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Energy Conservation a 
the Consun 

A tax placed on energy and adjusted to wage le 

would ease a change to a more labor intensive econo 

Bruce Ha] 

In this article I seek to explain what is 
known about the connections among con- 
sumer activities, the direct and indirect de- 
mands of these activities for energy and 
employment, and the consumer's options 
for energy conservation. When the con- 
sumer's activities demand employment, 
they require the consumer's own services, 
but when they demand energy they require 
the stored energy resources of the earth. 
This fact underpins the three dilemmas of 
energy conservation that I will discuss in 
detail. The consumer's control over the en- 
ergy he uses to heat, cool, and light his resi- 
dence or fuel his auto will not be discussed; 
the methods for conservation in these areas 
are well understood. 

Individual control over energy use is 
viewed as an alternative to governmental 
assumption of that control. Energy con- 
servation is necessary because of (i) the 
environmental effects of unbridled con- 
sumption; (ii) the long lead time and mas- 
sive capital allocations necessary for future 
increases in energy supply; (iii) the in- 
stabilities associated with a large depen- 
dence on foreign energy supplies; (iv) the 
need for an enduring national goal that 
unifies the nation and does not require 
massive new economic growth; and (v) be- 
cause energy is a fundamental ingredient in 
any economic system. This last point in- 
dicates the necessity to focus on the con- 
servation of energy rather than steel, for 
example. A proper plan to conserve energy 
would conserve steel. In general, capital 
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dividual consumer to perceive that he must 
forgo certain forms of energy consumption 
now in order to ensure their availability to 
his offspring or to his own generation in 
the future. As the human body eventually 

Ind reaches a condition of zero growth, then so 
mU ~~ ~ must that population as a whole. Such an 

achievement, however, would require our ier casting out such mathematically impos- 
sible maxims as "the greatest good for the 
greatest number" and substituting, per- 

vels haps, "life-styles of elegant frugality." 
Then we would act to preserve the knowl- 

'my. edge of how to live healthfully, limit our 
numbers, and minimize our per capita con- 

~nnon ~ sumption of resources, particularly energy. 
We would recognize that, because people's 
wants are infinite and because resources 
are finite, only relative wants are impor- 
tant; and that economic growth increases 

:ourse, energy can the disparity in relative wants, eases our 
be recycled, it can severe interpersonal and interindustry 

competition, and increases the uncertainty 
revolution in the of future events. 
been an unprece- Economic growth and development will 

te the energy from probably continue until the assured avail- 
bor to accomplish able energy is almost entirely demanded 
)ns (toolmaking) for maintenance of the society. Stabiliza- 
ization. From the tion of economic growth now is often ar- 
's view, this sub- gued as being a means of reducing the inev- 
eant less drudgery itable future trauma of living on an energy 
ter buying power, budget. There would obviously be prob- 
e industrialist, the lems, however, with the egalitarian na- 
I energy for labor tional life-style that would be required to 
o control and pre- achieve stabilization now. We would have 
nd, consequently, to recognize that the rising world popu- 

lation will result in the rising collision of 
costs have been individual and national freedoms as well as 

well as predictable in the accelerated depletion of stored en- 
achines and fuels ergy; and that the concept of individual 
for higher wages. and corporate ownership, apparently an 
to have absorbed adaptation to resource shortages, will 

by mechanization. probably give way to public or societal 
al and energy use, ownership, as the shortages worsen. It is 
)nomic growth ap- unclear whether a totally democratic so- 
iked. But now the ciety could exist with severe shortages. If it 
omes into view as could not, smaller and smaller fractions of 
for a better life the population would participate in re- 
We are beginning source allocation decisions. How to con- 
among heavy con- trol the decision-makers would then be- 
al damage, and come a problem. As long as the population 
ity of life. We are at large could perceive an equitable distri- 
eed for one more bution of the dwindling resources then, 
ind, the need for a 

e reach of each in- 
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presumably, the society could remain 
stable. Plato's concept of leaders or 
"guardians" deprived of all physical 
wealth and steeped in leadership seems an 
appropriate model for controllers of a 
stable society with limited resources. 

Before we plan to conserve energy or to 
increase our energy supplies, we must un- 
derstand the total energy and employment 
cost of every good and service. Only then 
will we be able to determine the energy 
conserved by consuming one good or ser- 
vice instead of another, or the energy cost 
of substituting a new technology, a new 
manufacturing process, for example, for 
another. The changes that may have to be 
made in order to reduce our energy con- 
sumption can be thought of as efficiency 
improvements in our current life-style. As 
I shall show, many such changes may be 
resisted and, unless they are fully under- 
stood, they may not provide significant net 
energy savings. 

To calculate the energy cost of one unit 
of an item, one must determine the direct 
inputs of goods and services required to 
produce that item. Because each of these 
inputs has its own set of inputs, and so on, 
one obtains such a multitude of small in- 
puts that leaving off the next round does 
not significantly change the total energy 
requirements of the original item. I have 
used the economic input-output data pub- 
lished by the U.S. Department of Com- 
merce (1), and the data of Herendeen (2), 
to calculate the direct and indirect energy 
and employment demands of a number of 
personal consumption activities and to an- 
alyze trade-offs between human and me- 
chanical energy. 

Substituting Energy for Labor: 

The First Dilemma 

If conserving energy or any material re- 
source is judged to be the main path to our 
survival, the impact of such a path on em- 
ployment must be known. Since we, as la- 
borers, decide our future, and since we 
have repeatedly increased our wages and 
controlled the cost of the resource base, the 
potential redistribution of labor resulting 
from a conservation program is of primary 
importance. 

Let us observe the problem from the 
point of view of an industrial decision- 
maker. He compiles his current capital, 
materials, labor, and energy costs and 
projects them on the basis of his ex- 
pectations of the future. Trend analyses 
would have shown that his raw materials 
and energy costs are either stable, unless 
his product is derived from agriculture, or 
declining, as in the case of electricity, his 
principal energy substitute for labor. In 
terms of dollars, tool costs would have 
been rising primarily because of their labor 
content, but the most rapidly rising, and 
the most unpredictable, costs would have 
been those for manual labor. An important 
factor in the industrialist's decision-mak- 
ing process would be his anticipated rela- 
tive unit costs of energy and of labor. The 
ratio of these two costs are formed into an 
index (wage divided by price of electricity) 
and plotted for the years 1926 to 1973 in 
Fig. 1. In that period the ratio grew by a 
factor of 10. It grew by 230 percent be- 
tween 1950 and 1970, during which time 
electrical machinery costs increased by 
about 54 percent (current dollars). The 
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Fig. 1. Industrial labor, electricity, and capital cost ratios in the United States, 1926 to 1973, in cur- 
rent dollars. Based on manufacturing worker's hourly wages, the industrial price of a kilowatt-hour 
of electricity, and the yields on AAA corporate bonds (1951 = 1.0). Data from the Department of 
Commerce (1), Edison Electric Institute (21), and Moody's Industrial Manual (22). 
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curve in Fig. 1 shows a leveling to a declin- 
ing trend during recession periods, possibly 
indicating an attempt of the economic sys- 
tem to equilibrate resource and labor costs. 

Total costs of electricity relative to total 
product costs are small. In 1963, one aver- 
age dollar of industrial sales caused only 
about 2.5 cents of electricity sales (3), and 
about 65 cents went for wages, directly and 
indirectly (4). As shown in Fig. 1, the rap- 
idly rising cost of capital since 1950 has 
probably deterred a more rapid switch to a 
more electric, less labor intensive produc- 
tion system. Since 1950, the marginal pro- 
ductivities of labor and capital have been 
rising relative to that of electricity, while 
the ratio of the marginal productivities of 
labor and capital has been relatively neu- 
tral. This capital cost, however, contains 
the cost of building and heating machinery 
which cannot be considered a substitute for 
labor. The generally higher cost of capital 
should therefore aid in the return to a more 
labor, less electric intensive system. The 
point is twofold: the cost of electricity has 
failed to represent its importance in the 
marketplace, and the situation has grown 
worse with time. 

If we take energy, labor, and capital to 
be factors required for production, then, as 
the cost of energy is increased relative to 
the cost of labor, the economic system will 
adjust, in theory, such that the marginal 
productivity (a change in gross national 
product resulting from a unit change in 
factor use) of energy will increase relative 
to that of labor. If the wage levels and la- 
bor productivity are constant, this change 
means lower energy use. In other words, 
Fig. 1 indicates that the productivity of la- 
bor has, historically, increased more rap- 
idly than, and at the expense of, electrical 
energy productivity. To reverse this pro- 
cess, the price of electricity must rise rela- 
tive to wages. This same phenomenon ap- 
pears to be true for overall energy and la- 
bor use (5, 6). 

The overall effects of economic growth 
on energy and labor demand were sug- 
gested by an investigation (7) in which it 
was demonstrated that if, in 1963, the eco- 
nomic sectors had been allowed to grow at 
the proportional expense of all the remain- 
ing sectors, most industries would have be- 
come more energy demanding and less la- 
bor demanding. In a special case study (8, 
9) it was shown that the system that pro- 
duces beverages would be less energy de- 
manding and more labor demanding if the 
beverages were delivered in refillable 
rather than throwaway containers. Most 
important was the type of labor that would 
be involved in the change. Jobs would be 
lost in the highly organized, high-wage 
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paying, can-maker's plants and would be 
gained in the low-wage paying, relatively 
nonorganized, retail sector. The lack of ac- 
ceptance of this plan was the direct result 
of opposition from organized labor and in- 
tensive lobbying by can- and bottle-mak- 
ing interests. 

Another example of increasing energy 
and decreasing labor utilization is found in 
a comparison of the energy and employ- 
ment costs of protein production (3). The 
production of a unit of milk protein re- 
quires about 2.7 times as much energy as a 
unit of cheese protein, and yet requires 
only about one-fifteenth as many jobs. This 
result derives from the nature of the differ- 
ent processes: milk contains mostly water 
and it must be homogenized, pasteurized, 
and trucked, each of which operations is an 
energy but not labor intensive process. 

Herein lies the first dilemma. Energy 
conserving policies would increase overall 
employment in general by decreasing the 
number of high-wage jobs and increasing 
the number of low-wage jobs, but the 
people holding the former belong to the 
most highly organized unions. Thus orga- 
nized labor, after struggling to achieve rea- 
sonable wages and personal dignity in the 
marketplace, and having slowly relin- 
quished much dignity because of the inevi- 
table relationship between high wages and 
assembly lines, for example, would now 
have to be asked to forgo their higher 
wages in order to avoid the general 
unemployment induced by declining en- 
ergy supplies. Such a situation would be 
tenable only if prices and profits were thor- 
oughly controlled. It also follows that tech- 
nological developments have, historically, 
resulted in jobs being denied to marginally 
employed workers. 

Income and Energy Use: 

The Second Dilemma 

The relation between personal income 
and energy use can best be introduced by 
asking three questions: 

1) What fraction of total energy use does 
the U.S. consumer control (directly and in- 
directly) through his purchase of goods 
and services? 

2) How does this direct and indirect 
fraction vary with income? 

3) How might consumers proceed to 
change their purchasing habits so as to re- 
duce their energy dependence? 

The first question is answered in Table 1, 
in which the data indicate the importance 
of personal consumption expenditures. 
Such expenditures demanded two-thirds 
[one-third of this amount for the automo- 
bile (10)] cf all U.S. energy and 62 percent 
of all employment ;n 1963. Government 
activities accounted for about 13 percent of 
all energy consumption and employed 
about 21 percent of the total labor force. 
Capital formation demanded about 10 per- 
cent of all energy and 12 percent of all em- 
ployment. Exports accounted for most of 
the remaining energy (coal) and labor con- 
sumed. The fractions of the various energy 
types allocable to personal consumption is 
surprisingly constant, except for coal. 
Most coal was consumed in steelmaking 
and electrical generation and about 16 per- 
cent was exported (directly and indirectly) 
in 1963. In the near future it will be pos- 
sible to compare the data of Table 1 with 
similar data from 1967. 

Figure 2 provides the answer to the sec- 
ond question. Family income after taxes is 
plotted against the direct, indirect, and to- 
tal energy demand associated with the 

spending of that income (10). For example, 
the poor generally traveled by bus (when 
they traveled) and the rich usually traveled 
by plane. Both are indirect energy uses. 
Middle income people traveled by auto, 
which represents a direct energy use. The 
rate of direct energy use slowed as income 
increased, but the rate of indirect energy 
use did not. Together they yielded a total 
energy demand that was nearly linear with 
income. Here we find the second dilemma: 
spending money in any way demanding en- 
ergy, and the extra dollar spent required 
almost the same energy when spent by a 
poor family as it did when spent by a rich 
one. It appears that the only way to save 
energy is to reduce income, unless the vari- 
ation of energy consumption about the 
"total" line is very large. However, as I 
shall show in the next section, saving 
energy means saving dollars and that leads 
to additional energy use. 

From the supporting data for Fig. 2 (10), 
it is evident that the average family used 
about 55 percent of its total energy di- 
rectly. It is also evident that two-thirds of 
the lowest income group's total energy use 
was direct. Just the opposite is true of the 
upper income group: two-thirds of its total 
energy use was indirect. A further exam- 
ination of these data shows that modifica- 
tion of the behavior of the upper middle 
income class would be the most fertile area 
for energy conservation. Herendeen is now 
investigating the energy-income redistribu- 
tion effects in view of the slight nonlinear- 
ity of the total energy line in Fig. 2. 

The third question is more difficult to 
answer. Consumer spending patterns 
would appear to be a function of income 
level. That is, as family income increases, 
buying patterns change. For example, 

Table 1. Percentages of energy and labor (direct 
The definitions of the activities are from (1). 

and indirect) for final demand activities, during 1963. The data are from Hannon and Abbott (15). 

Energy type Total 
Activity Refined primary Labor* 

Coal Crude oil petroleum Electricity Gas energy 

Personal consumption expenditures 53.2 71.3 70.8 69.2 72.2 66.6 62.2 
Gross private fixed capital formation 14.9 8.6 7.3 10.5 10.5 10.3 12.1 
Net inventory change 1.2 1.3 1.5 0.9 1.0 1.3 0.9 
Exportst 15.9 6.6 7.7 4.9 5.0 9.0 3.6 
Federal government purchases, defense 6.6 5.6 6.1 6.5 4.7 5.9 8.4 
Federal government purchases, other 1.0 0.9 0.9 0.4 0.9 0.9 2.5 
State and local government purchases, 

education 2.4 1.8 1.6 3.0 2.0 2.0 4.6 
State and local government purchases, 

health, welfare, and sanitation 1.0 0.8 0.7 1.1 0.9 0.8 1.5 
State and local government 

purchases, safety 0.2 0.3 0.3 0.2 0.2 0.2 0.9 
State and local government 

purchases, other 3.6 2.9 3.1 3.3 2.5 3.1 3.3 
Total final demand 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

*Man-year basis: includes household and government workers but not military personnel. tDollar value of imports not used. 
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meat becomes a larger part of the diet; 
travel is more frequent and by faster 
modes; and more investments are made. 
As income rises, more goods and services 
are consumed, resulting in rising indirect 
energy demands. 

As an example of the utility of Fig. 2, let 
us consider a person living in New York. It 
was reported in 1973 (11) that the average 
New Yorker is much less energy demand- 
ing than the average U.S. citizen, even 
though his personal income is 25 percent 
higher than average. This, it was assumed, 
was because New Yorkers live in apart- 
ments and use mass transit heavily. But the 
data of Fig. 2 suggest that if a person has a 
25 percent higher than average income, 
then his energy use is also nearly 25 per- 
cent higher than average. It is apparently 
difficult and expensive in both dollars and 
energy to service people living in a city. Or, 
perhaps living in a city induces a more 
frenetic, consequently more costly, pattern 
of behavior. 

Figure 3 with the enlargement of its cen- 
tral portion shows the relative (direct and 
indirect) energy and labor cost per 1963 
dollar of personal consumption on each of 
the 83 different consumption categories 
of the U.S. Department of Commerce. 
In general, the services, except trans- 
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Table 2. Selected results on the total dollar, energy, and 1 
portation during 1971. Data are expressed in terms of the 
1 mile (1.6 km) (NA, not applicable). 

Thou- 
sands 

Transportation Load sa 

mode factor of 
dollars 
(1971) 

Intercity transport 
Car 2.9 people 55 
Plane 53% full 58 
Bus 47% full 39 
Train 37% full 44 
Electric commutert 31% full 128 

Urban transporta 
Cart 1.9 people 69 
Bust 12.0 people 105 
Motorcycle 1.1 people 57 
Bicycle 1.0 people? 26? 
Walking 1.0 people NA 

5 "The possible lack of independence 
among some of the personal consumption 
items is demonstrated by the averaged 
point "owning and operating an auto" in 

0- "Total the upper-center portion of Fig. 3, and by 
comparing this point with the points "gas- 
oline and oil," "new and used cars," "auto 

- Non-energy repair," "auto insurance," and "tires." 
r.5 - / , purchases Knowledge of the individual auto ex- 

' ̂ ^J-s~--' "'penditures could guide the consumer on 
*r Energy the energy and employment effects of his 

,, purchases 
marginal dollar expenditures, but the over- 
all effect of owning an auto is given by the 

o 5 10 15 20 "average" point. 
Income after taxes ($103/year) Figure 3 gives the total energy and em- 

2. Direct, indirect, and total family energy ployment effcts produced by the spending 
ct plotted against family income, 1960 to of a consumer dollar on the 83 different 
From Herendeen (10). consumption categories. The figure does 

not show the secondary effects. Suppose, 
for example, that you purchase a new car. 

ation, seem to be distributed along a The energy and employment effects shown 

hly horizontal (constant energy in- in the figure represent only those effects 

ty) line with high-wage services on the which occur in the web of industries which 
ind low-wage services to the right (for supply the auto industry (including the fab- 

Iple, physicians on the left, hospitals ricating, transporting, and retailing). These 
he right). Goods and transportation effects do not include the energy and em- 
ces are distributed along a roughly ployment demands created by the personal 
cal line which joins the service line at consumption of the workers who receive 
it its lower-third point. The energy your new car money from the manufac- 
hases are, logically, highest on this turer, nor the energy and labor demanded 

by the workers of the producers of these 
goods as they too spend their wages. As 

money passes through each new set of 
labor impacts of consumer options in trans- hands, some is saved and taxed and even- 
requirements to move a million passengers tually the effect dies out. If one assumes 

that for every dollar spent on a new car, 
Energy* two more are spent via the multiplier effect 

_______ __-on average personal consumption, then 

106 Direct each new car dollar spent, which represents 
Btu (%) one dollar of growth in the gross national 

tation 5900product, demands 60,000 British thermal 
5900 51 3.7 units (new car) and 172,000 Btu (two aver- 
9800 73 3.8 age 1963 personal consumption ex- 
2700 51 3.1 penditure dollars) for a total of 232,000 

409900 11 85 Btu (1 Btu is equivalent to 1055 joules). 
The expansion from 60,000 to 232,000 Btu 

rtion 8900 58 4.2 demonstrates the effects of the growth dol- 
5300 57 8.3 lar on energy demand. It has a similar ef- 
4200 49 1.55 fect on employment demand. 
1300 59? 1.711 
710 51 0.7 

*Vehicle transportation fuel only. tThe "PATH" commuter system, New York-New Jersey, 1971 [see Penner 
(16)]. Other intercity data from Sebald and Herendeen (17). tData from Hannon and Puleo (18). ?From 
Hirst (19). IICenter for Advanced Computation estimate based on Hirst (19). 

Table 3. Intercity transportation. The energy that would be saved by shifting from each trans- 

portation mode to another. Plus or minus signs preceding numbers indicate, respectively, an increase 
or a decrease in energy use; plus or minus signs after the numbers indicate, respectively, an increase 
or decrease in dollar cost. Calculated from Table 2. 

Shifting Shifting to 
Shifting ___ __ 

from Car Plane Bus Train 

Car +355,000+ -200,000 -633,000 
Plane --355,000- -374,000- 414,000- 
Bus +200,000+ +374,000+ +260,000+ 
Train +633,000+ +414,000+ -260,000- 
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Respending Dollars Saved: 

The Third Dilemma 

Let us now look more deeply into the en- 

ergy and labor needed to supply an entire 
service. Herendeen (2) has shown that all 

transportation consumed (directly and in- 

directly) about 42 percent of the U.S. en- 

ergy in 1963, with the personal auto ac- 
counting for half of this demand. Such 

knowledge prompted us at this laboratory 
to investigate energy use and trans- 

portation options. Table 2 shows the dol- 
lar, energy, and employment costs of ten 
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alternative passenger modes. The interci 
modes were developed for an approxima 
300-mile (482.7-kilometer) intercity d 
tance in order to allow the five modes 
be considered competitive. All costs c 

very sensitive to load factors. In terms 
dollars and energy, the plane is easily t 
most expensive, and the train is the m( 
employment intensive. The intercity b 
costs the least in dollars and in energy. 

The urban passenger has a variety 
modes to choose from, as shown in Tal 
2. These modes are increasingly unpopu 
but decreasingly energy expensive as o 
moves down the list. Energy consumed 
walking was that used to supply the fo 
consumed by the average person for t 
energy used in excess of that used by t 
body in the resting position. 

It has been pointed out by Bullard (1 
that the important factor in energy cc 
servation is the rate at which energy 
saved on the transfer from one activity 
another. Tables 3 and 4 show rates of t 

ergy savings (British thermal units sav 
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per dollar saved) for shifts from each 
transportation mode to the other. The 
rates vary from about 17,000 to 633,000 
Btu per dollar. In all cases except in the ur- 
ban transportation shifts from car to bus, 
dollars are saved if energy is saved, and 
vice versa. For example, the traveler who 
switched from urban bus to bicycle would 
save energy (and dollars) at the rate of 
51,000 Btu per dollar. If he were not care- 

ful to spend his dollar savings on an item of 
personal consumption which had an energy 
intensity greater than 51,000 Btu per dollar 
then his shift to the bicycle would have 
been in vain. 

It is easy to notice that in every instance, 
a change in transportation mode that 
would conserve energy would also save 
dollars (except in the case of changing 
from urban car to bus transportation). 

Table 4. Urban transportation. The energy that would be saved by shifting from each transportation 
mode to another. Plus or minus signs preceding numbers indicate, respectively, an increase or a de- 
crease in energy use; plus or minus signs after the numbers indicate, respectively, an increase or de- 
crease in dollar cost. Calculated from Table 2. 

.he Shifting to 
the Shifting from Electric 

Car Bus Motorcycle Bicycle commuter 

2) Car -100,000+ -392,000- -177,000- + 17,000+ 
n- Bus +100,000- 0 - 51,000- +200,000+ 
is Motorcycle +392,000+ 0 - 61,000- + 80,000+ 
to Bicycle +177,000+ + 51,000+ + 61,000+ + 84,000+ 

Electric on- 
commuter - 17,000--- -200,000- - 80,000- - 84,000- 

/ed __ 

1.6 

x AIRLINES 

1.4 

0 OWNING AND OPERATING AN AUTO 

1.2- 

x WATER AND SANITARY SERVICES 

1.0- 
x 

x SOAPS 

0 AVERAGE PERSONAL CONSUMPTION 

0.8- x COMMUTER TRAIN AND RAIL PASSENGERS 

x TIRES 
x 

x x 

0.6- NEW AND USED CARS x xx 

DRUGS x X FOOD AT HOME x GARDEN 
x x SCHOOL MAGAZINES AND NEWSPAPERS x FURNITURE x 

RESTAURANTS x 
0.4-- BOOKS AND TV x x x SHOE REPAIRx 

x x SHOES x LAUNDROMATS, 
x AUTO REPAIR x x DRY CLEAN, 

TV REPAIR 
x TOBACCO 

TVREPAIR 
x x xx x MOVIES 

x RENT HOME THEATRES 
x PHONE x BANKS x BEAUTY SHOPS 

x x DENTISTS AND PHYSICIANS 

x OWN HOME 

0.0 --i i I - i--- I 
1.9 3.8 5.7 7.6 9.5 11.4 13.3 15.2 17.1 19.0 

OTHER HOUSING 
x HOSPITALS 

6.4 9.6 12.8 16.0 19.2 22.4 25.6 28.8 32.0 

Labor intensity - jobs per hundred thousand 1963 activity dollars 

Fig. 3. The total energy and labor (direct and indirect) intensity of various personal consumption activities, 1963. From theCenterfor Advanced Compu- 
tation's energy-employment model, August 1974. The inset is an enlargement of the central portion of the data. 
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This provides us with the third dilemma: 
that is, what does the consumer do with the 
dollars he saves after he has shifted to a 
cheaper mode of transportation? He can 
spend it or save it. In either case, energy 
will be required to provide for this freed 
expenditure. The second dilemma indicates 
that the consumer will adjust to increasing 
wealth through a change in purchasing 
habits, and his total energy use will rise 
proportionately to his income. However, 
armed with certain information, the con- 
sumer can purposefully direct his income 
so that he does save energy on balance. It 
should be clear, however, that he can never 
save more energy by redirecting certain 
portions of his income than he can by be- 
coming that much poorer. 

Table 5 is a rank order listing by energy 
intensity of the top 20 (in terms of dollars) 
personal consumption activities. Data on 
the activities of owning an auto and own- 
ing a home are listed so that they can be 
compared with the energy intensity of the 
average personal consumption dollar. La- 
bor intensities are also given so that the in- 
terested reader may determine the impact 
of his own respending on the labor situ- 
ation. 

In the above example, the bus passen- 
ger turned bicycle rider (see Table 4) could 
spend his dollar savings on anything below 
and including "private investment" in the 
activity list of Table 5, and save some en- 
ergy. The net energy is found by sub- 
tracting the number in Table 5 from the 
transfer savings of Table 4. If, for example, 
his savings were spent on "restaurants," 
the net energy savings would be 51,000 
minus 32,400, which equals 18,600 Btu per 
dollar saved. Also from Tables 2 and 5, 
one can calculate the net impact on labor 
at four jobs gained for every million dol- 
lars saved on the bus to bicycle transfer. 

Most of the savings rates are so large in 
Tables 3 and 4 that they could be overcome 

only if the consumer spent his savings di- 
rectly on electricity or gasoline and oil. 
However, the consumer must be aware 
that the purchase of an extra car, for ex- 
ample, means greater purchases of gaso- 
line and oil as well. 

An interesting case arises in the shift 
from urban car to bus. Here the consumer 
saves 100,000 Btu per extra dollar spent on 
bus transportation. This extra dollar must 
be produced by reducing expenditure on 
other things, since urban bus trans- 
portation is more expensive than car 
(Table 2). Suppose the extra dollars came 
from a reduction in average personal con- 
sumption spending; then from Table 5, the 
total energy savings rate would be 170,000 
Btu per dollar. 

Table 6 shows the same phenomena as 
Tables 2 to 4. But in this case, home appli- 
ance alternatives are compared. The an- 
nual total dollar, energy, and employment 
costs were compiled for manufacturing, 
operating, and maintaining each appliance. 
From these data the energy savings rate 
can be calculated and compared to the 
data of Table 5 to determine the net energy 
savings. 

Significant energy savings rates are ob- 
tainable if fewer appliances are used and if 
gas is used instead of electricity in stoves, 
dryers, and water heaters. This savings rate 
is reduced, if not reversed, by the energy 
demands of the alternative consumption 
activity. 

Table 5 shows that the federal tax dollar 
and the private investment dollar are rela- 
tively low in energy intensity. This fact in- 
dicates that shifts from average personal 
consumption to federal spending or invest- 
ment would reduce energy demands. How- 
ever, many of these activities, for example, 
building highways or power plants, foster 
accelerated energy use and lower employ- 
ment demands than personal consumption. 
Heavy construction programs can there- 

fore be viewed as energy-wasteful dis- 
employment programs. It is tempting for 
the energy conservation policy-maker to 
devise methods to divert the personal con- 
sumption dollars into federal spending or 
private capital formation. If such a proce- 
dure were followed for the purpose of con- 
servation, it would be truly deceptive not to 
focus these dollars on processes which lead 
to a lowering of the average national en- 
ergy intensity [see (13) for example]. 

In general, if all consumers were to 
make such carefully precalculated con- 
sumption shifts as outlined above, national 
income would be preserved, the energy in- 
tensity of personal consumption would be 
lowered, and employment would be main- 
tained if not increased-and it would cer- 
tainly be redistributed. However, the 
amount of net energy savings might be 
small because of the respending effect, and 
because of the fact that people will not 
want or need a sufficient quantity of the 
lower energy goods and services, and be- 
cause of the likelihood of too few people 
actually being aware of their options. In 
any event, there is a limit to the savings 
that can be realized by such life-style 
changes which preserve national income. 

Conclusion: Resolving the Three Dilemmas 

The problem of energy conservation by 
the consumer has been examined in terms 
of three dilemmas: First, when wages in- 
crease relative to costs, then energy use in- 
creases through the process of mecha- 
nization. Second, energy use and income 
are linearly connected such that the spend- 
ing of an average additional dollar of in- 
come demands nearly the same amount of 
energy, regardless of one's income level. 
Thus, doubling one's income doubles one's 
energy use so that the phenomenon of "ris- 
ing expectations," so ingrained in the 

Table 5. The energy and labor intensity of the 20 activities in which personal consumption expenditures (PCE) are highest in terms of dollars. Ranked in 
order of decreasing energy intensity during 1971. From Hannon and Puleo (18). 

Energy Labor Energy Labor 
intensity intensity intensity intensity PCE sector description (Btu per obs per PCE sector description (Btu per obs per 
dollar) $1000) dollar) $1000) 

Electricity 502,500 0.0436 (Federal taxes) (36,300) (0.082) 
Gasoline and oil 480,700 0.0729 Women's and children's clothing 38,100 0.1000 
(lousing) (144,000) (NA) Restaurants 32,400 0.0875 
(Auto ownership) (111,500) (.081) Men's and boys' clothing 31,400 0.0984 
Cleaning preparations 78,100 0.0733 Religious and welfare activity 27,800 0.0863 
(Average PCE) (70,000) (0.080) Private hospitals 26,100 0.1718 
Kitchen and household appliances 58,700 0.0551 Automobile repair and maintenance 23,500 0.0483 
New and used cars 55,600 0.0775 Financial interests except insurance 21,500 0.0784 
Other durable house furniture 54,600 0.0894 Tobacco products 19,800 0.0585 
(Private investment) (45,600) (0.066) Telephone and telegraph 19,000 0.0585 
Food purchases 41,100 0.0852 Rented home 18,300 0.0350 
Furniture 36,700 0.0917 Physicians 10,700 0.0325 

Own home 8,300 0.0167 
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American worker, is limited by the amount 
of available eneigy. Third, saving energy 
usually means saving money, the respend- 
ing of which reduces, if not eliminates, the 
energy first thought saved. Not respend- 
ing the savings means a reduction in na- 
tional income (gross national product) and 
money saved too quickly means a reduc- 
tion in employment. But this last effect is 
somewhat abated by the general increase 
in labor intensity that is associated with 
the lower average energy intensity. This ef- 
fect could also be thwarted by each worker 
agreeing to work fewer hours. Both solu- 
tions, that is, not respending one's savings 
and working fewer hours, would eventually 
result in decreased per capita wealth. It 
should also be pointed out that conve- 
nience demands energy, for example, high 
speed autos and airplanes, and one-way 
packaging. Giving up convenience is the 
equivalent of the consumer's accepting a 
lower implicit wage, and saving energy. 

There probably are no popularly accept- 
able solutions to these three dilemmas. If 
wages, as well as proprietor's incomes, 
were reduced relative to the cost of energy, 
or if the population decreased, or both, net 
energy consumption would be reduced 
without creating widespread unemploy- 
ment. However, strong labor unions attest 
to the irreversibility of wage rates. 

Perhaps an initial energy resource tax, 
geared proportionately to the wage level, 
could be placed on fuels, particularly on 
those used to make electricity. Such a tax 
would thrust our most important resource 
into a position in the marketplace com- 
petitive with its chief substitute, man- 
power. The tax revenue could be used to 
reward those who reduced their energy use 
or those who were severely disadvantaged 
by the tax. In effect, this money could be 
used to cover the initial costs of converting 
to a life-style with lower energy demands. 
With energy costing more, the severance 
tax revenue would generally be spent in a 
manner compatible with reducing our en- 
ergy requirements. Also, in the long run, 
the tax would imply lower real wages be- 
cause of its demanding a lower labor pro- 
ductivity through the substitution of labor 
for energy. 

It is appropriate that an already energy 
intensive nation take steps to increase its 
productivity per unit of energy expended. 
Raising the cost of energy relative to the 
cost of its substitute appears to be the best 
way for us to achieve such an increase in 
that it induces through the market mecha- 
nism the change to a more labor intensive 
technology. The tax approach might also 
give us time and revenue to redirect tech- 
nology into improving productivity from 
available energy and into easing the transi- 
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Table 6. The dollar, energy, and labor impacts of consumer activities in the home during 1971 (in- 
cluding manufacturing, operating, and maintaining the home). Herendeen and Sebald (20). 

Requirement per year 

Type or number Energy 
of appliances Dollars 106 Hundredths savings rate* 

(1971) Btu of a job (Btu per dollar) 
Kitchen appliance setst 

Spartan (4 appliances) 152.50 64.9 1.09 +304,000 
Moderate (11 appliances) 252.50 95.3 1.85 +254,000 
Plush (20 appliances) 337.90 117.0 2.47 

Clothes dryer 
Gas 27.6 8.1 0.23 +500,000 
Electric 39.4 14.0 0.27 -383,000 
Outdoor 3.4 0.2 0.03 

Stove 
Gas 33.5 13.4 0.26 +198,000 
Electric 50.7 16.8 0.36 

Refrigerator (12 cubic feetS) 
Conventional 45.0 11.1 0.35 +608,000 
Frost-free 55.7 17.6 0.40 

Water heating 
Gas 46.0 37.7 0.22 +325,000 
Electric 104.0 56.6 0.50 

Electronic media 
Black and white television 21.7 5.4 0.18 + 79,000 
Color television 67.2 9.0 0.63 -120,000 
Radio 4.1 1.2 0.03 
*When the activity is compared with the next one down the list; plus and minus signs mean, respectively, in- 
creases or decreases in energy use and dollar cost. tlncluding a stove, clothes dryer, and water heater all 
run on gas. 4:Twelve cubic feet are equivalent to 0.33 cubic meter. 

tion to lower labor productivity. While this 
relative cost change would probably be 
produced by an economic recession, 
through a reduction in the average real 
wage, the uncontrolled wage reduction that 
might result under such conditions could 
also cause much unemployment unless the 
technology of production could very rap- 
idly become more labor intensive. The ra- 
tio of the energy tax to wages should be in- 
creased at a rate which maximally in- 
creases productivity from energy without 
creating an unacceptable level of 
unemployment. 

The impact on prices of the two basic 
types of energy taxes (one based on the 
unit of energy, the other on the dollar value 
of energy) were estimated by Bullard (6). 
The tax based on the British thermal unit is 
preferred by those favoring energy con- 
servation because it does not discriminate 
against small energy users who normally 
pay a higher unit price for energy than do 
large users. 

Another method that would conserve 
energy, and that is more fundamental than 
taxation, would be energy rationing 
through the use of coupons. Energy stor- 
age would be guaranteed to the consumer 
by his being given coupons that could be 
used for different types of energy, such as 
gasoline or electricity, at different ex- 
change rates. Thus the consumer would 
have the option of conserving energy 
through the process of ownership of a 

stored versatile fuel. This concept implies 
the existence of an energy interest rate that 
depends on consumer decisions to forgo 
present energy consumption in order to en- 
sure a future supply. The energy coupons 
would be purchased from the federal gov- 
ernment which consequently would need to 
"own" the energy resources. Such an own- 
ership would allow the society to jointly set 
a national energy interest rate which would 
dictate how rapidly the proved energy re- 
serves of the society could be consumed. 

In the long run, we must adopt energy as 
a standard of value (7) and perhaps even 
afford it legal rights (14). For energy, like 
no other entity, cannot be recycled or 
multiplied. It flows from the sun and from 
the energy inventories of the earth. Shall 
we live off the flux or the storage? How fast 
and under what circumstances shall we 
draw it from storage? We would answer 
these fundamental questions correctly if 
we set energy as the basis of value and 
structured our economic and legal system 
accordingly. 

As a final point, we must consider the 
major problem related to the veracity of 
the energy crisis. Is the crisis contrived or 
real? The conservative approach is to be- 
lieve that it is real and act accordingly. If 
the crisis is real, we shall be viewed by fu- 
ture generations as terribly wise; if the 
crisis is false, we shall have had an instruc- 
tive relief from the dancing mirage of our 
manifest destiny. 
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In the beginning, living systems were rel- 
atively simple and depended upon only a 
small number of macromolecules for 
metabolic activity and continued existence. 
Evolutionary progress entailed the acquisi- 
tion of new macromolecules and metabolic 
processes, eventually resulting in the great 
variety and biochemical complexity of the 
life forms that exist today. 

Early biological evolution required the 
creation of new metabolic machinery en- 
coded in new deoxyribonucleic acid 
(DNA). However, much subsequent evolu- 
tionary change has depended primarily 
upon the modification and elaboration of 
preexisting components, particularly the 
DNA (1, 2), as indeed the term evolution 
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implies. Thus, large portions of the genetic 
information (the DNA) are internally 
homologous within single organisms and 
also between organisms, even between 
those that are only distantly related (3). 
Correspondingly, protein molecules en- 
gaged in similar tasks, either in the same 
or in different organisms, are likely to be 
truly homologous. 

Unfortunately, the historical process of 
biochemical diversification based on the 
evolution of genes cannot be examined di- 
rectly since the biochemical record of the 
past has been largely obliterated. However, 
the probable course of gene evolution can 
be reconstructed by examining a wide 
spectrum of related organisms with refer- 
ence to the synthesis and activity of spe- 
cific proteins. For example, the extensive 
analysis of the primary structure (amino 
acid sequence) of the cytochrome c mole- 
cules of a large number of animals, plants, 
and protists has revealed that all of these 
proteins are, indeed, very similar to one 
another (4, 5). These data have allowed the 
construction of a phylogenetic tree for cy- 
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tochrome c and a simulation of the evolu- 
tionary history of the gene locus encoding 
this protein (6). It is possible, by using 
these procedures of reconstruction, to 
document indirectly the number, variety, 
and timing of mutational events experi- 
enced by this gene during its evolution and 
thereby to explain the array of cytochrome 
c molecules characteristic of living orga- 
nisms today. 

During the course of evolution, new 
metabolic functions and new protein mole- 
cules have come into existence. Since a se- 
quence of about 1000 nucleotides is re- 
quired to encode an average-sized protein, 
the probability of a functional protein aris- 
ing anew seems infinitely small. In contem- 
porary organisms it is highly unlikely that 
the random generalization of a new se- 
quence of nucleotides would result in the 
transcription of a functional messenger ri- 
bonucleic acid (mRNA), let alone lead to 
the production of a protein having any 
metabolic significance. Novel nucleotide 
sequences must have been generated and 
tested billions of years ago during the earli- 
est evolution of biological systems, but the 
creation of totally new sequences of nucle- 
otides can scarcely be a significant mecha- 
nism for generating new information in 
highly complex and integrated organisms 
such as those existing today. Far more 
likely now is the derivation of new genetic 
information by duplication and subsequent 
modification of previously existing infor- 
mation, that is, from functioning genes (7, 
8). Such a duplication of genes coding for 
specific proteins could be followed by -mu- 
tational changes eventually resulting in 
proteins of somewhat different structure 
and, therefore, different function. A dupli- 
cated gene coding for a specific enzyme, 
for example, could gradually be changed 
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tionary history of the gene locus encoding 
this protein (6). It is possible, by using 
these procedures of reconstruction, to 
document indirectly the number, variety, 
and timing of mutational events experi- 
enced by this gene during its evolution and 
thereby to explain the array of cytochrome 
c molecules characteristic of living orga- 
nisms today. 

During the course of evolution, new 
metabolic functions and new protein mole- 
cules have come into existence. Since a se- 
quence of about 1000 nucleotides is re- 
quired to encode an average-sized protein, 
the probability of a functional protein aris- 
ing anew seems infinitely small. In contem- 
porary organisms it is highly unlikely that 
the random generalization of a new se- 
quence of nucleotides would result in the 
transcription of a functional messenger ri- 
bonucleic acid (mRNA), let alone lead to 
the production of a protein having any 
metabolic significance. Novel nucleotide 
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tested billions of years ago during the earli- 
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highly complex and integrated organisms 
such as those existing today. Far more 
likely now is the derivation of new genetic 
information by duplication and subsequent 
modification of previously existing infor- 
mation, that is, from functioning genes (7, 
8). Such a duplication of genes coding for 
specific proteins could be followed by -mu- 
tational changes eventually resulting in 
proteins of somewhat different structure 
and, therefore, different function. A dupli- 
cated gene coding for a specific enzyme, 
for example, could gradually be changed 
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