co. 
2. American Distilling co. 
3. A.nderson Clayton & Co. 
4. Beatrice Foods Co. 
5. Borden, Inc. · 
6. Carling Okeefe Ltd. 
7. Castle & Cooke, Inc. 
8. Central soya, Inc. 
9. Chok Full o Nuts corp. 

10. Delmonte Corp. 
11. Fairmont Foods Co. 
12. General Foods co. 
13. Gerber Products Co. 
14. Green Giant Co. 
15. Hershey Foods Corp. 
16. Holley sugar Corp. 
17. Iowa Beef Processors, Inc. 
18. Kellogg Co • 
19. PepsiCo, Inc. 
20. Pillsbury co. 
21. Publiker Industries, Inc. 
22. Quaker Oats Co. 
23. Royal Crown Companies, Inc. 
24. Schaefer, F. & M., Co. 
25. Seagram Ltd. 
26. Smucker, J. M., Co. 
27. Staley, A. E ., Manufacturing co. 
28. Tootsie Roll Industries, Inc. 
29. Wrigley, Wm., Jr., co. 

SIC 21--Tobacco 
1. American Brands, Inc. 
2. Bayuk Cigar, Inc. 
3. Conwood Corp. 
4. Culbro Corp. 
5. Liggett Group, Inc. 
6. Philip Morris, Inc. 
7. United States Tobacco co. 
8. universal Leaf Tobacco Co. 
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SIC 22--Textiles 
1. Bates Manufacturing, Inc. 
2. Burlington Industries, Inc. 
3. Cone Mills Corp. 
4. Dan River, Inc. 
5.. Hanes Corp • 
6. Ludlow Corp. 
7. Mohasco Corp. 
8. Reeves Brothers Co. 
9. Rigeel Textile co. 

10. Spring Mills, Inc. 

SIC 23--Apparel 
1. Blue Bell, Inc. 
2. Bobbie Brooks, Inc. 
3. Farah Manufacturing, Inc. 
4. Hart Schaffner & Marx 
5. Interco, Inc. 
6. Jonathan Logan, Inc. 
1. Manhattan Industries, Inc. 
8. Munsingwear, Inc. 
9. Opeika .Manufacturing Corp. 

10. Oxford Industries, Inc. 
11. Philips Van Heusen Corp. 
12. v. F. Corp. 
13. Waraco, Inc. 

SIC 26--Paper 
1. Avey International Corp. 
2. Brown Co. 
3. Champion International Corp. 
4. Crown Zellerback Corp. 
5. Hammermill Paper co. 
6. Kimberly Clark Corp. 
7.. Mead Corp. 
8. Scott Paper Co. 
9. St. Joe Container Corp. 

10. Union Camp Corp. 

SIC 27--Printing 
1. Donelly, R. R. & son, co. 
2. Esquire, Inc. 
3. Hall, w., Printing co. 
4. Harcourt, Brace, Jovanovich, Inc. 
5. Houghton llliflin Co. 
6. HacMillian, Inc. 
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7. McGraw Hill, Inc. 
8. Scott Foresman co. 
9. Times Mirror Co. 

10. UARCO, Inc. 

SIC 28--Chemicals 
1. DeSoto, Inc. 
2. Dow Chemical Co. 
3. Lubrizol Corp. 
4. Penwalt corp. 
5. Products Research & Chemical Corp. 
6. Reichhold Chemicals, Inc. 
1. Richardson Merrell, Inc. 
8. Rohm & Haas co. 
9. Squibb Corp. 

10. Stauffer Chemical Co. 

SIC 30--Rubber 
1. Armstrong Rubber co. 
2. carisle corp. 
3. Cooper Tire and Rubber co. 
4. · Dayco Corp • 
5. Firestone Tire & Rubber Co. 
6. General Tire & Rubber co. 
7. Goodrich, B. F., co. 
8. Goodyear Tire & Rubber Co. 
9. Rubbermaid, Inc. 

10. Uniroyal, Inc. 

SIC 31--Leather, Shoes 
1. Brown Group, Inc. 
2. Melville Corp. 
3. Stride Rite Corp. 
4. swank, Inc. 
5. United States Shoe Corp. 
6. Weyenberg Shoe Manufacturing co. 
1. Wolverine Worldwide, Inc. 

SIC 32--Stone, Clay, Glass 
1. Alpha Portland Industries, Inc. 
2. Anchor Hocking Corp. 
3. Basic, Inc. 
4. General Portland, Inc. 
5. Ideal Basic Industries, Inc. 
6. Interpace Co. 
1. Libbey Owen Ford co. 
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8. Medsa Corp. 
9. Norton Corp. 

10. Owen Illinois, Inc. 
11. Puerto Rican Cement, Inc. 
12. Baybestos Manhattan, Inc. 
13. United states Gypsum Co. 

SIC 33--Primary Metals 
1. A.luminum Co. of America 
2. Armada Corp. 
3. Armco, Inc. 
4. Florida Steel Corp. 
5. Inland Steel Corp. 
6. Kaiser Aluminum & Chemical Corp. 
7. Keystone Cos. Industries, Inc. 
8. Phelps Dodge Corp. 
9. Republic Steel Corp. 

10. Reynolds Metals Co. 
11. Triangle Industries, Inc. 
12. United States Steel Corp. 

SIC 34--Fabricated Metals 
1. American Can Co. 
2. Barnes Group, Inc. 
3. Ceco Corp. 
4. Combustion Engineering, Inc. 
5. crown Cork & Steel, Inc. 
6. Diebold, Inc. 
1. Easco Corp. 
8. Foster Wheeler Corp. 
9. Gillett Co. 

10. Keller Industries, Inc. 
11. Lamson & Sessions Co. 
12. National Can Corp. 
13. Philips Industries, Inc. 
14. Revere Copper & Brass, Inc. 
15. Robertson, H. H., Co. 
16. Seagrave Corp. 
17. Signode Corp. 
18. Starrett, L. s., & Co. 

SIC 35--Nonelectrical Machinery 
1. American Hoist & Derrick Co. 
2. Buffalo Forge Co. 
3. carrier Corp. 
4. Copeland Corp. 
5. Cummins Engine, Inc. 



6. Dictaphone Corp. 
1. Dorr Oliver, Inc. 
8. Ex Cello Corp. 
9. Gardner Denver co. 

10. Hoover Universal, Inc. 
11. Ingersoll Rand co. 
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12. International Business Machines 
13. Joy Manufacturing co. 
14. Massey Ferguson Ltd. 
15. Mesa Machine co. 
16. NCR Corp. 
17. Pitney Bowes, Inc. 
18. Rexnord, Inc. 
19. Vendo co. 

SIC 
1. 
2. 
3. 
4. 
5. 
6. 
1. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

36~Electrical Machinery 
Bunker Ramo Corp. 
CTS Corp. 
Crouse Industries Co. 
Emerson Electric Co. 
Fairchild Camera & Instrument 
General Electric Co. 
General Instrument Corp. 
Gould, Inc. 
Gul ton Ind.ustries, Inc. 
Hazeltine Corp. 
Itek Corp. 
Loral Corp. 
Maytag Co. 
Motorola, Inc. 
North American Philips Corp. 
Oak Industries, Inc. 
Rayethon co. 
Reliance Electric Co. 
Ronson Corp. 
Spartan Corp. 
Square D Co. 
Texas Instruments, Inc. 
Thomas Betts corp. 
Thomas Industries, Inc. 
Watkins Johnson co. 
Westinghouse Electric corp. 
Whirlpool Corp. 
zenith Radio Corp. 

SIC 37--Transportation Equipment 
1. ACF Industries, Inc. 
2. American Motors Corp. 

corp. 
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3. American Ship Building co. 
4. Boeing Co. 
5. Cessna Airer aft Co. 
6. Dana Corp. 
7. Fruehauf Corp. 
8. General Motors corp. 
9. McDonnell Douglas Corp. 

10. Northrop Corp. 
11. Rohr Industries, Inc. 
12. Sheller Globe Gorp. 
13. Smith, A. o., Corp. 
14. United Technologies Corp. 

SIC 38--Instruments 
1. Bard, c. R., Inc. 
2. Beckman Industries, Inc. 
3. Bulova Watch, Inc. 
4. Conrac Corp. 
5. Eastman Kodak co. 
6. Fisher Scientific co. 
7. Foxboro Co. 
8. General Signal Corp. 
9. High Voltage Engineering Corp. 

10. Johnson & Johnson 
11. NARCO Scientific, Inc. 
12. Perkin Elmer Corp. 
13. Poloroid Corp. 
14. Robertshaw Controls Co. 
15. Sargent Welch Scientific co. 
16. Sybron Corp .. 
17. Textronic, Inc. 

SIC 39--Miscellaneous 
1. Congoleum corp. 
2. Jostens, Inc. 
3. Milton Bradley Co. 
4. Oneida Ltd. 
5. Parker Pen Co. 
6. Wurlitzer Co. 



APPENDIX IV 

DIRECT REPORTING COMPANIES IN 1978 

UNDER THE ENERGY POLICY & CONSERVATION ACT 

1. A. o. Smith Corp. 
2. Allegheny Ludlum Ind., Inc. 
3. Allis-Chalmers Corp. 
4. Amerada Hess Corp. 
5. American Standard, Inc. 
6. AMF, Inc. 
7. AMFAC, Inc. 
8. Amsted Industries, Inc. 
9. Armstrong cork Company 

10. ASARCO, Inc. 
11. Bendix Corp. 
12. Bethlehem Steel Corp. 
13. Borden, Inc. 
14. Borg-Warner corp. 
15. Briggs & Stratton corp. 
16. Budd Company 
17. Colt Industries, Inc. 
18. Continental Grain Company 
19. Curtiss-Wright Corp. 
20. Dana Corp. 
21. Dalton-W_9.lther corp. 
22. Deere & Company 
23. Diamond International Corp. 
24. Dresser Industries, Inc. 
25. Eaton Corporation 
26. Emhart Corporation 
27. Federal Mogul Corp. 
28. Foremost-McKesson, Inc. 
29. Fruehauf Corp. 
30. Gardner Denver Company 
31. General America Transportation Corporation, 
32. General Electric co. 
33. General Refractories co. 
34. General Tire & Rubber Co. 
35. Goodyear Tire & Rubber Co. 
36. Gulf & Western Industries, Inc. 
37. Hanes Corporation 
38. Harsco Corp. 
39. Hughes Tool Company 
40. Great Western Sugar Co. 
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41. International Telephone & Telegraph co. 
42. Interpace Co. 
43. IU International Corp. 
44. Jim Walter Corp. 
45. Johns-Manville Sales Corp. 
46. Litton Industries 
47. Louisiana-Pacific Corp. 
48. Mississippi Lime co. 
49. Mohasco Corp. 
50. National Gypsum Company 
51. Nestle Enterprises, Inc. 
52. Olinkraft, Inc. 
53. outboard Marine Corp. 
54. Pechiney Ugine Kuhlmann Corp. 
55. Pullman, Inc. 
56. Rexnord, Inc. 
57. Rockwell International Corp. 
58. Rohr Ind.ustries, Inc. 
59. SKF Industries, Inc. 
60. Stanley Works 
61. St. Joe Minerals Corp. 
62. Tenneco, Inc. 
63. Texas Industries, Inc. 
64. Textron, Inc. 
65. Times Mirror Company 
66. United States Gypsum Company 
67. United States Steel Corp. 
68. United Technologies corp. 
69. Wallace Murray Corp. 
70. Westinghouse Electric Corp. 
71. Wyman Gordon Company 



APPENDIX V 

FUELS CONVERSION FACTORS FOR DOE REPORTS 

Ene~gy n:~ 

Bituminous coal 
Anthracite 
Coke 
Ethane 
Propne 
LPG 
Natural gasoline 
Gasoline (including aviation) 
Special naphtha 
Kerosene 
Distillate fuel oil 
Still qas 
Residual fuel oil 
Crude oil 
Petroleum coke 
Natural gas, dry 
Electricity (purchased and 

self-generated hydropower) 

other energy types 

Conversion Factor 
(!ttu • s/Enerqy Y.nll> 
23,650,000 per short ton 
25,400,000 per short ton 
24,800,000 per short ton 

3,082,000 per barrel 
3,847,000 per barrel 
4,011,000 per barrel 
4,620,000 per barrel 
5,248,000 per barrel 
5,248,000 per barrel 
5,670,000 per barrel 
5,825,000 per barrel 
6,000,000 per barrel 
6,287,000 per barrel 
5,800,000 per barrel 

30,120,000 per short ton 
1,031 per cubic foot 

10,000 per kwh for 
SIC 28 and 29 

3,412 per Kwh for all 
others 

Determined using std. 
calorimetric methods in 
current use within the 
industry. 

SOURCE: Department of Energy, Annual ~epor! support 
Energy Efficiency 
u. s. Government 

Document, Volume !!., Industrial 
Improvement ~gram (Washington, D. c.: 
Printing Office, 1978): 131. 
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Vice President 
Emhart Corporation 

Dear . . 

APPENDIX VI 

EXAMPLE OF LETTER 

Blacksburg, VA 24060 
April 15, 1980 

I am currently a Ph. D. student in Accounting at 
Virginia Polytechnic Institute and state University and am 
doing as my dissertation a study of the association between 
energy usage and business risk. I have obtained copies of 
the reports your company filed with the u. s. Department of 
Energy (Form PEA 0524-P-O) for 1978 where you reported th.e 
types and quantities of energy used for' that year. However, 
I am writing to see if you might be able to provide me with 
some additional data that would be helpful to me in my 
research. 

Specifically, I would like to obtain, 
answers to the following questions: 

if possible, 

1. Does your company use any fuels as feedstocks? If 
so, approximately how much is used each year? 

2. Did your company change sources of energy during 
the period from 1969 to 1978 or are the sources for 1978 
typical of your annual usage? If a change was made, what 
fuels were primarily used before the change? 

3. Did your company change significantly the 
quantities of fuels used per year during the 1969 to 1976 
period or are the data for 1978 representative of the 
quantities you typically use? For 1978, your company 
reported to the DOE that 1,056 .2 billions of Btu •s were 
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used. If this is not typical of your annual usage, what 
quantity is? 

Any responses you can provide to these will be a great 
help to me in my research. If you know the types and 
quantities of fuels used from 1969 to 1978, I could answer 
these if you could provide me with that data. In short, any 
information you can provide about the energy usage of your 
company during the 1969 to 1978 period will be appreciated. 
Thank you in advance for any consideration you .can give to 
this request. 

Yours truly, 

Harold P. Roth 
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AN EMP l.BICAL I"NVESTIGATION OF 

A SOCIAL ACCOUNTING ISSUE: 

A STUDY OF THE ASSOCIATION BETWEEN 

ENERGY USAGE AND BUSINESS RISK 

by 

Harold Phillip Roth 

(ABSTRACT) 

'.£'.he purpose of this research was to determine if there 

is empirical evidence to show that an association exists 

between the energy usage of manufacturing industries and 

companies and their risk. This possibility was considered 

important because of the attention that has been focused on 

energy problems since the OPEC oil embar90 and the interest 

of investors in the risk of securities. Support for the 

possibility that an association may exist was based on 

reviewing the energy problem, public opinion polls, writings 

by economists and business executives, and the stock 

market's reaction to the embargo. A review of the recent 

work of accountants in the areas of energy audits and social 

accounting was also presented to place this research in 

perspective with other studies. 

Various hypotheses were tested using Kendall's Tau Rank 

Correlation test to see if an association exists between the 

energy usage of u. s. manufacturing industries and 



companies and their risk and changes in their risk since the 

OPEC embargo. Each hypothesis was tested using two 

different definitions of energ.y usage and two measures of 

risk. The definitions consisted of one where energy u~age 

was stated as the total consumption of Btu•s or kwh 1 s by 

companies and industries. The second definition was based 

on energy consumption per dollar of sales or receipts. The 

risk was measured using the variability in the returns to 

the common stockholders. Both a measure of the total risk 

and a measure of the systematic risk were used for the 

statistical tests. 

The results of the tests of the hypotheses are 

difficult to interpret since the correlations are not all in 

the same direction and most of them are not statistically 

different from zero at a rea.sonable level of significance. 

Only the association between the total energy usage of 

manufacturing industries and their total risk, and the 

association between the total energy usage of manufacturing 

companies and the change in their systematic risk since the 

OPEC embargo were significant at the .10 level. However, 

both of these correlations were negative as were the 

correlations for many of the other hypotheses. None of the 

correlation coefficients with a positive sign were 

significant at the .10 level. Based of these results, it 

was concluded that negative association between energy usage 



and risk was more likely to exist than positive association. 

A possible explanation for the neg·ative correlation was 

then presented. This explanation was based on the 

characteristics of the assets of the firm and the price 

elasticity of the demand for a company's product. No 

empirical data were presented, however, to support this 

explanation. The limitations of the study and areas for 

future research were also discussed. 
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