- N
2,

N79-27599

-

USING COAL INSIDE CALIFORNIA FOR
NONELECTRIC APPLICATIONS

Joseph H.

Oxley

Battelle's Columbus Laborztories
Columbas, OChio

ASSTRACT

An analysis of nonelectric applications for coal
will inzlude a revie » of present energy consump-
tion patterns in the manufacturing, transportation,
and residential sectors. The properties of coal
that affect its substitution into these market sec-
tors will be discussed. Specific needs and con-
cerns of Califorrians wil! be delineated. Present
nonelectric consumptive uses of coal in Califrrnia
will be outlined. Current world-wide progress
concerning increased iodustrial use of coal wilh
then be showr. An overview will be given of the
ophicans to protect the envirornent from the direct
use J coal, especially frr.n the standpoint of

- sulfar coatcol; and a time frame for comme ~ciali-
‘zation will be projected. Finally, pcssible fesired
chihges i1 eners. use palte s’ mer the next fif.y
yean will be proposed . s .
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l ﬁrst wnuld like %o review the present eaergy
ilow patterns in California to put the nonelectric -
=~ uses of coal irte peie, dctive. Table Ushows tke ™
" warious encrgy delive:? forms for the Yeriod July
l'y16 to June 1977. Petroleum is ob\nously the
most important resource, with naturi gas a close
secend. What mzy aot be so well known iséthe fact
_ that coal i# in third place, ust slightly ahead of
"~ hydroelectricily and twice the impostance of
“ s.uclear. In terms of changes, nuclear increased
the most last yesr, -but coal was second in in-
creased percentagze.. In erms of rbsolutes the
" use of natural gas hae significantly decreased. Oil
- continues to dominate the scene, in fact, California
" increased the ishport of o} iast year by almost
50 percent. Somuthinq else will have to appen

1able !. Forms of energy delivery for California

Tuiv 1976 - June 1977

Energy Form 1045 Bru's Aamnai Change
Natural Gas 1,85 -5%
Petroleum 3.88 < xa%
Coal 0.15 42:%
Hydroelectricity c.14 -38%
Nuclear 0. 07 +43%
Geothermal 0,08 =%

Total 6.18 +5%
Source: Roiman, E. D,, California ERCDC,
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in the future, and one of the something elses may
be the extensive use of coal in this state.

The users of the various energy :12sources
shown in the first slide are highlighted in Table 2.
Pl-.se notice that roughly 20 percent of the fuel
consumption in California was simply to process
fuel itself, i,e., 20 percent was lcst for the
production and processing of energy before any
energy ever got to the consumer. This is also
the fastest growing use of energy, i.e., wasted
snergy ic growing four times as fast as total
energy use, Fuel for transportation, perhaps net
surprigingly, is the major energy benefactor, or
problen:, d.pending on one’s view of society.

Table 2. Energy us. ge in California
= Jualy 1976 - June 1977

- Energy Usage 1015 Btu's Annual Change

" Production aad 1.33 +19%
Processing

Gas HCAC .54 -1%

. Transportation 2,78 +3%

Electricity Sales 0.52 +3%

" Total 6.17 5%

Source: Rodman, E.D., California FRCDC,

if these reguirements contirue, then Californie
must eventuelly 4o what the rest of the world does,
and that is to usc more coal, Nuclear, by itself,
cannot possibly fil: the gap in the near fature, and
there is fear that it never will. Solar will hel,,
but unless or urtil we cnange cur life style, it
cannct do the job we have come to expect. We
slip out of bed in the morning in an air-conditioned
room to the sound of the electric alarm clock, -~
turn on the light, flush the toilet, shower, shave,
and put on nice clean clothes - all before we enter
the kitchen expecting the refrigerator, stove,
toaster, and s forth, to provide us with what we
want, It's considerably later in thz morring that
we finally press the starter in our car and really
start dessroying the woarld's natural juices ata
ctaggering rate. If we keep this up, the oniy
natural fuel that we will have left is coal.

WHAT'S WRONG WITH COAL”

Su why don't *"e go ahead and simply use more
coal® Well, firat of all, coal can he dirty.



UcmanFm

%RIGINAL PAGE IS POOR

Table 3 shows the ultimate composition range of
various coals used to penerate steam in the Ui.S,
Thexe elements make up almost entirely the
organic portion of coal, although some of the sul-
fur actually occurs combined with the constituents
reported as ash, The ash represents the minersai
matter in coal and consists mainly of silicon,
alumiinum, iron, and calcium oxides, alonz with
traces of most of the other elements in the periodic
table. Some of these, e.g., mercury, lead,
cvadmium, may be envircnmental problems in
Moisture contents can obviously
Ouctuate widely depending upon mining and
storape conditions,

themselves,

Table 3. Composition of '35, coals
used for powe r production

Moisture and Ash Free:

Carbhon 6©92-94
Oxypen 2,2-24
tiydropgen 2. 2.0, 0
Sulfure 0_5-6_1%
Nitrogen n.R-2.5
As-Received:
Moisture [ 2 )
Ash -1

Sulfur, the component of coal under most attack
by environmentalistr, is not thought to be normally
present in the elemental state in coal, but is al-
most always found combined in three different
types of sulfur compounds. The three types are
classified as organic, pyritic, and sulfate sulfur.
The organic sulfur is bonded into the crass-linked
carbon-oxypen-salfur- nitrogen chains which make
up coal, It cannot be easily removed by any coal-
«lecaning available process today. To remove most
of the organic sulfur, we must either completely
pesify or liquefy the coal first, or remcve it dur-
ine or after combustion with a sulfur capture agent
s h as limestone., The pyritic and zulfate sullur
usually occur in the form of occlusions imbedded
in the organic mass and are in: “uded in the
generic term ash. The pyritic and sulfate sulfur
can thus be guite concentrated in localized ac-
cumulations and can {requently be removed by
physical rechriques, and casily removed by
vhemical vleaning techniques,

Nitrogen 1s normally considered to be bound
nto the arpanic poertion af coal, and upon co:
bustion « . e con,erted to the oxides of nitrogen
which may be considerably inore barmful than the
oxides of sulfur, If coal is burned at hirh temper-
ateres, it can also cause the “fivation” of the
nitrogen in the combustion atr into nitrogen oxides.
Varticulate ermussiong can acear from suspended
ash particles or unbucned coat, or from coal hlown
around during transport or handling, or (rom poly-
aromatic organic by-products, which perhaps are
the most insidions o ail, and may be exceedingly
harmiul to health,
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Despite the technical jargon in the past about
producing clean fuels from coal - that's a techni-
cally difficult and expensive way to proceed.

Son.2 "cleaned coal" may be more of an environ-
mental problem than the original coal. Fuels
based on coal will not be clean unless we are will-
ing to pay a rather considerable premium and
energy penalty to cleanse them, One might argue
that the real advantage in the production and use
of electricity is that it is the most highly developed
delivery system known today to provide clean
energy from coal. The thermal and ecunomic
penalties, of course, are substantial, but many
environmentalists claim we should do even more.

So that's what's wrong with coal, On the other
hand, coal is stable, does not emit vapors if
stored properly, is not particularly radicactive,
will not leak, will 1231 for another 200 to 400
years, and there are ample domestic supplies
nearby. It has also been the principal fuel in use
throughout the world since the industrial revolu-
tion. The industrial revolution demanded low-
cost energy as a substitute for the energy ocutput
of human labor, and coal was the first cheice.
Coal also may be our last choice.

LARGE-SCALE USE OF COAL

The most enerpy-intensive industries in the
United States at present are shown in Table 4.
These industries command approximately three-
fourths of all the energy used in manufacturing.
They therefore represent the primary opportuni-
ties for the expanded use of coal. Since they use
lots of fuel and electricity, they are also targeted
industries for cogereration of more on-site
electricity and process heat. [ would like to
discuss each of these industries from the stand-
noint of coal use,

The chemical industry can, and in some places
does, use coal for process heat needs now. Kerr-
McGee Corpo:stion, for instance, has a coal-
fired boiler (or process steam at Trona. The
chemical industry will probaliv eventually shift
hack toward the use of coal as a feed:tock as well,
This may not he as difficult as one might think at
first glance, Until the advent of cheap petroleum,
the world's organic chemical industry was
originaily based almort entirely on the pyrolysis
of coal, as it is still practiced today in the coke
ovens of steel plants, lowever, the price of
these organic chemirals will rise if we institute
the widespread use ~f a less convenient raw mate-
rials such as coal for petrcleum as a feedstock,
This is another one of those difficult choices, If
we want to continue to use our natural petroleum
iiquids .- fuel anr automobiles, then we will
force up the cost of organi. ciemical products
now made from petroleum, such as plastic dinner-
ware, rugs and carpets, blankets, clothing,
automobile components, and now even most of
our {urniture, to noncompetitive price levels from
a world standpoint. Thesza chemical products will



be increasingly produced at lower cost in the
Middle East, with subsequent continued erosion of
United States jobs, and even worse balance of pay-
ments problems,

Table 4. The six largest industrial
users of enerpy

Percentage of Total
Industrial Purchased Energy

Purch. Purch. Toatal
Industry Fuels Elec. Energy

Chemicals and 21.5 19.4 20.8
Allied Products

Primary Metals 17.9 23.8 19.8
Industries

Petroleum and Coal 13.3 4.6 10.5
Products

Paper and Allied 10,5 .8 9.3
¥roducts

Stone, Clav, and 10.8 4.8 a8
Glass Products

Foad and Kindred R. 0 ", 9 7.7

Products

Source: NASA-JPL, Technology Briefing on
Copeneration, Washington, D.C_,
September 15-16, 1977,

The alternative to pyrolysis or direct liquefac-
tion of coal is the gasification of coal and then re-
forming, s desired, to the products as shown in
Fizure 1, If we want to pay the price, we can
oroduce low - Btu or intermediate-Btu gas {some-
times called tuel gas) for our industrial furnaces,
high-Btu pas (also called synthetic natural gas)
for our homes, ammonia as (ertilizer for our
farms, chemicals (or plastics, and methanol for
relativelvy small enerpy uses such as irrigation
pumps and turbines, These will not be chean
products, however, Coal competes with oil and
gas on « Btu-basis for direct combhustion, If we
now convert coal into a pas or liquid bv a rela-
tively complicated che:mical process, the cost of
the synthetic product is probably going to be more
thar that of natural petroleum-based material it
is designed to replace.

If we reexamine Table 4 concerning industrial
energv users, the paper industry, which uses wood
almost exclusively as its raw material, and is the
fonrth larpest industrial user of energy, could
obviously use coal for energy, as it does in many
states already. However, this might be unwise in
the long run. lrerhaps the paper inaustry should
simply be encouraged to use no other fuel than
wood itself, It certainly ix in a better position
than anvbody else to use wood, a fuel which we are
trying to encourage others to use,
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The food products industry in California has
substantial needs for fuel. The problem with the
use of coal here is the seasonal nature of the de
mand. [f the costs of environmental co..trol tech-
nology must be written of( over a relatively small
fraction of the year, the use of coal may prave to
be uncomfortably expensive. The Inod industry
therefore represents a potential market fur the
so-called cleaned caoal, or solvent-refined caal,
if regulations could be judiciously written to per-
mit the intelligent use of this technology. Wnen-
ever possible, of course, the wastes from these
agricultural operations should be used for fuel,

Verkaps the most immediat~ substitution pos -
sibility is the use of coal in the patroleum in-
dustry. Figure 2 shows z phctograph ot a Union
0Oil steam -flooding operation at Guadalupe. These
units generate steam by th.: combustion of oil,
the steam is then injected into the ground to f(orce
up additional ¢i'. The flue gas (rom the boiler is
scrubbed with caustic, ’erhaps surprising to
many of vou, California has more SO scrubbers
in use than any other state in the natiecn. That
should bring a smile of satisfaction from Frank
Princiotta. A close-uwp of a Chevron steam
generator at the Kern River reservair near
Bakersfield is shown in Figure 3, The oil furnace
is the horizontal cylindrical device, and the caurtic
scrubber is the vertical box-like siructure between
the boiler and the flue. Coal couid be rubstituted
here for steam generation to save more .l for
our automobiles, bct more manpower would be re-
quired to operate the units, and then there is the
problem anc .ost of ash disposal. The costof gazo-
line would therefore rise, but perhaps that's good,
and certainly the oil reservoir would last a little
longer, which is what we are trying to accomplish
f{rom both a national and a state standpoint.

The last two of these six most enerpy-
intensive industries already use substantial
amounts of coal in California. The Kaiser Steel
\Mill at Fontana now consumes 7000 to RO00 tons
of coal per dav. The caoal is brought in by train
from the Sunnysice mine in Utah and the York
Canyon mine in New Mexico. The underground
mine at Sunuyside is shown in Fipure 4. The cnal
is brought *, the surface and transferred to unit
trainz You will hear more about these unit
train shipments later in the program. The coal
is charpgod to coke ovens l:ike that shown in Fig-
ure 5. This is a photograpn of a slot oven, The
coal is ground, mixed, and rammed into the open
slot, allowed to cook or stew to drive out the
volatils &, oroducts and to cement the residual
coke into massive chunks suitable for charging
to the blast furnace. In the blast furnace, iron
ore is reduced tc molten iron, at extremely high
temperatures by the coke, A photograph of the
molten iron running out of the bottom of the bla-.t
furnace at the Fontana works is shown in Fig
ure o,
be used as the raw matenal ltor numerous

From here, the iron is refined to .teel to
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products, the moxt iniportant of which is our
friend the autamobile, but also for cans for tood
processing, supports for our buildings, and
conduils to bring water, gas, electricity, and coal
Steel is also used as structural
cemponents in bridges and highways, which are
again needed by our faithful automobile,

nto our homes,

The other significant industrial use of coal at
present in California is in the cement industry.
photograph of the Amcord cement plant just out-
side Riverside is shown in Figure 7. The five
lonp tube-like affairs at the upper right are the
coal-fired rotary kilns, The coal pile at center
left is shown in close-up in Figure 8. The natural
deposit of limestone, also used in the production
of < coent, i the natural mound of material stick-
ing up behind the caal pile. Coal is pulverized and
fod to the kiles to supply the heat necessary to
produce the cement, The ash and sulfur can be
incorporated with the limestone into the cement,
which solves most of the pollution problem. Fig-
ure 7 shows a close-ug of the baghouse which
filte rs the effluent cascs from the kiln, As may
be noted, baghouses do a verv ~ffective job of re-
moving fly ash and kiln dust, One of the principal
uses of vement is in roads (or antomobiles,

A

SMALL-SCALE USEN OF €COAL

Since there is very little use of coal for heat-
g, cooling, and air «oanditioning applicalions in
Cahifornia, | am poing to ase some slides showing
photopraphs of the use of caal in Ohio for illustra-
tive purposes,

Rattelle provides research services for roughly

2500 people in Columbus, Ohio, and our power

We have three
boilers, one of which was converted to coal twae
vears aga, Cur coal pile is shown to the right,
The Teed boper is the tall, vertical, cvlindrical,
cement block structure on the Ieit, These bailers
help to supply heating in the winter and cooling in

plant is shour in Figure 0,

summer, as well as process steam to operate our
exmermental equipment, and the like, throughout
the vear, During the pas shortapge of two vears
are, when the entiee .. henl system in OQhae was
shat dawn tor three weeks hecause of lack ot gas,
we opened sur doors to apsroximately 20080 school
childrn in ¢ olumbus so that educational programs
We felt quite
We also use coal-

vould be continued in our facilities,
secure with our coal pile.
pen cated steam to run our W-ton/hre chiller,

This ciuller
is ha oed an o lithium bromide cooling cvele, which

which veols our ai0-seat auditorium,
ecmple o steam for repeneration,

The., e o~ at Teast one facility 10 Ohio which uses
@ scrubler on the power plant, and a photograph of
such 4 unt an . veathy air farce base is showa in
Fipure 11, Sladge disposil is a problam here and
the Lechnague uxed for Siedpee disposal o simple
A view ol the 2 V/2 acre pond is

This pond has sulficient

nponnm wat,
shown an the foreground,
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volun.e to store the sludge which will be ac-
cumulated during the next five to ten years, After
that, presumably we will have to dig another pond.

1 would now like to show a photograph of a
house in my neighborhood which still emplcys a
coal-fired stoker in the basement for heating in
the (all, winter, and spring, A view of the house
from the front is shown to the leit in Figure 12,
The previous night the temperature dropped down
to about 32°F, and the furnace was on when this
photograph was taken. No emissions from the
chimney could be observed. A view inside the
bisement is shown in Figure 13, and you will
notice a nice warm fire in the hearth. The aghes
and clinkers must be withdrawn periodically, and
the tubs containing previous withdrawals, waiting
to be carried out, are shown on the flcor in front
of the furnace. The last photograph in this
series, Figure 14, shows the coal bin and clean
clothes hanging in storage to the right of the coal
b1, A much cleaner arrangement than my own
basemant, which contains a coal fired furnace
that was converted to gas several decades ago.

THE FUTURE OF COAL INX CALIFORNIA

Coal should be used in California with discre-
tion. The larger the boiler or industrial furnace,
the more attractive its use will become. Coal
should probably have first priority for the process
needs, and especially the high-temperature
process needs of industry. Its use in smaller
scale applications such as for space heating and
cooling in residential, military, hospital, com-
mercial, or light industrial con:plexes should be
accelerated.

Rescarch work going on in California which
mavy be of help in the future is shown in the next
two figures, Figure 1515 a view of the TRW
Capistrano pilot plar® - a new orocess to clean
coal, As indicated earlier, however, if the coal
cvontains large amounts of organic sulfur, it can-
not be of great help., Figure 1o shows a view of
the Weverhaeuser 7-1 2-faoot diameter fluidized-
hed cor bastor and its associated 1-MW pas
turbine lucated at the Cambustion Power Com-
vanv's Menlo i'irk facility, The Muidized bed
shows promise ax an alternative to flue gas de-
sulfurization in that it will capture sulfur du-ing
combustion, hopefuily at iower cost, Other
pertinent work is poing on right here at 1PL, by
Ocvidental, Ylarford Resexrch Institute, and
manv other orgamzations,

However, the massive so.iaeconomic chaage
whick is facing not only Califocnians, hut the
nation, as weil as most of the world, s the prob-
lemn atf the automobile. In teyms of the long- range
future, it ssems that the transportation svstem
hased on the personal automobilefs!, as we have
come to know it, will have to change,



Electricity may be the preferrad source of
power in the future for most personal transporta -
tion, including the automobile, the light truck, the
railroads, and mass transporiation. This elec-
tricity ¢auld be produced prin:ar.ly ‘rom coal in
large, relatively efficient plaats. Cleaned coal,
or the so-called clean fuels .rom coal, could then
be ased for individual residences and for light
m: wafacturing. Heavy indrstry will continue %o
use o2l as it has in the pa:t. I am: sorry to re-
vort that energy for all sv-h ‘ses wil? no longer
be cheap, If the federal ;ove rnr-ent wants to ft -ce
the technology of synthetic (zel -om coal into the
industrial marketplace, : be’iev~ the most exped-
ient route to do so wo: 'd e for .he government to
becc.ne the purchaser of such fucls, and to use
such synthetic fuel for goverame. tal purposes.
The state povernments coulc hen join in such
federal endeavors as they think prudent,

We must decide for ours.ives, and decide rela-
tively soca, what price and sacr fices we are will-
ing to accept for the continue ” vxploitation of
energy. Coal should be utiii ed where appro-
priate, but it should only ".e used with discretion.
It cannot be both clean and cheap, no matter how
much we want it to be stherwise,
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Fig. 1. Chemical products by the
gasification of coal
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Fig. 2. Union 0il steam flooding
operation at Guadalupe




Fig. 3. Chevron steam generator with
scrubber near 33%§§$fie1ﬁ
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Photograph of Longwall wmining
operation at Sunnyside
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Fig. 5. Slot cvens for coke
production at Fopntana

Fig. 6. Discharge of molten
iron from the blast
furnace
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Amcord cement plant
at Riverside
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Storage pile for coal for cement production




Baghouse for dust control
at Amcord plant




Pig. 11. s8Sludge pond for scrubber at
Rickenbacher Alr Force Base
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Photograrch of home with
coal-fired furnace




Fig. 13. Stoker furnace in neighbor-
hood basement

Fig. 14 Storage areas for coal
and -clean clothes



Fig. 15. 7TRW pilot plant for coal
cleaning at Capistrano
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¥ig. 1l6. Weyerhaeuser's fluidized bed
combustor at Menlo Park




