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Abstract

Fuel end-uses in the U.S.A. are reviewed, and a large potential for fuel savings in
heating applications in the range 60°C to 1650°C is established. Under present conditions
of technology and economics, about 6.6 quads of primary fuels per year out of about 27.6
can be cost-effectively saved. The relevant technologies considered are thermal insulation
and cogeneration. We estimate that $160 billion capital investment would be required to
achieve these fuel savings. However, this investment is much less than the $260 billion
that would have to be invested in developing equivalent new energy supplies. In spite of
cost-effectiveriess, fuel savings in heating applications may not proceed as fast as present
- conditions warrant because of institutional and financial barriers.

1. Introduction

In this presentation, our purpose is to emphasize that improved energy efficiency is
a substantial option that would cost less than increasing new energy supplies, that would
not result in curtailment of fuel end-use services, and that ought to be seriously considered
in any balanced approach to the U.S. energy problem. To accomplish this purpose, we
used well known principles of thermodynamics and have drawn on the results of published
studies of simple, proven, and existing technologies for fuel savings in heating applications.
We collected and integrated the resuits of these studies in order to show how large is the
total potential for cost-effective fuel savings in the U.S. and hence to stress the importance
for the economy of realizing thesg savings. '

The rising price of energy, due to increased scarcity of cheap supplies of fuel, imposes
strains on the U.S. economy. The response to this new energy situation can be composed
of three elements:

1) Dedicate more resources for energy by paying higher prices for fuel, and hlgher
development costs of new energy supplies;

2} Curtail fuel consuming activities that would be otherwise carried; and

3} Increase the efficiency of fuel use to derive the same amount of utility from a smaller
amount of fuel.

Proper adaptation to the new energy situation should involve all three elements of
response described above, in a balance such as to minimize total societal costs.

it seems however that the third possibility of improved efficiency is not well appreciated
or its economic benefits not well recognized, and therefore many people's response tends
‘to be of the first and second type. For example, the present policy of the U.S. Department of
Energy (DOE), under Secretary J.B. Edwards, is mostly ane of increasing energy production.
Again, surveys of households show that many of them do not apply any energy conservation
measures to their homes, and some energy intensive industries are experiencing periods of
‘reduced production. For sure, some energy conservation projects are being implemented
in the U.S. but there is room for saving much more energy than is currently realized.

Increasing energy production from new supplies and curtailing energy consuming
activities usually imply increased costs to society, either in terms of highet prices paid for
fuels, or in terms of loss of the ufility previously derived from fuels. increasing energy
efficiency however can decrease these costs. :



. We will show that there is no fundamental physical barrier that would prevent the
reduction of fuel use, while maintaining the same: level of services previously provided by
this fuel use, and that the room for improving the fuel consumption is large. We will also
show the economic benefits of implementing fuel saving measures in heating applications,
and.discuss needed government actions to accelerate the adoption of these measures.

The fuel saving potential is gauged as the difference between (a) the minimum amount
- of fuel required to perform certain tasks, and (b) the amount of fuel consumed by existing
processes that perform these same tasks. The minimum fuel requirements are evaluated
by a careful application of the laws of thermodynamics. The result of this analysis shows
that the overall effectiveness of fuel use in the U.S. is about 15%, hence leaving a large
margin for improving fuel consumption without curtailing the end-uses of fuel. Of course,
‘a 100% effectiveness can never be achieved in practice, but the size of the potential, and
the benefits that would accrue from realizing even a smalt portion of it, ought to draw much '
"more attention than it is currently given.

By analyzing the fuel savings, realizable by known existing technologies of insulation
and weather-stripping - in homes, and of cogeneration in industries, and the investments
" necessary to realize these savings, we estimate that about 6.6 quads of primary fuels per year

out of 27.6 can be cost-effectively saved in heating applications. The capital cost of these

fuel savings is estimated at about $160 billion, which is much less than the $260 billion that
would have to be invested in developing equivalent new energy supplies of about 4 mitiion
bbl/day oil production capacity plus 17.6 GWe installed electric capacity. Implementing the
fuel savings outlined in this presentation would save $19 billion per year from the society’s
“bill for energy (net, after paying for the conservation projects). Considering the positive
effects on the economy of such annual savings plus the initial capital cost savings, the
pursuit of energy conservation should be one of the high priority items of U.S. energy
policy. : : '

in order to foster the realization of these fuel savings by improvement of efficiency,

" market imperfections—lack of information, limited access to capital, and sometimes inade-

guate incentives feedback—that hamper investments in fuel savings have to be countered by

- judicious government policies. The major policy recommendations to promote fuel savings

are: 1) initiate information programs through a revived Residential Conservation Service

and Energy Extension Service in order to incréase national awareness about energy saving

possibilities; 2) encourage the flow of capital from the energy production sector to the

energy consuming sectors of the economy; 3} establish buildings and appliances efficiency

code standards; and 4) follow a pricing policy that would reflect to consumers the true rising
cost of energy.

2. Thermodynamic Efficiency of Heating-AppEications

An efficiency'measuré should tell us how well a resource is used in accomplishing a
certain desired task. A perfectly efficient process should be one that uses up a resource in
the least wasteful manner.

If a fuel is consumed in order to drive a process, it is the fuel's ability to do work that
‘is consumed. This ability is equal to the fuel's change of availability, say A;. On the other
hand, the utility that we derived from the fuel is the work used to drive the process. The
minimum amount of work reguired to drive a process is equal to the change of availability
involved in the process, say A,. Hence, in a perfectly efficient process, i.e. a process in
which no fuel was wasted or in which no more fuel was used than the minimum amount
required, we should have Ay = A,. In a less efficient process, more fuel than the minimum
required would be consumed, and we would have 4, > Ay

The ratio (e = %}) is called the "effectiveness” of fuel use. It is a measure of how weli
is a fuel used because it represents the fraction of the fuel that was consumed for useful



purposes, i.e. the fractlon of 4; that was used for Az, and is equa! to 100% when no waste
of fuel occurs.

The difference (A; — A2), is the potential for fuel savmg, or the margin for reducing fuel
consumption in a process. It measures how much fuel can be saved if a process consumed
no more than the minimum amount of fuel necessary. Of course, real processes can never
attain this ideal limit of minimum fuel use but they can move towards it, thereby reducing
the difference (4; — As). '

The more commonly used factor of efficiency {n = Fl) is def:ned as the ratio of the
energy required (Eg) to the energy consumed (E;), and is related to the effectiveness by

Ay CqEy Co:

E___-——

A, CiE = ff{" @

‘where ¢y and C, are the energy quality factors of fuel and required energy, respectively.
For most fuels Cy is close to 1 and therefore

e=nGy B

Hence the effectweness of fuel use reflects not only the energy use (9) but also the energy
quality required (Cs). :

Heating applications are estimated to consume about 40% of primary fuel use in the
1.S., as shown in Table 1 for heating with electricity, and Table 2 for heating with fossil fuels,
for 1974 { The data are adapted from DOE’s Energy Consumption Data Base (ECDB)[1]).
The tables show also estimates of n, Cy, and e. The overalt effectiveness of fuel use for
these heating applications is estimated to be less than 20% , hence leaving a large margin
for improving fuel consumption without curtailment of the end-use demand.

- 3. Cost Effective Fuel Savings in Heating Applications

in this section, we turn to the economic aspects of fuel savings in heating applications,
in order to show how much fuel savings can be economically realized. The numbers
presented in this section should be considered as estimates; and not as precise measure-
ments of fuel savings, since economic variables {e.g. prices) that are the basis of economic
analysis change every day. We have always made conservative assumptions in our analysis,
in order not to overestimate the fuel saving potential.

The energy use data presented in Table 1 and Table 2 are those of 1974. It would
have been preferable to analyze more recent data in order to evaluate the potential fuel
savings that represents as close as possible current conditions. However, 1974 data are the
latest that are available from DOE, detailing fuel use by end-use categories, and they are
used as a good approximation of more recent fuel use in heating applications.

3.1. Assumptions Used for Economic Comparisons

The cost-effectiveness of an investment in fuel savings was determined by comparing
the levelized annual cost of this investment with the dollar value of expected annual fuel
savings. In order to make valid economic comparisons; all costs were expressed and
compared in constant 1980 dollars. -

Initial capital costs were levelized using a capital recovery factor (R) with a 3% real
(deflated) interest rate and a 10 year lifetime:

R = 0117 3)




A 10 years lifetime is reasonable for a fuel saving investment considering the lifetime
-of buildings, water heaters, industrial furnaces, or the time required for new energy
developments that are the alternatives to energy savings, like the time required for oil
and gas exploration and development, for power plant construction, or for synthetic fuels
plant construction. A real interest rate of 3% is moderately high, given that over the decade
1970 - 1979 the inflation rate had an average of 7.1% per year[2], while mortgage rates and
bank prime rates had an average of 8.8% and 8.1% respectively[2], hence implying a long
term real interest rate of only 1% to 1.7% per year. _ .

For estimating the dollar value of eéxpected annual fuel savings we assumed that fuel
. prices will escalate at the same rate as the general inflation, and hence that fuel prices
~ remain constant in 1980-dollars. I we exclude the "oil shock” years of 1974 and 1979,
then over the 70’s decade the energy Consumer Price Index (CPI) rose an average 6.3%
per year, and the total CPi rose on the average by 6.1% per year|3]. Hence the assumption
_ made is reasonable in-the absence of severe market disruptions, but is conservative given
that disruptions occurred in the past, and may occur again in the future,

3.2. Fuel Savings in Space Heating

We have analyzed the economics of fuel savings in space heating in the residential
sector, which consumes over 70% of fuels used for this purpose. ' -

The consumption of fuels for space heating depends on the type of the residential
structure being considered, and the climate in which it is located.

According to data from the Bureau of the Census[4], in 1974 about 68% of housing
units in the U.S. were single family houses, 12% were fow-rise multipte-family buildings (2 to
4 housing units per building), and the remaining 20% were larger multiple-tamily buildings
and mobile homes. In our analysis, we have considered only single famity houses and low
rise multiple family units, both categories comprising about 80% of all housing units.

To account for regional differences in climate and construction, we have analyzed
separately the space heating requirements of the four U.S. Census regions shown in Figure
‘1}4]. The West Region shows the most variation in climate, e.g. the winter in Montana is
much colder than in Arizona. But the largest fraction of the West Region population is in
Central and Southern California, and therefore the average figures used for the West Region
reflect mostly conditions in California. :

The average fuel use for space heating in typical residential units in each of the four

U.S. regions is shown in Table 3i5]. Depending on the type of heating fuel used, for the same
type of housing unit in one region, there is a variation in the average amount of fuel use
duie to differences in average furnace efficiency and in building construction. For example,
. electrically heated houses are typically newer and better built than oil or gas heated ones,
and electrical furnaces have a higher efficiency than oil or gas furnaces.

To estimate the cost-effective fuel-saving potentiaf in residential space heating we
have analyzed the investments and resultant fuel savings in retrofitting existing houses with
“insulation {to reduce heat loss through the skin of the house) and weatherstriping (to reduce
cold air infiltration in the house). Air conditioning needs were not considered, hence fuel
savings resulting from insulating homes are conservatively underestimated since insulation
for heating would normally also reduce fue! use for space conditioning in many regions.
Some examples of retrofit costs {in 1980-$) and fuei savings are :

1. The National Bureau of Standards installed storm windows and insulation in walls,
ceiling and floor of a large Washington D.C. suburban house, and achieved a 58.5%
savings in space-heating fuel, for a retrofit cost of $4030[6].

2.- A survey by the Depariment of Energy, of a national sample of €85 households that
took various conservation actions in 1978-1879, shows that these households have
achieved an average of 29% annual fuel savings, for an average initial cost of $635 [7].



3. The Canadian Office of Energy Conservation reports the results of two retrofits. where
in one case it saved 54% of the annual fuel consumption of a 2-story wood frame
house with wood siding for a cost of $2,770, and.in the other case it saved 44% of the
annual fuel use of a wood frame bungalow with aluminum siding for a cost of $1,605
[8]. (Canadlan climate and houses are similar to those of the northern regions of the
us) . ‘

4. In an experiment in 24 townhouses with |dent|ca! floor plans in Twin RwersNJ
researchers from Princeton University saved from 20 to 30% of fuel use for space
heating, for an initial cost of $440 to $570 per unit, depending on the contractor and
the amount of insutation and weathersiriping installed|9}.

5. In a more advanced experiment in one Twin Rivers fownhouse, the fuel use for space
heating was reduced 67% for an initial cost of $§1790[10].

The costs and savings reported above are illustrated graphically in Figure 2. The labels
used on the figure refer to the paragraph numbers above. The points generally-fall on a
curve of diminishing returns (solid line), a result to be expected. Point (5) on the figure
ilustrates that a well trained team of house specialists can drastically reduce the fuel use
for space heating of a house, for a relatively low cost{10].

A retrofit investment is considered cost-effective when the Tevelized annuai cost of this
investment is less than or equal to the dollar value of annual fuel savings.

The average retail prices paid in 1980 for residential heating are[11}:

~ Cou = 98 centa/gallon = 1.0 $/10°Btu (4)
Cpas = 3.98/Mcf = 3.9$/10°Biu {5)
Cutectric = 5.36 cents/kWh = 15.7$/10°Btu )

Using these average prices and Table 3 for fuel use, the maximum cost-effective retrofit
for each type of housing unit in each of the four U.S. Census Regions was calculated and the
resulis are shown in Table 4. The combination of heating loads and fuel prices in the North
Central Region justify. the maximum investment considered practical (§3500 for single-family
and $1400 for multiple-family units) for all heating fuels. In the Northeast, the maximum
investment is warranted only for heating with oil and electricity. In the West region, the
maximum investment is warranted for heating with oil and electricity in single-family houses,
but only for oil-heating in multiple-family housing. Finally, in the South region, the heating
loads are too small to justify the maximum investment, Gas prices are presently under
control, and when these controls are removed gas prices are expected to go up, and
equation {5) will tend towards (4). With higher gas prices the situation of course would be
different, and hlgher refrofit investments would be justified.

We can also estimate the annual fuel savings (expressed as a percentage of annual
fuel use before retrofit),-as shown in Table 5.

Using Table 6 for the number of housing units, Table 4 for the retrofit investment, and -
Table 5 and Table 3 for fuel savings, the total cost of retrofit investment and the total fuel
savings are estimated, as shown in Table 7. Oil, gas, and electricity savings are- estimated to
be about 1.0, 2.2 and 0.16 Quad per year, respectively, and the initial capital costs required
to realize those savings are estimated at $35, $69, and $18 billions, respectively. Again,
when controls are removed from gas prices, we can expect to see more retrofit investments
become attractive. The equivalent cost, in constant 1980-$ and using the capital recovery
factor of equation (3), of the fuels saved is

34.6 X 10° x 0.117

Coit = —{138 % 1072

= 3.90 $/10° Btu = 55 cents/gallon 4



69.3 X 10° X 0.117 _

Coas = = 3.75$/10° Btu = 3.75 $/ Mecf (8

e 2163 X 10' $/10Btu =3758/Mcef -~ ()
18.3 X 10° X 0.117 s

Celectric = 61 % 1012 = 13.3$/10° Btu = 4.5 cents/kWh (9)

These equivalent costs of the fuels saved are less than average retail prices paid
in 1980 for heating fuels, equations (4) to (6), and therefore the retrofits considered are
cost-effective. ' :

3.3. Fuel Savings in Water Heating

The residential sector consumes 85% of the fuels used for water heating in the U.S.
Hence, the economics of fuel savings in water heating have been analyzed using typical
residential water heaters as models. .

A typical electric water heater with a 50-gallons capacity uses about 6,600 kWh/yr of
electricity[12]. By increasing the jacket insulation around the water heater, and by insulating
25 ft of hot-water distribution pipe, about 14% of the electricity use can be saved, for an
initial cost of $57]12].

Thus the estimated equivalent cost of saved electricity is (usung the capital recovery
factor of equation (3)):

57 X 0.117 ' :
Celectric = —————0 == 0.72 ts/kWh 1
tectric = 0o 6600 cenits/kWh (10)

This equivalent cost of electricity is much less than the U.S. average price, 54
cents/kWh — equation (6), and hence retrofitling water heaters with jacket and pipe
insutation is cost effective.

Countmg that there are about 15 X 10° electric water heaters in the U.S,, it is possible
then to save about 14 X 10°kWk/yr of electricity with an initial capital investment of 855X 10°3.

Similarly, for gas and oil-fired water heaters, we estimate that the equivalent cost of
fuel savings are
Cyas = 0.738/10° Btu (11)

Coit = 1.0$/10%Btu = 14 cents/gallon (12)

Again, the equivalent costs of fuel savings, equations (11) and (12), are much less than
the average retail prices, equations {4) and (5}, and hence retrofitting gas and oil water
heaters is cost-effective.

3.4. Fuel Savings in Process Steam Raising

The amount of fuel used for steam raising can be reduced in many ways. General
measures for reducing this fuel use include preheating combustion air and input water
with exhaust gases, insulating the boiler, plugging leaks in the steam sysiem, and better
re-utilization of the hot condensate. Steam-using industries can also modify their processes
to reduce the use of steam, and are in fact pursuing these modifications such that the
demand for steam is not expected to grow by much over the next couple of decades,
despite the industries’ expanding production[13].

The above-mentioned fuel-saving methods are specific to each industrial application,
and cannot be analyzed in our broad evatuation of fuel-saving potential for all the industrial
sector. Cogeneration, the simultaneous production of steam and electricity, is however a
fuel-saving method that can be applied to all steam-using processes, and we have evaluated
the fuel-savings that are realizable by this method. Steam can be generated in boilers
fitted on the exhaust of oil-fired or gas-fired gas turbines, or it can be drawn from a back
pressure steam turbine attached to a coal-fired boiler. Fuel savings accrue because the



tuel required fo produce electricity, beyond the fuel needed to produce the steam alone -
called the effective heat rate, is in the range of 5000 to 8000 Btu/kWh for gas turbines,
and about 4500 Btu/kWh for steam turbines, whereas electric utilities use on the average
10,700 Biu/kWh. : : '

3.4.1. The Cost of Cogenerated Etectricity

In evaluating the economical potential for cbgeneration. we will use the following
assumptions: .

" 1. The electricity production by a cogeneration plant will not be limited by the on-site
- need of electricity, but rather by the cogeneration technology being considered, This
assumes that electricity production in excess of on-site needs can be sold to the utility,
which is guaranteed by the Public Utilities Regulatory Policies Act of 1978 (PURPA,
PLO5-617). : : :

2. A cogeneration plant will be considered cost-effective when the cost of cogenerated
electricity is lower than the marginal avoided cost (not the average cost} of electricity
from the utility. This reflects realistically the PURPA regulation that requires. utilities to
buy electricity at this marginal avoided cost. E

3. The industrial firm will continue to use for its cogeneration equipment the same fuel that
it used previously for its steam-raising boilers. This assumption is realistic given that
the Powerplant-and Industrial Fuel Uses Act (FUA) of 1978 provides for cogeneration
an exemption to the restrictions on oil and gas use|13]: Cogeneration based on coal
saves more oil and gas than cogeneration based on oil and gas, but is fimited now to

_very large plants that are already using coal for raising steam, because of the space
and size reguirements for conventional coal boilers. Future developments in advanced
coal cogeneration technologies {e.g. pressurized fluidized bed combustors, coal-fired
Diesel or Stirling engines) can heip in overcoming this size restriction, and coal-based
cogeneration should then become more prevalent{14]. '

4. Electricity production is charged with the full capital cost of cogeneration equipment.
This is a conservative assumption that will tend to increase the cost of cogenerated
electricity, because in some instances, where the steam boiler is due for replacement,
cogenerated electricity should be charged only with the incremental capital cost of
cogeneration equipment, i.e. what that equipment costs in excess of what the needed
boiler would have cost aione. In the other instances, where the steam boiler still has
some useful life, but is replaced nonetheless by the cogeneration unit, the cogenerated
electricity should be charged with alt the capital cost of the new equipment, and we will
consider conservatively that all cogeneration is installed under such circumstances.

8. EIeCtricity production is charged with only the incremental fuel use, i.e. the fuel that
the cogeneration equipment has used in excess of what the steam production would
have used by itself.

6. The investment in the cogeneration project will come 30% from debt and 70% from
equity financing. ) '

7. The return required on the debt financing (in constant dollars) is 3% per year, and the
same return is also required on equity financing but after tax. Assuming that the tax
rate (r) is 50%, the return on equity must be 6% per year in constant dollars.

8. The capital is recovered over a pericd of 10 vears, during which we will use a straighf
line depreciation. :

With these assumptions, we estimate that the cost of oil-, gas-, and coal-cogenerated
electricity is in the ranges '

ton =37 to 56 mills/kWh (13)
egas = 27 to 34 mills/kWh (14)



€ont =36 to 54 mills/kWh : (15)

The marginal avoided cost of utility generated electricity, in oil or gas fired central
stations that are not used as baseload units, is estimated to be :

e=62 mills[kWh (16)

, This- cost is ‘higher than the cost of cogenerated electricity (27 to 56 mills/kWh,
equations (13), (14), and (19)). Therefore, the cogeneration of steam and electricity is a
_ cost-effective means of saving oil and gas. :

3.4;2. Total Fuel Savings and Capital Requirements of Steam-ElectrEéity Cogeneratibn

Because some steam loads may be too small or too irregular with time, it is conserva-
tively estimated that only 50% of all process steam production can be practically associated
with the cogeneration of electricity[13, 14]. About 50% of steam use 0GCUIS at piant sites
. that use more than 270 X 10° Btu of steam per hour, per site[14]. Therefore, if we associate -

cogeneration with the largest steam users, it is equivalent to associating cogeneration with
steam use in excess of 270 X 10° Btu/hr site. Gas turbines used in cogeneration typically
‘produce 200 kKWh of electricity per 105 Btu of process steam, and back-pressure steam
" furbines typically produce 60 kWh/10° Btu of steam[14]. Hence cogeneration is considered
practical on sites that can preduce more than 54 MWe for gas turbines, and 16 MWe for
steam turbines.

We thus estimate that it is cost-effective to install cogeneration plants that will provide
about 240 X 10° kWk/yr of electricity, and save about 1340 X 10*2 Btu/yr of oil and gas. The
initial capital outlay for these cogeneration plants is estimated at about $16 billion.

3.5. Fuel Savings in Direct Heating

The assumptions used in evaluating fuel savings in process steam raising are cof-
sidered to apply also to fuel savings in direct heating applications.

For evaluating the cogeneration potential, the direct heating applications are divided

_into two categories: heating where the temperatures required are under 1000° F, and heating
where the temperatures required are over 1000° F. o

3.5.1. Heating Under 1000°F

For the heating applications where the temperature required is less than 1000°F, the
. fuels can be used in gas turbinies, and the exhaust gases from these turbines {typically 600
to 1100°F{14]) can be used for the heating processes. Most of the fuels used for the heating
processes are gas and oil, and therefore suitable for use in gas-turbines.

The cost of electricity cogenerated with process heat in oil-fired and gas-fired units is
estimated {o be
o =34 to 52 mills{kWh mn

tpas =24 to 30 mills/kWh (18)

Since the cost of cogenerated electricity, {17) and (18), are less than the utilities’
marginal. avoided cost of 62 mills/kWh (equation (16)), we conclude that cogeneration is
cost-effective,

The total potential electricity production by cogeneration is about 196 x 10%kWh/yr,
the total annual fuel savings are about 1,020 X 10'*Btu/yr, and the initial capital required is
about $8 billion.



" 3.5.2. Heating Above 1000°F

As the heaﬁng temperature achieved in a furnace increases, so does generally the
temperature of exhaust gases. When the temperature of the exhaust gases is high enough,
they can be used to generate power, without an additional use of fuel.

The efficiency of high temperature fossil fuel fired furnaces is generally low. For
example, the efficiency of glass furnaces (T = 3000°F) and meta! forging furnaces (T =
2000°F) is only in the range 10 to 20%[15]. Even for large steel heating furnaces (T = 1900
to 2500°F), with insulation and recuperation of heat from exhaust gases, the efficiency
generally lies in the range of 30 to 40%{16]. However, not all the energy loss is in the
_exhaust gases. Some energy losses occur also through the furnace watls and doors, and
by radiation. For smalf metal heat treating furnaces, only about 60%of the fuel's energy are
estimated be lost in the stack[15,17]. Because larger furnaces tend to be more efficient,
we will assume 40% of the energy of fuels used for high temperature heating is present in
exhaust gases. : .

In a survey of industrial furnaces, started in 1975 under ERDA and completed in 1578
under DOE, which covered all 2-digits SIC code major groups of industries, the temperature
of furnaces exhausts was found to be typically in the range of -500°F to 1000°F, with a
median of 675°F[18]. The exhausts are therefore suitable for use in commiercially available
~steam turbines to produce electricity]18]. Using exhaust gases in this temperature range
(500 to 1000°F), .steam turbines typically have an efficiency in the range of 15 to 35%[18].
We will assume that the average efficiency achieved is 20%.

Therefore, if we assume that 40% of the fuel's energy is in the exhaust, that 20%-
of the exhaust energy can be transformed into electricity, and that only half the heating
furnaces are practically suitable for the instaflation of cogeneration, the potential electricity
production by cogeneration, in heating applications with T > 1000°F, is estimated to be
abolit 37 X 10%kWh/yr. _

. Since this electricity is produced by the waste heat of exhaust gases with no additional

fuel use, the fuel savings are 10,700 Btu/kWh, which were previously used by the electric
utifity. Hence the total fuel savings are about 396 X 1012 Btu/yr (= 37 X 10° X 10,700).

To determine whether these fuel savings are cost-effective or not, we have to compare -
the cost of cogenerated electricity to the marginal avoided cost of utility generated electricity.

in 1980 dollars, the instalied capital cost of rankine-cycle power systems varies between
2286 $/kW, for 0.5 MW unit operating with 675°F exhaust, and 1,520 $/kW for units larger
than 1 MW operating with 1000°F exhaust{18]. We thus estimate that the cost of electricity
cogenerated with waste heat is ' ' '

e=36 to 51 mills/kWh (19)

Since the cost of this electricéty'is less than the marginal avoided cost of utilities
electricity of 62 mills/kWh {equation (16)), the use of cogeneration, with the exhaust gases
of high temperature heating processes, is a cost-effective method of saving fuel.

3.6. Summary of All Cost-Effective Fuel Savings in Heating Applications,
and their Capital Requirements.
3.6.1, Fuel-Savings

The cost-effective fuel savings that were determined previously in this section, are
summarized in Table 8. The first column in the table restates from Table 1 and Table
2 the fuel use (in 1974) for the heating applications for which cost-effective fuel savings
were established. #f we add to the total fuel use (22,550 X 10'? Btu/yr) the primary fuels
consumed by utilities for generating the eleciricity that is later displaced by cogeneration

‘10



{475 X 10°%kWh/yr), the total use becomes

OwBtu o KWh Btu

=122 — X 10 —_—
F , 550 X 1 - 475 X 109 p X ,TUOkWh

= 27,630 X 10'2Btufyr | (20)

Hence the cost effective fuel-savings, 6640 X 10'? Btu/yr — second column in Table 8,

expressed as a percentage of initial total fuel use are about 24% (= S5kiye)

. The total initial cah_ita! investmeni necessary to realize those savings is estimated at
" $158.6 billion (fourth column in Table 8). The investment in fuel-savings are attractive, as

- shown by the last two columns in Table 8, because they "produce” energy cheaper than

the present supply technologies. Thus, oil-and gas savings in space and water heating are
estimated to cost about 3.4 $/10¢ Btu, whereas the supply of these fuels cost 4.9 $/105Btu.
Similarly, electricity savings in space and water heating cost about 3.6 cents/kWh, whereas
the electricity supply costs 5.4 cents/kWh. Cogenerators can. produce eleciricity at a cost
between 3 and 4 cents/kWh, which is less than the marginal avoided cost of electricity
from utilities, estimated between 5 and 7 cents/kWh. Ml is interesting to note that since
cogenerated electricity is cheaper .than utility-electricity, the oil and gas savings due to
cogeneration come not at a cost, but rather with a profit. ,

Despite their cost-effectiveness, the realization of the fuel-savings outlined in Tabie 8
~ can be hindered by the initial capital requirements. There are two ways of looking at the
initial capital requirements for fuel savings:

1) Compare the capital requirements for fuel savings in a sector of the U.S. economy
to the total capital requirements of that sector; this comparison indicates the capacity of
that sector to increase its capital expenditures to under’sake these cost- eﬁectwe fuel-savings
investments.

_ 2) Compare the capital requirements for fuel-savings to the capital requirements of the
alternative of producing an equivalent amount of fuel from new supplies.

3.6.2. Capital Requirements of Fuel Savings .

The amount of initial capital required to realize the cost-effective fuel savings in space
and water heating in the residential sector is estimated at $126 billion. This is a large
amount of capital, when compared to other levels of investments in the residentiai sector.
.For example, the total value of all new housing units put in place in the U.S. in 1979
was $78.6 billion[2}. If we add the expenditures for additions, alterations, improvements,
maintenance and repairs of existing residences, thén the total expenditures for residential
structures in 1979 was $121 billion{2]. The capital required for insulation retrofits is therefore
large compared to the normal level of expenditures in the residential sector. If we consider
that the $126 billion retrofit investment is spread over a period of 10 years, it will require (in
constant 1980 dollars) $12.6 billion per year for 10 years. This is stifl a large requirement,
equivalent to increasing the capital spending of the residential sector by about 10%, and
maintaining it at this higher level for 10 years.

The total amount of capital required for fuel savings by cogeneration is estimated
at $32 billion. Again, this is a large amount of capital, when compared to other levels
of investments in the industrial sector. For example, the total capital expenditures by
manufacturing industries for new plant and equipment in 1980 was $90 billion[2}. in constant
doliars, these capital expenditures have been growing by 3 to 4% per year over the period
1970-1980[2]. If we schedule the introduction of cogeneration over a period of 10 years,
i.e. requiring $3.2 billion {1980 dollars) per year for 10 years, then it would be equivalent
to requiring the manufacturing sector to double its increase in capital expenditures in one
year, which would seem difficult to achieve.
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Therefore, in both the residential and industrial sectors, the capital requirements, to
implement the fuel savings outlined in Table 8, are high when compared to the levels. of
investments normally present in these sectors. The difficulty in raising capital would therefore
hamper the implementation of the fuel-savings measures, despite their cost-effectiveness.

" The capital requirements for the fuel-savings outlined in Table 8 are requirements in
addition to the ones normally present in a sector, and in addition to other cost-effective
fuel savings measures (the fuel savings analyzed in this presentation are by no means
_exhaustive). For example, insulation retrofits require capital in addition to the capital
required for new housing or for repair of old-housing. Similarly, the capital required for
" cogeneration is in addition o the capital required for the normal conduct of business, for
expanding production, making new products, or replacing worn equipment, for restructuring
and improving old processes, and for other conservation measures besides cogeneration.
Because the sectors cannot easily expand their access to cap:tai fuel-savings are expected
to be implemented slowly.

3.6.3. Capital Requirement of New Fuel Supphes

if fuel-savings measures are not adopted, new fuel supplies have to be developed in. -
order to replace depleting old supplies and to aliow for some expansion in consumption due
to growth in population and/or the economy. It is interesting then to compare the capital
requirements of fuel-savings to the-capital requirements of tuel-supply, 1o see whether any
capital would be saved if the fuel-savings measures are not implemented. Spread over
a period of time fuel-savings were established to be cheaper than fuel-supply; but since
fuel-savings require a large initial capital, the point studied here is whether some reduction
in initial capital outlay can be made, if fuel-savings are not implemented.

Once- the fuel savings measures are implemented, the fuels saved are available for
consumption by other end-uses. Saving fuel is thus an equivalent and a replacement to
supplying fuel. In space and water heating, the electricity savings are equivalent to-a supply
of 61 X 10 kWh/yr and the oil and gas savings are equivalent 10 a supply of (3201 4 492 =
3693) x 10'2 Btu/yr. The advantage of cogeneration of course is that it reduces the total
demand for oil and gas by displacing (albeit not 100% of the time) the utility's oil and gas
based electricity generation. The oil and gas savings by cogeneratlon are thus estimated to
be about 2,756 X 10'2 Btu/yr.

The supply system equivalent io the fuel savings measures outlined in Table 8 should
then deliver an amount of electricity of 61 X 10°kWh/yr and a total amount of oil and gas
of 6450 X 1012Biu/yr.

Assummg that the space heating season is half a year, durmg WhiCh time power plants
operate at 80% capacity, that water heating is done all year long, when power plants average
65% annual capacity factor, and that there is a 10% loss in electricity due to transmission
and distribution, then the electricity savings are eqguivalent to an installed capacity of

47 C 14 10° ,
.= (u.s x08 T _0.65) X 590 % 8760 — +/B00MWe (21)

The oil and gas savings, when expressed in terms of barrels of oil equivalent (boe)
of 6 x 10° Bitu per barrel, are 1.07 X 10%oe/yr. Assuming that fuel production facilities
operate with an 80% annual capacity factor, and that there is a 5% loss of fuel for cleaning,
refining and transporting the fuel, then the oil and gas savmgs are equivalent to a production
capacity of

1.07 X 10°

0.8 X 0.95 x 365

K; == = 3.87 X 1oﬁboe/day ' (22)

Having determined the supply production capacity equivalent to the fuel savings, we
can now estimate the initial capita! requirements for this production capacity..
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. For electric power plants, a recent cost estimate by Commonwealth-Edison is $1,150
per kilowatt capacity for nuclear plants, and $785 per KW for coal plants(19]. Because of the
difference in fuel costs and other operating expenses, nuclear and coal plants come out to
be equally competitive despite the difference in initial capital costs[19]. If we assume that on
the average half the new power plants will be coal ones and the other half nuclear ones, then
the average capital cost for new electric power plants is $968 per kW. The Commonwealth
Edison estimates were developed for comparing the two types of plants, and hence costs
of land, transmission terminals, and transmission lines were excluded since such costs. are
‘usually the same for both types of plants[19]." The ‘capital costs of transmission lines and
equipment in the U.S. tend to average about 50% of the capital cost of power plants{20}.
If we add that amount to the capital cost of the plant, then the capital required for new
electric supply is about 1,450 $/kW. Hence the total capital requirements for an electric
-supply equivalent to the electric savings is about $25.5 billion (== 1450 X 17.6 X 10°).

_ For oil and gas supply, the production from conventional wells is projected to decline

in the future, and new supplies are expected to come from resefvoirs with difficult operating

- characteristics, from remote locations or areas with harsh operating environment, and

from synthefic fueis[21]. Production of synthetic oil or gas is estimated to require an

investment in the order of $60,000 per boe/day capacity, and the other competing options

for replacing conventional oil and gas do not seem to be much cheaper|21]. Therefore, the

capital required, for a supply that is equivalent to the savings considered, is approximately
$232.5 billion (= 60,000 X 3.87 X 108},

The tota! capital required for the supply of both electricity and fossil fuels that are .
equivalent to the savings is about $258 billion.

The initial capital cost of equivalent new supplies of energy is therefore higher than
the initia! capital cost of the fuel-saving measures. If the fuel savings are not implemented
because of difficulties in funding their first cost, the alternative investments in new supplies
will cost more, '

3.6.4. Allocation of Capital for Fuel Savings

As we have demonstrated, fuel savings are cheaper than fuel supplies both in terms
of {equivalent) energy costs {e.g. '$/105 Btu or. cents/kWh) and in terms of initial capital
cost. Hence it is economically more beneficial to invest in conserving fuels rather than in
~ developing new fuel supplies. Yet, it seems that it would be difficult for the residential and
- industrial sectors to increase their capital spending to undertake fuel-saving investments. It

" is important to note here that in the residential and industrial sector capital spending for

fuel savings has to be done in addition to other normal capital spending, whereas in the
energy production sector capital spending for energy supply has to be done in place of
(not in addition to) capital spending for fuel-savings. if fuel use is reduced, the needed
expansion in fuel production is also reduced. Raising large amounts of capital is difficult in
present economic conditions for all sectors of the economy. The difficulty is compounded
by the fact that for fuel savings this iarge initial capital has to be raised by a large number
of small operators. Traditional large energy-supply organizations on the other hand, such
as public utilities or oil companies, have in the past handied large investment programs,
and it is suggested that this expertise in raising and channeling capital be used in financing
fuel-saving projects.

One way to encourage the flow of capital into the energy consuming sectors, is fo
allow the energy production sector to become energy-services{22] providers rather than just
fuel sellers. Oil, gas, and electricity are not desired for themselves in a residence, but
rather for the "services" they provide. e.g. warm house or hot water. The same amount of
"energy-service" can be obtained with different amounts of fuel depending for example on
the amount of insulation around the house or the water heater. If gas or electric utifities,
or oil companies provide energy-services rather than just fuels, they can provide home
owners with advice and financing for retrofits, repair and maintain in optimum conditions
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'the energy using equipment, and maybe provide new more efficient equipment as it becomes
available[22]. From our analysis, the economic benefits of such a scheme of encouraging
energy producers to invest in fuel savings are threefold: -

1. Society benefits from a reduced demand for capital since, as we have shown, producing
a certain amount of fuels by conservation requires less initial capital than producing
the same amount of fuels from new supplies.

2. Consumers benefit from a reduced bill for energy services, as we have shown that the
levelized cost of fuel-savings investments is less than the price of fuels consumers are
presently paying. _ ' ‘ '

3. Energy producers earn a return on their money { a 3% per year real, above inflation, -

interest rate was assumed for our analysis. Higher rates can be used if desired, thereby
increasing the returns for investors, and decreasing the savings for consumers). -

A scheme for utility investment in residential retrofits has been successfully in place
in Oregon since mid-1978. and has come to be known as the Oregon Plan{23]'. The Pacific
Power and Light Co. (PP&L) has financed the refrofits in about 10,000 homes by mid-
1980{23}. The financing is done with a zero-inferest loan to the home owner, and the loan
hecomes due whenever the house is soid or the title transferred. During the time that the
loan is outstanding, it is inciuded in the rate base so that the utility earns a return on the
sum invested. All customers of the utility benelfit from such an investment, and not just the
owner of the retrofitted house, bécause the electricity produced by this conservation effort
is estimated to cost about 3 cents/kWh, or about half of what consumers would pay for a.
new supply[23]. The success of the Oregon Plan indicates that energy suppliers can indeed
successfully become energy-services suppliers, to the benefits of all those involved in the
plan. Such financing ot fuel-savings by traditional fuel suppliers should be encouraged.

For the industrial sector, arrangements can also be made for the financing of cogenera-
tion projects. AHowance of utility or third-party ownership of cogeneration equipment can
help alieviate the financial difficulties faced by industries in implementing cogeneration(13, 14},
Financing energy savings in the industrial sector with capital from traditional energy
producers, transforming the producers into providers of energy-services rather than just
-fuels, has the same advantages as in the residential sector: society benefits from a lower
demand for capital, and from lower priced fuels, {fuels saved are available more cheaply than
new supplies), industries benefit from lower production costs, and energy-services providers
garn a return on their money. The difierence between the cost of utility generated electricity
and cogenerated electricity represents a profit that can be shared in many different ways
between the industries and the financing organization, and hence providing an incentive for
all parties involved 1o pursue cogeneration projects.

4. Market imperfections and Energy Conservation

In this section we will examine the barriers that hamper investments in energy
conservation, and propose the major elements of government policy initiatives that can
help overcome these barriers, so that the economy can benefit more from fuel and cost
savings opportunities. '

" The analysis completed in Section 3 shows that for heating applications society can
make a better use of its resources, a better use that is reflected by a decreased cost, by
investing in energy saving equipment and hence spending less on purchasing fuels and on
developing new supplies of fuels. Other studies arrive at the same conclusion for other
applications as well[22, 24,25]. Yet there are many indications that the investments in energy
conservation are sometimes not made despite their profitability, or that they are not made
at a scale or rate commensurate with their profitability.

For example, Hirst et al.[7] report that in 1978-1979 half the US. households took no
action whatsoever for energy conservation in their homes. Those who did, generally took
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low cost measures. Their median investment was only $194 per household, far below the
levels of cost-effective retrofit investments, estimated in Section 3 to be in the range $800 to
$3500. Hatsopouilos et al.[25] also report that many manufacturers turn down energy-saving
projects despite economic benefits calculated on a similar basis as here (showing that other
factors determine the choices).

In an ideal free market environment, where every economic actor tries to minimize his
costs and maximize his profits, such a situation. would not exist. Therefore, there must be
some prevalent conditions in the "real” market that interfere with the implementation of fuel
saving. investments. These conditions are generally called market "imperfections” because
they are the cause of why a real market diverges from an ideal or perfect one.

In this section, we wilt discuss three major market imperfections that hinder investments
in fuel savings: lack of information and awareness, limited access {0 capital, and inadequate
feedback: of prices and/or profits. Each one of these market imperfections, in relation to
energy conservation, is discussed in more details in the following. ‘

4.1, Lack of Information and Awareness

Before the dramatic increases in energy prices during the last 10 years, energy
consumption was not a major concern for the average consumer or business in the U.S.
The serious concern for energy use is a relatively recent phenomenon, and it should not be
surprising then to find a lack of information on what are the most appropriate responses to
~ this new energy situation. ' : '

Without adequate information on energy. saving possibilities, or energy-saving equip-
“ment and its cost and performance, the energy user may not see a fuel saving opportunity
and therefore may not act to take advantage of it. For example, without a program that
labels the fuel consumption of appliances or cars, the average consumer has no way of
_knowing reliably such a consumption, and therefore gannot make an informed decision
about it :

Inthe area of residential energy conservation, the Princeton University study of the Twin
. Rivers community provides us with many insights into the needs of information for energy
*savings, Ross and Williams[26] found that even "the nations responsible professionals don't
yet understand household energy performance well enough”. We surely cannot expect this
understanding from the average home owner. Ross and Williams also found that "in general,
building owners do not know how.best to spend money on conservation investment. They
need expert advice.” : .

In a survey of Twin Rivers residents, Darley(27] found that "in most instances people
seriously overestimate the cost of an innovation that would reduce their energy consumption,
and seriously underrate the energy conservation that innovation might achieve, and therefore
underestimate the savings they might realize by adopting it." Darley also found that by
- installing simple monitoring equipment that relays to people their eléctrical consumption,
they were able to achieve by themselves a 10% reduction in their electrical energy use, and
when instructed on additional energy saving techniques, their savings rose to 158%.

The overestimation of costs and underestimation of savings come not only from the lack
of specific factual information about energy saving methods but also from the novelty of such
methods. When faced with a new and unfamiliar decision, people, and businesses, tend to
be conservative. The information therefore has to be conveyed with enough credibility so
as to overcome this conservative skepticism, and with enough persistence and wide reach
s0 as {o make it more familiar. :

information problems can arise also for commercial and industrial establishments.
Businesses, especially small ones, can have some of the same problems as the residential
sector, i.e. the technology and equipment for energy savings exist, but are not widely
known or accepted, and the problem is to disseminate, with reliability and credibility, the
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information about these energy-saving technologies. But there can also be an "information”
problem of a different kind, wheére the technology is well known to an industry for example,
“but the energy conservation project is rejected because of its novel or unfamiliar nature.
Management is sometimes not well aware or sure of the advantages of energy conservation,
and therefore prefers to give higher priorities to other more familiar projects in a plant.
For sure, energy conservation is not the only concern of an industry, and may well be
competing with other projects for an industry’s limited supply of capital, engineers, workers,
and other resources. Nonetheless, a better awareness of the competitive advantage that
energy conservation can give in terms of reduced costs, would help in getting more energy
conservation projects implemented more often. : -

4.2. Limited Access to Capital

The classical economic thinking is that there will (or shduld) always be money on the
capital markets to finance good investments. The realities of the American market, and the
way it raises and channels capital, are however different.

American business investment is mostly financed with retained earnings. When earnings
are low, whether due to energy costs or other reasons, there are limited funds to finance new
investments, either in energy savings or other projects. The risks involved in the American
private enterprise system imit the horrowing capacity of American firms to a debt to equity
ratio of about 30- 40% , which is a low ratio compared to (less risky) utilities that can have
up to about 50% debt to equity ratio, or compared to large Japanese firms that can obtain
up to 400-1000% debt/equity through (government backed) debt.

As we have seen in Section 3, the capital requirements for energy conservation tend
to be large compared to the investments normally carried by industries. Since industries
would probably have difficuities in raising the necessary capital many energy conservation
projects would go unimplemented, no matter how good the returns on them may be.

The same sifuation is also true for individuals. Their kmited capacity to bofrow,
or 16 save the necessary capital, may foreclose for them many profitable energy saving
opportunities. ' .

This however does not represent a normal market operation of optimal allocation of
a limited capital resource, an operation that necessitates the foregoing of some investment
opportunities because society does not have enough capital to implement all desired projects.
As we have seen in Seclion 3, if energy conservation projects are not implemented, the
altefnative is investment in fue! supplies that will require more capital. The energy supply
industries seem to be in a better financial position than other industries, of individuals,
and hence enjoy a befter access to capital, giving them a better chance to carry their
investments. This situation represents a market distortion where capital is not optimally
allocated for the least cost alternative. : :

Government policy initiatives that would encourage the channeling of capital to energy
conservation projects can help in correcting this distortion. Making capital available
for energy conservation projects will not place an additional burden on society’s capital
requirements, thereby draining capital from other needed projects, but rather relieve some
of the pressure on the capital market since less money needs to be spent on energy
conservation compared {o new fuel developments.

4.3. Inadequate Feedback Mechanisms

in a successful free market operation, proper incentives guide the actions of individual
economic actors such that while each tries to maximize his own- individual benefit, the
total societal benefit is also maximized. This successful operation depends heavily on each
economic. actor receiving a proper feedback from his actions, in the form of profits or
losses as determined by costs or prices set by the market. If an economic actor does noi
receive the proper feedback of his actions, for example if a landiord does not benefit from
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his building insulation investment because the tenants pay for heating costs, it is unlikely
that this actor’s actions will maximize sometai benefit although they may maximize his own
benefit,

in many instances in energy conservation, the costs and benefits of conservation {or

of the lack of it} are borne by different groups of society, and hence many conservation
investments are not made because of the lack of adequate feedback incentive. For example,
as cited above, a landlord pays for insulating a building but does not benefit from this
- investment because tenants usually pay the fuel bill. A similar example i$ when customiers pay
the fuel cost that is simply passed onto them by a firm, while the firm benefits from reduced

capital spending (on energy saving equipment). Price controls reduce the conservation

incentive when they artificially hold fuel prices down. Rolled-in or average pricing practices

of utilities in effect share over all customers the cost of the increased consumption of only

some of them :

- There are therefore many situafions in energy conservation where the cost-bearers are
- different from the beneficiaries, and the feedback between them is weak. In those situations,
the incentives for investments in energy conservation are small, and hence fewer energy
- ‘conservation projects will be realized than if perfect market feedback mechanisms were in
operation. Government actions to restore incentives or to provide new ones can help in
overcoming this lack-of-feedback hindrance to energy conservation.

4.4, Major Elements of Government Po[icies to Counter Market Imperfections

. The United States does not have a truly laissez-faire free market economy (nor do other
Western democracies). Government interventions-in many areas of the economy have been
instituted in the past in order to counteract the undesirable effects of a free market. The
U.8., like other Western democracies, has often opted to intervene by government actions
when the market failed to produce the results society wanted, or the market produced
results that society would not tolerate. Many of the government interventions have been
in the area of capital and labor, two most important factors in economic life. -Some
examples of government interventions in the area of capital are: banking regulation by
the Federal Reserve Board, insurance of bank deposits by the Federal Deposit Insurance
Corporation, and regulation of the financial and stock markets by the Security Exchange
Commission. In the area of labor, examples of government interventions are: legislations for
increased employment, regulations concerning union organization and collective bargaining,
workmen's accident compensation, unemployment insurance, old-age pensions, regulation
of factory conditions, fair-labor-relations acts, and other laws prohibiting discrimination, and
setting minimum wages.

Reducing energy costs is an important and desirable outcome for the economy. As
shown by the analysis in Section 3, a better use of society's resources can be made, as
reflected by a reduced total cost, by investing' in energy saving opportunities. However, many
real barriers impede the realization of these investments, and hence the economy continues
to suffer from high energy prices. Government intervention to help overcome these barriers
seems well justified then, since such interventions, to produce socially beneficial efiects that
the market by itself would not produce, are not unprecedented, have been used many ttmes.
in the past, and seem {o enjoy a strong public consensus. :

The major elements of a government intervention policy, to foster investments in energy
conservation, are presented below. This intervention policy is intended to help overcome the
three barriers to investments in energy conservation discussed earlier: lack of information,
~ limited access to capital, and inadequate feedback incentives. Government policy initiatives
-are needed in all three areas cited above, and some that are designed fc overcome a
barrier in one area may also help in-overcoming the barriers in other areas, thus increasing
the impact of government policies. For example, disseminating information on financial
assistance also improves the access to capital. Also, setting performance standards for
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buildings, to substitute for the lack of incentives for the developers or landlords to increase
the energy efficiency of their structures (since this increases their cost while ultimate
users later benefit from reduced fuel cost), may also help to disseminate information about
energy saving possibilities in buildings. Hence government programs to counter market
imperfections in all three areas need to be well coordinated together, and may not be as
independent of each other as the following discussion may seem to ;mply

4.4.1. Information and Awareness

Information is an essential tool for implementing energy conservation projects, and its
dissemmatlon, to increase the awareness about energy savings, is very effective in promoting -
investments in energy savings. DOE estimates that for $1 spent on information, education,
and so-called "reach-out" programs, $5 of conservation investments are generated, whereas
for $1 cost in tax incentives, only $2 of conservation investments are made|28]. Dissemination
- of information about energy savings can help energy users in making informed decisions
about savings and hence foster investments in conservation. Manufacturers of energy-saving

+. equipment have a vested interest in seiling their products, and therefore their information

may be viewed with some conservative skepticism. The government however does not suffer
from such a credibility problem, and therefore it can play an important role in disseminating
such information, a not-to-be missed opportunity 1o help the economy reduce its fuel bill.

Governmient can also have an important role in building a national consensus about
the energy situation facing the U. S., where increased efficiency is an important aspect of
adaptation to increased energy prices. Such a consensus would help making conservation
the “accepted current wisdom", thereby giving conservation more chances of a wider
adoption. -

in order to counter the lack of information in energy conservation, govemment programs
with the following major elemenis are recommended: :

1. Set up services that can provide the residential sector with information on energy
cohservation measures in homes, offer home energy audits and recommendations for
retrofits, and assist in securing financing and installation of retrofits. Some inspection
service of refrofits may also be helpful to insure retrofits quality and maintaining
customers confidence in the service. The Residential Conservation Service (RCS) was
a cooperative program between DOE and utilities that offered similar services to the
ones described above, until it was terminated in FY82. Some utilities continue to offer.
such services to their customers, for example in Massachusetts Oregon, and California,
but reinstating the RCS program can greatly help in spreadlng these serv;ces to all the
u.s.

2. Otfer similar services of advice on how to save energy, to smalil businesses which are
less likely than larger ones to be well informed on such matters. The Canadian federal
Office of Energy Cohservation has operated for over 5 years now such a successful
service that has helped small and medium size business reduce their energy costs, by
offering a free consulting service on how to save energy and money in space heating
and ventilation, lighting, electric load scheduling and power factor reduction in order
to reduce peak demand and utility charges, recuperation of waste heat, insulation and
covering of hot wash tanks, etc. Offering a similar advisory service to small American
businesses can improve their know-how of energy savings and therefore help them in
reducing their energy costs.

3. Revive the Energy Extension Service (EES) with the cooperation of the states fo
provide educational programs and demonstration projects (the EES was terminated
in FY82). The EES offers a good opportunity to provide, with a responsiveness to
special regional needs, energy-saving education not only for the home owners and
businesses, but also for the training of home and small business energy auditors
necessary for the two recommendations discussed above. The EES would also evaluate
for local conditions conservation measures, and set up local demonstration projects



to accelerate their dcceptance. Such an approach of local technical education and
- demonstration projects was used successfully in modernizing the Amerzcan agriculture,
and could aiso help in mcreasmg American energy efficiency.

4.4.2, Access to Capital

- Capital is a scarce resource that society has to allocate among competing needs.

As was shown in Section 3, it is a better use of capital to invest in fuel savings rather
than in new fuel supplies deve!opment But the energy-producing sector of the economy
seems to enjoy a better access to capital than the energy consuming sectors, and therefore
some government intervention is desirable to channel some capital o the energy consumlng
sectors; so that a more optimal use is made of society's limited capital.

In order to enhance the availability of capital for energy conservation projects, the

following government policy initiatives are recommended:

1.

Encourage the energy supply sector to invest in "producing™ energy by conservaticn.
For example, allow gas and electric utilities {o invest and earn a return in enérgy
conservation projects in the residential, commercial and industrial sectors. The success

-of the Oregon Plan, of electric utility investment in residential energy conservation (see

Section 3.9.4) indicates that such investment schemes by traditional energy suppliers
can indeed be carried successfu!ly Qil and gas companies should also be encouraged
to invest in improving the energy efficiency of the economy, possibly by giving them,
some of the same tax incentives they receive for exploration and development, for
producing oil and gas in homes and factories. The benefits of having energy producers

- invest in energy conservation are manifold:

f) The energy producers can earn a return (often less risky) on their money;

ii} The energy consumer with the conservation measure benefits from a reduced enerqgy
bill;

iii} Other energy consumers benefit from a slower increase in energy prices, because

the energy saved by conservation is cheaper than the next source of energy supply;
and

iv} The economy benefits from a reduced demand for capital, since the energy produced
by conservation requires less initial capital than new energy supplies, therefore freeing
some capital for use for other desired projects.

- Use a windfail-profits fax to provide additional funds for conservation investments,

especially for the needy. ‘Removing price conirols is necessary to provide the proper
incentives for- conservation and for development of new more expensive supplies of
energy. Price conirols on oil have been removed, and it is recommendead that gas

-prices be decontroled t00. Such a decontrol however stirs the social debate about

whether the owners of old {and cheap) energy supplies deserve all the increase in
income that they receive because of this decontrol, and whether it is fair to impose
the hardships of increased energy prices on the rest of society, especially on the
less fortunate members of that society. Such equity concerns are of course not
new, progressive income taxes and transfer payments having been enacted time ago
to provide a more level distribution of income. A similar redistribution of income is
proposed here for energy, by taxing some of the windfall profits of energy producers,
to provide conservation funds to energy consumers, in order to lessen the impact of
increased energy prices.

Abolish Government subsidies and supports for the synthetic fuels program, and
re-channel some of the money to energy conservation. For the same' amount of
money, more fue! would be produced by conservation than by synthetics production.
The energy production sector is well organized and financed to undertake synthetics

 development on its own, if such developments is warranted, a point echoed by many

. corporations involved in such development.
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- 4.4.3, Inceniives Feedback

In areas where the incentives for conservation are lacking or are too small or {oo
new and unfamiliar for energy consumers to act upon, government policy initiatives can
replace or reinforce those incentives. Four such areas that can benefit from government
intervention are: :

1. Mandate energy efficient building code standards, and retrofit efficiency standards. -
This would strengthen the presently too-weak incentives for new building developers
and landlords to provide energy efficient buildings, since they don't pay for fuel
“costs. The buildings energy efficiency programs should be well coordinated with the
educational and financial assistance programs proposed before. For example, the
Energy Extension Service can provide training for the construction trades, on how
to achieve the new energy standards in old and new buildings, and utilities couid
provide some of the retrofit financing. A well. informed developer or landlord, receiving
technical and financial assistance, would accept more easily new efficiency standards.

_ 2. Mandate energy efficiency standards for appliances {the Appliances Standards program
of DOE was terminated in FY82). Life-cycle costing is new to most consumers, and-
many would still be heavily influenced by first cost considerations in choosing an

" appliance. Energy costs may also be too small for one individual consumer to care

.-about, but since there is a large number of consumers, the influence of appliances
energy use on the national level may be considerable. The setting of appliances
standards should be well coordinated with the information dissemination and education
programs, where for example the merits of life-cycle costing methods are emphasized
and the new achievable energy efficiencies are publicized. If the information program
is successful, consumers will demand betler energy performance of appliances, and
the efficiency standards regulations may never need enforcement (for exampie, the
automobile efficiency standards for 1985 will probably be met before that date because
of consumer demand, a demand that was undoubtedly helped by the EPA reporting of
mileage figures). The setting of efficiency standards would alse help in heightening the
public awareness about the importance of ‘and the national commitment to increased
energy efficiency.

3. Marginal pricing is necessary in order to reflect to energy users the true national
cost of new energy supplies. The equity problems of income redistribution, raised by
“marginal pricing, can be resolved with a taxation policy, that taxes excess profits and
provides funds for conservation in order to ease the impact of increased energy prices,
as explained previously. Keeping energy prices low by regulations does not provide
the proper, nationally beneficial, incentives for energy conservation. Two good steps
already undertaken towards proper price incentives are the decontroi of oil prices, and
the PURPA regulation requiring utilities to purchase cogenerated electricity at their
marginal production cost. Further needed steps in that direction are the decontroi of
gas pricing, in a measured way that would avoid sudden large economic disruptions,
and possibly raising the price of electricity above the average "rolled-in" cost, to reflect
the rapidly rising cost of new power plants (the excess revenue need not all go to
utilities, some can be taxed and redistributed to consumers).

4. To provide incentives for small business to increase their energy efficiency rather
than pass their fuel costs unto customers, stimuiate competition among them. This
competition would follow naturally from a suecessful program of offering technical
and financial help to increase energy efficiency, and to emphasize the competitive
advantage of reduced energy costs.

5. Summary and Conclusions

We have analyzed the fuel uses in the U.S. for heating applications, and established
a large potential for cost-effective fuel savings in these applications. With presently known



technologies and under present economic conditions, about 6.6 Quads of fuel per year
out -of about 27.6 can be cost-effectively saved in heating applications. The technologies
considered were weatherstriping and thermal insulation in the residential sector, and
cogenetation in the industrial sector.

. The capital cost of these fuel savings is estimated at about $160 billion, which is much
less than the $260 billion that would have to be invested in developing equivalent new energy
supplies of about 4 million bbl/day oil production capacity plus 17.6 GWe installed electric

- capacity. The equivalent cost of the energy saved compares favorably with present energy

prices, and would undoubtedly fare favorably also when compared to future enéigy prices
from new supplies. Thius the cost of saving energy in homes is equivalent to 3.4 $/10° Btu
for oil and gas, and 3.6 cents/kWh for electricity, compared to presently paid average prices
of $5/10° Btu for oil and gas and 5.4 cents/kWh for electricity. The cost of cogenerated
electricity is 3 to 4 cents/kWh, whereas the utilities marginal electricity costs are between
5 and 7 cents/kWh. Implementing the fuel savings outlined in Section 3 would save $19
billion per year from the society’s biil for energy {net, after paying for the conservation
projects). Considering the positive effects on the economy of such annual savings plus the
initial capital cost savings, the pursuit of energy conservation should be one of the high
" priority items of U.S. energy policy.

The initial capltal investment required to realize these fuel savings is a large addltlonai
demand for capital when compared to the levels of investments normally present in the
residential or industrial sectors. However, the energy production sector has in the past
handled investments of this magnitude and it is suggested that the energy production sector
be allowed and encouraged to invest in fuel-savings opportunities. By channeling some of
the capital to which traditional energy producers ‘have access inio the energy consuming
sectors, many benefits accrue: (1) to.energy consumers that have their energy bills reduced;
(2) to energy producers that earn returns on their money in what seems a priors a less risky
venture that new supply developments; and (3) to society that would see a reduced demand
for capital for energy production, and a slower increase in future energy prices.

" The realities of the market fail to foster investments in energy conservation in the way an
ideal market would. The market imperfections identified are the lack of information, lifited
access to capital, and inadequate incentives feedback. Since it would be economically
- beneficial to society o undertake energy conservation investments, government interventions
are justified to correct for market imperfections by providing information and education
programs about increased energy efficiency, promoting some movement of capital from
the energy production sector to the énergy consuming sectors, and correcting for weak
incentives with efficiency standards. Thus the government intervention recommended is not
designed to force the market in uneconomical directions, but rather to remove the barriers
that prevent real markets from fulfilling the promise of ideal ones, thereby improving the
general state of the economy.
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Multiple-Family Low-Rise

U.S5. Census

Single-Family Houses Buildings

0il1| Gas | Electricity| 0il | Gas | Electricity

Region

Northeast 203| 175 66 81 | 72 24
North Central 221) 194 75 95 | 84 | . 27
South 96| 82| 36 34 | 30 .12
West 1251 108 48 42 37 ' 16

Table

Average fuel use for space hHeating in
typical housing unjts in the four U.S.
census regions (10" Btu per heating season)
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Multiple~Family Low-Rise

in residential structures in the four U.S.

census regions (1980-$ per housing unit)

27

Single-Family Houses Buildings

U.S. Census | 0il | Gas | Elec. | 0il Gas Elec.
Region Heating| Heating| Heating| Heating| Heating| Heating
Northeast 3500 3140 | 3500 1400 1349 1400
North Centrall 3500 -3500 3500 1400 1400 1400
South 3020 840" 2100 930 300 600

| West 3500 1260 3500 1400 400 1040

Table

4 Estimate of cost~effective retrofit investment




Single Family Houses

Multiple-Family Low-Rise

Table

_ Buildings

| T0i1 Gas Elec. 0i1 Gas | Elec.
U.S5. Census Savings | Savings | Savings Savings | Savings | Savings
‘Regions (%) (%) % (%) (%) . (%)
Northeast 58 54 58 58 56 58
North Central 58 58 58 58 58 58
South 53 31 44 46 30 38
West 58 35 58 58 33 49

5 Estimated percéntaée of fuel savings in resideﬂtial

heating in the four U.S. census regions (savings

retrofit)

28

~ are expressed as percentage of fuel use before




ok . Multiple—~Family Low=-Rise
Single Family Héuses Ruildings
U.S. Census 0il Gas Elec. 0il Gas . Elec.
Regions Heating | Heating | Heating | Heating | Heating | Heating
Northeast 4610 | 3700 450 1720 | 1480 130
North Central 2030 | 10280 940 220 2060 170
South 2160 9810 3660 180 950 430
West 520 6300 1380 40 990 290
Table 6 Estimate of number of housing units by type of space-

heating fuel used, in the four U.S. census regions,
for 1974 (dn 1,000 units)
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