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Industry consumes a majcr portion of the total enir
atroleun are the dominant industrial fuels d
ot 5 bee The High-"remperature Gas=Cooled Reacus: (HIGR) shows
promise as a source of industrial energy for certain applications especially in petroleum refining
One limitation to the use of large HIGR's for industrisl energy stems
from the mismatch in size betweer nuclear plants and most industrial plants.

pected to become increasingly important.
and petrochemical plants.
fineries could use the output of only one HIGR.

power station.

systems.

INTRODUCTION

1. The i~dustrial sector is the largest energy
user in “tae United States, accounting for over

40% of tha total primary energy consumed (Fig. 1)

The term "industry" includes meny diverse active
ities ranging from small food processors to
giant petrochemical complexes, and their needs
are met in a variety of energy forms (Fig. 2)
such as steam, direct furnace heat (process
heat), and fossil fuels for feedstock. The
largest amount of industrial energy is consumed
in the form of steam. In fact, the primary
energy consumption related to industrial steam
production is nearly 17% of the total national
energy use. Process heat is also & significant
fuel user and; taken together, the production
of industrial process heat and steam requires
more fuel theu the entire electric utility
industry.

2. Natural gas and petrcleum are the primary
fuels currently used by industry. - the direct
fuel uses, 51% is natural gus and 27F is oil.
Both natural gas and oil are btecoming scarce and
the prices are escalating rapidly. Perheps of
even greater concern to industry is that no
longer can a long-term supnly of gas or o0il be
assured regardless of price. As a consequence,
U.5. industry will, in the future, reply more
and more on the plentiful domestic fuel re-
sources; these are coal and nuclear. Although
coal can be expected to be the major alternative
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gy used in the United States.

The size mismatch, coupled witi the need for

multiple nuclear units to provide reliability, will liamit applications to ;]oim.'. uses of & nuclear
One desirable arrangement is for an electric utility to generate both electricity
for the grid and thermal energy for lccal industries. 3
be implemented, the HIGR would have significant economic advantages over alternative fossll energy . -
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Presently natuvral
but in the future cozl and nuclear are ex-

Even very large re-

In those nlaces where this arrvangement can

industries because of its potential for supply-
Ing process heat.

Mi(t) of this would be based on purchased fuels;,

Limitations {9 loudurizisi asuiiza iong ,
T.  Comuciil Macludr easrgy systcus are large,
require = sigmanle capis avastaent, involve a .
long perisd of rlunning and construction, and
gererally have ¢2sign characteristlcs intended
to match the requirements for central station
powsr generation. The HTGR nuclear steam sup=-
Py sostem, ofiered ccmmercielly in the United
States by General Atomic Company, is available
in two standard sizes with nominel iatings of
2000 and 3010 MW(t). Steam conditions are ap-
proximately 510°C and 16,548 k Pa abs. (950°F
and 2400 psia). If the HTGR follows the patterm -
of INR's, the time required to construct a re=-
actor and put it into operation will range from
seven to iLon years. After a reasonsable shake=
down period, & plant availability factor of 8Q
to 90% might be expected. There are several
limitations on the use of large nuclear plants
in industry, but two of the most important are
related to unit size and constructiorn period.

E:

4. Although industrial energy consumption is
large, the size of individual blocks of indus=-
trial energy is small in relation *p the size of -
nuclear units. As an example, a 500,000 barrels .
per day petroleum refinery would require approx=
imately 4000 MW(t) of energy input and 2000-3000
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:4he dominapt industrial fuels, but in the future cotl and nuclear are ex=
easingly important. The High-Temperature Gas-Cooled Reacio: (HTGR) shows

¢ indusirial energy for certain applications especially in petroleum refining
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pize between nuclear plants and most industrial plants. Even very large re-
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PGR would have significant economic advantages over alternative fossll energy
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to match the requirements for central station
power generation. The HIGR nuclear steam sup-
ply &ystem, offered ccrmmpercielly in the United
States by General Atomic Company, is available
in two standard sizes with nominal ratings of
2000 and 3000 MW(t). Steam conditions are ap=
proximately 510°C and 16,548 k Pa abs. (950°F

and 2400 psia). If the HTGR follows the pattern

of IMR's, the time required to construct a re~
actor and put it into operation will range from
seven to ten years. After a reasonable shake=
down pericd, a plant aveilability factor of 80
to 90% might be expected. There are several
limitations on the use of large nuclear plants
in industry, but two of the most important are
related to unit size and construction period.

4. Although industrial energy consumption is
large, the size of individual blocks of indus-

f price. As a consequence,

trial energy is small in relation to the size of
in the future, reply more

nuclear units. As an example, a 500,000 barrels
tbiful domestic fuel re- per day petroleum refinery would require approx-
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INTRODUCTION

1. The industrial sector is the largest enargy
user in the United States, accounting for over
40F of the totsl primary energy consumed (Fig. ).
The term "industry" includes many diverse active
ities ranging from small focd processors to
giant petrochemical complexes, and their needs
are met in & variety of energy forms (Fig. 2)
such as steam, direct furnace heat (process
heat), and fossil fuels for feedstock. The
largest amount of industrial energy is consumed
in the form of steam. In fact, the primary
energy consumption related to industrial atesm
production is nearly 17% of the total naticnal
energy use. Frocess heat is also a significant
fuel user and, taken together, the production
of industrial process heat and steam requires
more fuel than the entire electric utility
industry.

2. Natural gas and petroleum are the primary
fuels currently used by industry. Of the direct
fuel uses, 51% is natural gas and 27% is oil.

. Both natural gas and oil are becoming scarce and

; eassured regardlegs of price.
; U.S. industry will, in the future, reply more

the prices are escalating rapidly. Perhaps of
even greater concern to iadustry is that no

longer can a long-term supply of gac or oil be
Az a consequence,

and more on the plentiful domestic fuel re-
gources; these are coal and nuclear, Although
coal can be expected to be the mojor alternative
fuel, nuclear's role may become significant.
Eventually, special-purpose industrial reactors
may be developed, but in the intermediaste-term,
nuclear energy for industry is likely to be sup-
plied by adeptations of existing pover reactors.
Either light water reactors {IWR's) or high
temperature gas-cooled reactors (HIGR's) could
supply most industrial steam requirements, but
the HIGR is more adaptable than IWR's to some

Industry consumes a major portion of the tg:;l f:::ry used in the United States.
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to match the rsquirements for centra) station
powtr genarvation. The HIGR nuclear stesm sups
ply soatem, offzrad covmswoislly in the United
States by General Atomic Company, is available
in two standard sizes with nominal reatings of
2000 and 3C00 MW(t). Stesm conditions are ap-
proximately 510°C and 15,548 k Pn abr. (S50°F
and 2400 paia). If the HIGR follows the pattern
of INR's, the time required to construct a re-
sctor and put it into operation will range Irom
geven to ten years. Afisr & refzonsble shikea-
down period, a plaut avallability factor of 80
to might be expected. There are several
limitations on the use of large nuclear plants
in industry, but two of the most important are
related to un ¢ size and conctruction period.

4+ Although i dustrial energy conswmption is
large, the aize of individual blocks of induse
trial energy is iaell in relstion to the size of
nuclear units. 4 an example, a 500,000 barrels
per day petroleum refinery would require approx-
imately 4000 MW(t) of energy input and 20003000
Mi(t) of this vould be based on purchazed fuels;
the remainder would be supplied by internslly-
gencrated low-value fuels. Thus & refinery

slightly larger than any presently operating in
the United States could take the output of one
comorelal HIGR. But a single unit would not
provide the reliability required and at least
two, and probably thres, unita would be needed.
This, then, leads to one important ccnclusion
concerning tha use of large nuclear power plants
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for industrial energy: & multi-unit station
will be needed and the output will be shared by
a group of industrial plants or by one or more
industrial plants and an electric utility. The
latter situation is illustrated by the arrange-
ment between Dow and Consumers Fower at Midland
Michigen; about 500 kg/sec (4 miliion pounds/hr
of steam will be provided to the Dow Chemical
Complex from the Consumers Power nuciear (PWR)
station.

5. The second major limitation on the usa of
large nuclear plants for industry is that it
takes three to seven years longer to build a
puclear plant than to build & new industrial
plant. Thua, industry's planning horizon will
need to be extended or the construction period
for nuclear plants reduced (or both) if nuclear
i3 to be an acceptable energy source for new in-
dustrial plants. The long construction period
may not be as serious 1ff nmuclear is used to retro-
fit existing industrial plents since existing
plants already kave energy systems that might be
uged until the nuclear station becomes available.

6. Another present-day limitation, although not
necessarily one for the future, is that, since
HIGR!'s wera developed for the electric utility

industry, they are stean producers. The higher
temparnture needs, presently asatiafied by gaa- or

oil-fired process heaters, cannot be met with ex-
isting HTGR's. Bat with design modifications,
the HIGR could provide many industrial procesa
heat needs. Studies by the General Atomic Come
rany (ref. 1) indicate that a core outlet temper-
ature of ~900°C (1620°F) may be achieved with
ninor modifications to the present core design.
This cutlet temperature would be adsquate to heat
process streams to 650~750"C {1200-1400°F).

Application to petroleum refining

7. One promising applicaision of the HIGR is to
petroleum refining. The petroleum refining in-
dustry is a very large consumer of energy-- the
third largest in the industrial gector as illus-
trated in Fig. 3. BRefineries start with raw
materials, primarily crude oil, and convert them
into automotive and aircraf€t fuels, fuel oils,
lubricants, coke, and chemical feedstocks. The
kind and quantities of individual products vary
among refineries, and, consequently, the charac-
terization of energy consumption for a typical
refinery is difficult. The industry average is
an input in the form of thermal and electriecal
energy of about 700,000 Btu/barrel of crude pro-
cessed; this is equivalent to 12% of the energy
_con’iat of the crudse.. Befine LAy in
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leur coke. It is the marketable fcssil fuels

that could potentially te displaced by nuclear
fuel. .

9. Thermal energy is required btoth in the form
of steam and process heat with process heat gen-
erally beilng the larger fuel user. The fractlon
of total fuel consumption that goes to producing
rocess heat va-ies from refinery to refinery
depending on products, age, and size of ths re-
finery) but typically is on the order of 60h.
Almost all of the thermal energy needs could be
obtained from a modified HIGR since process tem=

ratures generally range from 400 to 750°C
ﬁoo to 1400°F).

Economics

10. As may be inferred from the previous dis-:
cugsion, the implementation of large nuclear
power plants to provide industrial energy is not
as simple as using fossil fuels. What then are
the incentives for considering nuclear energy?

A desirable industrial energy source is one that
is reasonably economical, meets environmental
constraints, and has a favorable long-term sup=
ply outlock. On these three points, nuclear is
promising. But, in the United States, a simllar
case can be made for coal assuming environmen-
tally acceptable methods of using it can be de-

veloped. The major envirommental contaminant is
sulfur.

11. The relative costs of supplying industrial
steam using the BTGR and various "clean" coal
systems are shown in Fig. 4. These data sre
specifically applicable to U.8. Gulf Coast loca~
tions, and for that reason, the transportation
cost for coal is high. For many other industrial
areas the coal-based systems would look scmewhat
better relative to nuclear, but the Gulf Coast

. area 1s the region in which new industrial energy

" alternatives are most lmportant since the present
: industrial fuel in that area is natural gas, a

! resource which is expected to be in increasingly

short supply.

12, Shown in Fig. 4 are data for two different
HIGR stations. One is & three-unit station based
on units of 3000 MW(t) each and ocwmed by an elec-
tric utility. The other is & two-unii sitation
based on units of 2000 MW(t) each and owned by
industry. As noted earlier, two units would ap-
rear to be & minimum because of relisbility
considerations; in most cases the station would
be shared by more than one industry. The differ=-
ence in cost between the two nuclear cases ariseg
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trial plants. The long construction period

'y not be a8 gerious if nuclear is used to retzo=
t existing industrial plants sincs existing
ants elready have energy systems that might be
Sed until the nuclear station tecomes avallable.

Another present-day limitation, although not
cessarily one for the future, is that, since
NGR's were developed for the electric utility

Austry, they are steam producers. The higher
mparsiure noeeds,; presently satiasfind by gas—- or

ti=fired process heaters, cannot be met with ex-
lsting HTGR's. But with design modifications,

khe HIGR could provide many industrial process
peat needs. Studies by the General Atomic Com-
pany (ref. 1) indicate that a core ocutlet temper-
hture of ~900°C {1620°F) may be achieved with
ginor modifications to tha present core design.
Fhis outlet t-mperature would be adequate to heat
process streams to 650-750°C (1200-1400°F).

JApplication to petroleum refining

« One promiging application of the HIGR is to
petroleum refining. The petroleum refining in=-
'dustry is a very large consumer of energy-- the
-third largest in the industrial sector as illus=
"trated in Fig. 3. Refineries start with raw
-materials, primarily crude oll; and convert them
{ into automotive and airaraft fuels, fuel oils,
- lubricants, coke, and chemical feedstocka. The
- kind and quantities of individual products va:y
. apong refineries, and, consequently, the charac-
- terization of energy consumption for a typlcal
- refinery is difficult. The Industry average is
fan input in the form of thermal and electrical
E energy of about 700,000 Btu/barrel of crude pro=-
- cessed; this is equivalent to 12% of the enevgy
- content of the crude. Refineries vary in size
from 300 barrels/day to 434,000 barrels/day. In
- January 1972 there were 247 refineries with a
| total capacity of 13 million barrels/day, for an
- average size of 53,000 barrels/day. Thus, based
' on Industry-wide energy data, one might expect
- the "average" refinery to have an energy use rate
. of about 450 MW(t) and the largest refinery would
F require aboat 3700 MW(t).

-G. Refineries produce waste-product hydrocarbon
' mixtures which are normally used as fuel; these
- fulfill 30 to 40F of the energy needs. The re-
- maining energy is provided by fuels with market
. value such as natural ges, tuel oil, and petro-
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roceas heat varies from refinery to refinery
%depending on products, age, and size of the re-
finery) but typically is on the order of 60%.
Almost all of the thermal energy needs could be
obtained from a modified HTGR since process tem=-
ratures generally range from 400 to 750°C
700 to 140C°F).
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Economics

30. As may te inferred from the previous dis-
cussion, the implementation of large nuclear
power plants to provide industrial energy is not
as simple as using fossil fuels. What then are
the incentives for considering nuclear energy?
A desirable industrial energy source is one that
is reasonably economical, meets environmental
constraints, and hag a favorable long-term sup-
ply ocutlook. Q1 these three points, nucleer is
promising. But, in the United States, a similar
case can be mede for coal assuming environmen=
tally acceptable methods of using it can be de-

veloped. The major envirommental contaminant is
sulfur.

1ll. The relative costs of supplying industrial
steam using the HTGR and various "clean" coal
systems are shown in Fig. 4. These dsta are ,
spacifically applicable to U.8. Gulf Coagt loca=-
tions, and for that reason, the transportation
cost for coal is high. For wany other industrial
areas the coal-based sysiems would look somewhat
better relative to nuclear, but the Gulf Coast
area is the regicn in vhich new industrial energy
alternatives are most important since the present
industrial fuel in that area 1s natural gas, a
resource which 1s expected to be in increasingly
short suppily.

12. shown in Fig. 4 are dats ror two different
HIGR stations. OCne is a three-unit atation based
on units of 3000 MW(t) each and owned by an elec=-
tric utility. The other is a two-unit station
based on units of 2000 :W¥(t) each 2d owned by
industry. As noted earller, two unlts would ap=-
pear to be a minimum because of rellability
considerations; in most cases the station would
be shared by more than one industry. The differ-
ence in cost between the two nuclear cases arises
because of differences between utility and indus-
trial financing, unit size, snd staticn size.

The range represented by the two nuclear ceses
should be fairly indicative of steam prices from
the HTGR. The cost estimates include all aspects
of making prime steam and also include the cost
of a reboller which would probably be required to
provide isolation between the nuclear and indus-
trial plants.

12. The coal~based systems shown in Wig. 4 are
those which our studies show to be the most eco-
nomical and these includa (1) conventional boil-
ers using elther low- or high-sulfur coal with
stack-gas scrubbing, (2) fluidized bed boilers



burning high sulfur coal, and (3) solvent re-
fined coal. Other coal=derived fuelsy; including
liquid boiler fuel and low=-Btu gas, &re more ex-
pensive than those saown. As with the nuclear
cases, all costs necessary to produce steam are
included.

4. It seems evident that large HI'GR's will be
competitive with the lowest=-cost coal-based sys-
tems for making industrial steam--at least in
the Gulf Coast region. A particularly attrec-
tive arrangement for industry would be to buy
steam from a nuclear power station owned by an
electric utility. Concerning the supply of
process heat, it seems likely that the relative
costs of the various energy systems would par-
allel the estimates given in Fig. 4 for indus=
trial steam. It should bte emphesized, however,
that neither the coal nor nuclear systems dise-
cussed are presently used for process heating.

Concluding Remarks )
15. rge HIGR's could supply industrial steam

and, with some modifications, process heat. The
chemical and petroleum refining industries are
the most promising applications because of the
Jarge quantities of thermal energy required.

The mismatch in size between present-dsy nuclear

plants and industrial energy consumption, coupled
withk the need for nultiple units to provfl’.de rg-

liability, will limit applications to joint uses
of a muclear power station. One desirable ar-
rangement is for an electric utility to generate
both electrical energy for the grid and thermal
energy for local industries. In those places in
the Gulf Coust region where this arrangement can
be implemented, the HTGR would have eignificant
economic advantages over alternative coal-based
energy systems.
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Figure Captions

Energy use in the United States by four economic .ectors,
Industrial uses of energy by form, 1968.
Industrial uses of energy by industrial category, 1968.

Comparative costs of producing industrial steam,
U.8. Gulf Coast, “974.

1968.
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LOW SULFUR WESTERN COaL,
CONVENTIONAL FIRING

HIGH SULFUR EASTERN COAL, SONVENTIONAL
FIRING WITH STACK~GAS SCRUBBING

HIGH SULFUR EASTERN COAL,
FLUIDIZED BED BOILER

SOLVENT REFINED COAL
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