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PREFACE

The results of the evaluation of fluidized bed combustion for
steam/power generation are presented in this three-volume report. The
report identifies fluidized bed fuel processing systems which should
meet both market requirements and air pollution abatement requirements
and are likely to be cheaper than alternative, conventional systems. A

program is recommended for commercializing promising processes.

This volume (Volume III) contains the detailed market survey
reports, boiler design reports, pressurized boiler combined cycle power
plant report, and support studies on design and operation prepared by
Westinghouse and its subcontractors. The scope of the work, technical
evaluation, comparisons, conclusions, and recommendations are contained

in Volumes I and II.
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PURPOSE

The purpose of this survey is to identify the magnitude,
characteristics, and requirements of the future utility boiler market
as a guide for determining design parameters in ﬁhe development of the
fluidized bed boiler. Its scope entails a forecast of the fossil
steam market including combined cycles, a review of the availability
and cost of fuels, énd an economic assessment of alternative sulfur

removal systems.



SUMMARY

Approximately 50% of future annual‘electric utility generation
additions will require boilers of one form or another. The market for
fossil steam generation in the United States is éxpected to show a
constant upward trend of 4 to 57 annual growth rate through 1985,
compared with a total electric utility aznual growth rate of 7%. The
fossil steam segment will grow mainly on the strength of increasing
intermediate generation requirements as the fossil base-load market is
displaced by nuclear power. Intermediate additioms burning coal,
natural gas, and oil will represent over 80% of the fossil steam market
by 1985.

Two dominant size classes of new fossil units have emerged.
The 700 to 1300 MW size class consists primarily of coal-fired units
in the coal-producing areas, while the other size class, encompassing
all intermediate capacity and some base-load capacity in the 400 to 500 MW
range, will extend toward the smaller sizes when combined cycles come
into greater use.

The advent by 1975 of the packaged combined cycle plant
employing a steam turbine which utilizes the waste heat of two gas
turbines is expected to precipitate the capture of half of the annual
intermediate additions in the mid 1980s. Up to 90% of the larger gas

turbines may be retrofitted with boilers and steam turbines. Distillate
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0il, and eventually residual oil, will fuel approximately two-thirds of
the combined cycle installations unless coal gasification becomes
significant during the next decade.

The need for greater reliability and flexibility requires
each utility to determine the operating characteristics best suited to
its particular system's requirements. Operating problems appear to be
centered in the boiler area due to the lack of design maturity and
operating experience of larger, high-pressure, once-through boilers.
For cyclic operation, utilities generally favor proven, low-pressure,
drum type boilers, while the systems approach to utility economics also
shows a tendency toward units with shorter expected life.

Alihough a growth in demand for fossil fuels will accompany
the continued growth in the demand for electric energy, a variety of
economic pressures will impede the ability of the coal and gas industries
to meet the rising requirements for these fuels. Labor problems, new
health and safety regulations, and the lack of new mine capacity will
continue to plague the coal industry and limit production into the
mid 1970s, even though almost unlimited reserves of this natural resource
are available. The natural gas 1lndustry is faced with a diminishing gas
reserve and regulated price levels that make the investment in exploratory
drilling for new supplies unattractive. At the same time, the
availability of adequate gas reserves that can be tapped to meet the
nation's gas requirements is questionable. 0il is the only fossil fuel

abundant enough to meet the electric utility demand adequately; however,
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its use is limited to those markets adjacent to deep waterways unless
transportation by pipeline over considerable distances proves
economically feasible.

In the utilization of fossil fuels for power generation, annual
demand for coal will increase at a declining rate after an upward surge
in the early 1970s as nuclear units are placed in operation following
long delays., Coal-fired capacity.installed in 1985 will equal only
60% of that added in 1970. Gas-burning steam plants, which will main-
tain a fairly steady rate of installation through the 1970s, will be
limited primarily to gas—-producing areas in the South Central United
States, while areas remote to gas fields show a decreasing gas market
share. As a result of the gas shortage and the difficulty of getting
gas contracts, some utilities in gas-burning states are considering the
installation of oil-fired plants, as well as coal, lignite, and nuclear
plants. Continued shortages and increased usage of gas may ultimately
result in end-use control, rationing, and restrictions on the use of
gas in boilers. With the recent influx of low-cost, low-sulfur,
residual oil imports along the Atlantic coast, many eastern utilities
have converted their existing coal-fired plants to oil and anticipate
the addition of new o0il units, especially in the New England area.

More than half of the annual fossil steam additions in 1985 will be

oil-fired.



RECOMMENDATIONS

Analysis of fossil steam market trends suggests two courses of
action as the most advant;geous in the development of fluidized bed
combustion in electric utility power plants.

The first recommendation is the development of a 600 MW, coal-
fired fluidized bed boiler with steam conditions of approximately
2400 psig/lOOO°F/lObO°F. The choice of capacity and steam conditions is
based largely on the ability of a plant with these characteristics to
operate as both intermediate and base-load generation. Such a plant
would be intended for cyclical operation initially; however, with
advanced technology and proven reliability it could eventually be used
as base capacity. Sizes smaller ﬁhan 600 MW would not be as adequate
for base-load generation if load factors of 65 to 807 could be achieved,
since they do not take full advantage of economies of scale. Poor
performance by conventional 800 MW units installed to date casts doubt
on the successful operation of larger units at this time.

Coal is recommended as the primary fuel for a number of reasons.
In spite of limited coal production caused by new coal-mine health and
safety regulations and an inadequate mine work force, abundant reserves
of coal are available for extraction. While the coal industry is dom-
estically controlled, the oil market is strongly influenced by foreign

political policy which is subject to erratic and unpredictable fluctuations,



as demonstrated by the recent unexpected reduction in world crude supply.
The instability of the oil market is in contrast to the long-term contracts
established between utilities and coal companies, who are no longer willing
to supply coal on a short-term contract as they had in the pést.

In the mofe distant future another important aspect of the coal
versus 01l question is the effect of world demand on oil availability.
Energy use is increasing at a higher rate in the rest of the world than
in the United States, as evidenged by the higher worldwide per capita
energy consumption r#te and the so;ring global popﬁlation. As more
countries use more of their own fuels af an increasing rate, especially
oil, the United States will be forced to‘relylmore on domestic fuels, of
which coal is the only one with adequate reserves to meet the future
requirements of the fossil market.

The seéond'recgmmendation is‘that the fluidized bed process be
reviewed for its competitiveness with nuclear power as base load genera-
tion after initial operating experience. in this long-range activity
the feasibility of large; unit‘sizes>—;'approximately 1200 MW -— should
be thoroughly examined from ; technical and economic standpoint. A
generatioﬁ cost of 7.9 mills per kwh is projected for an initial
1200-megawatt nuclear plant for ope;ation in 1980 at a éapital cost
upwards of $270 per kw and a fuel cost of i8 cents per million Btu.

To provide power at a comparable cost, the fluidized bed boiler plant
using coal at 45 cents per>million Btu will require a capital investment

of approximately $170 per kw; for a minemouth plant with less expensive
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coal at 40 cents per million Btu, a capital cost of $195 .per kw will be
competitive with nuclear in 1980. The fuel cost is an obvious key

factor in determining the competitiveness of these two types of
generation. However, even with a high coal cost the possibility of
attaining $170 per kw is excellent if economies of scale prove applicable
to the fluid bed concept in larger units.

The likely effects of fluidized bed combustion on the fossil
steam market depend on its degree of success relative other emissions
control devices and on the excalation in fuel prices. There is little
doubt that pollution regulations will get stricter in the future and
that a workable and economical method of pollution control will be
developed to satisfy these restrictions. Because of the uncertainty
of the fuel picture, a precise estimate of the fluid bed boiler plant
proliferation in the fossil steam market is extremely spgculative. One
can say, however, that if successful it will capture all of the presently
predicted coal-fired additions regardless of fuel price. If the
divergence in oil and coal prices is less than predicted, as now appears
likely, the fluidized bed process will gain a sizable portion of the
intermediate oil market, especially after 1980, when oil-burning
combined cycle plants were otherwise foreseen to dominate this market.

In the fossil fuel market, this new.concept of coal-fired
generation will certainly have a favorable effect on the future of coal
in the United States. The introduction of the fluidized bed combustion

process will stimulate the demand for coal but will have little effect,
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if any;, on the projected price of coal, since the coal demand already
exceeds production. The current production shortage stems from the
inability of the coal industry to attract sufficient miners to meet the
demand and its understandable unwillingness to open new mines except on
a long-term basis. The fluid bed boiler. should help to remedy the
situation on both counts. The fact that the present contract of the
United Mine Workers expires in the near future, combined with the
present overall fuel shortage, gives the UMW a strong bargaining position
for higher wages. The combination of a better wage package and the
safer conditions in new mines opened for fluidized bed plants should
attract the necessary manpower in new mines to meet the future production
demands. At the same time the development of power plants which burn
coal exclusively may prompt utilities to establish new long-term contracts
with coal companies, and may lead them to supply a portion of the capital
necessary for opening new mines.

In any event, the fluidized bed combustion process will
ultimately assure the continued growth of the coal industry in the

United States.
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FOSSIL STEAM GENERATION MARKET

Introduction

In the electric utility industry, generation units are ordered
four to six years prior to scheduled operation. As a result, the market
for capacity additions through 1975 can be projected with considerable
accuracy. The forecast of the more speculative market from 1976-85
is based on a number of factors, including trends in annual utility
peak loads as related to the U.S. Gross National Product, in the
generation service mix (base, intermediate, and peaking), in the
availability and price of fuel to utilities, and in power generation
technology. In areas where quantification by mathematical extrapolation
is not applicable, predictions were based on subjective judgment
seasoned with experience. In any case, the information presented here
is not to be taken as an edict of what will happen in the future, but
as an indication of our best estimate of what the situation will be,
based on our present knowledge.

Annual Fossil Steam Installations

The fossil steam generation market will continue to grow
between 4 and 5% per year through 1985. The annual additions to capacity
will average 20 to 25 million kw per year throughout the period.

Figure A-1 shows the total and base load annual fossil steam additions

from 1970 through 1985. The total fossil market shows an upward trend
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over the sixteen-year period with an average increase in'annual additions
of 770 MW over the preceding year. Installations in the late 1970s
level off as a consequence of overbuying by utilities in the late 1960s
for installations in the early 1970s. While nuclear power is expected
to supply most of the base load requirements for the nation after 1976,
utilities located in coal-producing areas will add base load fossil
plants representing 10 to 15% of the thermal market. In Figure A-1
these base fossil steam additions show a marked decline from 1973 to
1979 and then stabilize at approximately 5 million kw through 1985.

Cyclical operation steam plants, including possible combined
cycle plants, are expected to account for 43% of the fossil steam
market in 1975, 78% in 1980, and 82% in 1985. Steam cycling plants will
represent 40 to 457 of the total thermal market. This new intermediate
capacity has the characteriétics for low or medium load factor operation
and less initial cost than the more efficient base-load capacity.
Unit Sizes

Historically, the unit size distribution for fossil turbines
has been fairly uniform. However, in the late 1970s and early 1980s,
there wili probably be two dominant size classes of fossil units. One
class will be in the range of 700 to 1300 MW and will grow at the same
rate as the maximum unit size. The other dominant size class will be
in the 300 to 500 MW range and will be 0il- and/or gas-fired, with a

small portion coal-fired, at approximately 2 million KW per year.
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The maximum size fossil turbine-generator has doubled every
five years from the 1950s through the mid 1960s. However, it appears
that the rate for the mid-1960s through 1985 will be more moderate.

The maximum size of 1300 MW to be installed in 1973 is expected to
remain the largest fossil unit until possibly 1983, when a 1500 MW unit
can be expected. This diminishing trend toward larger sizes results
primarily from the decreasing gains from ecopomies of scale and minor
technological improvements.

From the 1950s to the early 1960s, the median unit size doubled
every ten years, essentially following the utility load growth. However,
in the period from 1964'to 1967, the median unit size almost doubled
in a three-year period. This reflects the trend to joint planning
and mergers or anticipated mergers. Ihe rate of change from 1967_through
1975 is very low, again reflgcting the trend.to cycliq steam units.

In the size class under 200 MW, the last few years have
demonstrated an electric utility market of 1500 MW per year. This market
is expected to maintain this level until the advept of combinea cycles.

Combined Cycle Market Forecast

'A new type of utility power plant -- the packaged combined
cycle plant -- is just emerging, and in fac;, is still in the develop-
mental stage. In these plants as thgy are now conceived, a gas turbine
exhausts into a boiler which generates steam and feeds a steam turbine.
The plants are usually SOZ.gas tg;bine power and 50% steam turbine

power, so they vary from combined cycle plants that have been used in
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the past. 1In most cases, additional heat must be added between the

gas turbine and the waste heat boiler. The present Westinghouse combined
cycle plant under develqpment uses two 60 MW gas turbines and one 120 MW
steam turbine for a total plant rating of 240 MW. These will be installed
to serve as intermediate generation, which has a forecasted annual
capacity factor of 30 to 50%.

The initial combined cycle plants are being designed to burn
natural gas; but developments are already underway to introduce distillate
oils and later residual oils as the fuel for these plants. Thus,
combined cycle plants can be expected to burn two types of fuels in
the future: natural gas and oil. As time progresses, oil will become
the predominant combined cycle fuel. The split of the fuel will be on
the order of two-thirds oil-fired and one-third natural-gas-fired.

The market for the combined cycle plant is expected to appear
in about 1975 and 1976, partially because of the development time
required for the equipment in these plants. Starting from a low level
of 500 to 1000 MW a year, the market will increase to approximately
25 to 50% of the total intermediate generation market. The actual
magnitude.of the market Qill, of course, depend on the ultimate cost of
these combined cycle plants and the economics that they hold in operation.
Since these two parameters are still estimated on early data at this
time, it is hard to define accurately the likely magnitude of the market.

From an initial plant size of 250 MW, combined cycle units are
expected to grow to approximately 500 MW, corresponding to improved

gas turbine technology and growth of gas turbine unit sizes.
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.The boilers used in these plants are packaged boilers; that is,
shop-assembled and shipped for field erection. They are designed for
high air flow and for forced circulation of water/steam. Since the
firing is external to the boiler itself, there are no burners near the
heat transfer surfaces. The plants presently under design use one waste
heat boiler for each gas turbine. The steam conditions are in the area
of 1200 to 1300 pounds pressure per square inch and 900 to 1000°F
temperature.

In addition to packaged combined cycle plants, there is a
market for retrofitting boilers and steam turbines to presently installed
gas turbines. A great many electric utility gas turbines have been
installed in the last few years, and this trend will continue for the
next year or two. The ZS'and 50 MW gas turbines exhaust a great deal
of useful energy to the atmosphere. 1In the fu;ure, utilities can
logically be expected to add boilers and steam turbines to these gas
turbines to recover and utilize this energy. . These applications will
be, in all likelihood, only on those gas turbines installed at major
steam plants; that is, it is not expected that waste heat boilers and
steam turBines4would be added to gas turbines installed at remote
locations on the system. Possibly 80 or 90% of the larger gas turbines
ultimately will be converted to combined cycle plants.

These retrofitted combined cycle plants can have many
configurations. However, as with the packaged model, the most promising

will probably be a waste heat boiler with supplementary firing feeding
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a steam turbine of approximately the same rating as the gas turbine. There
will be cases where supplemental firing will not be applied; in these
cases, the steam turbine rating is approximately one-half of the gas
turbine rating. In this latter application, a header system could be
installed between several gas turbine waste heat boilers to feed a single
steam turbine of larger size.

Boiler Fuel Mix

The pattern in boiler fuels for future fossil steam installations
will change significantly from the trend of the past decade. During
the 1960s coal was the primary boiler fuel for two-thirds to three-
quarters of all new fossil steam capacity; gas, for about one-fourth
of new fossil capacity; and oil, for less than one-tenth of new fossil
capacity. Additions in 1970 reflect this situation, with 757 of fossil
capacity being coal-fired, nearly 257 gas-fired, and less than 1%
oil-fired. Tables A-1l and A-2 show the response of utility buying to the
changing fuel picutre in the United States. Annual coal-fired installa-
tions will drop to 63% of fossil capacity in 1975, to 34% in 1980, and
to only 257% in 1985. Oil-fired additions, on the other hand, will climb
to 12% of'fossil additions in 1975 to over 50% in 1985, while gas-fired
units will fluctuate between 23 and 31% of fossil capacity through 1985.
Installations in 1980 are expected to show nearly equal proportions for
each type of fossil fuel.

An explanation of the forces behind these trends is contained

in the next section, Fossil Fuels for Utility Power Generation.
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TABLE A-1

ANNUAL FOSSIL STEAM INSTALLATIONS
By Type of Service

1970-1985
YEAR
IN SERVICE TOTAL BASE INTERMEDIATE

1970 16.3 10.1 6.2
1971 18.8 12.4 6.4
1972 21.2 15.9 5.3
1973 20.3 14.5 5.8
1974 19.6 10.7 8.9
1975 22.1 12.7 9.4
1976 18.8 8.0 10.8
1977 19.3 7.6 11.7
1978 20.1 7.3 12.8
1979 17.9 4.8 13.1
1980 20.4 4.5 15.9
1981 22.4 5.1 17.3
1982 23.4 5.4 18.0
1983 25.4 5.1 20.3
1984 - 27.5 4.5 23.0
1985 28.6 5.2 23.4

Units: Millions KW
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TABLE A-2

ANNUAL FOSSIL STEAM INSTALLATIONS
By Type of Fuel

1970-1985

YEAR

IN SERVICE TOTAL COAL GAS 0IL
1970 16.3 12.2 4.0 .1
1971 18.8 12.8 5.3 .7
1972 21.2 13.9 3.6 3.7
1973 20.3 11.9 5.5 2.9
1974 19.6 9.0 7.8 2.8
1975 22.1 13.9 5.6 2.6
1976 18.8 11.2 5.3 2.3
1977 19.3 10.6 5.6 3.1
1978 20.1 10.2 6.6 3.3
1979 17.9 6.7 6.0 5.2
1980 20.4 6.9 6.3 7.2
1981 22.4 7.1 6.9 8.4
1982 23.4 7.6 6.6 9.2
1983 25.4 7.1 6.5 11.8
1984 27.5 6.3 6.5 14.7
1985 28.6 7.3 6.4 14.9

Units: Millions KW
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Operating Characteristics

Future operating characteristics are difficult to specify
explicitly bécguse of variations in utility needs and practices. However,
several qualifications in this regard can be made.

Electric ﬁtilities are céncerned about the potential difficulties
of keeping generation reliability up, and fuel and maintenance costs
down to tolerable levels. The operation of generating units can no
longer be scheduled as a matter of simple economic choice but must
rather be treated as a matter of operating flexibility of currently
installed generating units seem to be centered in the boiler area rather
than the turbine generator.

The low maturity factor of larger supercritical and subcritical
once-through boiler installations in some instances has led utilities
to favor proven drum-type boiler designs.‘ The choice of steam pressure
for these installations is a fgnction of economics and unit size.

Trends in turbine inlet pressure ranges showﬁ in Figure A-2 exhibit a
tendency of fossil steam generation toward greater use as intermediate
capacity and lesser use as base capacity.

It should be kept in mind that boiler component designs for
low capacity factor versus base load operation are not much different.
Cycle comparisons to determine economic choice of throttle pressures
for various lifetime capacity factors indicate that as the capacity
factor on a system increases, higher pressure, lower heat rate cycles

are justified by increased fuel cost savings. Utilities, however, cannot
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establish a practical operating load factor for a specific installation.
In general, the operating flexibility and particular utilization of a
specific plant is determined by special operating procedures implemented
by advanced control and automation systems.

Operating characteristics quoted by manufacturers -- such as
cold start-up, hot restart, minimum load operating point, operating
criteria (variable versus constant pressure), and rate of load change --
vary substantially among manufacturers. These performance characteristics
are considered firm only after verification by utility operating
departments,

Many operating problems on large boiler installations reflect
the lack of design maturity and operating experience.

Expected Life of New Installations

Increasing emphasis on evaluations of plant economy and
system planning has brought about a change in philosophy of many
utilities toward units with a shorter expected life than units previously
installed for a similar type of service. Several advantages inherent
in the tendency toward shorfer—life machines make it economically
desirable; The system becomes more adaptable because the utility can
keep its distribution of installed sizes and generation mix more closely
in line with the optimum distribufion corresponding to the utility's
particular load characteristics and system growth. Capital costs tend
to be lower for shorter-life machines. Although the capital cost for

two l5-year units is more than that for one 30-year unit, the difference
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is usually off-set by lower operation and maintenance costs and lower
fuel costs (due to better heat rate) in the second l5-year unit compared
to the second fifteen years of operation of the 30-year unit. Shorter-
life units also permit the utility to take earlier advantage of

technological improvements.
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FOSSIL FUELS FOR UTILiTY‘PowﬁR GENERATION

v'In21968; approximately 81% of the kwh generation in the
United States was produced by theuse of fuel, with:the balance produced
primarily by hydro-electric generation and a small amount of geothermal
steam generation. There are four basic electric utility fuels: coal,
residual oil, natural gas, and nuclear. Figures for 1960 and a forecast
of their relative ﬁosition in 1970 show recent changes in percentage

of capture by fuel:

RELATIVE SHARE OF ELECTRIC UTILITY STEAM GENERATION

(% of Steam Generation)

FUEL 1960 1968 1970
Coal 66.3 61.9 59.7
Gas 26.0 27 .6 25.9
0il 7.6 9.4 9.4
Nuclear .1 1.1 5.0

Fossil Fuel Reserves

Coal Reserves

The coal reserves in the United States are tremendous; the
actual coal underground approximates 1.5 trillion tons. However, not
all of this is economically recoverable under present-day technology.

Assuming that bituminous coal seams at least 3-1/2 feet thick are
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recoverable, that sub-bituminous coal seams at least 10 feet thick are
recoverable, and that only 507 of the seam is economically recoverable
(because of coal pillars left for roof support), we arrive at a figure
of approximately 265 billion tons of known, economically recoverable
coal in the United States today. Approximately 70% (based on tonnage)
of these reserves are located west of the Mississippi River. Based on
caloric value, approximately 457 of the reserves are located west of
the Mississippi River.
Gas Reserves

At the end of 1968, the proved recoverable gas reserve still
in the ground in the United States amounted to 287 trillion cubic feet.
Proven reserves are those reserves in which the field has been definitely
mapped and tested for quantity. 1In addition to proven reserves, there
are potential and probable reserﬁes which would add approximately
one-thousand trillion cubic feet to the gas supply in the United States.
However, these reserves are not properly identified and quantified and
may not be as extensive as estimated or may not be economically
recoverable. Therefore, in considering a fuel reserve supply, conservatism
dictates that only the proven reserves be mentioned. These reserves
can be increased, at gfeater expense, either by the importation of
liquified natural gas or by the manufacture of gas from domestic coal
supplies. ©Neither of these methods is economically competitive at the
moment with the natural gas production in this country. However, recent
long-~term contracts have been signed for LNG delivery to the East Coast.

The price range (40-55¢/MB) prohibits use for power generation.
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0il Reserves

Because of .its ease of transportability over water, oil is
truly an international fuel. Hence, the reserves for the United States,
the balance of the free world, and the Communist Bloc countries, have
been indicated in the following table. The proven reserves left in
the United States amount to 31 billion barrels of economically productive
0oil. An interesting fact to note is that present technology in oil
production allows the recovery of approximately 307 of the oil contained
in oil sands. Hence, if we take the 85 billion barrels of oil already
produced in this country plus the 31 billion barrels expected to be
produced and consider it as 30% of the total oil in the country. this
would leave an oil reservoir of approximately 385 billion barrels remaining
in the oil-producing strata in the continental United States. Obviously,
oil-producing companies have spent and are continuing to spend a signi-
ficant research effort to discover methods to increase the yield of oil
from the oil-bearing strata. However, in assessing fuels at the present
time, we must consider only the economically and technically recoverable
fuel, which leaves the proven reserves at 31 billion barrels in this
country. The same reasoning applies to the proven reserves for the

balance of the free world and the Communist bloc.
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PROVED RECOVERABLE FOSSIL FUEL RESERVES IN 1968

PROVEN ANNUAL
RESERVES CONSUMPTION

Coal (Tons x 109)

U.S. 265 0.5
Gas (MCF x 109)

U.S. 287 19.9
0il (bbls x 107)

U.S. 31 4.78

Balance free world 381 7.57

Communist bloc 59 2.08

Prudhoe Bay Field (Est) 20-30 -

Factors Affecting Future Production of Coal

Unfavorable Factors

Several major factors are a deterrent to the increased
production of coal. One of the most serious obstacles facing the mining
companies is the lack of manpower. Not only has productivity per man-day
suffered reverses due to temporary labor unrest, but more important,
the mining companies are having difficulty enticing younger miners and
professional people to work in the mines. The numbers of mining
engineers recently graduated from the universities have fallen short of
the demand for mining engineers in the mining industry. More experienced
miners prefer to remain miners or federal inspectors under the Department
of Interior rather than accept jobs as mine foremen. As a result,
mining companies are suffering shortages in mine management and mining

engineering.
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A second deterrent to production of coal is the capital cost
of opening deep mines. This cost is currently running between $10 and
$§15 per annual.ton of capacity. With the current cost of capital, the
potential shortage of adequately trained personnel and wide fluctuations
in the price of coal make the investment in new mines highly speculative.

A third, more recent deterrent is the strict mine safety
legislation recently passed by the U.S. Congress. Not only will this
increase the capital cost of the equipment in a mine but it has the
potential to reduce the output per man-day because of the additional
safety precautions necessary to protect the health of the miners. This
may be a significant cost increase factor in the production of coal.

A fourth area that will create serious problems in the use of
coal in the utility indusfryvare the potential air pollution require-
ments, particularly those relating to sulfur dioxide emissions. Most
of the steam coal east of the Mississippi River has 2-1/2% or higher
sulfur, which means that it cannot be burned in conventional electric
utility boilers within the proposed air pollution regulations. Thus,
the coal either has to be treated to remove the sulfur, or the sulfur
dioxide mﬁst be removed from the flue gas. The alternatives are covered
in gnother section of this report.

Favorable Factors

There are also several factors favorable to the potential

future production of coal. Mining processes are continually being

improved through mechanization. Methods of continuous mining and cutting
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machines, rock dusting apparatus, and gas detection systems are being
improved with new technology. 1In addition, the application of long-wall
mining techniques is finding use in certain parts of the coal fields.
This technique, originally developed in Europe, has a moving cutter along
the working face of the mine which may be 600 to 900 feet long. This
cutter works continuously, with the cut coal conveyed to the mine face
by endless belt conveyors. The productivity per man-~day can be at

least tripled by using this system. The cost of production is further
reduced because no permanent roof supports are used, and the roof of the
mine is allowed to collapse behind the mining operation. Perfections

of this technique are expected to produce 200 tons per man-day of effort,
versus the current average of 20 to 25 tons per man-day of effort.

Coal firms are now able to obtain long-term purchasing contracts
from utility companies. These contracts enable the coal companies to
obtain the capital necessary to open large deep mines. Previously the
practice has been for most utilities to buy coal on a monthly or annual
basis on the open market, which did not assure a specific coal producer
a continuous market for his coal. With the use of long-term, life-of-
mine, commitments, they can adequately plan their production, capital,
and manpower to utilize the most efficient production methods.

The last -- and one of the most important -- favorable .factors
is the tremendous growth in the use of energy in the United States. This
growth of energy requirements will tax all types of energy-producing
methods, oil, gas, coal, and nuclear. Therefore, the coal industry has

an assured growing market for its product over the long term.
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The following figures compare the present consumption of coal
with the forecasted consumption in 1980. ©Note that the use by utilities
has a greater growth rate than the industry as a whole.. Also note that
the compound annual growth rate by utilities is less than the utility
power production growth rate.of 7.8% per year. This is the result of

coal's being replaced by nuclear and oil in future utility planning.

U.S. COAL CONSUMPTION (MILLIONS OF TONS)

1969 1980
Total U.S. 571 793
Electric Utility 310 508
E.U. %Z of U.S. Total 54.0% 64.07%

ANNUAL COMPOUND GROWTH RATE

1960-69  1970-80

’ Total U.S.
Electric Utility

o~
o O
e 59
o Ww
o9 e

Factors Affecting Future Production of Gas

Unfavorable Factors

The use of natural gas for various heating applications has
increased rapidly since World Ware II. Concurrently, tﬁe discovery of
new gas reserves in the continental United Stateé continued to'increase
untii 1968, when fhe proved reserves actuaily decreﬁsed by 5;6‘trillion

cubic feet because of the continued high United States requirements.
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The FPC has jurisdiction over gas use by virtue of its regulation
of interstate pipelines and is able to control the prices paid for gas
at the well-head. The gas industry believes that current well-head
prices are too low to encourage new gas discoveries, and new gas
discoveries in 1968 and 1969 indeed have occurred at a lower rate than
in previous years. All of this makes the outlgok for new findings of
natural gas reserves in the United States unfavorable as this point
in time.

There are two main sources of natural gas production: gas
wells and oil wells. The economic incentive to do exploratory drilling
for gas fields has been retarded by FPC policy. However, the production
of gas as a by-product of oil is not ruled by the same economics.
Approximately 6000 SCF of gas is produced with each barrel of crude oil
production in the U.S. The production rate of crude establishes the
gas production from the source.

Favorable Factors

Gas is a clean-burning fuel. It reduces or eliminates most
air pollution problems in urban centers and is an excellent fuel for
certain pfocess industries -- such as the glass industry -- and as raw
material in the chemical industry. 1In addition, gas is a very convenient
fuel for residential heating and cooking and has gained a strong prefer-
ence as a fuel among consumers. The industrial market accounts for
48% of gas consumption; the residential market accounts for 36%; and the

utility power generation market accounts for only 16%.
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Natural gas can be supplemented by the importation of liquid
natural gas and by coal gasification. However, the present-day economics
of these two sources of gas preclude their use in the electric utility
power generation market. Hence, one can conclude that gas supplies for
markets other.than électric utilities will be adequately satisfied from
one of several sources, while the supply of gas for power generation will
be limited to natural well-head gas. The FPC must approve use of natural
gas for boilers if the gas is carried in an interstate pipeline. The
present policy of the FPC is to discourage the burning of natural gas
under boilers unless other benefits to the public are paramount, such

as reduced air pollution in California. .

U.S. GAS CONSUMPTION (TRILLION SCF)

1969 1980 1990
Total U.S. 19.9 30.0 38.5
Electric Utility 3.2 4.2 5.0
E.U. % of Total 15.2% 147 13%

ANNUAL - COMPOUND GROWTH RATE

1960-69 1970-80 1980-90

Total U.S. 5.2% 3.2% 2.5%
Electric Utility 7.2% 2.5% 1.8%

‘The ‘use of gas for power generation accounted for approximately

15% of total natural gas coméumption in 1969; the utility.percentage will
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decline slightly through 1990. However, this forecast is subject to
many factors: a national policy on energy consumption, FPC price
regulation, and the proving out of the probable gas fields in the
continental U.S. Any adverse action by these factors will reduce the
utility gas consumption at a faster rate than any other segment of the
gas market.

Factors Affecting Future Production of Residual Fuel 0il

Unfavorable Factors

The production of domestic residual oil is almost non-existent
because the domestic refineries are designed to produce all of the
valuable components of the crude that are available, leaving only the
barest residual. This is dictated by the economics of the market place
and the price of domestic crude. However, foreign refineries face a
different problem in that their markets for the different petroleum
products are much more limited. Hence, they make no effort to '"crack"
the crude into other products, and from 40 to 60 percent of the barrel
of crude remains as residual. Therefore, the only significant source
of residual oil for utility power generation is from foreign sources.
To date tﬁe government has restricted the importation of oil, crude or
otherwise, to approximately 127 of domestic production. However in
District I, the Eastern Seaboard, these restrictions do not apply to
residual which is imported for use as a fuel. This restriction has also
been temporarily lifted in District V, the West Coast, so that low-sulfur

Indonesian residual could be imported to relieve the air pollution
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problems .in California. .As of this writing, application has been made
by a mid-western utility for relief so that. they can convert an in-city
coal plant to oil for pollution reasons. However, one of the major
deterrents to the use of residual nationwide is that the cost of
transportation, other than by large sea tankers, is extremely high.

Another factor which will unfavorably influence future costs
is the problem of o0il slicks in harbors and along the beaches. Stricter
safety regulations for tanker operation coupled with international
enforcement will increase the cost of sea transportation of oil. This
factor cannot yet be quantified, but it will be severe.
Favorable Factors

Several factors tend to make residual an attractive fuel for
utility use. First, the govermments of Venezuela, Libya, Iraq, Iran
and Nigeria are very aggressive in promoting the sale of their crude
through. the companies they have licensed to drill for the oil. Their
major source of government income is the o0il royalties obtained on
production. Thus today, at least, there is an abundant supply of crude
and/or residual from foreign sources. Secondly, the S02 air pollution
problem cén be alleviated by reducing the amount of sulfur in the fuel
before combustion. This can be done either by using naturally low-sulfur
African residual or by ‘desulfurizing the high-sulfur Venezuelan . residual.
Both options are being exercised in the eastern utility fuel market.
A third advantage is the e#tremely low transportation cost over water. --

as low as 3.1¢/million Btu/1000 miles.
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A substantial portion of generation capacity -- approximately
35% =-- is required to operate in a cyclic fashion, that is, it must
produce power for the daytime, weekday loads with little or no output
during low load periods. Large, high-pressure, once-through coal
boilers are not suited for this service. The utilities are now starting
to procure lower pressure, drum type (400 MW) boilers for this duty.
0il or gas is much preferred to coal for this service because of ease
of control., In addition, residual oil, with special restrictions on
sulfur and vanadium, may prove an excellent fuel for gas turbine peaking
service as well as combined cycle intermediate service. Residual oil
has many advantages as a fuel for power generation, i.e., ease of storage,
economical water transportation, abundant foreign supplies, and relative
ease of start-up and shutdown of boilers.

RESIDUAL FUEL OIL CONSUMPTION
(Thousands barrels/day)

1969 1973 1980
Total U.S. 1800 1923 2123
Electric Utility 480 600 800
E.U. % of Total 267 34.5% 38.0%

ANNUAL COMPOUND GROWTH RATE

1960-68 1969-80
Total U.S. 3.5% 1.5%
Electric Utility 10.07% 4.6%
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The utility use of residual has been growing at a faster rate
than the U.S. total residual market. In fact, the utility segment of the
residual market is the only segment which shows any growth potential.
Note also that the projected annual growth for utility consumption
declines in 1969-80, reflecting the growth of nuclear power.

Utilization of Fossil Fuels for Power Generation

Changes in the use of coal, gas, and oil in the electric
utility industry, as well as changes in the fuel situation in general,
are caused by factors such as supply, demand, government regulations,
pollution, nuclear power delays, fuel production, and fuel transportation
costs.

The annual demand for coal by the utilities will increase
through 1980, but the rate of growth will decline. The growth in coal
requirements through 1976 is a result of the delays in scheduled nuclear
plant additions and.the need for generating capacity to meet the increasing
demand for electricity in the early and mid-1970s. The addition of coal-
fired plants for intermediate generation accounts for the increases
in coal requirements through the end of the decade, but the commitment
of nuclear plants for base-load geﬁeration will reduce the growth rate
of utility coal deménd.

The most significant changeAin the nation's fossil fuel market
has occurred along the Atlantic coast. Almost unlimited amounts of
low~cost, low—sulfuf residﬁal oil imports have become available to the

utility companies along the East Coast. Faced with shortages in their
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coal supplies, rising coal prices, and legislation limiting the sulfur
content of their boiler fuels in metropolitan areas, the East Coast
utilities have been a very receptive market for the petroleum companies.
Many have converted their existing coal-fired plants to burning imported
residual o0il as the primary boiler fuel, and additional fuel conversions

of existing plants are scheduled. A number of eastern utilities, apparently
not concerned about a non-domestic, politically-influenced energy source,
are purchasing single-fuel, oil-fired 300 to 500 MW generating units.

All indications are that the petroleum companies will continue to

penetrate the eastern electric utility fuel market successfully.

To 1985, gas is expected to remain the primary fuel for
electric generation in the gas-producing states and contiguous areas,
with most of its growth confined to this area. The bulk of electric
utility burning gas plants in the future will be added in Louisiana,
Texas, Oklahoma, New Mexico, and Kansas, which produce 907 of the gas
in the continental United States. In regions far from gas production,
gas is expected to decrease its share of the market, especially after
1975. Much of the historic growth of gas use has occurred outside the
area where gas 1s produced. It is in these regions with high fossil
fuel costs that nuclear and oil power will make the largest gains,
tending to reduce the overall growth of gas use in the utility fuel
market. As a result of the gas shortage and the difficulty of getting
gas contracts, coal, as well as oil, may penetrate outside its traditional
consuming areas. This trend is already in evidence; the past few years
have seen new coal-burning plants built in Florida, New Mexico, Texas,

Nevada, and Kansas.
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PRICE TRENDS OF FOSSIL FUELS FOR
POWER GENERATION

ELECIRYC LTILITY FULL PRICE PRUNDS

.

It can be unequivocally stated that the days of éheap, readily
available supplies.of fuel for power generation are over. Gone are
the days when competition in the electric ufility el market is govefned
exclusively by price. While cach of the fuels is basically competitive
with the othersAin the electric utility mérketplace, the major factor

infiuencing the market price of each is different. These major factors --

coal - the cost of production,

oil * = alternative market opportunities,
gas - government regulation, and
nuclear - the cost of preparation —-

are, hoﬁever, being mutually influenced by artificial, poiitical and
caviromiental constraluils that are already reshwoing the price. svpnly
gnd demand relationchips that charaéterized the electric utility fuel
market in ﬁﬁe 1950's and early to mid-l960'§. The patterns that have
'been formed in the recent vast, along with continuingipolitical and
environnental pressures, will affect the futufe ﬁtility'fuel market and

fuel price trends over the next 15 years.
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COAL PRICE TRENDS

Coz2l prices in the electric utility fuel market began to
climb in 1626, following almost a decade of decline, The increases in
the price level for coal began over two years prior to the "energy alert"
of i§69 and 1670. The increases were due primarily to iﬁprévements in
coal productiyity né longer being able to counter rising labor and material
costs. This rising trend has continued as the labor-intensive cosal
industry cxperiences a very unstable labor climate. Labor unrest has
combined with the provisions of the 1959 Mine Health and Safety Act to
reduce‘deepuﬁine productivity by 15 to 20%, and conversely increase
operating cests. These’rising production costs plus rapidly increasihg
coal deménds resvlted in further increases in utility cocal prices in
1959 and 1970, but ceal industry officials state that those increases
were insufficient., The continuing effects of the Mine Health and Safety
Act, a new three-year contract with the UMWA, escalation not being offset
by substantial iﬁprovcmen@s in productivity, and attempts by coal |
cormpanies to increase th;ir return will result in the continuing rise in

electric utility coal prices.
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ELECTbe UTILITY FUEL OIL PRICE TRENDS

Historically, the fuel oil available for pse in electric utility boilers
vas the residual waste product of the US. refineries, representing only 6-7%
of each barrel of refined crude. Crude oil was considered too valuable to
burn directly as a power plant fuel and was instead refined into high-priced
petroleum products. The residual oil was functionally priced to compgte with
coal or gas on a limited basis. By comparison, foreign refineries permit
residuél yield of 40 to 55 percent,and in 1969 the availability of an
apparently unlimited supply of imported, low-cost residual oil was promoted
for power generafién in PAD District I. Residual oil became a viable competitor
in the East Coast electric utility fuel-markét as competition between 0il
companies brpught a sharp reduction in the price of imported residual oil -=
high-sulfur resid pfices'bottoméd out at 28¢/MMBTU ~ in mid-1969. However,
as A.result of éupply and demand pressureé, the price began to rise rapidly
in the fall of‘l969. Newly enacted air pollution regulations and tremors
in the politically volatile African and Middle East oil-producing countries
caused further increases in the market price of residual oil in 1970. The
supply of oil for the U.S. market was reduced, tanker capacity was oﬁef—extended,
and premiﬁm.prices were being demanded for low (1%) sulfur characteristies.
A return to reg;onably stable pélitical conditions and an agreement between
the oil companies and the 6rganization of Petroleum Exporting Countries (OPEC)
relieved the "shortage" in the world oil supply and tanker capacity and in "
1971 the pricé of residual 0il began returning to a market level more in line
with a balanced supply ahd.demand condition. More widesprcad and restrictive

envirommental regulations, however, continue to bring a premium for low-sulfur
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0il, with 0.3% sulfur content becoming the most stringent limit established
for boiler fuels. This highest quality oil will demand the highest premium
price.

It is expected that environmental regulations limiting the sulfur content
of boiler fuels will have a marked irmact on the oil industry's relationchip
to the éiectric utility fuel market. High-sulfur residual fuel oils will
find less demand under tightening environmental regulations and the price will
be comparable to that of high-sulfur mine-mouth coal. The lucrative market
for low-sulfur o©il has presented the oil refiners with the economic incentive
to begin installing expensive desulfurization facilities for producing clean,
heavy distillates from the high-sulfur feedstocks of the Caribbean and Middle
East. The magnitude of the‘added cost of desulfurization is determined by
the zuldfur contsat Lovel dosired and Lhe characberisvics of the feedsiock
used. While the current high demand for low-sulfur fuel oil with a limited
supply available is creating an artifically high differentiel price between
high-and low-sulfur oil, the differential will becomg more directly related
to the actual difference in dgsulfurization costs when the many new prccessing
facilities begin operation aﬁd the supply of low-sulfur oil increases.

.With'the rapidly rising oil prices in the electric utility fuel market
and the high cost of desulfurization, the cil companies have begun the wunprecentcd
marketing of crude in the U,S, directly as an electric utility boiler ifuel.
Continuing success 6f selling crude directly as a boiler fuel is dependent on
the crude having a low sulfur content -- African and Indonesian crude comes

closest to meeting envirommental sulfur regulations -- and the price being:
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high enough that the rctufn on the basic crude is greaﬁer than the net return
from the sale of the pefroleum proﬁniyg»refined from that crude. It is
estimated that this price level on crude is just slightly less than the
mdrket price of residual oil of the same sulfur content since crude has some
safety disadvan%ages compered to fbmiequivalent high—-quality heavy distillates.
The crudé has a low flashzcharaci;ri;fic since the gasoline and naphtha have
not been removed in processing. |

Over the long term, the oil industry will continue to functionally
price its products in the electric utility market place. Fuel oil prices
will be established commensurate with the market value of alternative fossil
fuels ba;ed upon thezir heat content, envircnmental characteristics, convenience,
and availability. In the 1970's, low (0.3%) sulfur resid and crude will demand
premium prices due Lo the imbaiaince Lebween sipply and demand for low-culfur
fossil fuels, while.in the 1980's it will approach the market value of
natural gas, the most desirable of the fossil boiler fuels. Fuel oll fbr
the electric utility market with greater sulfur contentsewill demand less

of a premium but will still cozmand a good price due to its value as feedstock

for processing into higher quality boiler fuels.
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NATURAL GAS PRICE TRENDS

Natural gas has géne from being'a nuisance by-product of domestic
crude oil production to a position as the premiere of the clectric utilit&
boiler fuels, The Federal Power Commission, by regulating the price which
gas producers can charge the {nterst&tgﬁtransmission and distribution
companié; and the resale price to lczl distributors, indirectly contrcls
the price of interstate natural gas to the electric utilitvy industry.
Intrastate sales of gas are not subject to FPC regulatiocn, tut both inter-
and intra-statec transactions are mutually influenced. After many years at
depressed levels, well-head gas prices have recently beeﬁ increased by the FPC
and additional increases are expected. . More severe pricc increaces are
being experienced for non-jurisdictional gas in the electric utility market-
place. With‘the shértagé of deliverable gas, the FPC is also.indirectly
controlling the end-use of natural gas by requiring curtsilmwent plans that
provide for electric utility boiler application to te the first use of natural
gas to be discontinued in the event of a supply deficieil:y.This presents the
utilities with interruptible interstate gas supplies and rising gas prices
that will reduce consumption’to premium uses for peaking snd intermediate
cycling. |

Whether directly or indirectly controlled, natural gas will be priced
in accordance with its value as a premium fuel rather than on production cost.
The price of naturai gas paid by electric utilities is expected to increase
subétantially, doubling 1971 new gas prices by 1980, 1In spite of the sharp
price increases, the quantity of nafural gas avallable to the electric

utilities will be severely constricted.

A-Ls



NUCLEAR FUEL COST PROJECTIONS

Each of the major categories of manufacturing costs for the nuclear fuel
ecycle ,

~Uranium

U3 0_ Raw Material

8

Conversion - Converts U to UF

3 % 6

Increases U2?r Content in UF6

y
“

- Enrichment

Fabrication Manufactures Fuel Assemblies

Reprocesses the Spent Tuel Assemblies
and Recovers Unused el

Reprocessing

can be analyzed to‘produce ; cost breakdown‘which can then be examined for the
effects of cost escalation for the period cf 1971 to 1985. Each of these fuel
- cycle cost factors can be apportioned inﬁo percenﬁages for labor, material,
and a firm non-variable cost. By using the past ten years for an historical
base,_the index for thé labor and material components of each fuel éycle step
was préjected on a straignht-line basis. In addition to mathematical cost
projections, other economic factors were considered in projecting'fhe nuc;eér
fuel cycle costs. The supply and derand presswres on uran%uwa prices; the
volume sensitivify, automatiohafand learning;cuivs cost iﬁprovements in the
fabrication process; the volume dependeﬁcy of rcproces;ing costs; and the
governmental restraints on the cost of enrichment were evaluated.

Nuclear fuel costs were calc;lated for a basge load nuclear plant with all
of the fuel cycle cpmponents escalated and ﬁhe cost of enrichment at the legally
established ceiling after escalation. This most conservative projection shows
that nuclear fuel costs incréase slightly.from 20.18¢/MM3TU in 1971 to
22.10¢/MMBTU in 198s. Tﬁis increaée over tﬁe 15-yvear time period results
from escalation factors in the nuclear.fuel cycle beginning to overtake the cost -

volume improvements in the fabrication and fucl rccovery componcnts of the cycie,
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ELECTRIC UTILITY FUEL PRICE PROJECTIONS 1971-1.985

1958
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1985

Deen Water Port Contraoct Cargos

STEAM COAL

Deep~Mined Mine-Mouth

}MYBTU

16.7
17.8
21.3
26,2
30.0
32.0
33.4
34.2
35.3
36.6
37.9
39.2
40.6
48,6

DTOTN™OIAT. OTT

O et e e e S

ke

INDEX

100.00
106.58
12705)'"
156.88
179.64
191.61
200.00
20k.79
211.37
219.16

226,94

234,73
23,11
291.01

1960 High-sulfur Resid Price = 100.00

High-Sulfur Resid

YEAR ¢/}2BTU  INDEX
1968 32,0 100,00
1969 34,0 106.25
1970 46.0 143,75
1971 43,0 134.37
1972 43,5 135.93
1973 4k ,0 137.50
1974 Wy, 5 139.06
1975 45,0 140.62
1976 45.5 142,18
1977 46,0 143.75
1978 46.5 145,31
1979 47.0 146,87
1980 47.5 148.43
1985 50.0 156.25

Low (1%) Sulfur Resid

QZMMBTU

72.0
60.0
61.0
6L .0
67.0
. 70.0
72.0
73.0
74.0
4,
75.0
77.0
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INDEX

225.00
187.50
190.62
200.00
209.37
218.75
225,00
228,12
231.25
232,81
234.37
2Lk0.62

0.3% Sulfur Resid

¢/IDBTY

LEBREEFTBIAI

[

Moo OO

INDEX

234,37
237.50
243,75
256.25
267.18
276 .56
281.25
284,37
287.50
290,62
295.31



‘ CRUDE OIL
Dcep Water Port Contract Cargos .

1971 Digh-Sulfur Crude Price = 100.00

High-Sulfur Crude Low (1%) Sulfur Crude 0.3% Sulfur Crude
YEAR ¢/1BTY ILDEX ¢/10ETY INDEX ¢ /13BTU INDEX
1968
19659 -
1970
1971 50.0 100.0 56 .0 112.0 72.5 1k5.0
1972 51.5 103.0 58.0 116.0 75.0 150.0
1973 53.0 105.0 59.5 118.0 77.0 15k4,0
1974 54.5 109.0 " 61.5 123.0 79.5 159.0
1975 55.5 111.0 63.5 127.0 82.0 16k4.,0
1976 57.0 11kL.0 65.5 131.0 84.0 168.0
1977 58.5 117.0 67.0 134.0 86.0 172.0
1978 60.0 120.0 68.5 137.0 87.5 175.0
1979 - 61.0 122.0 69.5 139.0 88.5 177.0
1980 62.5 125.0 70.5 141.0 89.5 179.0
93.0 186.0

1985 69.5 139.0 76. 152,0
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YEAR

1958
1959
1970
1971
1972
1973
197k
1975
1976
1977
1978
1979
1980
1985

NATURAL GAS
Elcctric Utility Price

¢/ 3 mBTU

25.1
25.4
27 -O
35.0
15,0
55.0
65.0
72.0
77.0
80.0
83.0
85.0
87.0
97.0
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INDEX

100.00
101..19
107.56
139.44
179.28
219.12
258.96
286.85
306.77
318.72
330.67
338.64
346.61
386,45



¢/MMBTU

Curve 645771-A

T | 1 1 I 1 1 LI I 1 T 1 1 l 1 1 1 10D
110 Jet-Kerosene
100 No. 2 Diesel
Natural Gas
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70 [ High S Crude
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50 - __ High S Resid
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Year

Electric utility fuel price projections 1971—1985 actual dollars
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UPDATED PROJECTIONS
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1970
TOTAL
RASE LOAD
Coal 87.4
Oilk 21.1
... Ges 45,5
Total Fossil 154.0
Nuclear 5.3
Hydro 25.0
CINTTRIEDTIATE
Coal 51.7
0il 10.4
Gas 21.3
Total Fossil 83.4
Nuclear -
Eydro 23.6
PEAYSIG
Inter.Comb

& G.T. 21.
Hydro 7

TOTAL

CAZACITY 320.4

ELECTRIC UTILITY CEIERATION ADDITIONS IN GW

MARYET. STA0ATY 19701085
1971-1975 1975 1976-1930 1580 1981-1685 1985
ADDITIONS TOTAL ADDITIONS TOTAL ADDITIONS TOTAL
10.5 97.9 30.3 128.2 2.1 130.3
1.3 22.4 k.9 27.3 - 27.3
3.4 48.9 - 48.9 - 48.9
15.2 169.2 35.2 20h4 4 2.1 206.5
62.1 67.4 70.1 137.5 120.9 268.4
- 25 .O - 25-0 - 2500
30.4 82.1 45,7 127.8 73.7 201.5
8.7 19.1 15.2 34.3 5.3 39.6
12.8 34,1 7.6 4.7 - b1.7
51.9 135.3 68.5 203.8 79.0 282.8
- 7.6 7.6 26.3 33.9
2.5 26.1 2.5 28.6 2.5 31.1
30.9 £2.7 11.4 64,1 37.8 101.9
15.1 22,4 18.2 40.6 15.0 55.6
177.7 489.1 213.5 711.6 263.6 1 1005.2
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A STUDY OF THE INDUSTRIAL STATIONARY WATERTUBE BOILER MARKET

1. INTRODUCTION. In an attempt to estimate the possible influence of fluidized-

bed combustion (FBC) techmology on the Industrial Stationary Watertube Boiler
Market, a study was performed under NAPCA Contract CPA 70-9. The two-fola‘ob—
Jective of the study was to first determine typical operating parametérs for a
prototype design of an industrial FBC unit; the other objective was to measure,
in some manner, the possible areas of application for FBC technology in the

industrial boiler market.

Recognizing the state-of-the—art for this combustion method would probably re-
main In the developmental phase until at least 1973, any discussion oé the above
objectives must pertain to the post-1973 market. Hence, a forecast of the market
relative to technological éhanges and consumption patterns would be required

prior to any assessment of FBC potential.

CONCLUSIONS. The major results of this report are listed below.

1. The prototype design should be in the 600 PSIG - 750 F pressure-temperature
class. The output of the unit should be the maximum possible while still
remaining shipable subject to current railroad restrictionms. This suggests
using a modular approach to unit design for minimization of field installation
costs.

2. The potential 1980 market for units with outputs exceeding 100,000 lbs. stm/hr.
will be in the neighborhood of 63.5 million pounds of steam. This is the por-

tion of the industrial boiler market which FBC technology will need to pene-

trate.
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3. The predominant portion of the industrial boiler market is shifting from
smaller to medium sized units (that is, units with outputs between 100,000
and 250,000 lbé. stm/hr.)

4. Relative to aggregate capacity sold, the industrial segment is not expanding
as rapidly as the utility portion of the stationary watertube boiler m;rkét.

5. In the current market, either 0il or gas are used as the primary fuel for
80 and 90 percent of the total capacity and units sold, respectively. The
preferred fuel is gas which is used for 60 and 70 percent of the total capa-
city and units sold, respectively.

6. The use of bituminous coal aé a primary fuel for units sold in the industrial
boiler market hés been rapidly declining. In the 1969 market, coal firimg
accounted for less than 3 and 2 percent of the total capacity and units sold,
respectively.

7. The use of coal as a primary fuel is generally resﬁricted to larger sized
units with the preferred method of firing being either spreader stoker or
pulverizer. |

8. The major consumers of units with outputs exceeding 100,000 1lbs. stm/hr.
appears to be the chemical, paper, and petroleum industries.

9. Since it.is unlikély FBC will be a competitive alternative for gas-fired
units, and the region (Texas, Oklahoma, Arkansas and Louisiana) consuming the

largest average unit size uses gas as the primary fuel, the domain of FBC
marketability is further restricted.

10. Unless the availability of oil and gas are severely restricted by either
diminishing supplies or legislation, coal does not appear to be a signi-

ficant primary fuel in the future industrial boiler market.

The overall assessment of the future for FBC technology in the industrial station-

ary watertube boiler market, based upon the above conclusions, is not
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very optimistic. Although FBC will hopefully aid in the pollution control of
coal fired units, it is doubtful that industrial users can be persuaded to switch
from present oil or gas fired units to ones using FBC methods. To produce such a
switch, some rather dramatic improvements in either initial investment or -opera-
ting costs compared to existing methods would have to be offered. This apéears
rather unlikely for FBC units. On the other hand, since coal fired units will
always have some area of application in the industrial boiler market, FBC technol-

ogy should be a useful technological advancement.

OUTLINE OF REPORT. The remaining pages of this report contain a definition of

the source, method of presentation, and limitations of the available historical
statistical data. Some interpretations of these data will then be offered along
with a discussion of the method used in generating the required long-term fore-

cast.

As a means of obtaining a comparison, an additional forecast is presented using
an independent approach. Both results are strikingly similar, thus yielding

some degree of confidence in the forecast.

Following the interpretation of the forecast, numerous figures and appendices
are presented. It must be emphasized, while reading this report, constant refer-

ence to these supplemental statistics will be required.

ABMA RECORDED DATA. The historical data used for this market analysis was ex-

tracted from the 1961 through 1969 annual reports of the American Boiler Manu-
facturers Association (ABMA). A letter authorizing the use of these data is

included in Appendix I.

Perhaps a definition of the source and type of statistics recorded by the ABMA

will make the data more meaningful. Each stationary watertube boiler sold by
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member companies (and this includes all of the major and most of the minor equip-
ment manufacturers) is réported to fhé ABMA listing the following propérties:
1. ?urchaser's Standard Industry Classification (SfC) number.
2. Domestic or export use.
3. Domestic region (or foreign country) in which unit is installed.
4. Electric utility or industrial use.
5. Packaged or field assembled construction.
6. Steam capacity.
-7. Operating pressure.
8. Outlet steam temperature.
9. Primary fuel.
10. Alternate fuel.

11. Firing method for solid fuel (if applicable).

It should be noted the above listing only includes those items which affect the
intended market study. Other properties are reported, such as reheat temperatures,
but.thisstudy is meant to exclude boilers ihtended for utility use. Also, marine

boilers and hot water units are omitted.

The annual reports of the ABMA group the operéting parameters (unit steam capa-
city in thousands of pounds of steam per hour, operating pressure in PSfG, and out-
let steam temperature in degrees Fahrenheit) into discrete intervals. Likewise,
Athe other properties are separated into distinct categories. A definition of these

ABMA defined clusters is included in Appendix I.

It is important to note, however, ABMA is continually redefining these statistical
groups. Consequently, the available years with consistent statistics becomes quite

limited. At best, the reported industrial steam data remained consistent within
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the various categories for only a nine year time span. Indeed, the industrial
steam classification was not tabulated in their annual reports prior to 1961.
The data stated for the entire stationary watertube boiler market from 1937

through 1969, however, were useful statistics.

DESCRIPTIVE STATISTICS. In performing this study, the available statistics were

analyzed from various viewpoints. To begin with, Appendix T includes a tabula-
tion of the aggregate capacity sold in the entire stationary watertube boiler
market from 1937 through 1969. In addition, the industrial boiler market from
1961 through 1969, and its percentage relative to the total demand, is given.
The same dataareshéwn graphically in Figure 1. Observe'this.graph is a semi-
logarithmic plot to indicate the natural growth trends. It is thus clear the
total market is expanding at a faster rate than the industrial demand. This
observation is an expected one considering the growth of the utility industry
during this time period. ©Note the utility industry steam demand is essen-

tially the difference between the total and industrial markets.

Figure 2 is merely an extension of the total market data exhibited in Figure 1
with the exception it is shown on a rectangular grid. Notice the significant
shift in the level of total demand from 1962 to 1965. Again the increasing

difference between both markets is apparent.

The historical data for the clusters used by ABMA in reporting their annual
statistics (that is, the ones already mentioned which are relevant to this study)
are presented in Appendices II throughIX. Each category covers the years for
which consistent data were available and are displayed in difference table form.
These tabulations represent both aggregate'demand (millions of pounds of steam)
and strength relative to the total demand (expressed as a percentage) for each

category. And in addition, because the market can be measured with respect to
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either total capacity of total number of units sold, the appendices list the

data accordingly.

INTERPRETATION OF STATISTICS. Certainly any market study has to begin by looking

at the available historical data. Likewise, the statistics. should be vieégd from
different vantage points. Thus Figures 3, 4, and 5 separate the data into broad
categories to suggest trends relative to unit size. Obviously, the predominant
influence in the past has been exerted by those units with outputs not exceeding
100,000 Lbs./Stm/Hr. This strength is shifting, however, to the units of medium

size (that is, those units with output between 100,000 and 250,000 1bs. Stm/Hr.)

Page A-5 éontains a tabulation of the average unit size for fuels, firing method,
markets, and regions. Some interesting observations can be made such as the
increasing unit size for both o1l and gas firing. Notice these data, being
average values, are influenced by the quantity of smaller sized units sold in

the market place.

The need for larger sized units 1in the chemical, paper and petroleum industries,
although intuitively evident, 1s substantiated by the tabulated data. Similarly,
the concentration of the chemical and ﬁetroleum industries in Region 6 (Texas,
Oklahoma, Arkansas, and Louisiana) is indicate& by the marked increase in average

unit size contrasted to the other regions.

When attempting to analyze a set of statistical data, it 1s always interesting
to lock at the corresponding cumulative distributions. Accordingly, Figure 6
displays the annual distributions for capacity (that is, unit size), pressure,

and temperature.

Several comments regarding the construction of these distributions are in order.

First, the reporting intervals remained consistent during the 1962 through 1969
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period. The 1961 distribution (Figure 6-1) on the other hand, is included, but
the different structure is evident. Indeed, this contrast is most obvious in

the temperature distribution.

The second comment concerns the temperature curves. vaiously, the saturated
portion of the market is not uniformly distributed throughout the saturation
interval (0 to 300 degrees Fahrenheit) as indicated by the graph. Instead, the
percentage level at the curve and partition line intersection relates to the

saturated steam demand for that particular year.

Finally, these distributions are linear segment approximations over intervals
defined in Appendix I. In fact, Appendices II, III, and IV exhibit the actual

density data used to construct these cumulative distributions.

Some conclusions can be reached from reading these curves. For example, it
seems in the past units with outputs not exceeding 100,000 Lbs.Stm./Hr. account

for roughly 80 and 50 percent of the units and capacity sold, respectively.

Whén one looks at the pressure distributions, it becomes apparent 90 and 70
percent of the units and capacity sold, respectively, do not exceed 600 PSIG
operating pressure. Likewise, the significance of saturated units is readily
discernible from the temperature curves (approximately 75 and 50 percent of the
units and capacity sold, respectively). The span between 1964 and 1967, how-
ever, illustrate the period of industrial expansion by showing greater dependence
on superheated units. Note the most important superheated class 1s the range
covering 725 to 775 degrees Fahrenheit. Certainly turbine applications cause this

predominant temperature interval.
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Trends exhibited by the density data (relative to percent of aggregate capacity

sold) contained in Appendices TII, III and IV are shown in Figures 7, 8 and 9, respect-
ively. These trends will be used later in an attempt to anticipate technological

changes.

LONG RANGE FORECASTING TECHNIQUES. Whenever one attempts to make a long range

market forecast, he must consider both the economic and technological factors.
For the prevailing economic activity will determine in some manner the level of

demand, but the state of technology limits the available product species.

In forecasting economic conditions, several techniques are in current use.

Perhaps the most popular among non-economists is correlating a particular market
with some economic indicator, To achieve meaningful correlation, however, a rather
large set of market data should be avaiable (most forecasters recommend a minimum
time span of 15 yea;s). Obtaining the necessary statistics for the indicators .is
no longer an insurmountable problem since several government sources publish

easily accessible data. To locate long-term projéctions fo; these indicators,

on the other hand, is quite a different problem. Still, some sources are available.
For instance, several institutions maintain econometric models from which they

make long-term projections for many of the common indicators.

Normally the market data itself, however, is the limiting factor. Indeed, this
market sﬁudy uses only nine known data points. Thus.it would seem quite foolhardy
to attempt a correlation with some type of indicator (such as the New Plant and
Equipment Expenditures and Corporate Profits data published by the Council of
Economic Advisors in their "Economic Indicators" periodical) especially for long
range forecasting. Yet this approach would be feasible if one was only interested
in short-term predictions. For then a constant surveillance of the variance between

predicted and actual values could measure the validity of the correlation. This
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monitoring is possible since short-term predictions are, in general, repeated
for each new period. In contrast, the objective of this particular market study
is not to devise some repetitive forecasting procedure. Rather it 1s to make a

single reasonably valid estimate of the potential market.

Furthermore, to use a long-range single-point estimate, as would be the case in
short-term predictions, can only result in an erroneous forecast. The most one
can expect to determine is some interval which will hobefully contain the future
trend. Moreover, as the forecast period increases, the interval range should
diverge. Note the distinction made in stating this interval should contain the
expected trend value and not a single-point estimate of the actual demand. As a

matter of fact, the value of the demand could well exceed the interval boundaries.

We are in essence starting with a set of nine data points originating from 1961.
From this starting point, we are saying if the trend were computed after each
additional year's demand was added to the existing set of data, the inter§a1 would
contain the terminal point of the trend line (that is, the trend line value for

the latest recorded year).

BETA DISTRIBUTION. If one accepts the concept of using trend interval estimates,

the problem then is how to determine the interval range. This can be achieved

by making optimistic and pessimistic estimates which can be used as the upper and
lower bounds, respectively. If some value within the interval can be considered a
most likely estimate, a statistical distribution can then be used to generate a

statistically expected value. A probability measure for subinterval forecasts is

then available. Observe the span of the interval is a measure of the uncertainty
implicit in the forecast. The Beta distribution is the particular one used over

the forecasted interval; for a discussion of its mathematical properties, see

Vol. 2 of William Feller's An Introduction to Probability Theory and Its Applications.
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In determining the optimistic and pessimistic bounds for the interval, one could
rely on either subjective opinion or objective techniques. For a new technolo-
gical method, however, subjective numbers would be hard to determine. Hence,
naive methods (that is, extrapolation of historical data) were used. Assuming
the greatest expansion of a market would be limited to the law of natural gr;wth,
the optimistic bound would be subject to an eﬁponential function. Consequently,

a constant ratio between consecutive years characterizes the optimistic estimate.

Since a considerably larger set of data wereavailable for the total stationary
watertube boiler market, the pessimistic constraint was generated (linearly) from
these numbers. The average industrial steam portion of the total market was then
assumed to be 30 percent of the total demand. Notice Figure 2 shows a significant
change in demand for the total market between 1962 and 1965. Yet the trend of the
raw data without any adjustments determined the pessimistic estimate. Hence, the

pessimistic estimate should indeed be conservative.

For the most likely estimate, it seemed reasonable to use tﬁe current trend line
for the industrial steam market. Observe a linear trend, as used for the pessi-
mistic and most likely values, assumes a constant annual change in the magnitude
of the market, as opposed to a constant proportional change for the optimistic

constraint.

With the interval bounds and the most likely value estimated, a statistically
expected value using the Beta distribution was calculated. Figure 10 shows this
.distribution for the forecasted 1980 interval with both the density and distribu-
tion curves illustrated. Notice the interval has been transformed to the zero-to-
one range. This has been done for ease of calculation. In interpreting the figure,
perhaps the distribution curve is most useful. For example, one can determine

the median value, the probability of some subinterval estimate, and the skewness of

the distribution.



9. FORECAST RESULTS. The trend interval estimates are shown in Figure 11. For each

year, four points are shown on the graph: optimistic and pessimistic bounds, the
most likely value, and the progression of the statistically e#pected values indif
cated by the continuous curve. A tabulation of the corresponding numbers is pre-
sented in Figure 12. As previously stated, the noticeable divergence of thé-in—

terval constraints can be interpreted as a measure of the uncertainty implicit

in the forecast.

After the forecast was made, preliminary data became available for the 1970 market.
Therefore, the trend line for the augmented statistics was calculated as a check
on the procedure used. The resulting trend line terminal point was found to be

in the neighborhood of the midpoint for the subinterval bounded by the pessimistic
and expected values. Thus the trend line interval forecasting procedure was not

refuted.

Once the future demand for industrial steaﬁ was estimated, the changing techno-
logical requirements for the operating parameters (unit capacity, pressure, and
temperature) had to be considered. To anticipate these differences, the trends
within categories were calculated (see Figures 7, 8 and 9). Now the major pro-
blem in using .the available data resulted from the statistics being separately
Teported for each property. Hence, the annual marginal distributions for capa-
city, pressure, and temperature were known, but not the joint distribution. Un-
fortunately, it is precisely the sequence of annual joint distributions which
would have been most helpful in anticipating pattern changes for these proper-

ties. Observe a given joint distribution implies knowledge of the demand for

each capacity-pressure-temperature combination.

Assuming the properties are statistically independent, the joint relationship

is determined by the marginal distributions. If this is an erroneous assumption,
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however, knowledge of the marginal distributions does not provide adequate in-
formation to generate the joint profile. Indeed, the capacity-pressure-tempera-
ture properties do not éﬁhibit statistical independence (covariance does not equal
zero which is a necessary, although not -sufficient, condition for statistical in-
dependence). It was decided, however, to still'génerate'the joint distfibugion

as an aid in projecting technological change, even though statistical independence

was not characteristic of the capacity, pressure and temperature properties.

Figure 13 shows the joint capacity-pressure distribution for both the historical
and future markets. It is interesting to note the increasing influence of the
medium range units. Likewise, the anticipated market growth results in'a shift

from units with very low to vefy high genérating capabilities.

As already noted, the industrial stationary watertube boiler market forecast‘was
generated using an estimated trend interval procedure. An additional forecast
was made using an economic indicator approach. It is important to note this
method is questionable since a definite relationship is difficult to establish
witﬁ such a limited setof available data. The results are merely stated here

for comparison.

The instrumental variables usedvfor the economic indicator were Corporate Profits
Before Taxes and New Plant and Equipment Expenditures data as published by the
Council of Economic Advisors in their periodical "Economic Indicators'". The
response of the indicator in relation to the actual performance of the industrial
steam market is shown in Figure 1l4. Notice the declines for both 1967 and 1970

were anticipated by the indicator. The tabulated data displayed in Figure 14 were
generated from adjusted profits and expenditures projections published in the Summer

1970 issue of the Wharton Economic Newsletter.‘iIt is interesting to note tabu-

lated data exhibit a less rapid short-term expansion, but the 1980 estimate of 126
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million pounds of steam is essentially coincident with the 127 statistically

expected value for the 1980 trend interval estimate.

INTERPRETATION OF FORECAST. The motivation for this market forecast was to esti-

mate the potential applications for FBC units. Limiting the region for FBC:Pse
is the general opinion that only units with outputs exceeding 100,000 Lbs. Stm./
Hr. can economically apply this new combustion method. Since this will amoﬁnt to
approximately 50 percent of the 1980 industrial steam demand, around 63.5 million
pounds of steam will be the maximum potential FBC market. Notice, however, this
is almost the level of the current available market for all industrial units.
Indeed, the entire 1980 industrial stationary watertube boiler market is expected

to expand from the current level by an approximate 1.5 factor.

A significant shift to mediuﬁ—sized units should occur. Thus the current influence
which smaller sized units exert on the total market will be declining, although the

actual annual quantity sold should be increasing at a slow rate.

The industrial market is not experiencing the same rapid expansion as the utility
sector. But for FBC applications,the utility industry appears to offer better
market potential because of the demand for larger unit size and fossil fuel usage.
The competition from gas fired units would appear to severely limit FBC usage in

the industrial portion of the stationary watertube boiler market.

Numerous appendices are included with this report. Thus the known history of
the industrial steam market is presented to allow individual interpretation of

the data.
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TABLE B-1
ABMA DATA

AVERAGE UNIT OUTPUT {IN THOUSANDS OF LBSes STMe/HRe)

CATEGORY 1962 1963 1964 1965 . 1966 - 1967 1968 1969
 COAL___ ' bbeb 8040 10766 11663 Thet_ 9546 __128s1 _ 10540
olL 4441 4648 53.9 5848 57e6 6043 80e4 - 65.8
__F_GAs _SleT 4944 = 6064 6leT 6645 62e5 __ 64e2 - 6443
U WwWOOD 6le5 100.0 9147 3845 33.3 18040 10747 12140
E_BAGASSE 6844 86e4 9540 100.0 10040 : 10040 216e7
L. LIQUOR 137,.5 21245 29167 2684 28244 17540 23343 ‘30040
_ OTHER 6808 5440 8445 116.7 1081 12842 97.5 18544
F
1 PULVERIZED. 25060 _ 21363 32667 33048 25040 15040 _ 475.,0 __ 350.0
R SPREADER 6742 9649 96467 11540 84eb 9542 113,.3 10443
1 UNDERFEED = 3745 2540 1443 1842 2560 16667 4248 _ 2040
N OVERFEED 4040 6040 11443 5040 6647 500.0 33,3 5761
G OTHER 4603 7048 8849 142.,8 93.8 11346 Tle 4 91e7
NON=MFG 4043 4349 41.9 4443 4448 465
CHEMICAL 115.2 103,3 974 10345 101.0 938
M PAPER R 15643 17560 131e5 1357 __ 1559 . 15842
A PETROLEUM 90.1 1244.6 13845 9842 112.7 120.C
. R__FOOD 6342 5549 5860 . 5767 ___T0e2____ 6844
K METALS 773 131.1 92.1 9646 7861 17849
E  MISCe MFGe : 5507 4741 5608 5748 71le6 $57e6C
T TEXTILES 5443 37.8 bbels 4849 5140 56¢2
o __TRANSPORTATION Bh4eh _ TBeO 6767 __ _64¢0_ __110e8 10347
woOoD 8446 5040 59¢2 Q4.4 7040 676
_____RUBBER 3640 3745 5962 4607 5546 5040
b\ 4546 5542 @ 5546 594 55.9
R 2 6345 5541 4448 5849 58e7
E 3 57¢4 6346 637 7249 78+2
G & 9161 6le5 7261 8245 Taes
I S 5247  49e4 5060 _ T1e9  27e4
0 6 142.,0 133,1 12647 113.1 140.0
. N 7 ~ 571 5060 474 4602 5246
8 6446 778 8542 6346 6548
9 6245 5040 4442 574 64¢5
A=5
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INDUSTRIAL STATIONARY WATERTUBE BOILER MARKET

LONG-RANGE FORECAST RESULTS
USING TREND INTERVAL PROCEDURE

TREND LINE ESTIMATES

Most Statistically
Pessimistic . Likely Optimistic , Expected

Year Estimate Estimate Estimate Value
1970 70 83 87 ‘ 82
1971 72 " 87 9% 86
1972 73 91 101 90
1973 75 95 | 108 | 94
1974 77 99 116 ~ . 98
1975 79 103 125 103
1976 80 107 134 107
1977 82 112 144 112
1978 84 ' 116 155 117
1979 86 120 166 122
1980 87 124 179 127
1981 89 128 ' 192 132
1982 91 132 | 206 137
1983 93 136 221 143
1984 94 140 237 ' 149
1985 96 144 255 154

. NOTE: Figures are for aggregate demand in millions of pounds of steam

B-37' , Figure 12
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QEB lAMERICAN BOILER MANUFACTURERS ASSOCIATION

M\ A l 1180 RAYMOND BOULEVARD ~ NEWARK, NEW JERSEY 07102  TEL: AREA 201: 623-8040

November 25, 1970

Mr. R. N. Mosher

Erie City Energy Division
1422 East Avenue

Erie, Pa.

Subject: ABMA Policy - Distribution of Watertube Statistics to
Federal Agencies

Dear Russ:

This letter will confirm our telephone conversation today regarding
Association policy on the distribution of watertube statistics to agencies
of the federal government.

It has long been a policy of the Watertube Section to make available its
statistics to any agency of the federal government which has a need for
this information. This policy applies, of course, to our distribution of
these statistics from this office. Certainly it cpphes equally to the use
of ABMA statistics by Watertube Section members in any work with the
federal government, which requires the use of this data.

Therefore, | feel it is entirely appropriate for you to quote the Association
as the source for the project you described to me over the felephone to me
this morning.

Best regards.

Sinc;erely,
4;{2?7szgilzz¢
illiam B. ‘Marx /C

Manager
WBM:kw

B-43



: o -
AMERICAN BOILER MANUFACTURERS ASSOCIATION (ABMA)

STATIONARY WATERTUBE BOILER MARKET

Industrial Percentage of In-
Year Market (1) Market (1) dustrial to Total
1937 - 44.2
1938 24.6
1939 53.6
1940 . 79.8
1941 108.1
1942 112.9
1943 40.8
1944 36.6
1945 89.3
1946 136.5
1947 128.1
1948 111.3
1949 60.1
1950 180.5
1951 191.9
1952 119.3
1953 77.8
1954 75.8
1955 160.7
1956 224.6
1957 125.1
1958 61.2
1959 - 124.1
1960 116.4
1961 140.5 40.64 ‘ 28.925
1962 120.6 43,33 - 35.928
1963 162.3 50.54 0 31.137
1964 209.0 ) 72.35 - 34,616
1965 250.1 76.88 ' 30.742
1966 249.9 81.44 32.588
1967 259.8 57.26 22.039
1968 262.1 67.00 25.559
1969 281.5 78.00 27.710
NOTE: 1. Figures are in millions of pounds of steam per hour

(aggregate output sold).

B-LlL



10

11

12

13

NOTE:

1.
2.
3.
4.
5.

00~ O
« o o

AMERICAN BOILER MANUFACTURERS ASSOCIATION (ABMA)

INDUSTRIAL STATIONARY WATERTUBE BOILER MARKET

GROUPING INTERVALS DEFINED FOR ABMA DESCRIPTIVE STATISTICS

25

50

100
150
200
250
300
350
400
450

500

LT denotes "Less Than"

CAPACITY

LTE
25

50

100
150
200
250
300
350
400
450

500

CATEGORY
"PRESSURE

- GIE LT
0 50
50 150
150 250
250 350
350 450
450 600
600 850
850 1250
1250 1450
1450

LTE denotes "Less Than or Equal to"
GT denotes "Greater Than"

GTE denotes "Greater Than or Equal to"
ABMA data summarizes each category interval for
number of units and steam output

Capacity 1is in thousands of pounds of steam per hour

Pressure is in PSIG.

Temperature is in degrees Fahrenheit

B-145

TEMPERATURE
GTE LT
Saturated
300 425
425 475
475 525
525 625

© 625 675
675 725
725 775
775 825
825 875
875 925
925 1025
1025



NOTE:

11,

12,

AMERICAN BOILER MANUFACTURERS ASSOCIATION (ABMA)

INDUSTRIAL STATIONARY WATERTUBE BOILER MARKET

CATEGORIES DEFINED FOR ABMA DESCRIPTIVE STATISTICS

BASE FUEL FIRING METHOD
© 'FOR_SOLID FUELS
BITUMINOUS COAL PULVERIZED
OIL SPREADER
GAS UNDERFEED
WOOD _ OVERFEED
BAGASSE : OTHER
BLACK LIQUOR
OTHER

THE SAME CATEGORIES EXIST FOR ALTERNATE FUELS

MARKET CONSTRUCTION
NON-MANUFACTURING PACKAGED: (SHOP ASSEMBLED)
CHEMICAL FIELD ERECTED
PAPER
fETROLEUM
FOOD
METALS

MISCELLANEOUS MANUFACTURING
TEXTILES

TRANSPORTATION

WOooD

RUBBER

TOBACCO

B-U46
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CAPACITY
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3

INDUSTRIAL WATERTUBE BOILERS)

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

CAP. TOTAL
620 43.3
5490 5045
5440 7243
6400 7649
5.80 Bled
4440 5743
4460 6740
6040 78.0

UNITS  TOTAL

348,00  877.0°

338400 87940

292400 1033.0 -

322.C0 105540

299,00 116540

232,00 83940

235,00 99840

237,00 104340

NOTE##

Dyl

=0. 30
=045C
0.60
=0420
=144

0¢20

=0.20

DYl

=10,00
~46400
30400
~23.00
=67.00
3,00

2400

R 1
L U R
D

crry

Oy2

=020
l1.10
=080
~1e20
le60

=0s40Q

oY2

=36+00
76400
=53.00
~44400
70.00

-1.00

‘DYl = FIRST DIFFERENCE

ENERGY D1 V.
I NDUSTRIESsy I N Ce

Dy3

DY3

112.00
=129.00
9400
114600

=71.00

DY2 = SECONC DIFFERENCE

DY3 = THIRD DIFFERENCE

ISTRIBUTION AS TO SIZE OF UNIT .

PERCENT
14432
11.68

Tea?
T80
Tel3
Tebl
6487

Se b4

PERCENT
39468
34445
2827
30452
25067
27465
25488

- 22472

0=-25

Dyl

-2e64

Dyl

=123
«10419
2025
=4486
199
=1.77

=3,16

UNIT CAP.

Dy2

Dy2

5096
12044
-7.11

6+86
=3.76

~l.39

oY3

6e13
=556
2426
=2460

0s96

oY3

2140
=19+55
13.95
=10460

2037




© BN W AW N -

NN AN R R e e m e e e e ee o =
v AW N - OO @ NO LR WM = O

LY
o

- o e A2
-0 W ® N

2

T

LT I - I VI I Y

ERI
Z UR
INDUSTRIAL WATERTUBE BOILERSs D
YEAR CAP, TOoTAL . oyl
1962 10.60 43423
~0.60
1963 1C.CO 505
: 2090
1964 12.90 7243 )
=0s 40
1965 1250 769
210
1966 1460 Bleé
=4410
o 1967 10.50 5743
Jﬂ =Ce5C
o 1568 1000 670
3.30
1969 13.30 780
YEAR ulTs T0TAL oYl
1962 287.00 877.0 o
=26400
1963 26100 879.0 :
7900
1964 340400 1033.0
. =164+00
1665 324.00 1055.0
' 66400
1966 390.G0 116540
=113.00
1967 277.CO 839,90
=15.00
1968 262400 908.0
81.00
1969 343.00 1043.0 :
NOTE®»

ClI Ty

TRIBUTION AS TO SI2ZE OF UNIT
oyve

3.50
~3.30
2.50
~6+20
3.60

380

oy2

105.00
~-95.00
82.900
=179.00
98.00
9600

DYl = FIRST DIFFERENCE
DY2 = SECOND OIFFERENCE
DY3 = THIRD DIFFERENCE

ENERGY D! V.
I NDUSTRTILIE S»

ovy3

=680

5'80,

-8470
9.80
020

Oy3

=20000

17700

. =261+00

277.00

=200

PERCENT
26448
19480
1784

16425
17494
18432
14493

17405

PERCENT
32.73
29469
32.91
30.71
33.48
33.02
28085

32.89

1 N Co

26~50

oYl

~4468
=1.96
=1.5§
le68
0439
=3440

2.13

UNIT CAP.
Ov2

2472
0437
3.27
=129
~3e79

5453

Dy2

6425
~5442
Le97
-3.23
=3470
8419

DY3

=2435

2490
=456
=2449

931

DY3 .

=ll.68
10039
=8419
=0e47

1l1.89
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INDUSTRIAL WATERTUBE BOILERS) DISTRIBUTION

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

YEAR

1962

1963

1964
1565
1966
1967
1968

1969

CAP.

12450

13.70

21.00

18.90

20.50

15.20
18.40

18.00

UNITS

173.00

181400

265.C0
245400
27500
200.00
246400

243400

" ToTAL
43.3
5045
72.3
7649
8144
57.3
6740

7840

TOTAL
877.0
879.0
1033.0
1055.0
1165.0
839.0
90840

1043.0

NOTE##" DYl =

DY2 =
Cy3 =

DYl DY2

1,20
610

7.30
=9+40

=-2.10
3.70

l1.60 '

=6+80

=5.20
8430

3.10
=3450

=0s40
Dyl DY2

8.00
76400

B4e00
=103.00

=19,00
48420

29.00
=104400

=75.,00
12100

46400
~49.00

=3.00

FIRST DIFFERENCE
SECOMD DIFFERENCE
THIRD DIFFERENCE

ENERGY
ND USTRIE S

AS TO SIZE OF UNIT

0Y3

-15+50
13.10
=10450
15.10

~11.80

oY3

«179.00

15109
=152.00
225400

'170{00

PERCENT
2887

27413

29405

24458

25.18

260707

27446

23.08

PERCENT

19473 -

20459
25.65
23432
23461

23.84

27409

23430

DI v,
I NG

51-100 UNIT CAP.

Dyl

oY1

0.87
5406
=2434
Q29
0.23
3.25

=3,79

Dy2

3466

-6439

5.08

0e91
-6076.

=5.15

Dy2

4¢20
=740
2462
=005
3.02

=7.05

‘DY3

"=10.04

3'11046

-4.;6‘
=167

=443Y

oY3

=lle5Y
10.02
=2.68
3.08

=10,07
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ZURN T ADUSTRTIE Sy I N Co
INODUSTRIAL WATERTUBE BOILERSes DISTRIBUTION AS.TO SIZE OF UNIT 101-150 UNIT CAP.
YEAR CAP, TOTAL - DYl DY? DY3 PERCENT DYl Dy2
1962 290 4303 670
2480 Ge 59
1963 5470 5065 ~1.00 1129 -5¢50
1480 =0.0C - =Ce¥l
1964 Te50 7243 =100 10637 133
0.80 3450 ! Debs2
1965 830 7669 2450 1079 3.04
: 3.30 =13.60 3646
1966 1160 8les =11l.10 l4a25 =11.08
. =7.80 2190 =T7e62
1967 380 573 . 10.80 6e63 1ll.14
3.0C . : -8¢90 3e5¢2
1968 6480 670 - 190 10415 133
4e90 - Le8Y
1969 11.70 78,0 - . 15.00 :
YEAR UNITS TOTAL Dyl .. Dya DY3 PERCENT Cvl OY2
1962 24400 877.0 . - ) 274 .
20,00 2427
1963 44400 - 879.0 . " =3400 5.01 - =1e37
. 1700 =11400 Qe 9V
1964 6100 103340 14400 591 - =074
3,00 3700 : 016 .
1965 64400 1C5¢.0 23,00 607 1.50
26.00 . =107.00 leb66
1966 9C.00 116540 «84400 Te73 =5457
~58.00 16700 =-3.91
1967 32.00 839.0 83.00 3.81 637
25,00 -66.00 ) 2046
1968 57400 90840 17.00 6.28 Qe75
. 42.00 3621
1969 99.00 104340 Q.49

NOTE## DYl = FIRST DIFFERENCE

DY2 = SECOND DIFFERENCE
0Y3 = THIRD DIFFERENCE

DY3

6e84
1.70
=l4slld
22421

=9.80

OY3.

0.63
2026
«7.07
11.94

=5e62
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ERIE CITY ENERGY D1 V.
L VURN I NDUSTRI L S I N Co
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TQO SIZE OF UNIT 151=200 UNIT CAP.
YEAR ~ CAP, TOTAL . Dyl DY2 DyY3 PERCENT ovl DY2
1962 3.,10. 43,3 716
=0620 ~le&2
1963 250 50.5 280 574 3.28
2460 =5.70 1.86
1964 5650 7243 =290 Teb1 -2.71
=0,430 9430 =0e85
1965 %020 7649 . 6040 676 Te97
’ 6410 «l4.90 CTel2
1966 11.30 8le& ) -8450 13.88 =5e47
-2.40 1270 le6>
1967 8450 57.3 4420 15453 =l.21
~1.80 =760 Qe
1968 10670 6740 o =34640. 1597 wlo Tl
c=1e60 -lbe 30
1969 9.10 7840 ) 11e67
YEAR UNITS TOTAL Dyl , sz Dy3 PERCENT Dyl Dy2
1962 17.00 87740 . le94
=1.00 : =0e12
1963 1600 879.0 14,00 le82 lell
13.00 =29400 Ce99
1964 2900 1033.0 =15.00 2481 . . =1le24
~-2.0C 4900 . =025 !
1965 27.C0O 105540 34,00 . 2¢56 275
32.00 . =72.00 251
1966 594CO 116540 =38.00 ’ 5606 =1425
=-6.00 54.00 le25
1967 53.CO 839.0 1600 632 -0s63
10,00 =32.00 0462
1968 63.CO 908.0 =16.00 6e94 =209
. ‘6000 -10‘07
1969 57.00 1043,0 Sete?

NOTE## DYl =» FIRST DIFFERENCE
Dy2 = SECOND DIFFERENCE-
DY3 = THIRD DIFFERENCE

DY3

=5.99
10467

=13.44

Le26

=353

Dy3a

=2¢34%
3459
=4401
Oeb2

‘wlatb
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ERIE CITY ENERGY DI v,
ZVURN I NDUSTRIESe ‘I NCe
INDUSTRIAL WATERTUBFE BOILERS» DISTRIBUTION AS TO SIZE OF UNIT 201=250 UNIT CAPe
YEAR CAP. TOTAL DYl DY2 DY3 PERCENT oyl Oyv2
1962 3.50 433 ) 8408
A =-1.00 . : =3,13
1963 2450 5065 " 0440 4095 V.81
. «0.60 3.0 -2+32 .
1964 " 1090 7243 3440 - 2463 5481
i . 2080 . =770 3.48
1965 4.70 769 S -4Le30 . 6011 : ’ =966
) =1.50 : . 7690 : =-2.18 :
1966 3620 - 8leb . 3460 3,93 7450
. 2-10 . =5¢40 . Ye32
1967 5.30 57.3 =2480 Ye25 =T7470
. =070 HLe50 ) =238
1968 460 67.0 ®1.70 . 6e87 2.70
1.00 : 0.31
1969 560 72.0 718
YEAR UNITS TOTAL Dyl Dy2 ) oY3 PERCENT byl DY2
1962 1500 87740 1.71 -
, =4,00 . «0e&b
1963 11.00 879.0 1.00 - 1e25 =0e02
=3,00 14400 0okt
1964 B8+060 1033.0 15.00 0.77 . 1460
i 12.00 . =33.,00 1e12 *
" 1965 2000 1055.0 =-18.00 - 190 =1.82
=6400 33.00 =069
1966 1400 116540 15.00 120 .. 2423
9.00 =-28.00 . lebb
1967 23.C0 839.0 : =13.00 2¢76 =2.19
. ~4e00 2200 " =0e065 -
1968 19.00 90840 900 ' 2409 Qe86
5.00 . . © 0e2l
1969 26.00 1043.0 2030

NOTE#* DYl ® FIRST DIFFERENCE
DY2 ® SECOND DIFFERENCE
DY3 ® THIRD DIFFERENCE

oY3

5400
-11.57
13.16
-15,20

~;005°

OY3

le62
=344]
4405
=4Lels2

3.05
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e ERIE CI1TY ENERGY DI Ve
J LURN I NDUSTRIES I N Ce
n INDUSTRIAL WATERTUBE BOILERSy DISTRIBUTION AS TO SIZE OF UNIT 251‘300 UNIT CAPe.
12 .
13 YEAR CAP, TOTAL - Dyl DY2 DY3 PERCENT oYl Dy2 DY3
14 .
15 1962 1,20 4303 277
s - 1.70 2097
v 1963 2490 50.5 -2+00 574 -5.12
8. =04 30 3040 ~-2.15 8468
ty 1964 260 72.3 1e40 3460 ] 3.36
i 1410 =100 le22 =3.00
2 - 1965 3.70 T6e9 Qe&O LeB] . Ce36
2 1.50 =660 le5d =T7e45
a3 1966 5020 8leb =6e20 639 =709
24 ) . ~4,70 1210 ’ ~54¢52 14,27
2 - o 1967 ] 050 5743 590 0.87 7.18
ae [ 1.20 =3460 1.66 . ~4e72
7 3} 1968 1.70 670 2430 2454 2446
8 . 3.50 . 4el3d
A 1969 5020 7840 6667
h ] . .
n _ . o o
n . YEAR UNITS TOTAL Dyl S DY2 DY3 PERCENT oYl oY2 oY3 -
24
L] 1962 400 877.0 ’ Qe 46
38 - 6400 ['FY-1]
¥ 1963 10400 87940 =7.00 lela : =0.95
LI . =1400 ’ 12.00 =0+s27 ) leb8
» ‘ 1964 900 1033.0 5400 0.87 Q663
ar 4400 4400 Qe36 =068
a 1965 13.00 1055.0 1.00 le23 =005
Q 5.00 . =2200 Q.31 ~1.57
4 1966 18.00 116540 =21.00 1le55 =]e62
a4 . =16.00 41.00 =131 3435
4 . 1967 ¢ 200 839.0 20,00 Qe 24 173
a“® . 4e0C =12.00 T Qet2 =1.09
a7 1968 600 90840 8400 [{FX-1-} Q.64
48 12.00 l.06
4 1969 1800 1043.0 173
5¢
1)
82 NQOTE## DY]l = FIRST DIFFERENCE
52 ' DY2 = SECOND DIFFERENCE
54 - DY3 = THIRD DIFFERENCE
53
56 .
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INDUSTRIAL WATERTUBE BOILERS»

YEAR

1962

1963

1964

1965

1966

1967
1968

1969

YEAR

1962

11963

1964
1965
1966
1967
1968

1969

CAP.
2400
3.00
le70
5¢30
1e40
2400
1.30

1.00

16000
400
6.00
4e00

3.00

NOTE#* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 s THIRD DIFFERENCE

TOTAL
4343
5045
7243
7649
816

57.3

6740

7240

TOTAL

87740

879.0

1033.0

1055.0

116540

. 839.0

90840

1043.0

Dyl

1.00
=1.30
3.60
=3.90
0.60
=0.70

=~0¢ 30

Oorl

3.00
=4e00
11.00
=12.00
2400
=2.00

=100

Cl Ty
1

Dy2

2430

4490
=7450

4450
~1430
0440

oY2

=700

15.00

‘-23.C0

- 14400 .

-4400

1.00

ENERGY
NDUSTRIE S

Dy3

720
=12.40
12.00
~-5480

l1.70

oyY3

22400
=38.00
37.00
=18.00

500

ISTRIBUTION AS TO SIZE OF UNIT

PERCENT
4e62
5496
2435
. 6489
1e72
3449
1494

l.28

PERCENT

0e68

1,02
0.48
1.s2
0s34
0472
- Dot

0.29

D1 Ve
I N Co

Oyl

oyl

Q¢34

=0e54

1003

-lel?

‘0627

=0.15

301=350 UNIT CAP.

Dy2

4491
Be13
=9.71
6094

=332

. 0e89

Dy2

«0.88
157

=2,21

1.55

=0+65
Oel2

oY3

13,04
~17.84
‘16466
-1Ue26

be2l

oY3

" 2ebd
=3.78
‘3e75
=219

0e77
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8 ERIE CITY ENERGY D1 V.

9 ZURN I NDUSTRIESes I NC.

1

n INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO SIZE OF UNIT 351=400 UNIT CAP.

12

3 YEAR CAP, TOTAL oYl OY2 OY3 PERCENT oyl DY2 0Y3
14

's 1962 l.10 4343 2564

1o ’ 0.50 Q.63

7 1963 1.60 5065 0620 : 3.17 ¢ =0e62

'8 . 0.70 ~1e¢30 ' 001 =011
19 1964 2430 7243 =-1.10 3.18 «0e72

”w =0¢4&0 080 =0.71 Qebele
2 1965 190 7649 ~0430 ' Qeb? ) =Ce29

N =0470C 090 =1ls0V . 173
2 1966 1«20 8le4 Q.60 led? letts

24 . =-0.10 -000 Ge&d . =leb2
2 1967 lel0 5743 060 le92 Ce02

2 : 0e50 . 0«00 Qet? 0.58
2 1968 160 67.0 0460 2439 061

| P 1410 : 1.07

* \N 1969 270 7840 R ’ 3e46

f : ' ' :

n

32 ’ -

N YEAR UNITS TOTAL - bvl Dy2 DY3 PERCENT Dyl Dy2 DY3
h 7]

35 1962 3.00 877.0 : [s X1 )

» _ 1.00 0ell

¥ 1963 4.00 879.0 1.00 Qe &b 0.01

£ . . 200 . =400 . 0.13 =025
3% 1964 6400 1033.0 =3.00 0e58 =0e23

4 L . =1.00 200 =01l Oel2
a 1965 5.00 105540 =100 Qet?7 «0sl1l

42 ~2.00 3.00 =022 Qeb3
4 : 1966 3.00 116540 200 026 032

a ’ 0.00 . =100 0.10 =033
45 ’ 1967 3.00 839.0 1.00 0s36 =002

4t 1.00 100 006 : Oels
a7 1968 4e00 90840 2400 Qelsls Oelb

2 3,00 0.23

4 . 1969 7+CO 1042.0 067

¢

51

$2 NOTE## DY1l = FIRST DIFFERENCE .

3 DY2 @ SECOND ODIFFERECNCE

54 DY3 = THIRD DIFFERENCE

55

ELY
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NOTE##%. DYl = FIRST DIFFERENCE

DY2 = SECOND DIFFERENCE

OY3 = THIRD DIFFERENCE

ERIE CITY ENERGY D1 Ve
ZURN I NDUSTRTILIE S 1 N Ce
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO SIZE OF UNIT
YEAR CAP, TOTAL oyl Dy2 0Y3 PERCENT
1962 . 0{00 ' 4343 000
0440
1963 0440 5065 2¢20 079
260 6010
-1964 3,00 . 7263 =3.90 4415
=130 570
1965 l¢70 769 180 221
. 050 =280
1966 2420 8leé =1.00 2470
=050 0.20
1967 1070 573 . . =0.80 - 2097
' =1,30 2460 .
1968 040 - 670 : - 1.80 - 060
' 0.50
1969 090 - 7840 115
YEAR CUNITS TOTAL Dyl . Dv2 Dy3 PERCENT
1962 000 877.0. 0.00
' "1.00
1963 1.00 879.0 . 5400 ) ‘Oell
. 6,00 . =14.00
1964 700 1033.0 =9.00 0e68
=3,00 13.00
1965 4«00 105540 © 4400 0.38
1400 =600
1966 500 116540 =200 Oe4
=1.00 000
1967 400 B839.0 =200 Oe&B
' ’ ~3.00 6400
1968 1.00 908.0 400 O.11
, 1.00
1969 2400 1043.0 0e19

oyl

079
3036
=1le9h
Oebsy

0.26

2437

056

Oyl

0e11

0¢56
=-C+30
0«05
0+05
=0e37

QeCl

401=450 UNIT CAP.

0v2

2457

" =5430

2443
=0423
2463

2493

Dv2

045
=0.86
0.35
=000
=044l
045

pr3

" =T486

Te73
=2.66
=2ebl

5456

oY3

-1.31

1.21
“Ue35
“0.41

Qe86
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ERI CITY ENERGY D1 V.
Z UR I NDUSTRIESe I NCe
INDUSTRIAL WATERTUBE BOILERS» DISTRIBUTION AS TO SIZE OF UNIT 451=500 UNIT CAP.
YEAR CAP. TOTAL Dyl Dy2 ) &} PERCENT oyl Dvy2 pDY3
1962 000 4343 000
’ 0.90 . l.78
1963 090 5045 0.20 1.78 =-0.80
: 1.10 =030 Q98 Ve¥5
1964 2400 7243 =010 277 O0el95
1.00 ~2¢50 ls13 =3e467
1965 3.00 7669 -2+60 3.90 ~3.32
=1.60 530 =218 8¢l
1966 le40 8l.4 270 1e72 beB2
110 =430 264 =Be85
1967 250 5743 =1e60 4436 -beal2
=04 50 160 =1.38 Le34
1968 2400 6749 000 2099 0e32
=050 1,06
1969 1.50 78.0 ' 1.92
YEAR UNITS TOTAL oyl DY2 0Y3 PERCENT Dyl Dy2 oY3
1962 060 877.0 0600 .
2.00 0623
1963 200 87940 0.00 - 023 «0s07
2.00 Q.00 0.16 009
1964 4¢00 1033.0 . 000 0039 0602
2400 =500 Q.18 =Qe¢51
196% 6500 1055.0 -5¢00 057 ~Ceb9
. =3,00 10.V0 =0.31 lele
1966 3400 - 116540 500 0426 0665
200 -8.00 Qedb : =l,l6
1967 500 839.0 =3.00 0e¢60 =0e49
=1.00 3.00 =016 Ue50
1968 400 908.0 0400 Qs bt 000
. =1.00 . =015
1969 3,00 1063.0 0429

L I R R I I I L L I I -

NOTC##. DY1 = FIRST DIFFERENCE
DY2 = SECCND DIFFERENCE
DY3 = THIRD DIFFERENCE
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INDUSTRIAL WATERTUBE BOILERS)

YEAR
1962

1963

- 1966

1965
1966
1967
1968

1969

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

CAP. . TOTAL
0.00 3.3
120 . 5045
6460 7242
5480 7649
3400 Blet
1410 57.3
4480 6740
Le60 7840

UNITS  TOTAL
0400 . 87740
2,00 . 879.0
700  1033.0
800 10550
5,00 116540
2,00  839.0
7,00 90840
7000 104340

NOTE##»

ERI
Z UR
D
oyl

1.20
5040
=0.80
=2,80
=1.90
3,70

- =0420

Dyl

2.00

5400
1.00
=3.00
=3.,00
5.00

0.00

CILTY ENERGY
I NDUSTRIES

Dy2

4420

5020

‘=2400

0490

5,60

£3,.90

Dy2

3.00

=400

=4.00
0.00
8.00
=5.00

DYl = FIRST DIFFERENCE
DY2 = SECCND DIFFERENCE
DY3 = THIRD DIFFERENCE

bY3

=10+40
420
2490
470

=950

) &}

=700
0.00
400
8400

=~13.00

TRIBUTION AS TO SIZE OF UNITY

PERCENT

0.00

PERCENT

0.00
0e23
Oe68
0.76
Det3
0e24
0e77

0e67

01 V.
I N Ce

500 +

oyl

2438

6e75

=159

' =3,80

=1e77
5626

"1.27

oyl

0e23

0eted
008
~0433
-0a19

0.53

=0elU

UNIT CAP.

Dyv2

4ed8
=be36
~2427
2409
7.01

~6e51

Dy2

0.22
~0437
~0441

0el4

0472

T =0e63

DY3

=12471

6007
4436
4092
-13.52

Oy

=0e59
=004
Qeb5
Oeb59

=1le¢36
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INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO OPERATING PRESSURE 0=49 PSIG

ERIE CI1TyY
ZURN I
DIS
YEAR CAPR, TOTAL . Oyl DY2
1962 0620 43,3
0.00
1963 0620 5065 . 0el0
. Uel0
1964 GCe30 72.3 =0420
~0.,10
1965 020 7649 0010
: 0400
1966 0620 8l.4 : =010
=0,10
1967 0.10 5743 0.20
- 0s10
1968 0420 6649 . ‘=010
0.00 '
1969 020 7840
YEAR UNLITS TOTAL DYl . DY2
1962 11.00 871740
5.00
1963 16C0 8790 =500
«1ls00
1964 1500 1033.0 =700
=8+00
1965 7.00 105540 11.00
3.00 .
1966 10.00 1165.0 =6¢00
=3400 .
1967 700 839.0 T+00
4.0C
1968 11.00 90840 -1+00
3.00
1969 1400 1063.0

NOTE## DYl = FIRST DIFFERENCE.
Dy2 = SECCND DIFFERENCE
DY3 = THIRD DIFFERENCE

ENERGY DI V.
NDUSTRI E Sy

DY3

=030
030
=020
0.30

=0e30

DY3

=100 .

1800
=1700
13.00

=800

PERCENT
Qebb
0e 40
Dol
0.26
0«25
0.17
0e30

0e26

éERcsnr
le25
l.82
lebS
0s66
0,86
Oel3
1.21

le34

1 NG

byl

=0+07
0e0¢
=0el5
=0.01
=007
Q.12

=004

DY2

0.08
=017
Oeld
=0406
0.20

=Qel?

[0} &

=0+93
=0e42
0.98
=0422
0.40

=025

OY3

=Ue26
Ve3l
=0.20
0.25

=0e36

oY3-

Ueb1

le40

=120 .
Veb62

=0eb5




G M R m L U R N R A R Y U W W N VW B e U W v U R W N - OO0 N D WY R WN = O O M NG B AN -
19-d

ERIE CITY ENERGY DI Ve
ZURN I NDUSTRIEGSy IN C{'
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO OPERATING PRESSURE 50=149 PSIG
YEAR CAP, TOTAL - DYl DyY2 DY3 PERCENT - - Dyl Dy2 DY3
1962 9480 4363 . 22463
L =0,460 . LUYYS
1963 9620 5065 2440 18.22 ledl
. 1.80 =3.00 . : =3.0UV 2024
1964 11.00 7263 =060 ' 1521 3465
. . l1e20 : 2480 . ) 065 . =31,00
1965 1220 769 2020 1586 2465
. ’ . . 3,40 =104¢20 ' ) 3430 ~5e92
1966 1560 8let ) =800 1916 =3.27
. =be 60 ] 1320 0603 ’ ‘138
1967 1100 573 5420 19620 =1.89°
] " 060 «3430 ’ =1l.86 Lok
1968 11460 6649 190 1734 2460
. . 2450 T ' " QT4
1969 ~  14.l0 7840 18,08
YEAR UNITS TOTAL ] DYl DY2 DY3 PERCENT = - Dvl Dy2 - DY3
1962 358.00 8770 . - 40482 .
: o =17.00 - : ~2.03 '
1963 341.00 879.0 ) 22.00 - 38479 T -3+27 °
. . 500 26400 =543V 12.90
1964 . 346400 1033.0 - " 48400 . 33049 : . 9.62 -
- - 53,00 =41¢00 .- 4e33 . =12¢37
1965 399,00 105540 - ' 7400 37.82 - =275
60600 =201.00 le58 0¢50
1966 459600 116540 =194.00 39440 =224
. =134.,00 317.00 =066 Co -=1e2b
1967 325.00 83940 123.00 3o 74 3,49
) 8 ‘ -=11.00 . =59.00 T o m4el6 ’ Be2b
1968 314400 90840 64400 34,58 LeT6
. .53,00 - . . . Oebl
1969 36700 104340 . - 35.19

NOTE## DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 s THIRD DIFFERENCE
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INDUSTRIAL WATERTUBE BCILERS,

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

CAP.
12.80
15.90
20430
19.30
2140
15.40
18450

2230

UNITS
304400
332.00
382.00
326.00
366400
276400
318400

339.00

TOTAL -
4363
5045
T2¢3
T649
8let
57.3
669

7840

TOTAL
87740
87940
1033.0
105540
116540
839.0
90840

1043.0

NOTE®® DYl =

Dy2 =
DY3 =

ERI!IE CI1TyY
ZURN 1
(o] 3
oYl bye
3.10
1«30
Lot
=540
=100
3.10
210 ’
«8410
=6400
"9410
3.10
0e70
3.80
DYl © DY2
28.00
22.00
5000
=106400
«56400
9600
40400
=130.00
=90,00
13200
42.00
=21.00
2100

ENERGY D1 V.

0Y3

=670

8450

«11e20

1720

=8¢40

Dy3

~128400
202400
~226.00

262400

~153.00

FIRST DIFFERENCE

SECOND DIFFERENCE
THIRD DIFFERENCE

NDUSTRTIESe I NCK.

TRIBUTION AS TO OPERATING PRS.

PERCENT
29456
31.49
28008
25410
26429
26448
27465

28459

PERCENT
36466
37477
36498
30490
31e62
32490
35402

3250

150=249

oyl

oyl

3411
-0e79
-6e08

0452

lesl

2.13

=2e52

PS1G

Dy2

=533
Oet3
4el?
=0461
0.19

0.16

bY2

-3.90'

=529
6460
096
0465

LI XY}

oY3

5¢76
"3eTh
=4e76
080

=0e03

oY3

-1.39
11.88
“54063
“0.32

=5429
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INDUSTRIAL WATERTUBE BOILERSe DISTRIBUTICN AS TO OPERATING PRSe 250=349

YEAR

. 1962

1963

1964

1965

1966

1967
1968

1969

YEAR
1962
1963

1964

1965 .

1966

1967
1968

1969

_CAPs.  TOTAL
3410 4343
3450 5045
6480 7243

6420 7649

8460 8let
5400 573

8400 6649 }
9.50 7840

UNITS TOTAL ~

69400 87740

53400 87940

102,00 103340
1064400 105540
114400 . 116540
76400 83940
102.00 90840
1640400 104340
NOTE##

13

oyl .

oyl

~16.00
©9,00
2+00
1000
=36,00
24400

38.00

R I
Z UR
0

Cl Ty
1

DY2

2090
=3.90
3.00
=6¢00
-6-60

=150

DY2

65400

=47.00
800
~46400
60400
144C0

Dy3

-6480

690 -

. =900
1260
=810

DY3

=112.00
55400
“s4v00
106400

46000

DYl = FIRST DIFFERENCE .

‘DY2 = SECOKD DIFFERENCE

DY3 = THIRD DIFFERENCE

ENERGY
NDUSTRIE S»

PERCENT
7.16
6093
9e01
8406

10657
8473
11.96

12.18

PERCENT
7.87
6403

9e47
9486
9479
9430
11423
13.42

0O 1 ve
I N Co

Oyl

oYl

. ~1e84

3e.84
=0.02
=007
-0449
1e94

2419

PSIG
[0}

2470
-3082.
3485

_=he3b

5407

'3.61

oy2

5.68
=3486
=0+06
=042

2043

0425

OoY3

',-6952

Tebb
=4s19
Febl

=8408

3%

=9¢54
380

=Ue36 -

" 24864

=217



L9-€

INDUSTRIAL WATERTUBE BOILERS,

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

YEAR
1962
1963
1964
1665
1966
1967
1968

1969

CAP, TOTAL
3.10 4343
3.90 5045
4e90 723
bLe60 7609
3.20 8let
560 573
4e20 6649
2450 78.0_
UNITS TOTAL
4700 87740
36.00 879.0
52400 1033.0
43400 105540
36400 116540
45.00 839.0
43400 90840
33.00 104340
NOTE®»

ERI Cl1TY
Z UR
Dl
Dyl Dy2
0.80 :
020
1,00
=1430
-(e 30
=1.10
-1.40
3.80
2040
=380
=1640
070
=0.70
Dyl Dy2
=-11.,00
27400
16,00
=25400
=9,00
200
=7400
1600
9.00 ’
=11.00
«-2.00
=800
=10.00

DYl = FIRST DIFFERENCE
‘DY2 = SECOND DIFFERENRCE
Dy3 = THIRD DIFFERENCE

ENERGY D1 v.

Dy3

=1le50

0e20

4490
=T7+6C

4450

DY3

=52400
2700
14CO
=27.00

3.00

E
N I NDUSTRIESs I NCs
STRIBUTION AS TO OPERATING PKSe

PERCENT
7.16
7.72
6078
5098
3093
9477
6028

4eb9

PERCENT

S5e¢36
410
5403
408
3409
5436
4eTh

3e16

350=449

Oyl

Qe56
=0e95
=080
=205

S5e84
=3¢5v

=1.79

Dyl

=1.26

Oe94

=096
=099

2427
=0e63

=1e57

PSIG

Dy2

Dy2

DY3

1e¢66
=)e40
9e15
-17.23
11,06

oYd

=hel0
l.87
3.29
=616

l1e96
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INDUSTRIAL WATERTUBE BOILERS

YEAR

1962

1963

1964

1965

1966
1967
1968
1969

YEAR
1962

1963

1964

1965
1966
1967
1968

1969

CAP, TOTAL
2490 4343
4420 5045
2.60 7243
310 7649
4e90 Bleb
2490 5743
4400 6649
4060 78,0
UNITS - TOTAL
26000 87740
26400 87940
24400  1033.0
33.00  1055.0
35400 116540
25400 839.0
32400 90840
35400 106340
NOTE#»

E

R 1
Z UR
)

Dyl

1430
“146G
0e50
1480
«2.00
1.1

0460

DOyl

2400

| =2400

9.00

2400

7.00
3.00

Cl1TY ENERGY DI V.
I NDUSTRTIESs I NCe

Dy2

=290
2610
1.30
=3.80
3.10

0450

oya

=64400

11.00

=700

=12.00
1000

1700

-4+00

DYl = FIRST DIFFERENCE
Dy2 = SECCND DIFFERENCE
DOY3 = THIRD DIFFERENCE

0] &}

500

-0.80

=510
6490

=3.60

ov3

15.00

=18.00
"=5400
29400

=21.00

TRIBUTION AS TO OPERATING PRSe

PERCENT
6470
8432
3460
4+03
6402 -
5406
5098 -

5.90

PERCENT
2e¢74

2696

450=599
oYl

1062
4o Td
Qell

199

=Je96

0+92

-Q.OB

Oyl

0622

' =0e63

2432
3.13
3.00
2098
3e52 -

3.36

0.8V
=Qel2
=002
Cedb

~0s17

PS1G
Oy2

=5e34
5,16
155

~2¢95

l.88 .

=1.00

oY2

=086
lekd
=093
0.10
0457
=0e71

Oy3

11450
=360
=he 50
4482

~2488

oya

2430
=2437
1.03
0e47

=1.28
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-E R
Z UR
0

INDUSTRIAL WATERTUBE BOILERS»

YEAR
1562
1963
1964
1965

1966

71967

1968

1969

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

CAP.
7.70
9+30
10450
13.70
16410
8460
9490

14.60

UNITS
49400
60.00
71{00
90400
105,00
54.00
61.00

8l.00

NOTE## DYl = FIRST DIFFERENCE
. DY2 = SECCND DIFFERENCE
OY3 ® THIRD DIFFERENCE

TOTAL
4343
505
7243
7649
8led
573
6649

78.0

TOTAL
87740
87940
10330
105540
116540
839.0
90840

1043,0

oyl

oyl

11.00
11.00
19,00
15,00
=51+00
7.00

20490

C T
l

oY2

~0e40
2000
~0.80
=9490
8480

3¢40

Ov2

0«00
8.00
~44CO
=66+00
.SBoCC

13.00

1 ENERGY DI V.
NDUSTRIESy I NCe

oY3

2440
=280
~9.10
18.70
=540

Ovy3

8+00
~12.00
=5652.00
124400

=-45400

TRIBUTION AS TO OPERATING PRSe

PERCENT
17.78
18442
14052
17.82
19+ 74
15401
14080

18e72

PERCENT
5659
6e83
beb?7

Be53

9401

Gelle
6e72

Te77

600=849

Dyl

0463
=-3.,8Y
3.29
196
4ol
=0+21

3.92

oyl

1.24
CeD0
1.66
Qesb
=2e58
0028

1405

PSIG
oy2

4453
7.19
-1.33
-6.73
4456

4ol

Dy2

-1.19
1e61
=-l.18
-3.06
2.86

CeT77

OY3

11.71
~8e51
=540
11.29

=Qeb3

oY3

2.80
-2.79
“1.88

5092

-2.09



oL-€

Nm

ClTY ENERGY D1 ve
1

R1E
VRN NDUSTRTIESe I NCo

INODUSTRIAL HATERTUBE BOILERSy DISTRIBUTION AS TO OPERATING PRSe 850=1249 PSIG

YEAR CAP, TOTAL oYl oyY2 (o] X | PERCENT . byl bY2 pY3
1962 . 2e70 4363 . 6e24
. » . =0es10 ) =1.09 . :
1963 2060 5045 560 : 5¢15 Telb
- : 5450 =590 . 605 ) «7410
1964 8¢10 7263 . =0e¢30 11.20 0404 s
520 ’ =970 609 ) «12.98
1965 13.30 7649 o 10400 ’ 1730 -12.96
: . w4480 . 11.80 =6e85 ' lbe95
1966 850 8leb 1.80 1044 . 6001
B =3.00 . 2090 B =0e84 =44+00
1967 5¢50 5743 . 4e70 . 9¢60 2401
e . 1.70 =750 . . ls16 =5asl1l
1968 720 6649 =280 l0e76 whell
: ~-1.10 =2.9%
1969 6410 7840 ] : ’ TeB2 -
YEAR UNITS _ TOTAL eyl 7 - by2 bY3 PERCENT byl Ov2 - . DY3
1962 12.00 8770 : ) 1e37
1963 11.00 87940 20.00 ' 1,25 : 1.77 ’
: - . . 19.00 - =25.00 . . leb5 ‘ . =2e¢16
1964 30.00 1033.0 =5.00 : 2090 v =039
. 14400 =20.00 127 =222
1965 46000 105940 25400 : Gel? 2460
. =11.00 . 24400 : -1-3“ i ) 3e61.
1966 33.00 11650 : . =100 2483 1.01 .
: ’ =12,00 ’ 12.00 =033 =0e¢98
1967 2100 839.0 11.C0 2050 0,03
: =1.00 ~5.00 ' © =0.30 Vea?
1968 2000 908.0 600 2020 Qo9
1969 25000 1043,0 2040

NOTE#® "DY1 = FIRST DIFFERENCE
" DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



TL-€

ERIE CI1TY ENERGY 01 V.
ZURN I NDUSTRIES, I N Ce
INDUSTRIAL WATERTUBE BOILERSs LDISTRIBUTION AS TO OPERATING PRSe 1250=1449 PSIG
YEAR CAP, TOTAL DYl DY2 oY3 PERCENT Dyl DY2 DY3
1962 050 43,3 leld .
Qs 60 1+02
1963 1.10 50e5 : 1.90 . 2018 le78
: 2450 =570 2480 =657
1964 3.60 723 ~3,80 Le98 =be?9
=130 570 =1l.9Y Te35
1965 230 769 1690 2099 ) 256
) 0060 =290 Oe57 =2¢33
1966 290 lel ’ =100 - 3¢56 Ce23
: =Ce 40 =Qe¢40 Oe 8V =bLe35
1967 250 573 =1e40 4e 36 . ~hel2
=180 . 4e79Q ) =3.32 9e21
1968 070 6649 °. 3430 1405 5409
1.50 l1e77
1969 2020 7840 2082
YEAR UHITS TOTAL byl DY2 DY3 PERCENT Oyl DY2 DY3
1962 200 87740 0e23
100 Qell
1963 3.00 879.0 2400 Qe 34 013
3.00 =700 . Qe2é4 =0e57
1964 6400 1033.0 =5+00 Qe 58 LYY
: =2400 10.00 =02V Oe86
1965 4e00 . 1055.0 5400 0.38 " Qes2
3,00 =900 0.22 - =0e53
1966 700 116560 4,00 0460 =0el1l
. =100 1.00 Oell =0¢50
1967 64CO 839.0 =3.00 0e72 =0e61
-4e00 1000 . =0e&y . 1e36
1968 2+00 90840 T«Q0 0e22 ’ Q0e75
3,00 026
1969 500 104340 Oe48

NOTE## ~ DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
OY3 = THIRD DIFFERENCE



- el-d

E E CI1TY ENERGY D1 Ve
L I

R !
URN NDUSTRIEGSs I NCe
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO OPERATING PRSe 1450-1799 PSIG

YEAR CAPo TOTAL- oYl DY2 Ov3 PERCENT oYl DY2 OY3
1962 030 4343 ' 0.69
030 . Qe bV
1963 0460 5045 - 3450 ls1y 4040
. 380 =960 HLe90 ’ =l2.65
1964 4440 7243 =-6+10 6209 ' =8425
=230 ' 6430 ' . «3,35 .88
1965 2.10 7649 0.20 273 ) 062
: =210 2040 =273 2098 .
1966 000 8les : 2460 0e U0 3.60
0650 =090 0e87 =1l,31
1967 0650 573 . le¢70 ' Oeb7 . 229
’ 220 - =5¢60 - 3416 =8.21
1968 270 6649 =390 : beO4 -5¢92
- ~1s70 . =2¢175
1969 1.00 78,0 ] - ) ' 1¢28
YEAR . UNITS TOTAL ovi . ovy2z  0OY3 PERCENT .Yy ov2 ‘oY3
1962 1400 87740 : 011
0400 : ' =0400 '
1963 1.00 87940 4000 Oell 0437
4400 =84V0 . ) 0ed7 =0e75
1964 5400 1033.0 =4400 Qe48 .. =038 .
- 0,00 : =1.00 . . =-0eVl . . =0.08
1965 500 105540 =5¢00 - L 0e&?7 =0e46
=5400 12400 =Qoet? lel8
1966 0«00 116540 700 ) 0400 0.71
. : 2000 ' 6000 Oe24 =0eb4
1967 2400 839.,0 . 1,00 Qe 2b. 0607
. 3.50 =500 0e3l =0e55
1968 5«00 90840 =4400 . 0e55 =0e48
. -1.00 -0017
1969 400 1043.0 0e38

NQOTE## DYl = FIRST DIFFERENCE
OY2 = SECOND DIFFERENCE
OY3 = THIRD DIFFERENCE



APPENDIX IV

TEMPERATURE
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ERIE Cl1TY ENERGY DI Ve
ZURN I NDUSTRIES I N Ce
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TENMPERATURE SAT
YEAR CAP, TOTAL Dyl DY2 Ovya PERCENT oYl pr2 DY3
1962 2550 43,3 58489
le 60 "5.23
1963 27+10 5045 5430 53.66 =1.4]
6090 -11.30 =beb% 6640
1964 36400 72.3 -5400 4703 Ley9
0.90 Qe40 =leb4 =Ue5Y
1965 34090 7669 3,40 45630 bot2
4430 ~19+70 2«77 =7edd
1966 3920 8lesa 16430 48106 =3.,46
~12.00 37«40 ~JebY l0e86
1967 2720 5743 21410 LTe47 Te40
9610 o =25410 6071 =15.21
1968 36030 67.0 -4sCO 54.18 =781
5410 «lesl0
1969 41e40 78.0 53.08
YEAR UNITS TOTAL oYl DYZ2 DY3 PERCENT Lyl oYz DY3
1962 727.00 87740 8290
=22.,00 =209
1963 705400 879.0 113.00 80020 =Celkb
T 91400 =212.00 3,15 le2s
1964 796400 103340 =99,00 7706 Oe78
«-£.,00 20900 ~Z¢37 3029
1965 788400 1055.0 110.00 T4e69 4407
102.00 ~496.00 le70 =996
1966 89C«00 1165.0 =386.00 76039 -5.87
=284,00 775.00 c mheld 16¢11
1967 60630 £39.0 389,00 72.23 1Ce246
105400 =398400 608 =17e25
1968 711.00 90840 =-9.00 78430 =7.01
96400 =0e93
1969 807400 1043.0 7737

NOTE#® DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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3

RIE CITY ENERGY DI Ve
ZURN I NDUSTRTIESe I N Ce
INDUSTRIAL WATERTUBE BOILEKSs DISTRIBUTION A5 TO STEAM TEMPERATURE. 30(U=424 =~ F
YEAR CAP, TOTAL Dyl Dy2 bY3 PERCENT oyl bye bY3
1962 0630 4343 . 0e69
Oe40 - 069
1963 0s70 5069 . =0s70 - le39 «leb3
. «0e30 leuQ -CelB3 2e3})
1964 Qe40 7243 0430 . ' 0eb55 GelO
. : 0.0UL Ge70 =0sC3 Vet3
1965 De40 7669 1.00 0e52 le23
. 1400 =180 ) . le 2V =ls306
1966 1640 8ls4 =080 . leT2 =0el13
0+ 20 0630 1.07 =1.8C
1967 160 5743 =0+50 279 =le¥2
=Ce 30 1«60 =Ceéd 353
1968 130 670 le10 le94 1460
. 0.80 - 07>
1969 2010 7840 ] . . - 2069
YEAR UNITS TOTAL OYl Ov2 Dy3 PERCENT . byl - DY2 pY3
1962 8400 87740 . : 0491
g . 7.00 . - - QeY
1963 15.00 879.0 . =15.00 le71 =-1.82
=8400 25400 =1.03 3.03
1964 7400 103340 10400 Qe 68 A 1.20
200 o 1.00 Qels «Qe26
1965 9+00  1055.0 11.00 0.85 o 0486
: 13,00 ~21¢G0 led4 =0ebly
1966 2200 1165.0 ~10.00 le.89 ) 0e0lb
. . 3,00 800 : leCY ‘102@
1967 25.00 839.,0 =2:00 2098 - =1s21
. . .1¢00 . 15400 “0eld 2430
1968 26400 908.0 13.00 2086 1409
14600 ’ 0497
1969 40400 1043.0 : 3eB4

NOTE##" DYl = FIRST DIFFERENCE
: DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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ERIE CI1TY ENERGY 01! Vo
L URN I NDUSTRIIESe I NCe
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TEMPERATURE 4iS5euT4 == F
YEAR CAP, TOTAL . Dyl DY2 bY3 PERCENT Dyl Dy2 DY3
1962 Ce90 4343 2408
=0620 =069
1963 Oe70 505 150 l1.39 2407
130 =-3.20 le3o =holb
1964 2400 723 «1470 2177 -2.07
=0e 40 2440 =069 300
1965 1660 T649 0e70 2008 Ve94
0630 =1.20 ) Qe2> =Ve 56
1966 1490 8le4 =050 2433 ve3l
=Ce2C Qo0 Qeb63 =1l.89
1967 1.70 573 =010 2¢57 ~le51
=0e30 0«80 =0edo 26061
1968 - le40 6740 070 209 1.10
: Qe 40 022
19469 le80 7840 ’ : 2431
YEAR UNITS TOTAL DYl - Dy bY3 PERCENT Dyl by2 cvY3
1962 13.C0O 8770 leb8
~2.00 =0+23
1963 1100 87940 1800 le25 1e59
164,00 =39.00 l.36 *=3.48
1964 27400 103340 =21400 2461 . =1.89
=5.00 2100 ’ =0eb53 179
1965 2200 105540 000 2409 =0el0
=5400 : 3400 =ueb3 leUd
1966 17.00 116540 3.0C le46 Ce95
=2400 200G ' Qe33 =leb53
1967 15.C0 83940 1.00 1.79 =-0e57
=100 =~3,00 =0e25 0.33
1968 144C0 90840 =2.00 le54 =Qe24
: =3.00Q 0oy
1969 11.00 1063.0 105

NOTE##® DYl = FIRST DIFFERENCE
DY2 = SECCOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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&Nmoc

RIE CITY ENERGY DI Ve
URN I NDUSTRTIEGSe I it Ce
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TEMPERATURE 475=524 ~= F
YEAR CAP. TOTAL DYl oY2 DY3 PERCENT oyl ov2 DY3
1962 1.80 4343 . 4elb
‘ ' CelO . =0e¢3y )
1963 . le90 50e5 C CGe20 3676 =0e¢32
Ge 30 000 . =Je 74 lebl
1964 . 220 7243 020 . 2,04 lely
' Ce50 =030 Cet? ) =les30
1965 2470 7669 ' =-0410 3451 ~Cel?
Qe 40 -2420 : Ve 3y ~lel4
1966 3.10  8lea -2.30 3.81 - =2.01
: =1.9¢C 4430 -1.71 3457
1967 1.20 5743 - 2400 . 209 196
;0010 -2¢00 -Jeld =lebd
1968 130 6740 =0.00 le94 . Ce0l
C 0.16 , - =0eld
1969 1440 . 1840 179
YEAR Vi.ITS TOTAL oyl DY2 DY3  PERCENT byl DY2 DY3
1962 23.00 87740 - 262
) : 0. 00 =0eG1
1963 23400 879.0 - A 3.00 262 . =009
' : 3,00 =4¢00 ~Gell Je33
1964 26600 1033.,0 =1400 : 2¢52 p Oe24
’ - 200 3.00 - Oeslé S =Ue28
1965 28000 105560 2000 . 20565 . =0eu6
. N 4e DV’ . =23.00 GelVY L =l.0
1966 32.00 116540 =2100 275 =1405
- - =17.00 36400 ~0eS5b lebb
1967 15.00 . 839.0 15.00 le79 Q60
~2.00 =94C0 =0e¢30 ~Le0b
1968 13,00 90840 6400 ) 1e43 0e55
: . o ‘ 4e00 . 0e¢20
1969 17400 104340 ) . ~1e63

NOTE®##* DYl ‘= FIRST DIFFERENCE
DY2 = SECOND DIFFERERNCE
DY3 = THIRD DIFFERENCE
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RIE CITY ENERGY DI va
LZURN J NOUSTRTIES I N C»
IMDUSTRIAL WATERTUBE BOLLERSs DISTRIBUTICN AS TO STEAM TEMPERATURE 525«624 == F
YEAR CAP, TOTAL Oyl Cye DY3 PERCENT oyl Dy2 [V} 4]
1962 2040 4363 S5eb4
050 . ) Ceyy
1963 3.30 5045 =030 653 =-2+13
[oXY-1¢} =0e50 . =]lels 20069
196‘0 . 3.90 72.3 =~0e80 5039 G.bb
=020 2«10 =DebH l.11
1965 3.70 - T6e9 130 Hebl le67
1410 2420 : le(y Vel
1966 480 8led =090 5,90 le76
0e20 Ce80 2e53 . =5.6Y
1967 500 573 -0el0 8.73 =3,94
Cell =-1+10 ~lell 2e97
1968 5410 670 -1e20 7¢61 1437
=ls1C =2sbb
1969 4400 780 513
YEAR UNITS TOTAL DYl Dy2 bY3 PERCENT Cyl LY DY3
1962 25400 87740 2485
: 40 0C Ds0b
1963. 2900 H7960 5.00 3430 =0.07
9000 500 Ve3d Let?
1964 38.C0 1033.0 0.00 3.68 . Oet0
900 =17.00 Qe78 =2428
196% 4700 1055.0 ~17.00 Gok -1l.88
=8400 32400 =le1l1 Sell
1966 39400 116540 1500 3435 3624
7.00 : ) «24.00 2el6 =5+01
1967 46400 839,40 =9.00 5e48 -2.77
=2+00 4Le Q0 Q.64 20112
1968 L4e 00 90840 =5,00 R 4485 =066
-7.00 =139
1969 37«00 1043.0 3455

NOTE## DYl = FIRST DIFFERENCE
OY2 » SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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ERIE C1TY ENERGY D1V,
ZURN I NDUSTRTIIEGSe 1 N Ce
S

INDUSTRIAL WATERTUBE BOILERS» DISTRISUTION AS TO STEAM TEVMPERATURE 625-674 == F

YEAR - CAPa “TOCTAL -, oyl 0YZ2 DY3 PERCENT Dyl [*A £ Dy3
1962 130 ~ 4343 3.00
0400 g ) . =Coetsd .
1963 le3C 505 0«30 257 Ce07
Oe3C - 070 -Je36 lebd
1966 . 1e60 7243 100 2621 . 1.92
. 1e 3C =120 le56 -2s33
1965 2,90 7649 _ ‘=0420 3477 *Vets2
’ 1.10 =330 lale =2Zelbd
1966 400 “Blet ) =350 LYR DY =3426
-244C 5030 =2.12 . Leu9
1967 160 573 180 279 . CeB82 :
~0.6C 4 ~Ce20 o -1e3V lebd
1968 ‘1e0QC 6740 160 1e469 2437
1.00 ) leC?7
1969 2000 7800_ : 2¢56
YEAR UNITS TOTAL byl - DY2 DY3 PERCENT oyl Dv2 DY3
1962 15400 87740 ) 1071
~5.09 =Ce57
1663° 15400 87940 ) 11.00 B leld CeyB
) " 64C0O o 160 Oel :0el8
1964 16+C0 1033.0 1200 ’ le55 1426
18.00 «3C+00 le67 =3+24
19695 3400 105540 =18.0C 3.22 =198
Ce 00 N : =130 : =03y les15
1966 34000 116540 ~19.00 292 =083
. =19.00 : 33.00 - ~lesl3 1627
1967 15.00 839,.0 14400 179 Cebst -
o =5,00 =5¢00 =069 0s39
1968 1C«00 908.0 ‘ 8400 110 Ce83
3,00 : Gs15

1969 1300 -1043.0 l1e25

NOTE## DYl = FIRST DIFFERENCE S
DY2 = SECOHD DIFFERENCE
DY3 = THIRD DIFFERENCE
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ERIE C!TY ENERGY DI V.
ZURN I NDUVUSTRIESy I NCe
S

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TENVPERATURE 675=724 == F

YEAR CAP . TOTAL Dyl Dy2 py3 PERCENT VYl Dy2 DY3
1962 110 3.3 254
le20 ) 2401
1963 230 5045 =1¢50 GLeb5 =34H0
=0e 30 210 -1le7Y S5.82
1966 200 7243 0469 2077 2eGC1
043C "'1'70 0e22 =343y
1965 2¢30 7649 =le¢l0 2499 =-1637
=0480 1450 «“leld 2060
1966 ) l1e50 Ble& 040 labid le23
Qe 40 D40 CelL =UeSH
1967 1.10 5743 0.80 leY2 Ca26
SR 3Y] . 130 032 2e33
1963 1.50 6740 210 2424 257
2¢5C 2etY
1969 46 QO 7840 513
YEAR UNITS TOTAL DYl DY2 bY3 PERCENT byl Oy2 Dy3
1962 15.C0 87740 le71
=44,00 =0s40
1963 . 11.C0 879.0 500 1625 0e37
1.0C «3.00 =0l Y =uel2
1964 12.0Q 1033.0 200 lel6 Ce3b
3.00 4200 Qe20 =0e b6
1965 15.C0 105540 =2.,00 leb2 =0a31
1.00 =800 =0eC>5 =Uell
1966 1600 116540 «10.00 1,37 =Uek9
=9.00 ’ 21.00 L -1 lel9
1967 700 B839.0 11.00 UeB83 0e70
2400 0e¢00 0«16 Ge27
1968 9.C0O 908.0 11.00 099 Ce%6
13.00 lel2
1969 22060 104340 2011

NOTE®# Dyl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



cg-4d

ERIE CITY ERERGY DI Ve
ZURN I NDUSTRIESI I NCe
INDUSTRIAL WATERTUBE BOILERS» DISTRIBUTION AS TO STEAM TEMPERATURE 725=~774 == F
YEAR CAP. TOTAL Dyl OY2 0Y3 PERCENT ovl Dy2 DY3
1962 5«80 43463 13439
l.89 . le65
1963 T+¢60 5045 0e70 1505 =2+73
: Qe 59 =290 =le(d 3.37
1964 19.10 7263 =220 13.97 Oeb3
0.30 280 . =Del&> Vel?
_1965 10640 7609 060 13.5%52 [ XY-19
0490. ~5¢10 Qe30 =leb61
1966 11.3C B8let -he50 13,88 =CeH0
=3,60 9.20 =Qel Ve94
1967 7¢70 573 470 13464 Qelh
1410 =230 =Je3J ’ ‘24860
1968 8460 67.0 240 13.13 ' 2694
3450 2003
1969 12.30 78.0 ] 1577
YEAR unlTS TOTAL oYl Dy2 pY3 PERCENT ovl DYe DY3
1962 34400 877.0 . 3.88
' 17.00C 1e93
1963 . 5100 8790 2:C0 5080. =Ce%5
19900 =35400 Gev7 =le4y
1964 73600 1033.0 =33.00 6e178 =2ebls
=14400 . 5700 =letl . - 4e27
1965 56CO 1055.0 . 24.00 5631 le83
10,00 =6000 D36 =308
1966 66000 116540 =36.00 5667 =le2%
=264C0 7500 Qe 94 3e22
1967 4G0e 00 83940 39.00 “el1 le97
13,00 =40400 leg? ' =20 bk
1968 . 53400 90840 =100 - 5484 =0e67
v 12400 Qe &l
1969 65400 1043.0 : R 6e23

NOTE#=% " DYl = FIRST DIFFERENCE

Dy2 SECOND DIFFERENCE
Dy3 = THIRD DIFFERENCE



g-d

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TEMPERATURE 775=b24 == F

YEAR
1962
1963
1964
1965
1966
1967
1968

1969

YEAR
1962
1963
1964

1965

CAPo
Qe 0
0«90
Ce70
3.20
4400

Ce2C

ULITS
‘1000
760
2.00
1Ce 00
2C«00
leCO

500

5400

KOTE=* DYl

TOTAL
43,3
5065
7243
7649
Bleb
5743
67.0

7640

"TOTAL
8770
87940

1033.0
105540
116540
B3940
908.0

1043,0

Dre
Dy3

E R
ARV

D v

oyl

0.59
=Ce 20
2459
Ve 8V
=3.80
Ce80

0420

6.00
=5.00
8400
10.00
=19.00
4400

2.00

= FIRST DIFFERENCE
= SECCHD DIFFEREMCE
= THIRD DIFFERENCE

Zm

Dy2

=070
270
=1.70
=he(0
4e60

<0460

Dy2

=11.00
13.00
2000
=29.00
2300

=4400

1 |
N D

ENERGY
S TR I

Dy3

3440
~4.40
=2.9C

9.20

«~5.20

Oy3

2400
=11.00
=310

5200

=2700

E S»

PERCENT
0e92
le78
Ve¥7
belb
4e91
0635
le&9

leS4

PERCENT
Oel1
0.80
Oel9
5-95

172

D1 Ve
I N Ce

Dyl

005

Dy2

Dy2

=1429
leido
Qeul
=237
2003

=050

DY3

S48
-De&d
-2.es
11,03

-6051

oY3

2006
=le36
=2+38

4etsQ

~2a53



it

E C1TY ENERGY DI Ve

ERI
LURN I NDUSTRIESe I NCe

INDUSTRIAL wATERTUBE BOILERSs DISTRIBUTION AS TO STEAM TESPERATURE 825=874 == F

YEAR CAP. TOTAL Dyl Dy2 by2 PERCENT Lyl Oyv2 LyY3
1962 le70 4363 ’ 3493
Ve &0 ) 0623
1963 2410 5065 28C 4elb : 2eY4
3.20 ' -2480 : 3.17 =2e39Y
1964 5430 723 0400 Te33 Ceb55
3.20 =610 3672 =Held
1965 8450 7669 ' -6e10 11.05 =790
=290 605G -4a17 lue60
1966 560 Blet Q.40 6488 2470
=250 5¢u0 : =1le47? ) 2431
1967 3.1C 57.3 2440 Setl 501
. 209C =10+90 359 =13.16
1968 600 6740 =5¢50 BeY6 =8s14
=2+6C -4 bV ’
1969 3.60 7840 4e36
YEAR uUniTs TOTAL Dyl Dy2 Dy3 PERCENT - . Cyl Dy2 bY3
1962 8400 8770 UeYl
. 1,00 - Oell o
1963 . 9400 379.0 10.CO 102 i 080 -
11.00 ~9¢00 Vel =0eb2
1964 2G+00 103340 - 100 1694 O.18 )
12.00 =28.00 : lelv =2.86
1965 32400 105540 . =27.00 3.03 » . =2e67 -
=15,C0 38.00 -le57 Lol
1966 17.00 116540 11,00 le46 1466
. =4400 =7400 Qa9 . =187
lv67 1300 83940 ’ 4400 leb5 =0.21 - ’
0.00 =100 =0elld : Qo3
1968 2.00 9080 3,00 1eé3 0e22
3.00 010
1969 1600 104340 1e53

MNQTE®® . CYLl = FIRST DIFFERENCE
Cy2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



sg-€

INCUSTRIAL WATERTUBE BOILERSS

YEAR
1562
1963
1964
1965
1966
1967
1968

1969

YEAR

1962

1953 |

1964
1965
1966
1967
19648

1969

CAP, TOTAL
1e40 4343
1470 5005
3.20 7243
3.2C. 7649
2490 8le4
4el0 5743
1420 6740
2400 78.0
uNlTS TOTAL
.60  877.0
6400 87940
12400 103340
15460 105540
9400 116560
11.00 839,40
3.00 90840
154000 . 106340
HOTE®* DYl

Oy2
Oy3

ERI
L UR

oYl

0.30
2410

-Ce60

oYl

1.0Q
6400
=2.00
=1.C0
2400
=8400

200

e FIRST DIFFERENCE
s SECOND DIFFERENCE
= THIRD DIFFERENCE

N

Dye

- DY2

S5¢00
=~8.00
l1.C0
3.00
=10.00

1C«00

E CI TY
I,

ENERGY
NDUSTRTIESe I NCo

DYd

~4edU
3.V0
120
«5460

T8C

DY3

=13.00
9.00
2400
=13.0C

2000

PERCENT
3423
3437
5426
4el6

3456
7el6
1.79

2456

PERCENT
057
0«68
lel6
0+95

Qe77

D1 V.

Lyl

0«13
letYy
~lelYy

=Ce bV

=5430

.Ce77

oyl

Ooli

Ot
=3ge21
=Jelo

Gedb
=VeS0

Q.15

DISTRIBUTION AS TO STtAM TENVPERATURE 875=924 == F

vye2

le76

_-2-98 ’

Ceb50
belY
".5 Y6

6els

by2

Q.37

=0eb9

0e 06
Oe71
=1e52

le13

DY3

~helb
3e48
3.7¢
=13419%

19e0Yy

cy3

=106
Oe73
Vebd
=223

2065



98-4

ERI 1 TY ENERGY DI V.
Z VRN NDUSTRIESYy ! NCo

INDUSTRIAL #ATERTUBE BOILLRSs DISTRIGUTION AS TO STEAM TEMPERATJRE 945=1026== F

YEAR CAP. TOTAL Dl Dy2 cy3 PERCENT orl Lye2 oY3
1962 070 43603 1662
- 0s20 . : . Oel?
1963 0490 505 ) 5420 le78 677
5o 40 -13.80 . 6093 . =lbe3d
1964 630 7 723 ~8.60 8e71 =11e61
~3420 1050 ~bLe b l4et8
1965 3.10 T€e9 190 Le03 286
=1e30 000 =l.82 Le93
1966 1.t0 6lets 1460 2621 3.80
" 0460 -2.90 : 1.5 -6e98
1967 240 573 =1¢00 belYy LEXPY
=0s40Q N 180 =1l.2v boltd
1968 2+ 00 6740 080 299 . 130
Ce&C 0.09% .
1969 240 7840 . 3.08
YEAR UKITS  TOTAL ovl Dy2 ovY3 PERCENT Lyl Dy2 OY3
1962 2,00 87740 0e23 :
0«00 =0e0VU
1963 - 2400 879.0 5400 0e23 © CebS
5409 =13.00 Vet =1420
1964 7+C0O 103340 =-8,00 Ueb68 o wYe75
=3400 10400 ) =Ce 3V o Ve93
1965 4eCO 105540 ) 200 . 0«38 “0els
. =1.C0O =340 =0ell .?u =0el?
1966 3.C0 116540 =100 Ce26 =Ce02
=2.00 500 =0elb Ced?
19617 1e GG 8390 4400 O0el2 Ceddb
200 . =4eV0 Oe2l =Qebl
1968 3.GC0 90840 : 0400 0e33 . - =Qe06
’ . 200 Os1d

1969 5400 104340 ) Oe &b

NOTE#* OY1 = FIRST DIFFERENCE
OY2 ® SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



L8-4

1TY ENERGY DI v,
NDUSTRIIEGSy | N Coe

X e
Zm
— N

€ R
Z vV

INDUSTRIAL WATERTUEE BOILERSs DISTRIBUTION AS TU STEAM TENPERATURE lulb + == F

YEAR CAP. TOTAL Dyl Dye2 Dy3 PERCENT vYiL vy2 DyY3
1962 CelO 6343, 023
. =0a1lv -0e23
19563 Ce 00 $50e5 0.10 000U 0.23
: 0.00 =010 Qelu -Ue23
1964 CelO 7243 OeCU QelU Sy ¥14)
R QedUL UeOU Vel v Ye U
196% Ve(UO 769 000 VeV 0«00
0,00 0.10 Uelwv Uel?
1966 0«00 Bled Cell O« VU Cel?
) Qe l0 =CelV GelY? =veld3
1967 0.10 573 .G«00 Oel? -0.05%
Qelyu ~Ce30 Vels ~ueld?
1968 C.20 67,0 -0e30 0e30 “0eb2
=020 =03V
1969 0.00 78.0 0400
YEAR U] TS TOTAL Dyl ov2 0Y3 PERCENT Dyl by2 DY3
1562 lel0 87740 Oell
~-1.00 =011
1963 Geul 879.0 1.00 0o QU Cell
. 0.0V ~lesul Oeld =Uell
1964 Je U0 1033.0. 000 Ve V0 . 000 .
. Qe00 QeVY Ceuv . : VeV
1965 Ce0O0 10550 Ue00 0«00 CelO
O«00U 4e00 Galv CebB
1966 OeLO 116540 4400 U V0 Cebb
. 4.00 -8¢00 . Oeby : =V Y9
1967 4eU0 43960 =4400 (XYY ] =051
Ve 00 Q.00 =Jeln Vell
1968 HeUQ 9080 =4L+C0O Uebb -Ves0
=44 QC =Qoeles

1969 Qeu0 1043.0 0.00

NOTE## DYl = FIRST DIFFERKENCE
Dy2 = SECOND DIFFERENCE
Dy3 = THIRD DIFFERENCE



APPENDIX V

BASE FUELS

B-89



16-4

INDUSTRIAL
YEAR CAP.
1962 7.30
1963 10400
1964 16.10
1965 1210
1966 5480
1967 4e30
1968 4.10
1559 2.10
YEAR UhITS
1962  11C.00
1963 125,00
1964 - 131.00 1
1965  126.00 1
19¢6 76400 1
1967 45,00
1968 32,00
1969 20.60 1
NQTE#®»

WATERTUBE BOILERS

TOTAL
4343
5065
7243
769
Ble4
573
670

78.0

TOTAL
877.0

879.0

033,.,0

05560

1650

839,90

90840

0643.0

Dyl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE

ovl

2.7C
410
=2.00
-6430
=1le5C

=020

—Z.OQ

oYl

15.00
6400
=27400
=25.00
=33.00
=13.,00

=-12.00

E CI Ty
N

Dy2

oy2

-9.,30
=33.00
1.00
=730
2Q.00

1.00

ENEEGY
NDUSTRIGES I N Ce

OY3

=750
1480
910G
=3.50

=3.10

oy3

=24400
34400
=800
2700

=19.00

PERCENT
loeb0
19.80
19450
15.73

Tel3
7450
6012

2069

PERCENT

12454
lae22
12.08
9.86
670
5036

3452

1.92

D1l ve

DISTRIBUTION AS TO BASE FULLS = BITUMINLUS

Ovi

2.§~
~0e30
=3e717
=detl
Oe3b
=1e3b

-3043

brl

le6b
=-lebs
=2.8¢
=315
=1e33
-lotils

-1061

CUAL

ov2

-3,24
~3.47
~babl

be99
=1s76

=2.004

Dy2

~3e22
~1e29
=036

l.83
~Ce51

Qe23

Dy3

=Ue22
=le37
13.03
=1lue 75

=028

OY3

1.93
Ve95
2417
=230

Ce76



26-€

ERIE Cl1lTY ENERGY DI Ve
LURN I NDUSTRIESe I NCe

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO BASE FUELS = OIL

-YEAR CAP, TOTAL DYl DY2 DY3 PERCENT Dyl DY2 DY3
1962 26410 4343 . 6028
=13,80 -55e9¢
1963 12.30. 5045 17450 24436 33,69
3,70 ~19480 =223 250697
l964 ‘1600 7263 - -2430 22013 - 2¢72
letsd . 2010 Vebu -3 40U
1965 1740 1649 ~0e20 22463 -0e27 )
1.20 -be20 Geczd -ZeYU
1566 1E.60 8lets -§440 22465 -3,18
=762C . 1980 -2.,99 Ye52
1567 11.40 57.3 11.40 19490 6034
4420 ~17.90 3.3y =15496
19568 15660 6740 =650 23428 -9¢62 '
. =26 3C =65e23
1969 13.30 7840 17405
YEAR UnlTsS TOTAL oyl ~ Dv2 DY3 PERCENT Dyl DY2 DY3
1962 592,00 . 877.0 i 6750
=329.00 -37e¢58
1963 263,00 87940 363400 29.92 36.41
. 34,0 + =398.00 =1e17 . ~35694
1964 297.C0 1033.0 =35,09 28e175 Vets7
=100 . 63400 -0ebY =Uell
1965 296400 105540 28400 28406 Ve36
27.00 ~18%.00 ~0.33 -5423
1966 323400 116540 =161e50 27173 4487
=134,00 ’ 300400 =5e2v deYU
1967 185.00 83940 139.00 . 22453 440G
500 «136.00 «ls16 =bhal?
1968 194400 90840 3.00 : 21437 =0eBbL
8400 . =-2.UV
1969 ~ 202.00 1043,0 : 1937 .

NOTE##* DYl = FIRST DIFFERENCE
OY2 = SECOND DIFFERENCE
Dy3 = THIRD DIFFERENCE



£6-4

R1E C1TY ENERGY DI Ve
ZURN I NDUSTRIES I NCo

INDUSTRIAL #ATERTUHE BOILERSs DISTRIBUTION A5 TO BASE FUELS = GAS

YEAR CAP . TOTAL ovl Dy2 0Y3 PERCENT vyl Dy2 Dy3
1962 24620 4343 . 55489
~4 400 ' =15e0Y
1963 20420 505 13640 L40s LU 16.83
Ye40 «-17.80 - Ve94 -1l3.72
1964 2960 723 -4 e 40 LQe 54 3011
SeLV 10.00 4oV 30317
1965 36060 7669 5660 hhe9Y - XY ]
10.60 =26+60 . lUed3 =1ll.ul
1y 45620 Hlek =21.C0 9553 =533
=10.40 36420 Sedv =]1e50
1667 36e 80 573 15420 60«73 ~6e83
4eBL =11e80 =1e63 luebe
1568 39.60 670G 3e4C 59.10 3.81
8420 2e10
1969 LT7.80 780 ble28
YEAR ULITS TOTAL oyl | Dy2 OY3 PERCENT orl Oy2 LY3
1962 468400 3770 5336
-59.00 Ld-XX-F}
1962 40900 H7940 140400 L4be53 TeT4
y 8l.0U =15C.0C VeS0U. =290
1964 69C.00 1033.C =10.00C LTew3 LXY-I3
71.00 58400 S5¢74 =54 38
1965 561400 1055.0 48400 $3.18 «0e55
119.00 =290.00 S5el1Y 3637
1966 685.00 116540 =242400. SHe37 283
=~123.00 425400 Be0¢ =Yell
1967 55700 83940 183.00 06e39 “beltb
6C.00 =117.00 lebb HelB
1968 617.00 908.0 ' 66400 6795 _ l1e72
126.00 3.29 '
1969 T43.C0 104340 71624

NOTE#* DYl = FJRST DIFFERENCE
0Y2 = SECQOID DIFFERENCE
DY3 = THIRD DIFFERENCE



wéo—-q

INDUSTRIAL WATLERTUBE BOILERS»

YEAR
1962
1963
1964
1969
1966
1567

1968

1969_

YEAR
1962
1963
1964
1965
1966

1967

-1968

1969

CAP,
0.80
0.70
l.10
0e50
C.l1l0
J.90
164G

2430

UiRITS
13.00
7.CC
12.00
13,00
3.00
5400
13400

19.00

TOTAL
4343
5Ne5
T2e3
7609
Blet
573
67.0

7840

TOTAL
877.0

R79.0

€E R I
L UR

oyl

=0.10C
Qetl
~U+60
0.4V
CeB80G
0.50

G.90

Oyl

=640V

5.00

103340

.105540

116540

839.0

90840

1043.0

NOTE#»* DYl

- DY2
DyY3

l.00
=~10.00
200V
8.00

6,00

= FIRST DIFFERENCE
= SECOND DIFFERENCE
= THIRD DIFFERENCE

cIr
1 8D

Dr2

050
=1.00
Ge2C
1.20
=030

Ces0

0v2

11.00
-4400
=1100
12.00
600

=2+00

ENERGY
USTRIESy | ivCe

oy2

=1450
1e20
lev0
=150

Ce70

Dy3

“l5.0b
~7.00
23.00
~6400

~-8.00

PERCENT
Tle85
1.39
1452

Ve b5

Vel2

PERCENT
led

[o X N-1¢]

DI ve.

DISTRIBVUTION AL TV BASE FUELS = wlUD

Orl

=Uett
Oelé
=Ueb7
=-vebd
letd
QeS¢

Oebo

bra

0460
~l.01
Gelda
l.98
-6-93

Ce3d

br2

1-055

-0e29

=1405
l1.31
Ved0

Qb

LY3

‘-lobo

de3d
leb3
=2e¢%0

le27

Ov3



s6-d

ClITY ENERGY D1 v,
1 NDUSTRI11ESe I NCo

< m

ERI
4 U R

INDUSTRIAL WATERTUEE BOILERS, DISTRIBUTION AL TO BASE FULLS = BAGASSE

YEAR CAP. TOTAL Oyl Dye DY3 PERCENT Oyl by DY3
1962 1.30. 43643 3.00
. Ue 60 Qe76
1963 1.90 505 =060 3.76 -1.89
Ve 00 =-1.10 -1leld Ve b6
1964 1.90 723 =170 2463 -1e23 ~
. -1.70 30‘00 . '2'37 3.9
1965 Ge20 7669 1.70 0e26 2435
) 000 =1le90 B KXVYY =de3l
1966 0420 8le4 =020 De25 -Je23
-0e2GC Ge70Q C=pedb Ce92
1967 C«Q0 573 0e50 0.00 UebY
0¢30C 0e20 Qebd Ue08
1968 C«30 670 O0e70 045 Q0«77
1,00 le2é
1969 130 780 1¢67
YEAR UNITS IOTAL ’ Dyl DY2 bY3 PERCENT vyl vY2 DY3
1962 19.00 B77.0 217
3.00 Qe300
1963 22.0C0 87940 =500 250 . =UeY0
-2.00 =11.00 : =-Ue57 ~Ue2l
1964 20.00 1033.0 =1600 leY4 =-lel8
) =18400 34400 -le7y 2.91
1965 200 1055%.0 18.00 . 0el9 1e¢73
0e¢J0 ’ «20+00 =Q0e0< ~l.88
1966 200 1165.0 =200 Vel? ~0elb
) =2+00 Teu0 -Vel? Vebb
1967 VeCO 83G.0 500 Qe O Ve50
3,00 =5¢00 Qe33 ~0e5Y
1968 3.00 908.0 0«CO 0033 ’ -Ce09
3.00 0e24

1969 6.00 1043.0 0e58

NOTE#+ DY1l = FIRST DIFFERENCE
‘Dy2 = SECOND DIFFEREMNCE
Ov3 = THIRD DIFFERENCE



96-d

ERIE - CITY ENERGY DI Ve
LZVURN JT HDUSTRIESe [ NCo

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION A3 TO BASE FUELS = BLACK LIQUUR

YEAR CAP, TOTAL OYl DY2 DY3 PERCENT Oyl DY2 DY?
1962 110 “303. . : 2¢54 )
2¢3C helYy
1963 3.40 5045 ~2+2C 6e73 =640U8
0410 3,70 =lebY Y477
1964 3.50 7263 le50 GellG' 3.68
. 160 © =3440 le7y . -ve2l
1965 Se.10 7649 =190 ’ 6e63 =Ze¢53
-Ce 30 =190 =De74 =letl
1966 4480 Blet ~3.80 . S5¢%0 =3.94
. -4410 . 930 =hebb S Y- X )
1967 0¢70 57.3 550 1e22 659
le4G . =540 le91 wla02
1968 210 6740 010 3.13 =Cet&d
1650 "leton .
1969 3.60 78.0 Lbe62
YEARQ UNITS TOTAL oyl DYZ2 Ovy3 PERCENT byl by2 DY3
1962 .C0O 8770 QeY9l
8400 : 091
1963 16.00 879.0 =1200 : le82 =1e¢57
. ) ‘=400 23.40 =066 2486
1964 12,00 1033.0 11.00 le16 le30
° 700 =20.u0 Jebb =228
19695 19.00 1055.0 ~940C : 180 . =0+98 '
=-2.00 200 -Ue3b Ue3b
1966 17.C0 116540 =11e00 . letsb =Ueb4
=13.,00 2900 -UeYo dolle
1ve7 400 839.0 1800 OeuB ) 150
~ 5.00 «20.00 Oeb1 =185
1968 Y¢00 9080 =200 Qe¥9 -Ue36
3.00 0«10
1969 12.00 10643.0 ’ l¢15

NOTE#* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFEREICE
DY3 = THIRD DIFFERENCE



L6-4

Y ENERGY D1 V.

E R cC11r
2NV INDUSTRIESe I NCe

£ m

{
R

INDUSTRIAL WATERTUBE BOILERSe DISTRIBUTION AS TO BASE FUELS = OTHER

YEAR CAP TOTAL Ovl Dy2 DY3 PERCENT Dyi by2 oyv3
1962 530 4343 12424
=330 -yeld
1963 200 505 7.30 3496 12662
4oCC -10.30 Loe34 . =16.15
1964 6.00 72.3 =3.C0 He30 =3e52
1.00 170 UebV leb0b
1965 700 T6e9 =1+3C . Y.10 -lsbb
=06 30 =010 -Je87 ’ 3.C0
1966 6.70 8led =1e40 He23 1437
-1e70 2.VU0 Cebi ~bol7
1967 5400 57.3 0.60 8073 =340
=1l.10 4620 -2e¢91 lue23
1968 3.90 67.0 4680 5e82 6e83
3.70 ¢ 3ewl
1969 Te60 7840 YeTb
YEAR UNITS TOTAL Lyl Dy2 oY3 PERCENT byl vy2 Dy3
1962 T77.G0 877.0 8478
-“0000 -5.57
1963 37.L0 f79.0 74,00 “e2l - Te23
34.C0 =119.00 ' 2460 ~11.08
1964 - 7100 1033.0 =45.00 6e87 ) ~3.85
=11.,00 58400 -1lel¥ Geb7
1965 60.00 1055.0 13.00 569 082
2000 ~38.00 =Ce37 =le13
1966 62.00 116540 ’ =254¢00 532 ~-Ue31
=23.00 4900 =Ueb7 Ve 74
1967 ) 39.00 839.0 26400 G4eb65 Qec3
1400 =24.00 . =0e 26 -Jebb
1968 40.00 908 .0 Ced0 Lol =0¢23
’ 1.00 -Uv47 .
1969 41.G0 104340 3.95

ROTE*% Dyl = FIRST DIFFEREICE
Oye SECOKD DIFFERENCE
DY3 = THIRD DIFFERENCE
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10T-9

INDUSTRIAL WATERTUBE BOILERS,

YEAR
1963
1964
1965
1966
1967
1968

1969

YEAR
1963
1964
1665
1966
1967
1968

1969

CAP,

.40

Cet0,

0.20
030

0.10

UNITS
6400
2400
5.00
2400
200
2.00

300

TOTAL
5045
7243
7649
8lea
57.3
67.0

780

TOTAL

87940

1033.0

105540
1165.0
839.0
90%.0

1043.0

NOTE#2  DY]

Dy2
DY3

ER
Z U

o D

Dyl

Q.00

=0420

Ve lC

=-0420

0,10

=-0.,10

= FIRST DIFFERENCE
= SECOND DIFFERENCE
s THIRD DIFFERENCE

cl 1Ty
I

DY2

=0.2C
.0.30
=030
0.30

-0.20

OY2

ENERGY
NDUSTRI E S»

TRIBUTION AS TO ALT.

Oy3

0e5C
=060
0460

~0e50

OY3

=13.00
900

~3.00

01 ve.
I N Co

FUELS = BITUMINOUS COAL

PERCENT
Qe 79

0+55

PERCENT
0v68
0e1Y
0e47
0.17
0e24
0422

029

DOyl

=024
~0e29
Uell
~0.19
Oel2

’0-17

oYl

~Qe49
O.28
~0e¢ 30
0.C7
=Ve0Z

0.07

Oy2

bye

0677
~0e58
037
-0.08

Ue09

pY3

Vet
-Ue 70
Veb62

=061

Dy3

=1e35
Ue95
=Uebd

0el7



c0T-¢

INDUSTRIAL WATERTUBE BOILERS»

YEAR
1963
1964
1965

1966

1567 -

1968

1969

YEAR
1963
1964
1965
1966
1967
1968

1969

CAP, TOTAL
17.40 5045
20470 7243
2730 76.9
26450 Blet
26430 5743
2960 6740

2400 7840
UNITS  TOTAL

321.C0  £79.0
366400 103340
439400 105540
495400 116540
431,00 83940
496400  908.0
594400  1043.0
NOTE##

E

R 1
Z UR
0

Dyl

3.30
6.60
=0.8C
=2.20
5430

10640

oYl

45400
73400
60400
=68.00
65400

96400

E
N
S

Oy2

3430
~7440
-1.40

7450

5410

Oy2

28.00
«13.00
=128.00
133,00

33.00

DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE

OY3

Dy3

~461400
-«115.00
26100

=100.00

CITY ENERGY D1 v.
I NDUSTRIESe I NCoe

PERCENT
344406
28463
35450
32456
4264}

.Q;.lb

51.28

PERCENT
36452
35043
4&.61
42483
51437
54463

56095

ISTRIBUTION AS TO ALTe FUELS = OIL

oYd

=582
6e87
~2¢95
985

le77

Oyl

=1.GCY
6016
le22

Bebé

3625

233

Ly2

1269
-9482
12480

~8.08

by2

bY3

22451

22461 -

~-2Ue 58

lie4]

oY3

-12.23
1228
-12060

4e35



€01-4

INDUSTRIAL WATERTUHE BOILERS,

YEAR
1963
1964
1965
1966
1967
1968

1969

YEAR
1963
1964
1965
1966

1967

‘1968

1969

CAP. TOTAL
8410 5065
9e40 7243
12.60 7669
12.10 8le4
4450 5743
4490 67.0
8.60 780
UNITS TCTAL
101.00 879.0
113,00 103340
122.00 ‘1055-0
121.00 1105.0
49400 83940
504,00 Q0840
64400 1043.0
NOTE#* DYl

OY2

DY3

ERI
Z UR

Dyl

=050
"7.60
0«40

3.70

Dyl

12.00
9.00
=100
=72.C0

1.00

14,00

s FIRST DIFFERENCE
a SECOND DIFFERENCE
= THIRD DIFFERENCE

cC1IrT
1

DISTRIBUTION

Oy2

1.90
"’3.70
~7.10

8.00

Dy2

-3.00
=10.00
=71.00

73.00

13.00

ENERGY
NDUSTRIE Sy

DI V.
I N Coe

AS TO ALT. FUELS = GAS

Oy3

=560
=3.40
15.10

"lbo_’o

Dy3

=700
=61.00
164,00

=50s00

PERCENT
16.04
13.00
16438
14480

7485

PERCENT
l1lety
10.94
11.56
10439

Se84
5451

beld

Oyl

=304
5630
-leb¢
~7.01

=0eb0

byi

=055

0462
-l.18
=heb>
-Q¢33

0.63

Dy2

6+42
=490
5449
6e47

6625

by2

l.18
-1.80
~3.37

4e2]

UeY6

DY3

~1l.33
-0e5Y
l1l.906

2422

DY3

-2.98
-1057
Te58

~3425



R0T-9 -

€ E CITY ENERGY DI Ve
Z N I NDUSTRTIESr | NCe

D =

R
v

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO ALTe FUELS = WOOD

YEAR CAP, . TCTAL Dyl Y2 DY3 PERCENT LYl DY2 DY3
1963 0.60 5Ce5 ’ lel9
=0440 ’ =091 )
.1964 0.20. 723 1.90 0«28 2485
1.50 =3.40 1le93 =4 490
1965 l.70 769 ‘1.50 . 2‘21 . =206
. 0.00 0000 -0.12 UVebsds
1966 1l.70 8les =150 209 -1+62
' =1.50 : 3.10 “le74 LR}
1967 020 573 1.60 Ue35 : : le84
OelvV =190 Ve lU =226
1968 0.30 6740 =0+30 Ued$ ~0e42
=0e20 . -Ce32
1969 0.10 7340 ’ Oel3
YEAR URITS . TOTAL DYl ) DYZ2 ] DY3a PERCENT byl Dy2 ’ DY3
1963 4¢00 879.0 - Oe4b6
. . 200 . 0.13 )
1964 600 ;03300 - ~100 0«58 =004
) l.00 =3.00 Ue0b : =0e36
1965 700 105540 =4400 0e 66 =0e40
«~3.,00 500 =Qe32 - Veb2.
1966 4.00 116540 ’ 1.00 ) Qe 34 - 0022' .
=2.00 1.00 =0e10 =0sl13
1967 2400 83940 200 Qe 24 ) 009
' , 0.00 -2.00 -0.02 =Vel0
1968 200 90840 000 Ue22 =0.01
0.00 : -0.03

1969 200 1043.0 ' ) 0el9

NOTE#* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



S0T-9

ERI
Z UR

I T
N D

ENERGY
TR I E S

DI V.
I N Ce

INDUSTRIAL WATERTUBE BOILERSs» DISTRIBUTION AS TO ALT. FUELS = BAGASSE

YEAR

1963

1964

1965

1966

. 19617

1968

1669

YEAR
1663
1564
1965
1966
1967
1668

1969

CAPe
O.10
C.00
0.00
000

000

UKRITS
2400
G.00
GeGO
0«30
0«00
C«00

0+00

NOTE*%* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE

TOTAL
5065
7243
7649
8let
573
6740

7840

TOTAL
879.0
1033.0
105540
1165.0
839.0
9080

1043.0

Dyl

=0.10
0«00
0.00
0600
0.00

C.0C

Dy2

DOy2

200
0.00
0.CO

0.00

Dy3

=010
0.00
Ge00

OO

DY3

=200
GevO

0«00

PERCENT
020
G000
Ve Q0
0«00
0«00
Ve LU

0.00

PERCENT
023
0«00
0«00
Oe LU
00U
000

000

byl

=02V
000

Oe (VU

CeluL
0eOU

Oe0V

Dy2

Ve20
Q.00
Ce00
CeVO

Ve 00

by2

Ue23
0e00
Ge00

0.00

0«00

oY3

=0e20
Ge00
00O

0«00

Dy3

=0e23

V00
Ve00

000



901-4

ERI
Z UR
o

INDUSTRIAL WATERTUBE BOILERS)»

YEAR
1963
1964
1965
1966
1967
1968

1969

YEAR
1963
1964
1965
1566
1967
1968

1969

CApo_

0.00

0«00

C.00"

000

UNITS

Ce00

0.00

0«00
O.C0
000
1.00

000

NOTE#* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE

TOTAL
50.5
723
769
8led
57.3
6740

7840

TOTAL
B79.0
1033.0
1055.0
11650
839.0
9C8.0

1043.0

Dyl

0.00
0.00
0.00

0.00

Orvl

Q.00

0.00

0.00

0.00
1.00

-1000

(S T I ¢
I

Dy2

0.00
0.00
000
0.10

=0.20

. Dy2

0.00
0400
0.00
1400

=-2.00

ENERGY
NDUSTRIE S

ISTRIBUTION AS TO ALT.

OY3

Oy3

D1 v.
1 N Ce

FUELS = BLACK LIQUOR

PERCENT
0600
000
0e0U
0600

: Q.OO
Oel15

0400

PERCENT
0400
0400
000

0600

0400 -

" 0611

000

oYl

Oe GV
Qe 0U
QeQu
0sCU
0415

-0e15

128

Ce.0U
CeCV
000
0.0V

0.11

~0ell

Dy2

0.06
0e00
0G0
Oel5

=0+30

Ly2

0400
G400
0400
0.11

~0e22

0Y3

GeUO
Ve0Q
Uelb

=0eld

DY3

0e¢00
VeV
UVell

=033



Loti-¢g

INDUSTRIAL WATERTUBE BOILERS

YEAR
1963
1964
1965
1966
1967
1968

1969

YEAR
1963

1964

. 1965

1966
1967
1968

1969

CAP.

UNITS
19.00
33.00
22400
48.00

15.00

TOTAL
5065
723
7649

" 8le4
57.3
6740

7840

TOTAL
879.0
1033.0
105540
116540
839.0
908.0

1043.0

NOTE#* 0Dyl =

pY2 =
bY3 =

R 1
UR
D

oYl

3.90
=602C
~1.10

-0.20

Dyl

14,00
=11.00
26400
=33.00
=5.00

=100

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENMCE

cC1 Ty

Dy2

=-1.30
3.40
-10.10
5.10

0.90

oy2

=25.00
37.00
=59.00
28.00

4.00

ENERGY
I NDUSTRI1E Sy

TRIBUTION AS TO ALT.

Oy3

470
=12.50
15.20

~4420

OY3

62400

=96400

8700

=24400

DI V.
I N Co

FUELS = OTHER

PERCENT
4436
5453
5485

10.32
3.84
leb4

lel5

PERCENT

Dyl

l.18
0.32
4ot
=6+68
=2¢20

~0e&9

DYl

1.03

-lell

203
=233
'0.69

~0e24

Dy2

-CeH6
4e15
=1Ce%5

4el8

LyY2

DY3

.01

=15410

15423

-2057

DY3

5e¢29
7451
6,01

=1420
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TT1-g

TY ENERGY D1 Ve

ERIIE C
L URN I NDLDUSTRIESs 1 NCo
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO FIRING METHOD = PULVERIZED

YEAR CAP. TOTAL Dvl Oy2 byY3 PERCENT Dyl vy2 ' Dy3

1961 Le3l 406 10e6Y
. =2¢34 ’ =697
1962 2:G0 43.3 © 3654 beb2 Te?9
1429 -3e04 le72 Yo7
1963 3.20 5065 050 be34 -le28
. 170 -2+.8C Qeta “(Ue35
1964 4¢90 7243 =230 . be78 =~1leb63
=06 60 =Ce&0 =lely =le55
1965 4e30 T6e9 =270 S5¢5% ~3.16
=3,30 . 5.’0 =bed0 Geb4
1966 1.00 8let 2460 1023 5466
=-0s70 =030 . =De 7V ~Ue b4
1967 Ce20 573 2430 0e52 3.02
160 =5.10 2e3& w720
1968 1.90 6669 -2+80 2064 : -heb
=1.20 -le74
1969 Qe70 7860 Qe 90
YEAR UNITS TOTAL Oyl Dy2 Dy3 PERCENT . byl Dy2 DY3
1961 1500 78740 le9l
=700 =0e9Y ;
15962 8.00 87740 . 14.00 09l 1479
. Te00 «21e00 CelY CPEY-11
1963 1500 879.0 =700 . le71 =1e05
0.00 5400 =0e25 1+08
1964 154060  1033.0 =2.00 1e45 Veu3
-2.00 =5eU0 =Je2d =Ue 7V
1965 13.00 105560 =700 1e23 =067
=9.G0 14400 =0ebY letb
1966 400 116540 7.00 Vedb Ce78
=2+00 =300 =Velv ’ ~Jeld
1967 200 839.0 400 0e24 Ue3l
. 2400 =-8+00 Qe 2V =Ue76
1968 4400 90840 =4400 Qeleds =0eb5
=-2.00 . -Je 2>
1969 2400 1043.0 o 0.19

NOTE#*# Dyl = FIRST DIFFERENCE 0Y2 = SECOND DIFFERENCE OY3 = THIRD DIFFERENCE



cTi-d

RIE CLI1TY ENEROGY DI Ve
ZURN I NDUSTRIESe I NCe

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO FIRING METHOD = SPREADER

YEAR CAP, TOTAL vvl oy2 bY3 PERCENT Lyl VY2 DY3
1961 4e99 /046 : 12429
=049 i =leyd
1962 4e50 43,3 229 1039 3.98
., 1e80 . ‘Tlob9 ceQ0 =537
1963 630 . %065 070 l12e48 =239
. : 2450 : =5.10 : =L e 3V -uedl
1966 . BeEO T23 =4Leb&0 ' 1217 -2990
=190 3.20 -3e2w ’ le7% .
1969% 6090 769 =120 : He97 =-1l.11
=3410 2050 =he3v . teld3
1966 3.80 Ble4 1e30 LedT - 3.13
~1.80 C.2C . =lelo -Ce50
1967 2000 5743 150 349 . Qe23
=0e¢30 -Ged0 -us 9> le26
1968 1s70 6609 1600 254 le4y
0e70 ) Oebdo
1969 2040 7840 . N 3.08
YEAR uilITS TOTAL © oyl Y2 oY3 PERCENT vri vY2 DY3
-1961 47.00 78740 " ) S5eY7 :
. 20400 ' leb?7
1962 6700 RT77.0 =22400 Teb4 =1l,91
' =240V 50400 =0s26 . L 3657
1963 65+C0 87940 ' 2800 Te39 S Y1
2600 =85.0C leal =5420
1964 9100 1033.0 =57¢00 Bebl -bLe54
' =31.00 73.0¢C =3.12 ~bel3
1965 6GeCO 1055.0 1600 B-XX-} 1630
: =-15,00 =2500 -letid Vel 3
- 1966 45400 1165.0 =9+00 3.86 Uesbb
=-24,00 2700 «le36 CGeQo
1967 2100 R39,0 ’ 18.C0O 2450 Ceb5l
’ -6e 0V -4400 -Uend Vevu
1968 15460 90840 16400 . 1e65 ' 144G
8.00 Vedd . )

1969 23.00 104340 2421

. NOTE*® DY) = FIRST DIFFERENCE Dy2 = SECUND DIFFERENCE LY3 = THIKD DIFFERENCE



ETT-4

RIE C1TY ENERGY DI v.
URN INDUSTRIESy I NCs
D

INDUSTRIAL WATERTUBE BOILEKRSs OISTRIBUTION AS TO FIRIANG METHOD *= UNULRFLED

YEAR CAP, TOTAL DYl DY2 vY3 PERCENT vyl Ooy2 DY3
1961 100 4006 . 2¢406
. Q40 . =le00
1962 060 433 0430 . le39 Vebl |
-0.10 i =050 ’ =Jeleu . =lelu
1963 Ce50 50e5 =0e20 Qe 99y -Ce32
=030 0.50 =0e71 ) levl
1964 G20 723 0«30 Ue28 Oe70
0600 =CelC =0el2 =Ueb?
1965 0«20 7649 0.10 . Vel6 Celd
0.10 CelV Cell Veld7
1966 0.30 8le4 ) Cel0 Ge37 Dedl
Ve 20 -Ced0 Ve SV =1e32
1967 Ve 50 573 ~0e¢40Q 0«87 =JeY%3
) =0620 ? . 0e32 . =0e6< Oe¥3
1968 Ge30 669 «0+08 Oeé5 VelO
~0e28 ) =Qe&d
1569 002 Tde0 ) . 003
YEAR UNITS TOTAL Dyl DY2 oY3 " PERCENT vyl bvy2 -~ DY3
1961 37.00 787.0 4e70
=21.,00 =288
1962 16.00 877.0 25.00 le82 3433
4400 =35.00 Vedd =410
1963 20.00° 879.0 . =10.00 2428 =137 )
=600 13.00 ) =0e9d le.¥8
l964 144C0 1033.0 3.00 ls306 . Vebl]
-3.00 1.00 =U.31 =Ue3l
1965 1100 1055.0 4400 104 Oe3C
1.00 =14.0C . =VYecl =0e%06
1966 12.C0 116540 =10C0 1603 . =060
~5.00 23000 =0eb/ . le75
1967 3.00 83940 13,006 Ue36 leC9
4.00 =-23,0C Jebi ’ -2.17
1969 T.00 90840 =10.00 0e17 =109
. =6.00 =064
1969 1.00 1043.0 - OelU.

NOTE## DYl = FIRST DIFFERENCE DY2 = SECOND DIFFERENCE DY3 e ThHIKL DIFFERENE



HiT-g

E CITY ENERGY D1 Ve
A I RODUSTRIESs ] :NCe

s m

R 1
U R

INDUSTRIAL WATERTUBE BOILERS-.DXSTRXBUTION AS TO FIRING METHOD = OVERFEED

YEAR CAP. TOTAL Dyl DY2 bY3 PERCENT Dyl Dy2 bY3
1961 ~le?6 4Ge6 4e33
R =0e36 =lelv
1962 le¢40 4363 1.06 3.23 203
-0e7C ~3.C6 Oevs ~uelLU
1963 2010 50e% =2.C0 Lol “3sYl
. . =130 . 3.70 . -36009 Teby
1964 ‘080 7263 1«70 lell 3.1
Qe &V ~2e70 Ue b -4helb
1965 1626 769 =1.00 leb6 =1e28
~Ue 6V 165G =Ce8d 2424
1966 Ce60 Bles ’ 050 ) Ce 74 Ve%6
=0s10 «-0.80 . Vela -1l.82
1967 Ce50 ;57.3 . «0e¢30 © De87 : =Qetb
’ ’ =0e 40 1.00 : =0e7¢ levd
1968 0.10 6669 Ue70 0eld : 1.09
0430 Oed0b
1969 Os 40 7860 Ved1
YEAR UnlTS TOTAL Dyl (v) ] DY? PERCENT vrl . DY2 DY3
1961 4700 7870 . S5e¥7 )
: . =12,00 . ~le%d
1962 35.00 877.0 12.C0 399 1e97 .
: Qe0U =40ev0 =Gevl =%:27
1963 350LC R79.0 ~28.00 3.98 : =3430
=28,00 73e.V0 =3e¢3¢ 820
lv6e 7400 1033.0 45400 Oebb " he90
17eCu =T77«00 ' lebvV =Y e UY
1965 24CO 1055.0 «32.00 2427 -3.10
=15.,00 39.0U0 =lebV 3e9%
1966 9.00 116540 7400 0e 177 . LeB5 .
~8400 3eV0 =UebD Uel2
1967 1.G0 839.0 10400 0.12 0.86
2000 =8.00 0e21 =veT6
1968 . 3.00 90840 . 2e0UV .7 033 Uel3d’
o0V : . Oe 34
1969 700 1043,0 . 0e67

NOTE##* (vl = FIRST DIFFERENCE Dy2 = SECOND DIFFERENCE VY3 & THIKD DIFFENRENCE



$11-4

TY ELNERGY DI Ve

E I
r'4 NDUSTRTIESs I NCe

RI1E C
URN I

INDUSTRIAL AATERTUBE BOILERSs DISTRIBJUTION AS TQ FIRING METHOD = OTHER

YEAR CAP, TOTAL Ovl oY2 | Y3 PERCENT vyl VY2 LY3
1961 Qe90 L0eb 2622
le 60U . 3656
19K2 2¢50 4343 =240 Se77 =396
=0, 0 3.10 —Zotal 1ol
1963 l1s70 50eb Oe70 Ae37° ledhd
. =0610 : ~1e20 ~lelo =labl
1966 1le¢60 723 - =050 . 2.21 Veldb
=Ceb6U 160 =Ue Wi le21
1965 1.00 7649 1010 1430 , leas
. Ge50 =060 Oed& Vebd
1966 1.50 Blet VebU lebd leYy
: 100 ~3400 2e9¢ ) =7¢37
1967 2050 5743 -2e50 Lae36 - =he3y
=150 4s10 ;2067- el7
1968 14C0 6669 1460 led9 278
0,10 . =GCeCo
1969 1.10 7840 ’ ledl
YEAR UNITS TOTAL Dyl Dy2 oY3 PERCENT LYl Dy2 DY3
1961 25400 7870 ) 3.18
’ 2900 2¢90
1562 54400. 8770 =59.,00 6+16 Ld-X P8 .
=30.00 83.00 -3eb2 Held
1963 24400 79,0 24400 273 2ebd
=6.00 29400 =Qe9Y =2453
1964 18400 103340 =500 le74 ~0.09
=11.00 ’ 2500 ~1.00 loby
1965 7400 1055.0 _ 20400 0.6 1.79
940UV =23.,00 [T =leldh
1966 16.00 116%.0 =-3.00 137 Oeba
600 «11.00 le25 -2et847
1967 22400 - B39,.,0 =1400 2062 =2433
-8.0U 2000 -l.08 302
1968 1400 908.0 6400 leb4 Veb9
=2.00 * ~Je3Yy
1969 12.CO 104360 : lel5

NOTE#* DY1 = FIRST DIFFERENCEL DY2 = SECCAD DIFFERENCE OY3 = Trlku DIFFEnENCE
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6TT-9

INDUSTRIAL WATERTUBE BOILERS,

YEAR
1964
1965
1966
1967
1968

1969

YEAR
19646
1965
1966
1967
1968

1969

CAP,
15.40
15460
17,00
13.90
13.70

18480

UNITS
382.00
355000
406400
314.00
306400

404400

TOTAL
7243
7649
Blet
57.3
6740

78.0

TOTAL
1033.0 -
105540
116540

83940

90840

1C43.0

NOTE## DYl =

DY2 =
OY3 =

ClITY ENERGY D1 ve
1 I N Ceo

ERIE
Z URN NDUSTRIIE Sy
DISTRIBUTION AS TO MARKETS =
oYl DY2 Ov3 PERCENT
2130
0.20
.1«20 2029
1440 . =570
-6Le50 2088
=3,10 Te&d
290 24626
=020 2040
5630 2Ce45
9,10
24010
DYl Dy2 DY3 PERCENT
36498
=27.00
78400 33.65
5100 =221.00 ’
=-143,00 34085
=-92.00 22700 .
8400 37.43
=8.00 22400
16600 33.70
98.00 .
38473

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENCE

NON=MFG

oyl

-1.01

GebU

3437

Dy2

l.61
2.78
~-T7T«1l8

Tek7

Oy2

oY3

lelb
=Ye96

14465

OoY3

-3.16
-7065

15.06



Oct-q

ERI
Z UR
>

cCITY
H

ENERGY
NDUSTRIES

D1 Ve
I N Ce

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO MARKETS = CHEMICAL

YEAR
1964
1965
1966
1967
1968

1969

YEAR
1964
1965
1966
1967
1968

1969

CAP,
15.20
15.80
15,00
1l.70
1040

15.00

URITS
132.00
153,00
154400
113.60
103.00

160600

TOTAL
7243
7649
8leé
57.3
670

7840

" TOTAL

103340

105540

116540
839.0
90€.0-

1043.0

NOTE#+ DYl =

DY2 =
OY3 =

oYl

0,60
=0.,80
-3,30
=1.30

4,60

oYl

21.00
1,00
=61.00
=10.00

57400

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRO DIFFERENCE

Dy2

~1s40
~2450
2000
590

OY2

=20.00
=42400
31400
67400

DY2

=1.10
4450
3.90

OY3

=22400
73.00

36400

PERCENT
21402

20055,

lBe43
" 20s42
15452

19,23

PERCENT
12,78
14050
13.22
13447
1134
15634

oYl

~Qebl
=214

1.99
=4e90

3.71

Oyl

1.72

=]le28

0425
=212
Lo Q0

oby2

~-1leb6b
4ol
-65489

8460

ov2

=3.01
1493

~2,37
612

oY3d

975
=11.00
1549

DY3

LYY 1)
3,91

8450



TeT-g .

ERI
Z UR
D

INODUSTRIAL WATERTUBE BOILERS»

YEAR
1964
1965
1966
1967
1968

1969

YEAR
1964
1965
1966
1967
1968

1969

CAP.
11.10
1330
12.10

7460

9.20

12.50

URITS

71.00
7600
9200
56400
5900

79.00

TOTAL
723
7609
Blets
573
6740

7840

TOTAL .

1033.0
1055.0
116540
83940
908.0

104340

NOTE## DYl

Dy2
DY3

Oyl

2.20
=1,20
=450

1.60

3,30

Dyl

5.00
16400
=36.,00
3.00

20400

= FIRST DIFFERENCE
= SECOND DIFFERENCE
s THIRD DIFFERENCE

[ S I 4
1

Dy2

~3440
=3430

610

1.70

Oy2

11.00

=52400

39.00

17.00

ENERGY D1 V.
NDUSTRIESs

Oy3

0010
Qe40

~4e4Q

OY3

=63¢00
$1.00

=22.00

TRIBUTION AS TO MARKETS =

PERCENT
15435

17.30

14486 -

13.26
13,73
16.03

PERCENT

6487

7420

790

6467
6450

T¢57

1 N Ce

PAPER

oyl

le94
=243
~1s60

Qet?

Oyl

0.33
0.69

o =le22

=Qelb

l.08

Dy2

~&be37
Q.83
2007

1483

DY2

0e36
=1.92
1.05
1.25

oyY3

5020.
le24

-U.Z‘o

[+) &)

=2.28
2496
Oe21



A

INDUSTRIAL WATERTUBE BOILERS,

YEAR
1964
1965

1966

1967

1968

1969

YEAR
1964
1965

1966

1967

1968

1969

CAP,
6¢40
7«10
10.80
540
6020
7.80

UNITS

.T71eCO

57.00
784C0
55400
55400

65.00

NOTE#* DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
OY3 = THIRD DIFFERENCE

TOTAL
< T2e3
7649
€le4
- 573
67.0
7840

TOTAL
103340
105540
116540

83940

90860

1043.0

13

R 1
Z2.UR
0

Dyl

0.70
370
=540
0.80

1.60

oyl

71“.00
21,00

=23,00

0600

10.00;

CcrrTy

Dy2

3.00
=910
620

0480

Dy2

35.00
=44.00
23.00
1000

ENERGY D1 Ve
I NDUSTRIE S»

DY3

=12410
15030

=540

DY3

«=7900
67.00

=13.+00

PERCENT

BeB5

9.23
13.27
9042
9425

1000

PERCENT
6487

Se 40
6070
656

" 6006

6023

I N Co

ISTRIBUTION AS TO MARKETS = PETROLEUM -

oyl

O34
beGl
=3.84
=0617

Qe75

Dy2
.3065
=7.88

3.67

0.92

Dva

2e¢76

=143

=0e36
A°o67

oY3

=11e53

11.55

=2.76

DY3

4420
107
1003



£eT-4g

ERI
L U R
0

Cl Ty
1

ENERGY
NDUSTRIE S

D1 v,
I N Co

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO MARKETS = FOQOD

YEAR
1964
1965
1966
1967
1968

1969

YEAR
1964
1965
1966
1967
1968

1969

CAP,
7.90
7.60
7.60
6400
8+00

Set0

UNITS

125.00
13600
131.00

104.00

114000.

79.00

TOTAL
7243
7649
8le4
5743
6740

7840

TOTAL
1033.0
1055.0
116540
83940
90840

104340

NOTE®#* DYl =

DY2 =
OY3 =

Oyl

=030
0,00
=1.60
2000
=260

Orl

11.00
=5.0C
=27.00
10.00

«35,00

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENCE

py2

0430
=160

3.60°

=heb0

Dyv2

=16+00
=22400
37.00

=45.00

Oy3

=1+90

5420

=820

DOy3

=600
5900

=8200

PERCENT
1093
Ye8Y
9e34
10ek?
11.94

6e92

PERCENT
12.10
12.89
11,24
12.40
12456

757

Oyl
=1le¢04
=0e55

1.13
147

=5¢02

Oy2

0e5%0
le68
Celd3

=6049

Oy2

2044
280
=Ce99

=5ell

oY3

le18
=135

=6sb2

oy3

5423
3,79

=4el15



neT-g

YEAR:

1964

1965
1966
1967
1968

1966

YEAR
1964
1965
1966
1967
1968

1969

CAP,

3440

5090
5,80
2480
‘2450

3.40

UNITS
44400
45.00
63400
29.00
32400

19.00

TOTAL
7243
7649
8let
57¢3
6740
7840

TOTAL
103340
1055.0
116540

839.0

90840

104340

NOTE#s Dv] =

Dy2 =
OY3 =

ERIE CITY ENERGY
ZURN T NDUSTRIE S»
Dls
oYl 0y2 by3 PERCENT.
4¢70
2050
=2460 . Te67
=010 ~0e30 )
=2+90 7013
=3.00 5660
270 4eB89
=0,30 =1650
1.20 3.73
Q.90
be36
.
Oyl Oy2 oY3 PERCENT
4e26
1.00 .
1700 Le2?
18,00 =69400
=52.00 5S¢4
=34,00 8900
37.00 3646
"3.00 «53.00
) =164+00 g 3¢52
=13.00
1e82

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENCE

D1 v.
I N Co.

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO MARKETS = METALS

byl

257
=055
=2e24
=1.16

Qe03

ovl

0.01

lelé

=1e9Y

007
-1070

(*)

flosz

=1.69

l.08

l.78

bY2

1e16
~3409
2402
~1.77

Oy3

le82
2.78

V.70

0] )

-4023
S5.11
=3.79



¢eT-g

ERIE CITY ENERGY DI V.
LURN I NDUSTRTIESy I NCe
INOUSTRIAL WATERTUBE BOILERSs DISTRIBUTION AS TO MARKETS = MISCe MFG
YEAR CAPo TOTAL byl 0Y2 OY3 PERCENT Oyl pY2 ov3
1964 Je40 T243 4470
-0.10 =Qes]
1965 3.30 T69 C 1e40 He29 le77
1430 4070 1¢36 LYY L]
1966 4o 60 8les =3430 5065 =2ebk7
=2.00 850 -l.11l Te7d
1967 2060 573 520 LeS4 523
3.20 =970 4012 : =12¢24
1968 580 67.0 ~4¢50 Be 606 =T+01
«1430 =289
1969 4e50 T8.0 577
YEAR UNLITS TOTAL oYl DYZ2 OY3 PERCENT byl bY2 bY3
1964 6100 1033.0 - ’ 5491
9.00 . 073
1965 7000 1055.,0 2000 6eb4 =0e4]
11,00 =49¢00 - C 0432 =]leb9
1966 81.00 1165.0 =47.00 6e 95 =1e91
’ =36400 11900 =1l¢5Y Te05
1967 45,00  839.0 7200 : 5036 5615
36,00 «110+00 3.56 =10605
1968 8l1.00 908.0 =38.00 8092 =4 490
=2.00 =1e¢35 *
1969 79400 1043,0 757 - .

NQTE## Dyl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
OY3 = THIRD DIFFERENCE



. 9214

ERITE C1TY ENERGY D1 Ve
ZURN I NDUSTRTIESY ! NCe
INDUSTRIAL WATERIUBE BOILERSs DISTRIBUTION AS TO MARKETS = TEXTILES
YEAR CAP» TOTAL Dyl Dy2 DY3 PERCENT Dyl
1964 2450 7243 . 3446 :
0.30 ) Qeld
1965 280 769 R . 010 3460
. . Qs 40 =1e50 . 0429
1966 - 3.20 Bled =140 3.93
=100 270 - =009
1967 220 57.3 " 1430 3.804 .
. 0430 . . =Qe50 =0el1l
1968 250 6740 0.80 373
. 110" . 0«88
1969 3,60 7840 Heb2
’ °
YEAR UNITS TOTAL - DY} DY2 oY3 PERCENT Oyl
1964 %6400 1033.,0 . bebd
. 2800 T 256
1965 7400 105950 ~30.00 T+01
=200 . 5000 . =0e83
1966 7200 116540 =25400 . 6e18 -
] =-27.00 5600 =0e82
1967 45400 839,0 31.00 5636
. . 4400 =20+.00 - Qe03
1968 49400 90840 11.00 ) 540
. 15,00 Qe74
1969 64400 104340 . 6els -

NOTE#* DYl = FIRST DIFFERENCE
' DY2 = SECOND DIFFERENCE -
OY3 = THIRD DIFFERENCE

Dye

0.1l
=038
-Q0+02

0e99

oY2

_-3.“°A

0402
0+85
0671

0Y3

=069
037
1.01

DY3

ekl

0.83

“«0elé



let-4

ERI
ZUR
o/

INOUSTRIAL WATERTUBE BOILERS

YEAR
1964
1965
1966
1967
1968

1969

YEAR
1964
1965
1966
1967
;968
1969

CAP.  TOTAL
3480 7243
3.20 7649
2410 Ble4
1.60 5743
4410 67.0
2.80 78.0

unITS  TOTAL

45.00 103340

41400 10550

31.00 116540

25.60 83940

37.00  908.0.

27,00  1063.0

NOTE®® DY1
ov2
ov3

Oyl

=0660
-1.10
=0.50

2¢50
=1.30

Dyl

-4.00
=10.00
=6.00
12.00

=10,00

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENCE

ClTy
i

byv2

“0450
0460
3.00

~3.80

Dy2

=600
4400
18400

~22.00

ENERGY O] v
NDUSTRIE S

OY3

OY3

1000
14,00

=40+00

TRIBUTION AS TQO MARKETS =

I N Coe
TRANSPORTATION
PERCENT DYl ov2 i
526
=1.09
bLelb =0e49
-1.58
258 1.79
0.21
279 3.11
333
6012 =586
=2453
3459
PERCENT Dyl DY2
436
=0eb7
3.89 =0e76
) =1e23
2466 le54
0.32
298 078
1.10
4407 - =2458
g =1le49
2459

oyY3

2428
le32

’8.97

DY3

230
=0e77

=3,36



e TAR

ER!
Z UR
0

INDUSTRIAL WATERTUBE BOILERSH

YEAR

1964

- 1965

1966
1967
1968

1969

YEAR
1964
1965
1966
1967
1968

1969

CAP,
2420 7243
1.30 7649
1460 - 8leb
1.70 5743
2.10 6740
2.50 7840
UNITS TOTAL
264C0  1033.0
26400 105540
27,00 116540
18400 83940
30.00. 90840
37.00 104340
NOTE##

TOTAL

DYl

=0+90
0,30
0,10
0440

0440

oYl

0.00
1.00
=9.00
12,00

700

CITY

ENERGY D1V,

TRIBUTION AS TO MARKETS =

E
N I NDUSTRIES
S

Dy2

Oyv2

1.00
=10.00
2100

=5.00

OYl = FIRST DIFFERENCE
DY2 = SECOND OIFFERENCE
DY3 = THIRD DIFFERENCE

DY3

=1le40
050

=030

DY3

=11.00
31.00

=26400

PERCENT
3.04

1469

197

297
3.13
3.21

PERCENT
2452
2446
2032
2.1%
3.30

3,55

I N Ce

v000

DY2

le63

0+73

.=0e83

=0.10

0y2

=009
=0.03

1433
=0e92

oY3

=0e¢90

. =156

Ve 74

oY3

0407
136
=2+25



621-4

ERI
Z UR
D

INDUSTRIAL WATERTUBE BOILERS

YEAR
1964
1965
1966
1967
1968
1969

YEAR
1964
1965
1966
1967
1968

1969

CAP,. TOTAL
0490 7243
060 7649
1.60 8.t
1.40 5743
2400 6740
1.50 7840
UNITS TOTAL
25.00 1033.0
1660 105540
27.00 116540
30400 839.0
36400 90840-
30,00 104340
NOTER®

Dyl

=030
1,00
=020
0.60
~0.50

DYl

=9.00
11.00
3.00
600

~6.00

CI1TY ENERGY DI Ve
INDUSTRIE S

Ov2

1;30
=1.20
0.80
=l.10

Oy2

2C.00
=8.00
3.00
=12.00

Dyl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE

Ova

=250
200

=190

DY3

-28400

11.00
~15.00

PERCENT

PERCENT

2002

I N Co

ISTRIBUTION AS TO MARKETS = RUBBER

Oyl

Qedbsl
Oe54

=106

Oyl

=0+90
0«80
126
0439

=1.09

DY2

1e¢65
«Ce7l
Ce00

=160

Dye

1.70
Qetb
=0.87
=148

oY3

=2+36
Qe77

=1s67

oY3

~le25
=le33

=0e61
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RET-€

INDUSTRIAL WATERTUBE JUQILERS

YEAR
1965
1966
1967
1968

1969

YEAR
1965

1966

1567

1968

1969

c ERIJTE €I TY ENERGY D1 v,
L URN I.N DUSTRI E S
DISTRIBVUTION BY REGION =« )
Dyl ) & Dy3 PERCENT
273
le6C
=3430 4e55
-1le7V . 520
190 3449
Qe 20 -Ue50 . :
le40 3.28
1460
HLeb7
Crvl oY2 vY3 PERCENT
4436
21400
=52.00 575
=3]1eC0U b4400
. 32.00 Le2¥y
1.00 =200
30900 LoeUT-
31.00

CAP, TOTAL
2.10 7649.
3.70 8leb
2400 573
2420 6740
3,80 7800
UNITS. TUTAL
646460 105540
67.00 116540
36400 £39.0
37.00 Y0240
68400  1043,0
NOTE#* Dyl

Dy2
Oy3

= FIRST DIFFERENCE
= SECOND DIFFERENCE
= THIRD DIFFERENCE

6e52

I N Co

Lyi

le 3y
=lett
=eld

FEX L]

(s) &

=2.87

Vebd

1480

v2

oY3

3472

GeYy

bY3

“elU

les2



GET-4

INDUSTRIAL WATERTUBE BOILERS

YEAR
1965
1966
1967
1966

1969

1965
1966
1967
1968

1969

CAP.
15430
13.50

T80
11.60
13.80

UNITS
2414C0
245400
17400
19700

235.00

TOTAL

7649

Bles
5743
6740

780

TOTAL
105540
116540

839.0

90 .V

1043.0

NOTE## DY]

Dy2
Dy3

FIRST DIFFERENCE
SECOND DIFFERENCE
THIRD DIFFERENCE

L WwERGY

ERIE ClTY
LURN I NDUSTRIIE S
DISTRIBUTION BY REGICN = 2
oyl Dye vY3 PERCENT
19¢%0
=180
=3.9C 16458
5470 13440
9e50 1361
3.80 =-11.10
=1e60 174231
2420
1769
Dyl PYZ Dy2 PERCENT
2244
4400
=75.C0 21.03
-=T71leCLU 16900
94.00 20e 74
23.00 =79+00
15.00 21470
38400
2253

DI Ve
I N Co

=331
=2eyl
3e7v

Oe 3o

Cri

~letsl
=029
0906

Qecé

Dy2

Ce30
6e07

=332

vye

1e52
le25

=~Uel2

Dy3

beld

=luvelU

Dya

=ve2/7

=1.37



9€T-€

INDUSTRIAL WATERTUBE BOILEKRSs DISTRISUTICN BY REGION

YEAR
1965
1966
1967
1968

1969

YEAR
1965
1966
1967
1968

1969

CAP,
12440
15490
1Ce70
14480

19.70

Vil TS
216+C0
250400
168.00

203.00

252.00

TOTAL

769 .

Hlet
573
67.0

7840

TOTAL
105540
116540

839.,0

90540

1043.0

NOTE®* DYl

DY2
Y3

E ClTyYy
2 l

R1E
URN

Dyl Dy2
345G . ]
~3e70
=5420
9430
4,10
080 -
4090
Dyl DY2
344,00
-116000
-82.0C
117.C0
33.00
14400
4900

e FIRST DIFFERENCE
= SECOND CIFFERENCE
= THIRD DIFFERENCE

ENERGY
NDUSTRTIE S»

Dy3

1800

=820

ovy3

233.00

=103.00

-3
PERCENT
16412

1953

18667

2209

29426

PERCENT
20e4?
2le46

20.02

22436

240106

D1 Ve
1 N Ce

ovl

Jeb4l
=0e06
3042

3.17

Oyl

Oe9Yy

=lest

2¢33

lebv

by2

XY X
belb

=Qes25

Cv2

=242
3.77

=Ce53

bys

bebé

‘-knbé

9 & }

Oely

-4¢30



LET-4

ERI!IE CITY ENERGY D1 Ve
ZURN I NDUSTRTIESs I NCe
INUDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION BY REGION = &
YEAR LaPe TOTAL DYl oY2 Y3 PERCENT oYl VY2 DY3
1965 14430 769 . : 1460
: =3.60 5449
1966 1¢.70 8let 2420 13014 beS4
~le&U 3.10 3.0v =5eslY
1967 9030 5743 5430 16423 Ce39
A 3.9v =12.2C Jewl =1luebd
1968 13.20 67.0 -6490 1970 -10.10
=34,00 -65e6¢d -
1969 1020 7840 13.08
YEAR UL.LTS TOTAL oY1l oY2 DY3 PERCENT orl vy2 oY3
1965 157.00 1055.0 - l4a.bt8
17.00 Ved
1966 174400 116540 ~62400 l4e94 ey
-45,00 138400 Celon les2
1967 129400 839.U : 76400 1%.38 le81
31.00 =130.00 2425 -beb4
1568 160.C0 UV ~54400 1762 -5e73
-23,00 =hoelty
1969 137.C0 104340 1316

NOTE*® DYl = FIRST DIFFERENCE
DY2 s SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE



geET~-d

INDUSTRIAL WATERTUBE BOILERSS
YEAR cap, TOTAL
1965 4e80 7649
1966 4450 Bles
1967 3400 573
1969 410 6740
1969 1.70 7840
YEAR  UNITS TUTAL
1965 $1+00  1055.0
1966 91+0C 116540
1967 50400 839.0
1968 5700 9UeeU
1969 - 62400 104340
" NOTE##

ERI
L UR
DYl

=0e¢ 30
=1.50

le10¢

-20“0.

Dyl

0«00
=31.00
=300

500

cl 1Y

DYZ2

=120
260

~3.50

Dby2

=31.00

28400

8.GC0

CYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
CY3 = THIRD DIFFCRENCE

ENERGY
INDUSTR I E S

DISTRIUVUTION 8Y REGIONM

oY3

380

=-6¢10

DY3

59.00

=20¢00

-5
PERCENT
6024

5653

Ye2.

6012

2018

PERCENT
Beb3

Tebl

7015

6028

S5e94

D1 V.
1 N Ce

Lyl

=Ge71
=Je2¥
Qeso

=3e¢94

ovl

=Deb1l
=0el0

-0057

=0e33

by2

vye

Oelb
=-Ce21
Cedl

DY3

e l06

=besvl

by3

~veld?

Ue?9



6£T-4

ERIE CITY ENERGY DI V.
L URN I NOUSTRIESe I NCe

INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION BY REGION "= 6

YEAR CAP. TUTAL DYl DY2 Dy3 PERCENT Dyl by2 DY3
1965 1520 769 : 1977
. 1030 Vedw
1966 1650 Hles ~6e40 2027 -Usll
=510 1130 : A TEX) =le%2
1967 1le40 57«3 4690 19%0 =280
=020 =1e20 =-3.14 bell
196A 11.20 670 3.70 16472 531
3.50 2413
1969 1470 7840 1865
YEAR  UWITS TOTAL 0yl DY2 Ly3 PERCENT LYl Ly2 Ly
1965 107.C0 105540 1016
17.00 Vebu
1966 124.C0 116540 «51400 10s64 - eb2
- =34,00 G400 VeCo Vebl
19567 9C.00 B3940 43400 1073 CeU9
9.00 -46400 Qelo =1e10
1968 9%.00 90840 =3.00 1090 -1l.01
6,00 =0.84
1969 105.G0 1043.0 1007

NOTE## Cvl. = FIRST DIFFERENCE
’ Dy2 = SECO!D DIFFERENCE
OY3 = THIRD DIFFERENCE
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ERIE C1TY ENERGY D1 Ve
ZURN I NDUSTRIE S I N Co
INDUSTRIAL WATERTUBE BOILERSs DISTRIBUTION BY REGION = 7
YEAR CAPo. TOTAL Dyl DyY2 DY3 PEZRCENT Dyl LY2 DY3
1965 le60 T6e9Y . 2.U8 .
~0e40 =061
1966 1.20 Eleb 010 le&7 0.70
~=0e30 =010 : 010 =leb?
1967 Ge90 573 =0+00 157 =077
=0e 30 0e70 =0e¢b6d le63
1968 060 6740 070 0490 1.06
0e40 039
1969 l.00 - T840 l.28
YEAR UNITS TOTAL Dyl Dy2 Y3 PERCENT . oYl DY2 pDY3
1965 28400 105540 2065
. =400 =0e5Y
1966. 24400 116540 «~1.00 206 ) Ce80
=500 0«00 Q020 =le84
1967 19.00 83940 ~-1.00 2626 =104
-6e QU 13,00 ~Uet3 " 226
1968 1300 908.0 " 12400 le43d " l1e22 :
6,00 v 0«39

1969 19.00 1043.0 . 1.82

NOTE#% DYl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRC DIFFERENCE
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ERIE C1TY ENERGY D1 Ve
ZURN I NDUSTRI1E S I N Co
INDUSTRIAL WATERTUBE BOILEBSO DISTRIBUTION BY REGION = &
YEAR CAP, TOTAL Dyl Dy2 oY3 PERCENT Oyl Dy2 Dy3
1965 3.10 T6e9 4403
-0.30 ’ =Ce5Y
1966 2080 ° Bled =0e¢20 3.44 lel?7
=050 0e50 Oeb? ) -2662
1967 230 573 030 4601 -1.45
=0e20 Ge30Q =0e80b. 2040
1968 2010 6740 060 3.13 Ue95
Qe 40 0.07
1969 250 7840 3,21
YEAR UNITS TOTAL Dyl Dy2 bY3 PERCENT byl by2 Dy3
1965 48.00 1055.0 4e55
=12.00 ~1e4b
1966 36.00 116540 3,00 3009 le59
=9,00 12.00 0.13 =1e30
1967 2700 83940 - 15400 3422 0e29
) : ’ 600 -16400 Oet2 =070
1568 33.00 90840 =1.00 3463 =0es1l
5.00 0.01 .
1969 38.00 1043.0 364

NOTE## Dyl = FIRST DIFFERENCE
DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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ERIE CITY ENERGY D1 V.
ZURN I NDUSTRTITESyr I NCe

INDUSTRIAL WATERTUBE BOILERSs» DISTRIBUTION BY REGION <« 9

YEAR CAP. TOTAL Dyl DY2 bY3 PERCENT oyl Dy2 DY3
1965 3.50 769 ’ : 4e55
" Q620 ) . ~0+01
1966 3.70 B8let ] =2.00 " 4e55 =122
' =1,80 460 ~le23 317
1967 1490 573 260 3¢32 le94
’ . - 0480 ~2.10 071 =1s56
1968 270 6740 050 4403 Q.38
o 120 : 1410
1969 . 400 7840 ' -5e13
YEAR UNITS TOTAL . Dyl - Dy2 DY3 PERCENT oyl . Dy2 oY3
1965 56.00 1055.0 ) : 531
' 18400 _ ‘ le04 ‘
1966 T74.C0O 1165.0 ~-49.00 635 =227
) =31.00 - 86400 ] =1.23 355
1967 43400 . 839.0 35.00 ) 5013 l.28
: ' 4400 =244¢00 0G5 =0e56
1968 4700 908.0 1100 5618 ‘ O0e72
. o 1500 Qe77
1969 62400 104340 S5¢94

NOTE##* DYl =. FIRST DIFFERENCE
' DY2 = SECOND DIFFERENCE
DY3 = THIRD DIFFERENCE
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DOMESTIC SALES OF STATIONARY WATERTUBE GENERATORS
STATE DISTRIBUTION

Utility Jype
. . Percent STATE Percent
Units Capacity Totoh(ind)2  CODE Units  Copacity! Total(Uti1)2
17 1471 2.47 Alavanta 0 0 .00
2 135 23 Alaska 0 0 .00
3 . 580 .98 Arizona 0 0 .00
S . 405 ..68 Arkansas 0 0 .00
22 1181 1.99 Cal. 8 2720 1.14
16 897 1.51 Colo. 2 3487 1.46
7 444 .75 Conn, 1 4320 1.81
3 730 . 1.23 Del. 2 3981 1.67
1 40 .07 D. Q.. 0 0 .00
12 1354 2.28 Florida 4 11732 4,92
22 2532 4.26 Ga. 11 13608 5.70
2 96 16 Hawaii 1 963 .40
2 288 .48 Idaho 0 0 .00
79 6817 11.47 Il 2 4349 1.82
21 935, 1.57 Indiana 4 10190 4.27
g 607 1.02 lowa 4 706 30
7 213 .36 Kansas 6 1820 76
17 885 1.49 Kentucky 1 1900 1.11
17 2522 4.24 La. 4 9935 4.16
10 717 1.21 Maine 0 V] .00
29 2796 4.70 Maryland 1 4600 1.93
24 ; 1163 1.96 Mass. 3 4450 1.87
29 1474 2.48 Mich. 1 200 08
12 . 916 1.54 Minn. 1 4985 2.09
4 153 .26 Miss. 1 5312 2,23
[ DY .72 Mizs~nri 2 2430 3.53
2 ~560 .94 Montana 1 2520 1.06
2 175 .29 Nebraska 0 0 .00
1 40 .07 Nevada 0 0 .00
2 65 BN B N.H. 1 2992 1.25
24 1139 1.92 N.J. 1 2850 1.19
0 0 ' .00 N. M, 0 0 .00
61 3627 6.10 N.Y. 32 27670 11.60
31 1732 2.91 No.Carol. 1 50 .02
2 40 .07 No. Dak, 1 3075 1.29
- 21 1121 1.89 Ohio 2 251 11
S 470 .79 Okla. 2 7030 2.95
14 . 775 1.30 Oregon 0 (/] .00
62 445) 7.49 Penna. 6 27962 11.72
3 120 .20 Rd. Isl. 0 0 .00
17 1044 1.76 So. Carol. 2 200 .08
7 T 212 .36 So. Dak 0 0 .00
18 1397 2.35 Tenn, 2 80 03 .
56 6656 11.20 Texas 16 43435 18.21
11 576 97 Utah 1 3300 1.38
2 80 13 Vermont 0 0 .00
19 1365 2.30 Virginia 1 5841 2.45
22 1305 2.20 Wash. 0 0 .00
10 842 . 1.42 W. Virginia 3 675 ’ .28
25 1208 2.03 Wis. 1 3800 1.59
0 o .00 Wyoming 2 7960 3.34
6 . 182 .31 Puer. Ric. 0 0 .00
3 © 450 .76 Vir. Isles 1 420 .18
0 [+] .00 Pac. Isles 0 0 .00

Note 1: Million Ibshr
Note 2: Domestic Only
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INDUSTRIAL STATIONARY

'WATERTUBE BOILER
MARKET

1970 DISTRIBUTION

TOTAL CAPACITY
68,353,000 ’

TOTAL NUMBER
OF UNITS
861

NOTE
SOLID LINE REPRESENTS
UNITS DISTRIBUTIGN

BROKEN LINE REPRESENTS
CAPACITY DISTRIBUTIGN

,c_:_@__P_f\CITY
200 = 400

 PRESSURE |

500

1] ]

Zo0

AJ

PERCENT
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TEMPERATURE
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170, SALES OF INDUSTRIAL TV PE WATERTUBE STEAM GENFRATORS
DISTRIBUTION AS TO SIZE OF UNIT

Unit Capacity , Total Capacity

Number of Units (thousand Ib/hr) (Million 1b/hr)

166 M 10 - 25 m3-.4

263-—3’//&-5;“#/ 26 - 50 rn——-__ 10.0

234:-9//_-—55’/ —— TR VY

121 __.,//_m__, 101 - 150 | remm

39 oemessmcerasrexesnd 151 - 200 hesoreamese—— 7 .4

5 e 251 =300 __1.5

3 351-400r.1.2

4 401 -450T_m 1.8
6 451 - 500 3.0
5 500 + 2.9

Total Number of Units - 861

Total Capacity 68,359  thousand Ib/hr

B-1h7
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DISTRIBUTION AS TO OPERATING PRESSURE :

88

A Operating Pressure , Total Capacity
Number of Units psig {million Ib/hr)
4 ot 0-49 501
290 pre—————’ /——— 50 = 149 P‘""_"'"//""_"" 10.9
323_-_//_____+ 150 - 249 Iy A— S 1

250 = 349  jrer————— S TS 8.3

27 emeemessem 350 - 449

39 eamareceemmm—) 450 - 599

66 commrrrram i r—————— 00 = 849
| .17__'1850— 1249

S 1250 ~ 1449 | oo
-

2 1450 = 1799 b 0.8

0 {1800 -2399] 0

Total Nlumber of Units - 861

Total Capacity - 68,359 thousand Ib/hr
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1570 SALES OF INDUSTRIAL TYPE WATERTUBE STEAM GENERATORS
' DISTRIBUTION AS TO STEAM TEMPERATURE

Steam Temperature Total Capacity
Number of Units degrees F (million Ib/hr)

692.n_/h_n_ Sat —————— e 38 .3

4300 - 424 lipy 0.7

12 o] 425 = 474 Lo 16

26 ———475 - 524 r_- 3.7
29 omee— 525 - 624 'r—_—_ 4.0

9 cmen 625 = 674 e 1 -3

[0 £ 7
12 i 575 = 724 m— 2 -0

621-:-;-_——-725"774 _—'/All—ﬂ_”-4

01775-824 {0
4 (825 - 874 i 0.9

9 875 - 924 3.6

2 J925 - 10240 0.8

0 1025+ | O

Total Number of Units - 861

Total Capacity - 68,359 thousand Ib/hr
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DISTRIBUTION AS TO- FUELS AND FIRING METHOD

Total Capacity
Number of Units Base Fuel {million |b/hr)

15 Bituminous 2.4
L. .- .- | S .
. ' Coal

23 _-'lz_//-——— Oil
-ZB-/A_—/A_- GOS.

7 ensmeicre— Wood | oppuen 1.0
3 — Bagasse = 0.3
7 emc————] Black 3.9
- Liquor

0 Turbine 0
Exhaust Gas

5 ' Other 0.9
i —— \Naste Heat[To

0 Lignite 0

13 2.7
m Other
Total Number of Units - 861 Total Capacity - 68,359 thousand Ib/hr
Firing Method : Total Capacity

Number of Units 5 for Solid Fuels (million Ib/hr)

1 = Pplvenzed F0.4

14 Spreader 1.7
[ Underfeed p 0.01
7—-_ Overfeed h0.5. '
2 Other 0.7

Total Number of Units - 24 : l : l _ Total Cdpacity ~ 3335 thousand Ib/hr
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1970 SALES OF INDUSTRIAL TYPE WATERTUBE STEAM GENERATORS

AS TO FUELS AND FIRING METHOD

Alternate Total Capacity
Number of Units Fuels (million Ib/hr)

0 Bituminous 0
Coal

] Y Ly A fy SSE—— Oil __—-//n-m_- 32.4
101 _m-J_——- Gas E-—Jh. 9.6

—
0 Bagasse
0 B!cck 0
Liquor
Turbine
0
Exhaust Gas 0
1 Other 0.
w— Waste Heat F >
8
[ RIRIRN————— o 11 "-1¢ N

Total Number of Units - 587 Total Capacity - 44,637
thousand Ib/hr
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1970 SALES OF INDUSTRIAL TWATERTUBE STEAM G Er\.ERATORS
DISTRIBUTION AS TO MARKETS '

Number of Units Market Category Total Capacity (X 10°)

Y g — Elec. Util. 8.6
(Non-Gen.)

84 mmmemwmm Chonical s 84

39 wemxe Paper vaea 8.0

55 —ﬁ Péfroleum s 7.4

119 n—ﬂ Non=-Mfg 6.9
101 emsxremmr Schools = 5.8

| 76 uexe—— Food IMS.I

139 womrcemsemmsl  Medical H—-— 4.7
58  Mis. Mfg. e 4.7
3: Metals 4.1

44 wmmml  Textiles [:::T:-l'

14 Transportation 1)

17 Rubber = 0.8

16 Wood r0.8

"Tota! Number of Umfs - 861
Total Capacity - 68,359 - thousand lb/hr

Note 1: This section includes all industrial type units, steam and hot water, packaged and field
assembled, regardless of use.

Note 2: Schools includes. schools and colleges; medical includes hosptials, medical centers
and related facilities. These categories were formerly included in the Non-Mfg. group.
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APPENDIX C

DEVELOPMENT OF FLUIDIZED BED COMBUSTION BOILERS
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DEVELOPMENT OF FLUIDIZED BED BOILERS

Several boiler systems have been built, tested, or proposed
which incorporate fluidized bed combustion. A brief listing of these
systems is presented to gain an understanding of what concepts have been
considered. The list is not necessarily complete and no attempt was
made to present all fluidized bed combustion processes which may be

applicable to fluidized bed boilers with sulfur removal.

Pope, Evans, and Robbins

A packaged industrial fluidized bed boiler of capacity
250,000 1b/hr steam has been developed and is shown schematically in
Figure C-1. The design is based on modular units 18" x 12' assembled
together with water walls dividing the units. High efficiency 1s obtained
by using a carbon burn-up cell to react unburned carbon. The nominal
operating conditions projected are primary bed temperature 1600°F, carbon
burnup cell bed temperature 2000°F, gas velocity of 12-14 fps, bed
height of 12-20 inches, and coal crushed to minus 3/4 inch. Sulfur
dioxide emissions would be controlled by injecting fine limestone (per-
haps 100 mesh). The modular concept has been extended to a utility
boiler design concept. |

A new shippable unit of capacity 300,000 1b/hr steam with
(9

modified design is shown in Figure C-2. The modules or cells runm parallel
to the steam drum and connect to a single carbon burnup cell. Flue gas
passes straight up through the convection section and economizer, both
located in the freeboard. Primary superheater is arranged to serve as

baffle screens above the bed. The bed operating conditions are essen-

tially the same as the earlier design.
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"S0, acceptor process', where the SO, is absorbed in the pri-

2 2
mary bed and regenerated in the carbon burnup cell, was conceived. The
continuous absorption-regeneration is accomplished by recirculation of
limestone beds between the primary bed and carbon burnup cell through

‘the provided openings.

Esso Research & Engineering

Esso R&E have proposed an operating conceptvfor a fluid bed
boiler with sulfur removal. The fluid bed combustor would be operated
with a bed of '"large" limestone particles and pulverized coal would be
pneumatically fed to the bed. The ash from the coal would be entrained
from the system, leaving a bed composed essentially of limestone. The
reacted limestone would be removed from the bed, regenerated, and

recycled back to the combustor.

Initial experiments were performed in a 3" diameter coal com-
bustor and a 2" diameter limestone regenerator. The fluidizing velocities
used were 3 ft/sec and 2 ft/sec respectively. The bed temperature was

1600°F in the combustor and 2000°F in the regenerator.

CRE-NCB

The NCB has undertaken an extensive program to provide a

series of fluidized bed boiler designs. These include

. a 220,000 1b/hr, 20 MW, water tube béiler. Preece, Cardew and
Rider (PCR) have produced preliminary designs for this atmos-
pheric pressure boiler shown in Figures C-3 and C-4. The design is
later changed, as shown in Figure C-5, with 1" tubes of length
60'-80' running horizontally back and forth in the direction of
the larger dimension of boiler. Overall boiler dimensions are
14' x 40' x 16' with active Bed area 400 ft2. The bed is divided
into three beds and a carbon burnup cell. The fluidizing velo-
vity is 8 ft/sec and coal particle size is -1/8". The design is

for installation at Grimethorpe to serve as a demonstration plant.
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. a 120 MW atmospheric pressufe utility boiler. PCR have also
carried out a design study of this utility boiler which has been
sectionalized to allow shop fabrication. The conceptual design
is shown in Figure C-6 with overall dimensions. The total active
bed area is 2212 £t3. The heat transfer surfaces are proﬁided
by 1.5" tubes in 3.5" spacings. The design study was carried
out to uncover design and operating problems and to investigate

the economics of a small-scale utility boiler.

. a 500 MW atmospheric pressure utility boiler. An early concep-
tual design is shown in Figure C—7(l). The nominal operating condi-
tions selected include a fluidizing velocity of 2 ft/sec, coal

crushed to -1/16", and bed temperature near 800°C.

. a 660 MW atmospheric pressure utility boiler. The conceptual
designs by International Combustion, Babcock & Wilcox, Foster
Wheeler, and PCR are shown in Figures C-8 through C-11. Inter-
national Combustion proposes a battery of 12 units. (Figure C-8) each
capable of 55 MW. Superheater and evaporator tubes are located
in the fluidized bed. Babcock and Wilcox proposes a boiler con-
taining 15 fluidized beds of 90 ft x 20 ft (Figure C-9). Air flows
in parallel through each of the beds at 3 ft/sec. Beds operate
at 780-900°C. Of the 15 beds, 9 are superheaters, 3 are reheat-
ers, 2 are evaporators, 1 is combined evaporator-reheater.

Foster Wheeler proposes an arrangement of 6 fluidized beds, each

66 ft wide (Figure C-10). Air flows in parallel through each of the
beds at 3.5 ft/sec. Bed temperature is 850°C. The bed depth is

2.5 ft. The coal 1s fed to the beds at 850 points. The evapora-
tor and primary superheater surface is provided by horizontal

tubes in the beds. The top bed serves as a carbon burnup cell.
Reheater and secondary superheater surfaces are located in the

gas stream leaving the boiler. PCR extends its 120 MW atmospheric
design concept to a 660 MW utility boiler installation. The

design consists of 40' x 16' x 14' modules with 2 evaporator beds,
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FIGURE C-8 - Conceptual Design by International Combustion
for a 660MW Atmospheric Utility Boiler
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2 reheater beds, and 1 superheater bed. The overall dimensions
are 90' (depth) x 120' (width) x 100' (height), (Figure C-11).

BCURA Industrial Shell Boiler

BCURA is developing a fluid bed coal-fired packaged shell
boiler to compete with oil-fired units at capacities up to 50,000 1b
steam/hr. A prototype of the shell boiler is shown in Figure C-12. The
proiected operating conditions are gas velocities of 10-14 fps, bed
depth of about 2 ft, and coal crushed fo minus 1/4 in. The prototype
is 3 ft diameter and has a capacity of 8000 lb»steam/hr feeding 1000 1b
coal/hr. The heat transfer tubes are set at an angle of 10° to allow
for natural circulation of the water. About 507 of the heat release

will be extracted in the bed.

BCURA High Pressure Boiler

BCURA proposes a high-pressure fluid bed boiler. The fluid
bed is operated at 15 to 25 atm, 800°C, and the energy in the gases
from the bed is recovered in a gas turbine (Figure C-13). Lower capital
cost through boiler size reduction and increased cycle efficiency are
projected advantages over an atmospheric fluid bed boiler. 'The proposed
system would convert approximately 70%Z of the coal energy to steam. An
experimental apparatus, shown in Figure C-14 has been constructed at

BCURA to burn 1000 1b coal/hr at 5 atmospheres.

Conceptual design of a 140 MW pressurized boiler is shown in

Figure C-15. The detailed design will be carried out by John Thompson Ltd.
The boiler is contained within a pressure cylinder 14 ft in diameter and
100 ft long. Active bed area is 900 ftz. Air is fed at 8 atm. with
fluidizing velocity of 2 ft/sec. Coal is fed at 136 feed points with

coal particle size - 1/16". One-inch tubes at 3" spacings are used for
heat transfer surface in the bed. Gas turbine generates ~n 12% of the

total power.
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Ignifluid Boiler

Albert Godel's Ignifluid boiler was developed by modifying
the air supply system of the travelling-grate furnace to create a fluid

bed on the grate(2’3).

The grate is divided into sections to control
fluidization. A sketch of the design is shown in Figure C-16. The coal
particle size is < 20 mm and the gas velocity is near 10 fps. The
Ignifluid boiler is capable of burning a wide range of coals by using
the discovery that the ash of essentially all coals agglomerates near
1000°C. The fluid bed is operated between 1000 and 1200°C. Ash parti-
cles increase in size, sink through the bed onto the grate, and are
carried out of the bed on the moving grate. Partial combustion occurs
in the bed and secondary air (approximately 50%) is supplied above the
bed to complete the combustion. Particulates are reinjected into the

bed. A 60 MW unit has been built and a 275 MW unit is projected for

Northeastern Pennsylvania by UGL.

Godel's Stacked Fluid Bed Boiler

A. A. Godel has also proposed a stacked fluid bed boiler(a).

The bottom fluid bed would be an Ignifluid unit. Water walls are pro-
posed, but no heat transfer tubes are incorporated in the first bed.

A secondary fluid bed is located above the primary furnace. This bed
would contain granulated refractory and heat. transfer surface and would
operate near 850°C. Unburned carbon particles carried by the gas from
the first bed would be combusted in the second bed. Above the second
bed, a third and fourth bed are provided with heat exchange tubes for

steam reheat and an economizer.

Lurgi
Lurgi has a "Turbulent Layer Process'" which they recommend for

combustion of low-grade fuels. The heat of combustion is utilized for

the production of steam. A schematic of the process is shown in Figure C-17.
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The turbulent layer furnace (fluidized bed) is cylindrical with an
enlarged upper section which serves as a secondary combustion chamber.
The lower part of the furnace contains a grate of refractory material
with openings through which the fluidizing air enters. The burned

material is discharged at the bottom of the furnace.

Esso Petroleum Co., Ltd.

Esso Ltd. Research Center has considered the desulfurization
of fuel o0il in fluidized beds of lime particles when the combustion is
complete and when it is partial. One concept being considered places a
fluidized bed gasifier at the bottom of a boiler. Fuel is partially
burned in the bed and combustion is completed in burners above the

refractory cyclones as depicted in Figure C-18. A combined gas turbine-

steam turbine plant is shown in Figure C-19,

Stratton

J. F. 0. Stratton(s)

presented a spouting fluid bed boiler
system in 1928. Coal < 6 mm can be fed to the unit. Gas velocities
range from ~40 fps at the base to 10-15 fps in the furnace. The bed
operated near 2000°F in order to agglomerate the ash which would be
removed after falling through the grate. The cross section of a furnace
and boiler system installed at a U. S. Gypsum Co. paper mill is shown

in Figure C-20. The unit handled 5000 1b of crushed coal per hour.

Institute for Fuel Research, Czechoslovakia

Laboratory and semi-production units have been operated. The
concept is presented in Figure C-21. Temperatures in the fluid bed were
maintained between 900 and 950°C without agglomeration. Unburned combus-
tion gases and particles from the fluid bed are burned in a second com-
Bustion space such as a cyclone furnace. Temperatures in the cyclone

furnace were from 1000 to 1200°C.
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Moscow Power Institute

A two-stage furnace for a steam boiler was developed by the
Moscow Power Institute. A fluid bed unit was combined with the combus-
- tion chamber of the steam boiler (Figure C-22). Combustible gas and par-
ticles escaping from the fluid bed would be burned in the combustion -
chamber. Any coarse particles would fall out of the combustion chamber

and complete combustion in the ash pit.
Stouff

Stouff(é) proposed an agglOmerating béa éé-a means for burning
untreated coal fines. Coal is introduced into the cone~shaped bed at
any level and the air is injected at the base 6f the cone. 'A'aiagram of
the bbiler system is shown in Figure C-23. Carryover from the bed is large,

and excessive losses are avoided by recycling fines back to the bed.

Yokoyama

(7)

Okaniwa and Suzuki have proposed a p.f.-diiute phase fluid
bed system forﬂburping_loW—grade coals available in Japan (Figure C-24).
Coal sized less thén 18 mesh is fiied through the p.f. burners along the
water walls. Particles too large<£o-burn in the gas fall into the
fluidized bed in the cone-shaped bottom of the boiler. Approximately
80% of the air is blown upwards through the base of the bed. The tem-
perature in the fluid bed is 1550 -1650°F and the temperature at the

burners is near 2000-2200°F.

Additional Concepts

(8)

Novotny . describes early spouting beds which were proposed
for fluid bed combustion. A. A. Shershniev constructed a spouted bed
system in 1927 for the combustion of peat. Two beds were located adja-

cent to each other such that particles could be blown from the first bed

C-30



Dwg. 861ALL7

OO A NN

Fig. c-22- Two-stage furnace for steam boiler

C-31



COAL FEED
HOPPER

RECYCLED
CARRYOVER

7
;
)
2
7
7
-
4 4
2 2
"
;oumuzv%
4 /)
707
ZE7
17
/
%
/)
’ /)
2 %
%
7

Ty

FIGURE ¢-23-STOUFF FLUID BED BOILER SYSTEM

C-32



x
o

T
[; WATER COOLED ‘4
; ~ (ruped)
g T
. FUEL /| RFbURRERS, V)
moEE; : . '
%/ O \%'Z _ "o
R/
/A7 B
L/ ,
e
FLUIDIZ-;\TION/
A /
g % ‘

FIGURE c-24 - YOKOYAMA EXPERIMENTAL FLUID BED BOILER SYSTEM



and thus the second bed helped to extend the resideﬁce time of fuel
particles in the combustion chamber. Szikla-Rosinek also developed a
spouting bed design. The design is complex and did not find practical
application. A spouting bed design by K. Stouése is reported which
attempts to solve the problem of unburned carbon by a two-stage furnace

with recirculation of the fines to the fluid Bed.

Several additional concepts have been proposed in recent
patents. A list of patents which cover proposed fluidized bed boiler

concepts is presented in Table C-1.
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STATE-OF-THE-ART U. S. PATENT SFARCH:

TABLE C-1

FLUID BED COMBUSTION AND COAL GASIFICATION

Date
Patent No. Patented
2,842,102 7/8/58
2,976,853 3/28/61
2,983,259 5/9/61
2,997,031 8/22/61
3,048,153 8/7/62
3,101,697 8/27/63
3,119,378 1/28/64
3,431,892 3/11/69
3,387,590 6/11/68
2,884,373 4/28/59
2,384,303 4/28/59
2,973,251 2/28/61
2,997,286 8/22/61
3,119,379 1/28/64
3,355,249 11/28/67
10/4/66

3,276,203

Title Inventor Assignor To
Steam Generation H. J. Blaskowski Combustion Eng. Inc.
Steam Generation A. T. Hunter, " " "
R. C. Patterson,
E. C. Lewis
Method & Apparatus of Steam Generation E. C. White " " "
Method of Heating and Generating Steam R. C. Ulmer " " "
Vapor Generator R. F. Abrahamsen " " "
Steam Generation A. T. Hunter " " "
Steam Generation L. J. Marshall " " "
Process and Apparatus for Combustion A. A. Godel CIPA (in Switzerland)
and Heat Recovery in Fluidized Eeds
System for Regulating the Total Heat J. W. Bishop U.S.A.
Input in a Burning Fluidized Bed leat
Exchanger or Boiler
Method and Apparatus for Heating Fluids B. E. Bailey Esso R&E
High Temp. Burning of Carbonaceous Fuels W. J. Metrailer Esso R&E
Heat Transfer Apparatus M. B. Leland, Babcock & Wilcox
T. S. Sprague
Fluid Bed Furnace and Process G. Friese Metallgesellschaft
Aktiengesellschaft
(Germany)
Apparatus for Combusticn of Fuels M. P. Sweeney M. P. Sweeney
Producing Hydrogen and Power A. M. Squires A. M., Squires
Top Heat Fower Cycles A. M. Squires A. M. Squires
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TABLE C-1, continued

CO and H2

Date
Patent No. Patented- Title Inventor Assignor To
Re 24,328 6/11/57 Conversion of Hydrocarbonaceous Fuels L. J. Montclair, The Texas Company
into Synthesis Gas L. P. Gaucher g :
3,004,839 10/17/61 Gasification of Carbonaceous Fuels E. L. Tornquist Northern I1l. Gas Co.
2,607,666 8/19/52 Apparatus for Treating Carbonaceous H. Z. Martin Standard 0il
. < Solids . o
2,665,200 1/5/54 Process for the Gasification of Solid M. Kwauk HRI
. Carbonaceous Materials ‘
2,671,015 3/2/54 Gasificatioﬁ\of Carbonaceous Materials R. J. Morley ICI (England)
2,674,524 4/6/54 Process for the Preparation of CO & H2 P. W. Garbo HRI
2,686,113 8/10/54 Process of Promoting Chemical Reactions W. W. Odell "W. W. 0dell
2,689,787 9/21/54 Volatile Fuel Production and Apparatus H. J. Ogorzaly, Standard 0il
Therefor ' C. W. Tyson
© 2,694,623 11/16/54 Process for Enrichment of Water Gas A. B. Welty, Standard 0il
. ’ S. B. Sweetser
2,700,592 1/25/55 Method of Carrying Out Endothermic T. D. Heath Dorr Company
Reactions Under Fluidizing Conditions
2,700,599 1/25/55 Gasification of Solid Carbonaceous J. C. Kalbach HRI
" Materials
2.705,672 4/5/55 Manufacture of Water Gas E. Gorin Consolidation Coal Co.
2,729,552 1/3/56 Process of Contacting Gasiform Car- ‘K. J. Nelson, Esso R&E
' bonaceous Solids E. J. Gornowski ‘
2,741,549 4/10/56 Conversion of Carbonaceous Solids into F. R. Russell Esso R&E
Volatile Products
2,776,879 1/8/57 Gasification of Solid Carbonaceous Fuel W. Grumz HRI
2,794,725 6/4/57 Manufacture of Gas Mixtures Containing :W. G. Scharmann Esso R&E-
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et al.

TABLE C-1, continued
Date
Patent No. Patented Title Inventor Assignor To

2,866,696 12/30/58 Process for the Gasification of Granu- A. Godel .CIPA

lated Fluidized Bed of Carbonaceous

Material, Over Moving, Sloping, Horizon-

tal, Continuous Grate
2,368,631 1/13/59 Gasification Process H. N. Woebcke HRI
2,906,608 9/25/59 Apparatus for Dense Phase Fluidization L. J. R. Jequier Inventors

Van de Putte

2,911,293 11/3/59 Production of Gas P. S. Viles Esso R&E
2,985,515 5/23/61  Fluidized Solids Contacting Svstem D. L. McKinley Union Carbide Corp.
3,086,853 4/23/63 Method of Gasifying Combustiblie Mater- A. B. L. Brand- Swedish Co.

ial in a Fluidized Bed berg
3,311,460 3/28/67 Method for Gasification of Carbonaceous H. H. Stotter, HRI

Materials G. B. Farkas,

P. C. Keith

3,322,521 5/30/67 Process & Apparatus for the Gasifica- R. G. Cockerham The Gas Council

tion of Ash-Containing Fuel (England)
2,440,940 5/4/48 Gas Producer A. L. Galusha McDowell-Wellman
3,454,382 7/8/69 Two-Stage Type Gas Producer G. M. Hamilton McDowell-Wellman
3,433,859 3/18/69 Process for the Preparation cf Hardened, T. E. Barr McDowell-Wellman

Dense Heat Transfer Medium
3,226,212 12/28/65 Apparatus for the Production of Combus- ‘T. E. Barr McDowell~Wellman

tible Gases From Solid Carbonaceous

Materials
3,034,776 5/15/62 Rotary Furnace Hannenberger, Lurgi
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Abstract:

Fluidized Bed Combustion studies were continued by applying latest
state of the art knowledge to develop a useful industrial steam
generator. A study of the market (reported previously) pointed

out the useful capacity, steam pressure, and, steam temperature,

A commercial design was developed from an understanding of user's
requisites and economic factors. Fuel handling and steam generator
design was held constant in the development of two different systems
to control atmospheric emission. A sample proposal in response to
an assumed specification was developed. It was concluded that the
cost factors appear competitive for coal burning applications when

compared to present techniques.



Introduction:

Fluidized Bed Combustion techniques have been studied for some time both

in the United States and in foreign countries. The investigations were not,
however, extensions of fluidized bed processing which has had a long history
of commercial chemical processing applications. At the outset, the studies
in the United States were to develop smaller size, less expensive coai fired
steam generators., The public feeling about environmental factors lead to
the study of control of pollution control. Now controlling the emission of
éombustion products such as sulfur oxides and oxides of nitrogen appears to
be the more valid reasoh for studying fluidized bed combustion techniques

in the United States.

Pilot plant and laboratory‘studies formed the base of the development. No
commercial sized units for pollution control were or are readily available

since investment costs are prohibitive. Industrial steam generator users rely

on high availability, low maintenance, and préven designs for neQ of

replacement units. Capital investment for 'non-profit making'" equipment, that

is not fully proven and without nearly full size pilot units is not done,

Whether furﬁher development would prove fmuitful was a question left to be
answered by someone other than the users. Government authorities sponsored

this and other studies where the worth of further pilot studies is being developed
by using the background data already available and by looking into the future

at steam generator markets.

-

This study, only a part of a much broader one, was then to produce a commercial
design for the industrial steam generator markets. Economic factors would be
developed and, also, as areas of further development would be made more clear,
development costs could be outlined and pollhtion control effects could be

pointed out.
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Erie City Energy Division of Zurn Industries was authorized as a sub-contractor
to Westinghouse to utilize information sources about the steam generator
warkets and to develop markets prediction as to a useful size steam generator
for future markets. From the market information, a commercial design for a
steam generator would be developed, using a procedure whereby the state of art
would be defined by Westinghouse and integrated into commercial desigms.
Economic considerations such as capital costs, optimum design, and operating
costs would be developed parallel with the technical design. Work would be

done by Erie City Marketing Computer and Engineering Forces.

The following is a report on the work that was done to produce a steam
generator design that tests the market and the sellability of a Fluidized

- Bed Combustion Steam Generator for industrial application.

It is assumed that throughout this report the reader has an intimate

knowledge of fludized bed technique and terminology.
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GENERAL DISCUSSION

As the work with fluidized bed combustion steam generators progressed two systems
began to emerge. Both systems were designed to consume coal at the same combustion
conditions, but each was different from the other in regard to the control of
atmospheric emission of sulfur oxide gas. The steam generator, nevertheless,
rémained the same in both cases. It is important to bring this out at this point

since references will be made to each system throughout the report,

‘One system utilizes lime, calcium oxide, to absorb sulfur dioxide formed in the
combustion reaction as soon as the sulfur component in the fuel is oxidized.

This is the "Dry solids" system. The term comes from the fact that the reacted
calcium oxide is taken out of contact with the flue gas in a dry state as a
podder. The other system, designed to have equivalent performance in the control
of sulfur emissions, is called the wet scrubber system. In this system limestone
is calcined in the fluidized bhed and is mixed with water to form a slurry which
contacts the flue gas. The limestone slurry has an affinity for sulfur oxide
gases and they are removed from the flue gés. Although in both systems, the same
steam generator is used, there are fundamental differences in the auxiliary
équipment needed for the system. These differences are discussed in more

detail later.

The market survey and study of the technical aspects points to a steam genération
capacity of 250,000#/hr. of steam at a steam pressure of 600 PSIG, and steam
temperature of 750° F. There appears to be a growing demand for units like this
and in 1980 that demand will approach 40% of the industrial steam generator

market. Refer to Appendix XII. These steam conditions of temberature and pressure
imply a steam generator where steam will be used to generate power in a turbo
generator. The steam after expansion to a lower pressure, normally

150 PS1G, is made available to the process



applications such as heating. In other cases, when processing power requirements
are high, the auxiliary equipment drivers may be turbines exhausting to the
process steam header. With those conditions in mind and using high sulfur coal
as the basic fuel, work was centered eround finding the most economical arrangement
of steam generator components, and the auxiliary equipmeﬁt needed to complement
the steam generator system, All significant components were subjected to individual
study. These are as follows:

= Fuel System

- Limestone Feed System

=~ Steam Generator, including the superheater and saturated sections

= Economizer

=Primary ash collector

- Ash handling systems

-Controls and instrumentation

-Wet scrubber and Limestone Slurry Dewatering System
In addition to this, the system considerations such as heat and material balances

were developed. Cost data .were developed as the design was produced.

This report will be divided according to ﬁhe system components mentioned above.
Under each section will be a discussion of the design parameters, poals for the
designs and what appeared to be the best arrangement according to the combination

of "State of the Art" and present economic factors. Appendices covering specialized

areas of study are attached.

FUEL SYSTEM

In recounting the design work on the whole project, the most difficult problems

that must be solved in developing Fluidized Bed Combustion ste%m.genefﬁtors is

that involved with materials handling. This incl-udgs.“t'h‘e";Sré.ﬁ‘é‘fa.tio.n, the handling,

and the injection of coal and limestone.
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In all fuel feeding systems, several factors are vital and must be accounted for.
These are:

--Control of the fuel feed rate.

= Constant and preferably negligible time transients from inlet to

the discharge of the system,

- Wear resistance and easy maintenance.

A‘Fegligible.ppyer tgquirements.
All of the above must be solved in the design for Fluidized Bed Combustion

Steam Generators.,

Some of the problems presented by the fluidized bed combustion are well known in
utility practice. For example, overcoming the pressure interface of 40 to 50
inches water gauge to allow injection of coal into the fluidized bed combustion
chamber. Direct firing of pulverized coal and both the indirect and direct-fired
cyclone furnaces utilize the head of coal feeding from the bunker to prevent
significant loss of pressurizing air admitted to the fuel feeding equipment.

Also, handling coal crushed to 4 mesh size as with indirect fired cyclone furnaces,
in bunkers, bulk conveyors, and rate feeders has been well developed through
experience in utility practice. Commercial specialized equipment to do this job
is readily available. 1In fact, rate feeders have been developed that lend

themselves to precise gravimetric rate control. Refer to Appendix IX.

The one relatively unique problem presented by the‘present thinking about fuel
feeding is the multiplicify of fuel feed points. For exaﬁple, in thinking of

an atmospheric fluidized bed boiler for 250,000#/hr. steam capacity, approximately
400 sq. ft. of grid area will be required. If fuel injection must be made at

the rate of one point for 10 square feet of grid area, there would have to bé 40
separate feed points. This does not in itself present a problem since fuel piping

and bed injection techniques are not particularly restrictive. The most difficult

_Problem in this, is the requirement of dividing one stream of the fuel into 40
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uniform divisions. (It would be quickly seen that there would be little relief
if 40 fuel rate feeders were considered not only because of cost, but also, since

\ exact parallel control that is required would be an impractical case.)

To include present practice and avallable equipment with a supgestion to handle
new areas certain assumptions were made:
=~ Coal would be prepared in a bulk-type crusher upstream of the bunker
in an indirect system, 100% less than 1/4' sizing was anticipated.
-=One fuel rate feeder would be used.
= The air pressure interface would be made at the bunker with sealing air
fed to the fuel rate-feeder.
= There would be four seétions of the bed arranged so that one section
could be shut off, independently,
= There would be eight injection points in each of the four bed sections.
Air would transport the coal underneath the grid to the injection point.
= The coal injector nozzles would be removable for repair and replacement

even with the boiler remaining in service. (But with that bed section

shut dowm.)

To develop these ideas, arrangement drawings were made of the coal handling and
boiler system. In the fuel system, after delivery to the plant, the coal is
crushed at the rate of 2 to 3 times the firing rate and passed to a single surge
bunker feeding the boiler. Bunker capacity would be set to haﬁdle several hours
firing to allow efficient crusher and conveyor operation, and, to allow adequate
periods of maintenance for the coal crusher and handling equipmént without

interrupting boiler operation.

From the bunker, coal is fed to the system using a single belt-type, gravimetric
controlled rate feeder. From the rate feeder, the coal enters a two stage splitting

gsystem. In the first stage, the single coal stream is geometrically divided into
four streams each of which can be shutoff for load control or for downstream
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maintenance. Each of the four streams would feed a separate section of the bed.

In the second stage, coal is split into several more streams, In the final design,
for a maximum of 10 sq. ft. per injector point, there would be 8 streams leaving

the second stage splitter.

From the second stage splitter coal drops into an air-swept horizontal pipe which
carries the coal underneath thé grid to the injection point. For the second stage
splitter or distributor, it was proposed to have a vibrating table feeder to
distribute the coal stream from the first stage splitter over the width of a

symmetrical geometric shape with eight outlets.

At the injection point location, a special grid casting receives the nozzle at the

end of the air transport pipe.

The nozzle is arranged so that a compressed air aspirator allows the removal of
individual nozzles while the steam generator remains in service. This can be done
by reducing the steam generator load to where one bed section may be taken out

of service.

There was some concern about . wear and a jet effect from injecting the coal air
stream into the bed., The first nozzles proposed utilized a vane principal to
:direct the coal air steam normal to the axis of the nozzle which was horizontal.
It was thought that wear and jet effects could reduce the effectiveness of

this design. The final design proposes to have the nozzles inclined at a 30° slope

‘into the fluidized bed chamber with a "straight-in" nozzle design.

Several study drawings were made of the coal feeding system (see drawing reference
list in Appendix X.) Drawing FBB- 28, in the figures section, pertains to the

final design and gives an outline of the fuel system including the component parts.
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LIMESTONE FEEDER

As noted on the drawing FBB- 28 the limestone feeder was selected as a vari-

able amplitude vibrating table feeder. The limestone hopper is a pressure seal type
similar to the coal bunker. The limestone will discharge at the discharge

end of the coal rate feeder where it mixes with the coal flowing to the fluidized

bed.

In both the dry solids and the wet systems, ﬁhe limestone feed rate is not

changed instantaneously with the fuel feed rate. Instead, limestone feed is adjusted
to optimize sulfur oxide gas removal. In both systems, either dry solids or wet
scrubber, an increased limestone feed rate will reduce the sulfur dioxide con-

centration in the stack gas.

STEAM GENERATOR

The steam generator design is more easily visualized if it is considered to be
of four components:

= The fluidized bed combustion chamber.

=~ The carbon burn up cell.

= The superheater.

= The convection pass.
(For reference the four steam generator components are shown on drawings FBB-19

and 20 attached).

STEAM GENERATOR - FLUIDIZED BED COMBUSTION CHAMBER

At the outset of the study, two different fluid bed chamber designs looked
attractive. Each was developed to preliﬁinary sizing where there would be equivalent
bed temperatures for the 250,000#/hr. steanm generator. The two were differentiated
by the arrangement of heating surface submerged in the fluid bed. They were:

a vertical tube design; and, a horizontal tube design. (The horizontal tube configu-

ration is indicated on the figures attached., Study drawings FBB-1, 3, 4 and 6
presenting an outline of the vertical tube configuration. These study drawings are

not presented in this report.)
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Although the functional characteristics of the vertical tube design were questioned,
not enough direct information was available to eliminate it as a valid concept.
On the other hand, experimental data have been gathered on the horizontal tube

designs and there is confidence that full scale performance would be predictable.

In that the two .designs had different construction it was decided to submit them to

pricing competition. Each of the designs for the fiuidized bed chamber provided for
shop assembly of two separate fundamental components - -~ the fluid bed chamber

and the boiler convection zone. In both cases, the two parts would be mated in the

field with a minimum of butt-welded pipe connections.

For the price competition for each design, the fluid bed chamber costs were
compared on an equal basis:
~Insulation and lagging were not included.
~The fluid bed grid was not made a part of the cost.
=Air flow chambers and material handling systems were not considered,
~Field assembly costs were coﬁsidered to be equal in both cases and
were not included.

~Assembly costs to produce sub-assembly of tube arrangements were included.

On this basis, it was revealed that the horizontal tube design would have a

very much lower selling price.

Price data showed the following comparative figures on the basis above:

Equivalent Selling Price:

Vertical Tube Design Horizontal Tube Design

Material = = =« = = = - - - . - - - -~ 1.46 : 1.0
Labor (fabrication & assembly) - - - = 2,29 1.0
’ Total selling price (weighted as 2.04 1.0

to the total cost of labor &
material)



(The portion of the total steam generator included in the above was found to be
about 20% of the total price.) Weights of material for each design were found

to be equivalent with 117,000 pounds for the vertical tube and 102,000 pounds for
the horizontal tube design. The number of welds required for the vertical tube was
found to be 2,900 and only 770 for the horizontal tube design. The latter factor,

proved to be the cause of the cost differential.

It was concluded by this analysis, that the horizontal submerged tube design

would offer the better economic choice even though the above data donot reflect
all of the compensating differences between the two designs. The horizontal

tube design requires a recirculating pump to provide adequate water flow to cool
the tubes submerged in the bed. Also, since there is no freeboard heating surface
in the horizontal tube design, there would be more surface required in the boiler

convection pass.

From the study of prices, then,it is felt that the verticzl tube design should be
largely eliminated from our work in preparing data concerning an atmospheric
fluidized bed combustion steam generator design. A factor in this decision was
plainly. the fact that development work was concentrated on the horizontal tube

designs.

As the bed design emerged utilizing the horizontal tube design, the design parameters
of the bed were brought into better focus., To summarize, the design factors are:

=Grid heat release rate - - 1 x 106 Btu per hr. per sq. ft.

~Bed Depth - - 30 in (expanded)

~Bed temperature - - 1650 F in fuellbed - ~ 2000° F in carbon Burnup cell

-Heat transfer coefficient - - 50 BTU/hr. sq. ft. F

—Free volume space underneath the submerged surface

-10% excéss combustion air flow thrbugh fuel bed

-50% excess combustion air flow through the carbon burnup cell



-Application of a particle splash screen

-Tube arrangements that minimize lane effects
To meet these criteria it appeared that the submerged horizontal tube surface
must be composed of small diameter (1") tubes. Also, forced circulation to cool
the submerged surface will be required. All materials of construction for

the saturated heat absorbing surfaces and seals are carbon steel types,

Erie City Energy Division drawing FBB-19 attached, shows an arrangement of

submerged surface, and particle splash screen using 1" diameter tubing. The

spacing shown is to allow straight tubes where the 1" tubes penetrate the combustion
chamber wall. The number of submerged tubes and splash screen tubes shown in
FBB~19 are the maximum obtainable. Using parameters now assumed valid, there is a
slight excess heat absorbing surface. As more ﬁecﬁmes known about the bed heat

transfer, the surface may be adjusted to provide operation as desired.

The fluidizing grid design and selection is a subject that still has not been
vell defined. The "State of tﬁe Art" designs all utilize nozzles which direct
the fluidizing air either parallel to or against the grid plate. While these
are not particularly restrictive mechanical problems, it is felt that castings with

cored holes would be more economical and would provide for longer service life.

In working toward a commercial design some casting designs were developed and are
available for review (refer to the study drawing listing in Appendix X.) Even
though nozzles may be tequired, it was contemplated they would be applied to
castings which would be contoured to closely fit the fluidized bed floor tubes,
These castings would be bolted providing cooling in addition to the affect of the

fluidizing air flow.

One facet of the fuel injection point spacing shown on FBB~20 in the fuel burning
grid is the clearance from one transport pipe to the next. The arrangement shown
is to allow all nozzles to enter from one side of steam generator.
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STEAM GENERATOR - CAREON BURN UP CELL

On drawing FBB-20 attached, there is a sectional view through each component of the
steam generator, In the case of the carbon burn up cell, it should be noted that

the gas is collected at one end of the combustion chamber and directed thrdugh the
carbon burn up cell where carbon rich ash is injected and burned with a combustion

air streamthat is part of the combustion air stream. Some heat transfer surface is in-

stalled in the carbon burn up cell to control the bed temperature.

The location of the carbon burn up cell whether up stream or downstream of

the primary dust collector is a matter of much discussion, and review. In

the case of the designs presented, here it was felt that the boiler design should
take precedence. It is seen upon close review that the bed temperature control is
part of the boiler steam generating circuits. To place the refiming system
upstream of the primary collector requires the separation of the boiler circuits.
This could very likely lead to having a third boiler component and would at

least lead to higher equipment costs.

There is, of course, the likelihood of insufficient oxidation of unburned carbon

in the arrangement selected which is a "once through" system. It is thought that the
_arrangement selected is also better since recycling of ash is not a feature. It

must be realized that cbmprehens;ve data do not exist to outline the carbon burn-

up cell location and operation. At this time it is fglt that both higher fluid bed
temperatures and higher relative air flows are returned to achieve the desired results,
Bed temperatures are thought to be 1900 to 2000°F. with 50Z excess combustion air
supplied to the carbon refiring system.

The need for turndown led to sectionalizing the carbon burn up cell into four

sections which would generally be operated parallel to the fuel burning bed

sections. Ash would be air transported to the carbon burn-up cell and injected
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similar to the fuel. Combustion air and ash injection would be operated in
parallel for each carbon burn-up cell segment. In addition, equipment and
instrumentation would be installed to bias air flow to allow temperature control,

Increased air flow will lower the bed temperature.

STEAM GENERATOR - SUPERHEATER

For the capacity, steam pressure and temperature conditions selected, the
superheater heat absorption represents only 15% of the heat output in the steam.
It should be noted that this is less than the single bed section capacity of

25% of the total fuel burning capacity. This fact and that economical design
does not allow fuel modulation of a single bed section, ied to the decision

to utilize a "conventional" superheater design,

In the utility Fluidized Bed Combustion Steam Generator, a unit of the fuel
burning bed can be large ernough to have individual control of firing rate and,
thus, be devoting the possible heat absorption to superheating, a constant final
steam temperature can be obtained. Superheater tube excessive metal temperature
protection and start-up problems are easily handled when an entire bed unit can

be used for superheating. The industrial steam generator case is more restrictive’

bacause of size and heat input.

To follow conventional superheater design for the industrial boiler application,
no superheater surface is included in the bed, It is arranged so that the flue
gas from the fuel burning beds is gathered together and passed through the

superheater and '"boiler bank" or convection pass.

It is anticipated that the superheated steam temperature would be "uncontrolled".

This is to say that it is designed for full load conditions with no means to
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"trim" or control steam temperature. There would be no need for special means
to protect against exceeding the superheater tube metal temperature capability

since there would be little or no disparity between steam flow and heat absorption.

The superheater would be arranged with vertical headers outside the outer wall
of the convection zone. Tubes would be arranged to have counterflow steam to
flue gas with the tubes passing back and forth normal to gas flow. Drawing FBB20

attached, depicts this arrangement of superheater surface.

To balance the factors of heat absorbing surface, physical limitations and
pressure drop, 2-1/2" 0.D. tubing was chosen. A vertical spacing normal to gas
flow of 6-1/2" was used. A parallel or back spacing of 4" was used. The two
basic design parameters which are the full load superheater pressure drop

(27 PSI) and also the metal temperature considéragion, will allow the use of

carbon steel tubing.

The flue gas temperature levels in the superheater section dictate that the
largest component of heat absorption is convection with only a slight radiant
characteristics. .In such an arrangement of superheater, it is commonly seen
that the steam temperature is directly related to load. Part of this effect is
the increase of the initial gas temperatufe; Advantageously, the fluidized

bed steam generator offers some means to control this characteristic over the
load range. By selecting bed sections either closer to, (or farther away,)
from the superheater, it is possible to affect the superheater inlet gas

temperature and to adjust the steam temperature accordingly.

In regard to turndown, if excess air is used for bed temperature control, the

steam temperature will be effected. If excess air is increased, the steam
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temperature will increase. A de-superheater in the boilef system to reject heat
from the stream will be needed in this case, Unlike utility boiler practice, |
however, the steam temperature trimming system would not be designed to extend
the control range of steam temperature but only fo adjust the unbalanced or

transient operation,

The convectional type. superheater would: reduce boiler design pressure since
some means to protect superheater tube metals if they were located in the bed
is not needed; it would provide for easy startup; and it would allow greater

safety of the materials at lower loads. In light of these factors, it is the

better choice for the industrial steam generator applications.

STEAM GENERATOR ~ CONVECTION PASS

To recover heat from the flue gas to a level where only one heat trap is needed,
the flue gases leaving the superheater are passed through the convective section
1"

of the steam generator. In convection zone, 2" tubes are arranged on 4-1/2

spaces. They are part of the steam generating heat absorption,

STEAM GENERATOR - WATER CIRCULATION SYSTEM

Iu tﬁe steam generator, a circulating pump is applied to supply flow

through ghe heating surface that is submerged in the fluid bed. The walls of
the fluidized bed combustion chamber and all other surfaces are cooled by
“natural circulation" water recirculation, Drawing FBB-32 attached shows a
schematic view of the circulation system. No valves are used to parallel flow

through various circuits,

Circulation requirements and parallel path préssure drops are adjusted to
maintain safe operation under all operation conditions. For the proposed
design, this has been studied by 1ntrodUCiﬁg elements of pressure drép, such

as, "underdrilling" the header eAfries for tubes, selecting pipe sizes tbvintfof

duce or to eliminate pressure drop influences. For examplé, in "un"é;dfilling"
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a header the diameter of the hole that is drilled through the counter bore
that receives the tube in the header is less than the internal diameter

of the tube, An orifice results.

Since the system resistance is not great, pipe sizing to insure equal
distribution must be done carefully. Also, piping linke must create a good

distribution system,

ECONOMIZER
A study of heat traps was made comparing tubular and regenerative air heaters
and, bare tube and extended surface tube economizers. By cost comparisons

it would found that the extended surface economizer was found to be most
economical. (The results are inline with the present steam generator

equipment purchasing practices.)

Although some work on Fluidized Bed Combustion alludes to the necessity
of two heat traps, it developed through Erie City work that there is sufficient
convection surface in the steam generating system to obtain high thermal

efficiency. As a result of this finding one heat trap is the economic choice,

See Appendix XIfor a discussion of the heat trap application.
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PRIMARY ASH COLLECTOR:

To obtain the maximum thermal efficiemcy by reducing unburned combustibles to low
-ends it is necéssary to refire carbon rich ash that is elutriated from the fuel
burning bed sections. The system chosen to do this is a cluster of cyclone dust
collectors downstream of the fuel burning fluidized bed sections. The cyclones
are arranged to handle all flue gas from the bed. They are refractory lined and
internally insulated. Collection efficiency will be 907 of the aBh, carried out
of the fuel burning beds. Sectionalizing dampers will be required to maintain

collection at reduced loads.,

Ash removed from the gas stream is transported to the carbon burn-up cell where in
another fluid bed the carbon is refired at relatively high rates of combustion air

and at bed temperatures higher than the fuel burning sections.

It is anticipated that the amount of‘ash will be related to load. Because of this
the carbon burn-up is compartmented to allow shut down of sections for turndown,

Shown on the schematic drawings FBB-30 and 31, hoppers are linked in series to the
ash transport system allowing-independent cperation of the dust collector sections

and carbon burnup cell,

QSﬂ HANDLING SYSTEMS:

There are two fundamental ash handling systems. One for carbon rich ash receiving

ash and carbon from the primary cyclone collector and the other transferring ash from
the bed sections and from an ash pickup point underneath the superheater. In the case
of the dry solids system, the electrostatic precipitator ash is also discharged to

the ash system,

In all cases a pneumatic ash handling system is contemplatea. The system would be
pressurized and the ash feeders would be lock hopper types to feed across the
pressure interface. The lock hopper feeders offer an advantage in that feed rate
can be adjusted to cbmpensate for operational adiustments.

Lock Hoppers and ash feeders are available and are proven equipment. -See Appéndix

IX for information. D-22



CONTROLS AND INSTRUMENTATION:

There are three basic divisions within the overall control system for the fluidized

bed combustion boiler. The combustion controls, the feedwater flow control and

steam temperature control. The basic principies of the control system are the same

for the fluicdized bed combustion unit as for any sub-critical recirculating type boiler.
Nomenclature and the detailed control loops are slightly different in the case of the

Fluidized bed system, however,

The following will outline the functional aspects of the three different divisions

of the control system (Reference drawing FBB-27).

INSTRUMENTS & CONTROLS - COMBUSTION CONTROL SYSTEM

The fuel burning fluidized bed is sectionaiized to allow shutting down one or more
sections for turndown and for on~line maintenance purposes. The air flow to each
section may be modulated independently of other sections. Fuel flow, however, is

anlit equally to each operating secticn and may uot be blased to one bed section.

Combustion air is fed to a common plenum by the forced draft fan with the plenum air
pressure being maintained by the inlet vanes. Combustion air flow to each bed
section and to each section of the carbon burn-up cell is controlled by individual

dampers. Flow to each section is measured and totalized.

Bed temperature is measured in each bed and carbon burn-up cell section. Bed
temperature is a factor in the air flow control and also is a limit in starting up

and shutting down individual bed sections.

Steam header pressure 1is the load sensitive control element used to initiate fuel

feed.
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In reference to the functional control schematic, it is seen ;hat the plenum chamber
pressure transmitter signal is compared to a summed signal originating from other
control functions representing air ﬁressure demand. The output signal from the error
computer is sent to a proportiomal plus reéet contféller to é hand-auto station and to

the forced draft fan vane positioner.

The fuel feed signal is developed bY comparing the header pressure signal to a
set point. The error signal is sent through a proportional plus reset controller
to the boiler master hand-auto station to a multiplier receiving a signal from
tﬁe fuei air ratio setter to the fuel feeder hand-auto station t§ the fuel feeder

speed controller,

Multiple control loops are required for the air flow control system. One loop is
shown on the schematic drawing and is typical for all bed and carbon burn up cell

sections.

In an air flow lcop the air flow signal is compared to a demand signal froem the
master and from bed temperature. The master signal is modified by a multiplier
.iﬁdicatiné the number.of bed sectio;s in service, (The multiplier is required to
indicate the extent of fuel splitting-~to cite‘an example, for the same'fuel feed
at 502 load 2 or.3 bed sections may receive éhe fuel. A different air flow |
relationship to master signal is required in each case). Tﬁe bed temperature
signal is converted to éneumatic-and compared to a set point. The error is sent to
a proportional plus reset controller where the output is alarmed and sent to a

summing relay along with the master signal.

When there is an error between the air demand and actual air flow the error signal
is sent to the proportional plus reset controller, the air flow hand-auto station,

and to the damper drive positioner.
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For alarm purposes, if there is a significant difference between the master and air

flow signal, an alarm will be signalled.

For bed starting up a sub-loop including a transfer switch and time delay volume
chamber is used to control the rate of air flow introduction and bed fluidization.
The system schematic shows that the output to the final error computer is limited

by a rate system initiated from the transfer switch.

The two demand signals for the plenum chamber pressure control system are developed
from the master signal air flow multiplier and the output to the damper drives. To
compensate quickly for a change in the number of operating beds, the master

air flow multiplier output enters the summing relay, Also, the highest air flow damper

signal is sent through a proportional reset controller to the same summing relay.

By using the highest damper signal sufficient plenum pressure is obtained to have

sufficient air flow capability to each bed section.

FEEDWATER FLOW CONTROL SYSTEM

The feedwater flow control or steam drum level control is a three element type.
Feedwater and steam flow signals are compared. If a difference occurs, a signal

is sent to a rate response system and to the feedwater flow control. The steam

drum level is compared to a set point, If a difference exists, a signal is set
through a summing relay to the feedwater control system. The signal from the flow and
from the level is compared and sent to a proportional reset controller to the feed-

water hand-auto station and then on to the flow control valve positioner.

STEAM TEMPERATURE CONTROL SYSTEM:

In light of varying bed operating conditions and extending the load range of

constant superheater steam temperature a spray attemperator will be used.
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The principal signal will be the steam flow in a two element system. The

outlet steam temperature signal is converted to pﬁeumatic and compared to a set
point. The error signal is sent through a prdportional plus reset controller and
summed yith the steam flow signal. The combined signal is passed through fhe

attemperator hand-auto station to the spray flow control valve.

ELECTROSTATIC PRECIPITATOR:

In the dry solids system particulare emission is controlled by an electrostatic
precipitator. It is designed for low sulfur gas conditions and will have greater

than 99% collection efficiency. See Appendix 1X for information.

WET SCRUBBER-SLURRY DEWATERING:

In the wet scrubber system, the contacting stages scrub the flue gas free from
particulates. At the same time, sulfur oxide gases are absorbed by the limestone

slurry passed through the scrubber. See Appendix IX for more information.

The wet scrubber also requires a slurry dewatering system. This includes a thickener
and a vacuum filter and a material handling system. Drauiﬁg FBB-36 presents a

schematic view of the equipment required.

DISCUSSION OF THE TWO SYSTEMS

The arrangement drawing, FBB-23, is useful in establishing the floor space and
volume required for the dry solids system. It should be noted that all components

shown are on bottom supported from the grade elevation.

Drawing FBB-34 shows the heat and material balance for the dry solids system.

Appendix VI presents the relationship used to establish the material balance.
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DRY SOLIDS SYSTEM:

At the outset of this study of fluidized bed combustion application, the
principal means to control sulfur dioxide emission was thought to be one
wvhere the fuel was burned in an environment of calcined limestone. As soon
as the sulfur was oxidized it would be absorbed by sulfation of the iimestone.
At the bed temperature of 1650° F. this reaction was feasible although the
kinetics require several times the stoichimetric amount of limestone. In
fact, at the rate of 6 times the amount of sulfur in the coal, the amount of

limestone required is nearly equivalent to the coal feed.

This amount of ash, for the purposes of this study, is said to be '"once-through'".
That is, fresh limestone is fed continuously to control the sulfur emission.
After it has reacted with sulfur in the bed and has been removed from the system,
it is discarded. Some work is contemplated to develop regeneration techniques

but the effects of limestone regeneration were not considered in this study.

For discussion purposes, three drawings attached describe the dry solids
system, Drawing FBB-30 shows a flow diagram pointing out the components parts
and a schematic system for auxiliary equipment. Drawing FBB-23 presents an

arrangement of the equipment showing front, side and plan views.
Drawing FBB-34 presents a heat and material balance for the dry solids system.

To describe the various components and their function it is seen that all
steam generator components and auxiliary equipment are shown on FBB-30. On this
drawing it is seen that coal is crushed to the firing size, transferred to a

surge hopper where it is metered into the fluid bed chamber along with the
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limestone which is rate fed into the system. Combustion ait.is forced through
the fluidized bed grid to burn the coal. Flue gas passes through the primary
dust collector. The flue gas 1is then cooled with superheater, convection pass
and economizer prior to final particulate removal in the electrostatic
preéipitatot. Carbon rich ash removed in the primary cyclones 1is burned

in the carbon burn-up cell. Limestone which has collected sulfur from

the coal is extracted from the bed and sent to the ash silo. This same ash
handling system receives ash from the hoppers under the superheater and

from the electfostatic precipitator. All components required are shown on

this drawing including valves, dampers, etc,
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WET SCRUBBER SYSTEM

As work progressed in this study, it became apparent that the control of and the
feeding and material handling problems yjth the dry

solids system could be somewhat alleviated if there was more efficient use of
the limestone feed. To do this, it ‘1S proposed to calcine the limestone in the
bed and then transfer it and make a lime slurry for a stack gas scrubber. This

system requires 20% more than the stoichimetric amount of limestone.

Enough energy would be expended in the sulfur gas absorption system to remove

paﬁticulates along with the absorption of sulfur gases.

Drawing FBB-31 presents a schematic flow diagram for the wet scrubber system show-
ing the component parts. Since the fuel feeding system and the steam generétor
remains the same in both systems, only that equipment for the wet scrubber is
shown in arrangement view on drawing FBB-29. 1In addition to the contacting

stages of the wet scrubber FBB-=29, drawing FBB-36 shows the components for the
slurry dewatering system. A heat and material balance diagram for the wet

scrubber system is shown on drawing FBB-35.

ECONOMIC FACTORS OF THE TWO SYSTEMS

It was brought out that two different systems apparently could emerge from further
development work. The systems could be made to have equivalent stack emissions.

If this is true, what is the relative merit of one versus the other?

Comparisons were made as to the cost and power requirements. In both these com-
parisons, the dry solids system is the better. See Appendix I for cost compari-

son. Appendix VIII shows power requirements.
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The heat and material balance indicate a favérable effiéiency for wet scruﬁber
system. However, in reviewing capital costs, it is seen that the dry solids
system is estimated to have appreciable less first cost. The dry solids system
cost appears to be $6.10>per pound per hour of steam generating capacify. The
wet scrubber System is estimated to be $7.40 or about 207 more. Moreover, the
operating power requirements (a factor in how much énergy conversion is avail-

able for use) greatly favors the dry solids system.

For the dry solids system, it is estimated that the auxiliary power represents

0.86% of the output; for the wet scrubber 1.21%.

In totalizing the higher'efficiency and higher operating costs for the wet
scrubber'system and comparing this to the lower first cost but lower efficiency
of the dry solids system, it appears that the operating cost of the wet scrubber
would be about $45,000 per year less. This then converts to'about a 7 year pay-

off of the higher capital cost.

To the industrial steam generator user, the dry solids system would be favored
as the economic choice and in a very important factor of flexibility of opera-
tion. The coal: that was chosen is a restrictive case because of the high
sulfur values. It is-likely that sulfur values will vary. If this happens,
and if the variation is in the direction of lesser sulfur, the amount of
limestone used wiil be reducea and the economic factors becoﬁe even more favor-
able. It is soon seeﬁ that the dry solids system has the capability of react-

ing to any sulfur variation in the fuel at the minimum expense.

An important consideration for the dry solids system is the stigma against
visible stack discharge. The wet scrubber system will produce flue gas satur-
ated with water vapor. A constant plume will be observed at the stack unless

reheating is introduced adding another negative economic. factor. For example,
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reheating the stack 100° F. will require nearly 10 million BTU per hour which
more than offsets the higher efficiency savings of the wet scrubber system,
In this case, that could be no recovery of the additional first cost, due to

the lesser fuel flow,

Tabulating this information shows the following:
DRY SOLIDS SYSTEM WET SCRUBBER

System Efficiency, as pounds
of coal burned per hour
(Not including stack gas reheating) 26,650 25,900

Capital Costs, dollars/pound of
) steam generated 6.10 7.40

Auxiliary Power Requirements, as
Z of output 0.86 - . 1.21

Material Handling:

Limestone, flow, pounds/hr. 21,450 4,200
Ash Flow from system, o
pounds/hour 17,300 16,050
Stack Condition (without reheating) Colorless Saturated vapor plume
Stack Gas Reheating : 6
Heat flow, BTU/Hr, _ Not required 10 x 10

In taking the above factors into account, it appears that the Dry Solids
System is the better choice, economically. The one drawback not yet
rationalized is the regeneration of the spent line and its effect of limestone
consumption., If regeneration is developed and used, there would be another

factor favoring the Dry Solids System.
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CONCLUSIONS:

From the study of Fluidized Bed Combustion Steam Generator design and market
factors for industrial applications, it is concluded that:

1,

3.

A useful industrial steam generator for future markets will be one to
generate 250,000#/Hr. of steam at 600 PSIG and 750° F. (See Appendix
XI1I1).

In designirg a unit to meet the future markets, complete shop assembly
cannot be achieved because of configuration and size requirements.
Modular construction is feasible where components are assembled in
shippable modules which are joined at the site.

Design problem areas are not serious enough to warrant fundamental
or basic research, All problems noted are of a nature where pilot

size units will allow development of the design criteria. Problem

areas are:

a. Fuel handling - stream splitting - and coal injection - distribution
within bed - introduction of fuel at lighting off

b. Fluidizing grid design - cooling factors and air flow requirements
" = erosion N

c. Heat transfer relationships of the submerged surface in the bed
- design parameters - relationship to erosion - turndown - correlation
to variables for unique design

d. Heat transfer and reaction kinetics in the carbon burnup cell -
design parameters

e. Convection zone - erosion factors - ash deposition -~ cleanability

f. Ash handling system - operating temperature factors - effective feed
rate control - oxidation of carbon rich ash

Steam generator and auxiliary design can be along the lines of current
practice where units are self-supporting off grade minimizing structural
components and installation time.

The dry solids system design provides greater flexibility in economy
since it can adjust to actual fuel criteria easier than the wet scrubber
system. For example, the limestone feed rate is more eaqily adjusted

to sulfur in the coal.

Operation of the Fluidized Bed Combustion Steam Generators is more
complicated and exacting than present coal firing systems. Safety of
operation, however, should not be a problem and no more severe than
present techniques.
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CONCLUSIONS (CONT.)

7.

Industrial steam generator users will not respond favorably to
Fluidized Bed Combustion units until there is an operating unit
utilizing all the equipment and application rules that are to be
used on the proposed system,

Present technology 1is sufficient to proceed to build a unit to
test the fundamentals and to develop problem areas. Boiler
manufacturers will not respond to support development costs
without industry wide or without government support. Market
possibilities are not sufficient to support the necessary funding
on a unilateral commercial basis.
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DRAWING NO. ' TITLE

FBB-19 Boller Arrangement
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FBB-31 System Schematic - Wet Scrubber

FBB-32 . System Schematic (Feedwater-Steam)
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System

FBB-36 » Slurry Dewatering System
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INDEX APPENDICES
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COMPARISON 'OF INSTALLED COSTS*
FOR EOUIVALENT CAPACITY, FIELD ERECTED,
STEAM GENERATORS FIRING

DIFFERENT FUELS

Steam Generator A" "B" e "p"
(See detailed —
description)
Fuel & Firing Gas or 01l Coal fired, Coal fired,
Technique firing spreader fluidized
stoker bed combus-
tion.
S0 emission control Low sulfur Not Dry solids Wet Scrubber
fuel furnished system system
Installed Cost
for boiler system, § 610,000%* 1,375,000 1,524,000 1,852,000
Installed cost for
$09 control system, --- 520,000 - -- ---
add, §

Installed cost 610.0
total for equivalent »000 1,895,000 1,534,000 1,852,000
emission to atmosphere, $

Cost per unit

Steam generation, $/#/hr. 2.44 71.57 6.10 7.40
for equivalent stack

emission

* Costs are based on experience with similar steam generating units escalated to
current prices. Estimated factory and installation prices are used for FBC
Steam Generators.

*% If the steam generator is shop assembled, the installed cost will be reduced
l6Z.
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DESCRIPTION OF THE FOUR DIFFERENT STEAM GENERATORS USED IN CAPITAL COST AND OPERATING
COST COMPARISONS ‘

Steam Generator "A":

Erie City Energy Division, Field Erected, "Keystone' Steam GCenerator

Operating Conditions:
Steam Flow - 250,000#/hr.
Steam Pressure - 600 psig
Steam Temperature - 750° F,
Feedwater Temperature 250F
Stack Temperature - 300F
Boiler Efficiency - 82,272
System resistance - 11.8 in wg.
{Pressurized operation)

Puels: Natural Gas - #2 0il

Terminal connections are: inlets to: economizer, fuel train and stack
outlets from: superheater

Equipment Furnished:

Burners - ECED circular burners ,

Boiler - bottom supported - no preassembly.

Superheater

Economizer - extended surface

Flues, Ducts and Dampers (not including stack)

Supporting Steel

Soot Blowers

Conmbustion and Feedwater Control Systems

Refractory and Insulation

Piping for: boiler fuel system, connection between economizer
and boiler and trim piping

Services Furnished:
Erection supervision

Erection labor
Start-Up Service
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STEAM GENERATOR DESCRIPTIONS (CONTINUED)

Steam Generator "B"

Erie City Enerpy Division, Field Erected '"Cross Drum" Steam Generator

Operating Conditions:
Steam Flow - 250,000
Steam Pressure - 600 psipg
Steam Temperature - 750F
Feedwater Temperature ~250F
Stack temperature - 400F
Boiler Efficienecy - 85%
System air resistance draft loss - 12.4 in wg.
(Balanced draft)

Fuels burned: Bituminous coal
(Sized to no more than 307 through 4 mesh screen)

Terminals are: outlets from: ash handling system and superheater
inlets to: economizer, stoker feeders and stack

Equipment Furnished:

Forced dralit and induced draft fans and drives
Stoker - Detroit roto grate - spreader stoker
Boiler - no preassembly - top supported
Superheater

Economizer -~ bare tube

Boiler columns and top grid steel

Soot blowers

Combustion and feedwater controls

Refractory and insulation

Mechanical collector

Electrostatic precipitator

Flues, ducts and dampers (not including stack.)
Ash handling system

Piping for: connection between economizer and boiler and trim piping

Services Furnished:
Erection supervision

Erection labor
Start-up service
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STFAM GENERATOR DESCRIPTIONS (Continued)

Steam Generator '"'C"

Erie City Enerpy Division, Modular, Fluidized Bed Combustion, Steam Generator using
Dry Solids SO2 Control.

Operating Conditions: ;

Steam Flow - 250,000#/hr.

Steam Pressure - 600 psig

Steam Temperature - 750F -
Feedwater Temperature - 250F

Stack Tenperature - 350F

Boiler Efficiency - 85.4%

System Resistance = 43.4 in wp.
(pressurized operation)

| Fuel: Bituminous coal - - 1007 through 4 mesh’

Terminals are: inlets to: economizer, coal feeder, limestone
feeder and stack
outlets from: ash silo, superheater

Equipment Furnished:

Forced draft fan and drive

Coal feeding system including rate feeder, splitterand injectors

Limestone feeder

Boiler - bottom supported pre-assembled into two modules

Superheater

Economizer - extended surface

Supports for mechanical collector economizer &and precipitator

Combustion and feedwater controls :

Refractory and insulation

Mechanical collector

Electro static precipitator

Flue, ducts and dampers (not including stack)

Ash handling system and silo

Piping for: Boiler fuel system, between economizer and boiler
and trim piping.

Services Furnished:

Erection Supervision
Erection Labor

D-70



STEAM GENERATOR DESCRIPTION (Continued)

Steam Generator 'D"

Erie City Energy Division Modular, Fluidized Bed Combustion Steam Generator
using a wet scrubber - particulate and SO, removal system

Operating Conditions:

Steam flow - 250,000#/hr.

Steam pressure - 600 psig

Steam temperature - 750F

Feedwater temperature - 250F

Stack temperature - 132F (Saturated with water vapor)
Boiler efficiency - 85.82

System resistance - 58.8 in wp.

(Pressurized operation)

Fuel: Bituminous coal - 100Z through 4 mesh

Terminals are: inlets to: economizer, coal feeder,
linestone feeder and stack
outlets from: vacuum filter and superheater

Equipment Furnished:

Forced draft fan and drive

Coal feeding system including rate feeder, splitters and
injectors

Limestone feeder

Boiler - bottom supported (pre-assembled into two modules)
Superheater

Economizer - extended surface

Supports for mechanical collector, economizer and precipitator
Combustion, feedwater and scrubber controls

Refractory and insulation

Mechanical collector :

2 gtage wet scrubber with slurry tank and pumps

Flues, ducts and dampers (not including stack)

Prneumatic transport ash handling system

Slurry and ash dewatering system

Piping for:
Boiler fuel system, between economizer and boiler trim
piping and scrubber system convections.

Services Furnished:

Erection supervision
Erection labor
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COMPARISON OF APPROXIMATE INSTALLED COSTS FOR

EQUIVALENT CAPACITY, FLUIDIZED BED COMBUSTION STEAM GENERATORS,

(SHIPPED AS TWO SHOP ASSEMBLED MODULES)

WET _SCRUBBER_SYSTEM

COMPONENT

Crusher

Fuel system(not including
bunkers, and system upstream
of bunkers)

Forced Draft Fan

Fuel System Sealing
Fan & Heater System

Steam Generator System
Recirculating Pump & Economizer

Ash System for Slurry System
for Carbon Burnup

Mechanical Dust Collector
Wet Scrubber System
Controls

Dewatering

Wet Scrubber System

Approximate Cost ===--===-c==-=--

APPROXIMATE
EQUIPMENT COST

18,000

74,000

54,000

12,000

753,000

100,000

30,000
300, 000

61,000

80,000

D-T72

APPROX IMATE
INSTALLATION COST §  TOTAL §$

Not Included 18,000
25,000 99,000
5,000 59,000
10,000 22,000
95,000 848,000
50,000 150,000
15,000 45,000
100, 000 400,000
30,000 91,000
40,000  _120,000
-------------- 370,000 ------- 1,852,000



DRY SOLIDS SYSTEM

CHANGE THE WET SCRUBBER SYSTEM BY:

REMOVING :
APPROXIMATE APPROXIMATE
EQUIPMENT COST_$ INSTALIATION COST $ TOTAL $

Forced Draft Fan 54,000 5,000 59,000
Ash System 100,000 50,000 150,000
Wet Scrubber 300, 000 100,000 400,000
Dewatering 80,000 40,000 120,000

' 534,000 195, 000 729,000
AND. BY ADDING:
Forced Draft Fan 35,000 5,000 40,000
Ash Handling System 170,000 85,000 255,000
Electric Static Precipitator 76,000 30,000 106,000

281,000 120,000 401,000

Adjust Wet Scrubber Price
to obtain Dry Solids Price (-) 253,000 (-) 75,000 (-) 328,000
Dry Solids System

Approximate Costs 1,229,000 295,000 1,524,000
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A)

B)

)

COMPARISON APPROXIMATE INSTALLED COSTS FOR EQUIVALENT
FLUIDIZED BED COMBUSTI