Increased Energy
Efficiency in
Manufacturing: =
What Can Be Done?

Increased efficiency in energy use in man-
ufacturing can make important coniribu-
tions to the resolution of the energy prob-
lem, not only from the standpoint of ef-
fective use of resolirces but more impor-
tantly from that of the national economy
and security.

Because of the scarcity of ligquid and
gaseous fuels and the high cost of new en-
ergy sources, international fuel pfices
have increased much faster than the
prices of other commodities. Reasonable
estimates indicale that the gap between
relative prices of energy and other factors
of production will keep widening for many
decades to come. The change in relative.
prices raises the question: “Is it possible-to
reaptimize manufacturing processes 56 as
to achieve the same result at equal or low-
er overall cast, but Using less energy?”

The ariswer to this question is an un-
qudlified yes, based upon firm technical
and economic considerations. By 1985,
we estimate the saving t0 be about 4 mil-
tion barrels of ¢il per day, an amount al-
most equal to that congumed by all auto:
mobiles today. It can bie achieved using
known and proven techinology to.improve
efficiency. It would require about $3% bil-
lion less than the investment needed to de-
velop equivalent new fuel supplies. it
would enhance the economy, create mere
jobs, and decrease our dependence on
foreign oitk.

Thermodynaric efficiency

Presently, manufacturing in the U.S. con-
sumnes about 40 percent of the nation’s en-
ergy, more than any other sector of the
economy, and has an average thermody-
namic efficiency of only about 13 percent.

~ The low energy efficiency in manufactur-
ing is not widely appreciated, even by en-
girieers themselves, because of the prac-
tice of applying incomplete thermodynamic
criteria in the catculation of process éf:
fectiveness, Recently, several publications
have caited attention to the shortcomings
of defining efficiency solely on the basis of.
energy. The laws of thermbdynamics in-
dicate that neithér energy, nor heat, nor
enthalpy, nor Gibbs free energy are satis-




Low energy efficiency in manufactur-
ing is notwidely appreciated, even by
engineers themselves, because of the
practice of applying incomplete ther-
modynamic criteria in the calcufation
of process effectiveness. The low
thermodynamic efficiency indicates
that great opportunities exist for sub-
stantial fuel saving.

factory. The relevant quaniity is a property
called available useful work that s, in turn,
related 10 @nother important property
called entropy.-

The low thermodynamic effic‘i'ency. in-
dicates that great opportunities exist for
substantial fuel saving. In the short term,
such savings can be achieved through in-
vestments in known technology. In the
long term, development of entirely riew
processes will make it possible to achieve
even larger fuel savings.

Energy savingsicapital requirements

Based upon extensive studies of various
industries, we estimate that apprommately
22 percent (2 quadrillion Biu per year) of
projected 1985 energy usage in manufac-
turing couid be saved by means of con-
servation measures with capital and to-
tal costs equal to of less than those
needed 10 obtain coraparable amounts of
new energy supply. The degree to which
this potential will actually be realized de-
pends in large part upon the develgpment
of a coherent national energy policy.

Alist of engrgy-saving measures and
their required capital investiments s given
in Table 1. Als¢ inciuded in the table are
the estimated iotal capital invésiments re-
quired for incrementa! fuel supplies that
wouid have o be developed if the savings
were not achieved. Capital costs forfuel
supply from souice 10 consumer are based
on'$1.8 billion per quad per year for coal,
$6.8 billion for oil or gas, and $60 billion
per quad per year of electricity generated
equally iforn coal and nuclear power
plants.

"We see from this table that the 9-quad
peryear savings can be achieved at a cap-
ital investment about $35 billion less than
the investment for the equivalent in-
cremental fuel supplies. The total cost dif-
ference is even more dramatic: $3.35 per
10¢ Biu saved versus $5.01 per 108 Biu
produced from new supplies. The total
cost difference is the largest for énergy
conservation measures that do not involve
generation of electricity.

Individual industries will vary substan-
tially from the average 22-percent figure
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for savings because of wide differences in
the relative efficiency of current praciices
compared tc the most advanced tech-
nology availzable in each partictlar ndus-
try. Also, various intiustries have a dif-
ferent mix of energy-saving opportun ities:
with regard to fusl types.

The ihree largest sources of energy in-
efficiency in manufacturlng result from:

1. Ingfficiencies associated with buming
high-grade fuel fo produce low-temper-
ature process heat.

2. Inefficiencies associated with the rejec-
tion of high-grade waste heat to thé envi-
ronment.

3. Inefficiencies inherent to specific basic
manuizcluring processes.

The third group of inefficiencies can only
be atiacked through' a systematic analysis
of processes f;p@caflc te gach industry, a
task that requires intimate and detailed
knowledge of the individual process tech-
nologies. On the other hiand, the first two
categories of inefficiencies can be treated
in a broader fashion for 3 wide cross sec-
tion of industry, and they can be given high
priority in any program for industrial snergy
consarvation. Fuel-fired kilng, furnacss,
ovens, and dryers all belong in thase cate-
gories and afford tremendous opporiuni-
ties for energy savings through varicus
process rearranigements (2.q., recupera-
tien, regeneration, cascading, topping en-
gines, and botloming engines).

Even without consideration of product-
specific data. we can identify a major por-
tion of the iotal polential saving in indusiry
by raferring orily to certain functions that
are common e most manufaciuring indus-
trizs, such as steam raising and direct-
combustion heating of maierials.

Steam raising

The raising of low-pressure process
steam accounts for 40 percent of industrial
energy usage, an amouni exceading the
fuel consumption of all U.S. automobiles.
Such steam is generally used ai relatively
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low pressure and temperature; typically,
50 to 150 psiand 300 te 350°F. The nor-
mial methed of raising process steam in
fueliired boilers iz very inefficient because

"the steamn produced is at a relatively fow

ternperature afthough the heat from the
combustion of the fuel is at & much higher
tempera ure,

Several steps cin be taken o improve
efficiency. The insialied cost for an aver-
age size residual-oil-fired bioileris about $8
per pound per hour of steam flow when the
first-law efficiency is 0.8. By adding econo-
mizers to the package, we can increase ef-
ficiericy by ten percent and cost by $2 per
pound per hour. The fuel saving, 110 Blu
par pound of process steam, represenis a
capital cost of $3.2 billion per quad of fuet
par year (6000 hours average usage). Het-
rofiiting of economizers on existing bollers
can be accomplished for about $3 per
pound per hour of steam, or $4.8 billion per
quad per yvear. These investments ars
smalier than the cost of new petraleum
supgly, estimated at $6.8 bilion per quad
per year. )

Mone of the above measures takes full
advantage of the opporiunity to curb the
major cause of nefficiency in the produc-
tion of process steam. In orderto realize
significant energy savings, we must rake
more effective use of the high-lemperaiure
heat resulting from the combustion of
fuels. iy practics, this can be done by
means of various topping engines which
generate motive power or eleciticity in
combination with the raising of process
steam. Aliematively, we can raise steam
by upgrading low-temperaiure energy from
the environment or from the exhaust of
other processes by means of hieat pumps.
Each unit of fuel energy delivered to anen-
gine-driven heat purnp can provide two to
three units of process steam energy, de-
pending upon the pressure required.

The vse of topping engines is often re-
ferred 10 as cogeneraiion. Varicus types of
cogeneration systemns can be employed t@
raise process steam, such as back-pras-
sure steam wrbines, and gas turbinss or
diesel engines with exhaust recovery hoil-
ers.

Figure 1 illustrates the use of a back-
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préssure steam turhine as a topping en-
gine to effect cogeneration. It can be seen
that the comhined process produces the
same amount of process steam as the
separate low-pressure-fired boiler ap-
proach but alse génerates 600 kWh of
electricity. Iri the separaté processes the
two tasks consume 0.5 barrels of petro-
leum moré than in the combined process.
Altematively, we can say that the 600 kWh
of electricity is obtained for an incremental
fuel expenditure of only about 0.5 barrel, or
3 milfion Btu (roughly 5000 Btu per kWh)
instead of 6 million Btu {10,000 Btu per
kwWh) consumed by a modern central sta-
tion utility plant.

. Considerable latitude exists for varymg
the ratio of ele«ctnmty to sieam. Steam tur-
bine topping engines normally yield about
50 to 70 kWh for' each mitlion Btu going to
process: stearm With diesel toppmg en-
gines, electricity produttion rises to as
much ag 400 kW f6r each million Btu go-
ing to process stearn. Incremental fusl
consumption is about 5000 Btu per kWh
for sieam turbine topping engines and
6800 Btu per kwh for diesel topping en-
gines, both being smaller than the 10,000
Btu pier kW rate of utility generating
plants. {f relatively littlé electricity is
needed on-site, and if no opportunity ex-
ists for.distributing surplus power to utili-
ties, it is possible to shift the ratio of glec-
tricity to process stean dewnward {e.g:;
to. 30 kWh per million Blu of $team) by
means of heat puriips in combination with
steam turbine cogeneration systems.

We estimate that process steam and
electricity Cogeheration measures could
yield about 1.5 quads of fuel savings in
1985 if we were to exploit most of the op-
portunities that have a capital cost equal to
of less than that for naw conventional elec-
tricity supply tapacity, about one-third of
the total potential. ’
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Direct-fired processes
1. Low-temperature processes (<800°F)
Low-temperature processes, such as

baking, drying, and curing, incur large in-
efficiencies because high-quality fuel heat
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is used to accomplish atask that requires
only a low-grade energy supply. Thus,
such processas are amenable to efficien-
cy-improving measures similar (o those
discuszed for boilers. Where the temper-
ature requirement is very low, for sxample
200 10 300°F dissel or steam turbine top-
ping engines can be used for cogeneration
of electricity {Figure 2). For intermediate
ternperatures, ppportuniliss exist for using
waste heat desived from the exhaustoi a
high-temperaturs furnacs {(&.49., metai heat
treating) or from a simple cycle gas turbine
cogeneration unit. Also, it may be possible
to recycle a portion of the low-temperature
furnace exhaust to preheat rnatenals or m-
coming process air.

The thermodynamic efficiency for a
process such as a dryer for textiles or food
grains is only about fwelve percent. Adding
a diesel topping engine 1o the process
{cogeneiation of elactricity) not-only yields
& dramatic increase in efficiency, but also
permits substitution of low-grade residual
oilfor scarce natural gas. The toppihg en-
gine achieves ari overall efficienicy of 44
percent by eliminating part of the in-
efficiency that occurs when high temper-
ature combustion praducts are diluted with
air to accomplish a low-temperaiure heat-
ing function. -~

The dryer example provides an excel-
lent iliustration of the opponumty that ex-
ists for fuel suibstitution in most low-temi-
perature industiial heating processes. itis
often claimed that gas fuel is absolutely
necessary for many processes requiring-a
clean environment in ovens, kilns, and
crop dryefs. This staiement is true only for
high-temiperature processes where heat
exchanger problems might preclude the
separation of combustion products from
the stock-heating media. There is no valid
reason why & separate combustion sys-
tem, burning almost any type of fuel; can-
not be used to heat clean air {through a
heat exchanger) for delivery to a process
oveh or dryer. The optimum solution, of
course, is to use atopping engine with the
reguired hieat exchanger in the engine ex-
haust. In this way, the clean process envi-
ronment is retained; gas usage is eliminat-
ed entiirely; and efficiency is improved by a

large factor.

Obwiously, the topping engins approach
will cost far more than a simple, once-
through systern using oniy & gas bumer
with air giution ports. The crifical consic-
eraticn from 2 naticnal policy viewpoint,
however, is the {act that this conservation
rmeasure will yiekd much more engrgy per
doliar of capital invested than will cotm-
pavable invesiments in new energy supply.

Low-temperature direct-fired process
heaters would represent about five guads
of total ensrgy usage by 1985, Topping en-
gines could theoretically yield as much as
250,000 MW of electrical generating ca-
pacity if all low-temperature processes
were converted fo.cogeneration with diesel
topping engines. Since many low-temper-
aiure processes are felatively small in
scale and subject to intermittent operation,
oniy about 20,000 MW of this cogeneration
capacity is likely to be implemented, and
much of the remaining conservation poten-
tial will be obiained by means of heat ex-
changers to recycle process heat and
thereby reduce fuel requirements by any-
where from 1510 30 percent.

2, High-tempef’étur’e processes (> 800°F)

Many of the heating processes required
for the manufacture of metals, ceramics,
glass, and cement are carried out in fur-
nagces at high temperatures, sometimes in
excess of 2000°F. Az the processing tem-
perature incréases, the inefficiency due to
cooling of combustion gases becomes
iess significant. Other loss mechanisms in-
crease, however, and the efiiciency is low-
ered. Insulation losses generally increase
with temperature, but the largest losses
occur because of high quality energy ob-
tained in exhaust gases and in the materi-
als leaving the furnace.

A variely of energy-saving measures
can be employed o improve the efficiency
of high-temperature furmaces. In addition
to the obvious approach of reducing heat
loss by means of more effective insulation,
there are opportunities for recycling ex-
haust heat to preheat combustion air (re-
cuperation}, for recovery of energy from
parts leaving the furmace to preheat in-
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comning parts (regeneration). for the use of
exbaust heat for steam raising or oiher
process heat purposes, and for the cogen-
eraiion of electricity from exhaust heat by
means of bottoming enginas {(Foure 3).

Need for cofigreni energy poiicy

Our studies have disclosed & number of
factors that inhibit the adoption of cost-gf-
fective conservation measures in industry:
1. Average prices of energy are well below
the replacement cost of energy supplies;
2. the regulated rate of returr on invest-
menit by uiilities is about one-half the aver-
age rate of return on investments by man-
ufacturers; 3. the expected rate of return
from investments in new practices (e.g.,
conservation) is about twice as large as
that from mainstream business invest-
mehtis in manufachuring; and 4. federal,
state, and local regulations inhibit the
adoption of cogeneration by manufac-
turers. Clearly, the first two taciors are
based on economics whereas the last two
are not.

The Administration and Congress have

considered legislative initiafives that would

induce or compel industry to move faster in
thie difection of increased energy efficien-
cy. These initiatives have been frusiraied,
however, by the complexitiss of the indus-
trial sector and the lack of a praCtIC_al effi-
clency measure that would cover all proc-
essés. Understanding and controliing all of
these processes has always appeared to
be impossibte because it would have re-
quired a huge and wasteful bureaucracy.

Our studies have disclosed that the
complexity can be eliminated by consid-.
ering only the two energy-intensive proc-
essing functions of steam raising and heat-
ing or drying of products. They account for
60 percent of all fuels consumed by indus-
try, an amount greatér than that consumed
in transportation. e
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