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INTRODUCTION

Early in 1974, the Texas Air Control Board was
requested to provide assistance in the work ~: the
Governor's Energy Advisory Council, specifically in
projects E/S-2 and E/S-4 of the Envircnmental and
Social Committee. Prcject E/S~2 is titled "Impact
on Air Quality of Alternate Strategies for the Pro-
duction, Distribution and Utilization of Energy in

Texas from 1975 - 2000".

This study is significant since major shifts in
fuels used in Texas are expected. The reduced avail-
ability and increased cost of natural gas is making
the use of other energy sources such as solid and
liquid fossil fuels more attractive. The use of
these alternate fuels is expected to result in increased
emissions to the Texas atmosphere of air pollutants such
as sulfur dioxide and particulate matter. While air
pollution control technology is readily available, the
application of this technology is costly and should
not be required unless necessary to protect the popu-
lation from exposure to unacceptable levels of pollution.
The purpose of this study is to examine possible energy
growth patterns and translate this growth into resulting

effects on the Texas air envircnment.



The following scurces which contribute to air

pollution were included in this study:

Electric Power Generation
Petrochemical Manufacture

Petroleum Refining

Metals Refining

Non Metal Mining and Processing
Agricultural Production and Processing
Chemical Pulping (Kraft)
Transportation

METHODOLOGY

Three growth patterns were chosen for the study
as follows. Scenario I represents a continuation of
late 1960 growth rates and assumes adeguate avail-
ability of low cost natural gas. Obviously, this
Scenario is not realistic in light of today's knowledge
of energy costs. Scenario II represents growth in a
"market forces" situation with increased reliance on
coal and nuclear power. Case three, labeled "E/S-2
growth", represents projections made by the staff of
the Texas Air Control Board based on OBERS growth
projections and information obtained from permit
applications for planned construction projects.
Scenario I and II growth data were provided by the
Governor's Office of Information Services. In most
instances, the growth projected in case three was

greater than that projected by Scenarios I or II.

Air pollutant emissions were predicted for all

growth projections. These emission calculations were



made assuming that all growth will comply with pre-
sently applicable Federal new source performance stan-
dards and with best available control technology as

of 1974. No consideration was given to probable ad-
vances in air pollution control technology nor to
breakthroughs in process technology which may drastic-

ally reduce air pollutant emissions.

Geographically the projected industrial growth
was distributed across the State in proportion to

existing installation of a similar type.
RESULTS

Predicted air pollutant emissions for all three
growth projections were made and are summarized in
Table A. The influence of expected increases in usage
of higher sulfur bearing fuels is evident in sulfur
dioxide emission projections for 1985 and 2000.
Similarly the increases shown in particulate matter
emissions reflect the increased use of solid and liquid
fossil fuels. The projected decreases in hydrocarbon
and carbon monoxide emissions reflect the influences
of application of current air pollution control regu-
lations on stationary sources and planned Federal

controls on new mobil sources.

Dispersion modeling was accomplished for most

major metropolitan areas in Texas using projected



sulfur dioxide emissions for 1985. A discussion of

parameters used in the digpersion model is found in

Appendix C along with maps showing predicted sulfur

dioxide levels. Modeling results indicate that even

with significant increases in emissions to the atmos-
phere, Federal ambient air quality standard for sulfur

dioxide will not be exceeded through 1985.

Distributicn c¢f pollutants by source category

as projected by E/5~2 growth is shown in Appendix A.
The significant increase in sulfur dioxide emissions 1is
caused primarily by growth and fuels switches in the
electric power and petrochemical industries. Similar
changes are noted for particulate matter emissions.

The significance of Federal new motor vehicle controls
is evident in the reduction shown in hydrocarbon and

carbon monoxide emissions.

The regional distribution of emissions for the
E/S-2 growth case is shown in Appendix B. Major growth

is predicted to continue 1in the coastal areas.

Capital costs estimates for air pollution contrcl
equipment were made for Scenario I and Scenarico II
projections by RADIAN CORPORATION and are shown in
Table B. Similar cost projections for E/S~2 growth

projections are not available.

Individual studies of each major source category

are presented beginning in Appendix A.



TABLE A

SCENARIO SCENARIO II E/S-2 GROWTH
Pollutants* 1970 1985 2000 1970 1985 2000 1970 1985 2000
Sulfur Dioxide (SOZ) 0.71 0.58 0.70 0.71 1.45 1.73 0.65 2.63 6.921
Nitrosen Oxides (NOy) 1.68 1.90 2.61 1.63 1.63 2.04 1.38 2.01 4.7%
Hydrocarbons (HC) 1.86 0.98 1.28 1.92 0.88 1.16 1.87 1.08 1.72
Carbon Monoxide (CO) 6.64 2.29 2.57 6.69 2.12 2.40 5.28 1.98 2.25
Particulate Matter {PA) 0.27 0.36 0.53 0.28 0.44 0.53 0.30 0.58 1.08

* All emissions in million tons per year.



CONCLUSIONS AND RECOMMENDATIONS

Major increases in sulfur dioxide and particulate
matter emissions will occur during the next several
years as a result of increased usage of solid and liquid
fossil fuels which will replace natural gas. Through
the application of Federal new source performance stan-
dards and best available control technology, it does
not appear that any areas in Texas will exceed the Fed-
eral ambient air quality standards as a result of these

increased emissions.

Significant reductions in emissions of hydrocarbons
and carbon monoxide will occur primarily because of

controls on stationary sources and new motor vehicles.



TABLE B

CAPITAL COSTS FOR EMISSION CONTROLS

FROM STATIONARY INDUSTRIAL

Electrical Generation
Agricultural Products

Industrial, including
Petrochemicals and
Petroleum Refining

Electrical Generation
Agricultural Products

Industrial, including
Petrochemicals and
Petroleum Refining

Electrical Generation
Agricultural Products

Industrial, including
Petrochemicals and
Petroleum Refining

SOURCES IN TEXAS

Scenario I

Million of 1974 Dollars

1870

0
11
25

36

Scenario II(a)

1985 2000
0 0
25 40
249 368
274 408

Million of 1974 Dollars

1970 1985 2000
0 465 618
11 15 21
25 251 366
36 731 1005

Scenario II(b)*

Million of 1974 Dollars

1970
0

11

25

36

1985 2000
547 726
15 21
291 426
853 1173

* Cost estimates to apply control technology more efficient
than that available in 1974.



APPENDIX A

DISTRIBUTION OF AIR CONTAMINANTS

BY SOURCE CATEGORY
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APPENDIX B

REGIONAL DISTRIBUTION OF

AIR CONTAMINANT EMISSIONS
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APPENDIX C
DISPERSION MODELING OF PREDICTED
GROUND LEVEL CONCENTATIONS OF

AIR CONTAMINANTS



BACKGROUND

The mathematical mcdel used to generate the fol-
lowing isopleth maps of annual average sulfur dioxide
concentrationsg is the Fast Air Quality Model developed
by the Texas Air Contrgl Board staff. The model employs
the widely accepted Gaussian diffusion equation to cal-
culate concentrations due to large elevated point sources
of pollution. Sulfur emissions from low level area
sources (e.g. mobile transportation sources) are cal-
culated by a simple eguation stating that the concen-
tration is proportional to a constant times the emission
rate per unit area divided by the wind speed. The
resultant concentration calculated by the model is the
sum of the concentraticons calculated by the Gaussian
equation and the simple equation for a specific point.
The results of the model are calibrated to local con-
ditions as indicated by sulfur dioxide measurements
made by national, state, and local air pelluticn control

agencies.

The isopleth maps are useful tools for area-wide
planning because thev show the relative density of
pollution concentrations from point to point within an
area or from vear to year under the guidelines of the
various scenarios. For instancs, the relative impact
of the use of high sulfur content fuels in 19885
{Scenario II and E/S-2 growth) vs. the use of low
sulfur content fuels in 1985 {(Scenario I} is well i1llus-~

trated by the isopleth maps of these scenariocs. However,



the predicted maximum concentrations should not be

taken as absolute values because the numbers are con-
servative in that the model usua;ly over-calculates
expected concentrations. Additionally, no adjust-
ments in stack height were made for existing sources,
presently burning natural gas, which were projected

to convert to solid or liquid fossil fuels with higher
sulfur content. 1In actual practice stack height in-
creases may be required which will further reduce ground
level concentrations of sulfur dioxide. There are many
statistically uncertain values used in most models
which affect their accuracy. The model can be no more
accurate than the emissions inventory data, the aver-
age meteorological data, and the measured ground level
data that are used in the calcﬁlation of qoncentrations.
Actual values of concentration may vary from those

shown on the isopleths by as much as a factor of two.
Therefore, the relative not the absolute values should
be considered when assessing the impact of the various
scenarios within the metropolitan areas and from year

to year.
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POWER PLANT EMISSIONS
1972 - 2000

To establish a date base for commercial electrical utilities
in 1972, data from the Electrical Reliability Council of Texas
(ERCOT), the Federal Power Commissions data on steam electric
generating plants in Texas and data from the Radian Corporation
has been compiled by region into Table I. This table shows the
generating capacity and primary fuel in each region for the State
of Texas in 1972.

In 1972 matural gas was used almost exclusively in Texas and
no appreciable amount of 0il was burned. In this study, coal and
lignite are combined as one fuel source because emissions from
these sources are assumed to be regulated to the same degree. The
gas turbine, the internal combustion engine and hydro-electric power
amount to approximately 3 percent of the total electricity generated
in Texas and very little expansion of these facilities is predicted
through the year 2000. These facilities are not a significant source
of air pollution and are not considered as a part of this study.

Because of the severe natural gas shortage. and curtailments of
natural gas supplied to utilies in 1973 and 1974, it was assumed
that of the liquid and gaseous fossil fuel burned in Texas in 1975,
70% will be natural gas and 30% will be oil.

By 1985, it was assumed that of the o0il and natural gas burned,
ninety percent will be 0il and ten percent will be natural gas. By
the year 2000, it was assumed that no electrical utility will be

allowed to burn natural gas in its boilers. This assumption is based

D-1



on the dewindling supply of natural gas and the assumption that
home heating and chemical plant feedstock requirements will be
allotted all available natural gas. Currently, there is talk of
allocating natural gas with utilities at the bottom of the priority
list. In addition, coal gasification to manufacture synthetic
ravural gas ig not expected te provide large utilities with gas
refore the year 2000, This technology is still being developed

and it has been shown that burning the coal directly in the boilers
is much more efficient than gasifying the c¢oal and transporting

the synthetic natural gas to the generating site.

Data provided by the EPA gives total generéting capacity for
the year 1969 and total power generated in 1969. From this data, a
load factor can be calculated. In 1969, this lecad factor was .51.
This load factor was used for 1972 and 1975. Because almost all
new units added in the future will be large base~load units and
better control equipment will become available, a load factor of
.55 is used for the years 1385 and 2000.

Actual planned plant expansion data supplied to this agency by
ER®COT, the FPC, and the Radian Corporation.were used to determine
generating capacities in Texas for each region for the years 1975 and
19853, This data is presented in Table II. For the period 1985-2000
ne gprojections from the utilities were available. The University
of Texas at Austin Lyndon B. Johnson Schoel of Public Affairs has
written a praliminary draft report entitled "State Planning for

Nuclear Power. This repnit projects electrical energy requirements
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for the State of Texas for 1970 through the year 1990. This data

is presented in Figure 1. Projection A assumes high population
growth and constant 1970 dollar cost for electricity. Projection D
assumes low population growth and constant price also. Projections B
and E assume Federal Power Commission estimates of price of electricity
with B using high population growth and E low population growth. Pro-
jection C and F assume the price of electricity doubles by the year
2000 using 1970 dollars with Projection C assuming high population
growth and F assuming low population growth. This Figure illustrates
that these projections are influenced highly by electrical price
changes. In 1974, Central Texas customers have experienced a price
increase from 50 to 80 percent. The Lower Colorado River Aughority
which services these customers reported a temporary reduction of
about 3 percent in electrical demand but new equipment installations
continued as in the past with no decrease indicated. Because of this,
it is our opinion that demand for electricity is not highly dependent
on price but consumers are willing to rearrange priorities to pay more
for electricity. Historically, the electrical demand in Texas has
been doubling every 8.5 to 9 years for about 30 years. For this
study, the electrical demand is assumed to slow its growth to double
every 10 years. Plotted on Figure I is Curve G which plots demand of
electricity if the demand continued to double every ten years. The
equation for the curve is: Demand in yvear x = (Demand in 1972) .

2) e x-1972) where x is the year for which the demand is bein
(2) exp (__IU__ Yy g

determined. Using a 51% utilization factor and total generating

D=3



capacity as shown on Table I the demand in 1972 is calculated to
be 139.6 Gkwh.* Using the above formula, the demand in the year
1985 will be 343.7 Gkwh. Comparing this with the LBJ School of
Public Affairs projections in the year 1985, the Curve G is one
and a half times the projected growth of C & F curves but only
75 percent of the B and E curves and only 45 percent of the high
progections of that study. Also shown is the data point for
1985 - 322.7 Gkwh which is based on known actual expansion plans of
the utilities. This data point fits in well with the doubling of
capability every ten years. Progecting 1972 demand on out to the
year 2000 will yield a demand of approximately 972.6 Gkwh. With a
load factor of .55, the.total generating capacity required in the
year 2000 to meet this demand is 202,000 MWs** of generating capacity.
To determine the emission rates for air pollutants, EPA emission
factors for existing sources were used for sources existing in 1972
and 1975 and for the gas-fired boilers in 1985. For the new sources
added in 1985 and the year 2000, the EPA New Source Performance Stan-
dards as promulgated in the Federal Register, Volume 36, Number 247
dated December 23, 1971, were used. Table 3 summarizes the EPA emis-
sion standards for new sources and the State of Texas regulations for
solid fossil fuel fired steam generators. The NOx emission rate for
lignite fueled boilers was assumed to be the same as coal-fired boilers be-
cause the EPA has indicated the lignite exemption for NOx will soan be
eliminated and the utilities have indicated that this emission rate

is being met by new lignite-fired boilers.

* Gkwh == Trillions of kwh

*%* MWs -- Million watts/hr
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0il - 20%

Nuclear - 22%

Coal and Lignite - 58%
Particulate, SO; and NOx emission rates associated with this distri-
bution of generating capacity are also shown in Table 4. The projec-
tions based on the 22% nuclear generating capacity yield emission
projections that are the highest that should be expected for the
year 2000. Figure 2 plots both the high and low projected emission
rates of NOx, SO, and particulates for the entire state for the
years 1972, 1975, 1985, and 2000.

This report predicts that in the next 25 years Texas will
experience very large increases in the emissions of particulates,
NOx, and SO, from electrical energy production. This increase is
due to the requirement to switch from natural gas to alternate

fuels and is also caused by the projected increase in electrical

demand.



TABLE 1

Generating Capacity - 1972

REGION GENERATING CAPACITY MWs
COAL OR
GAS OIL LIGNITE NUCLEAR
1 1790
2 B61
3 2855 1150
4 492
5 1936
6 e87
7 8220
8 6997
9 2314
10 1404
11 265 |
1z 159¢C
TOTAL 30,111 é -0- 1156 ~0~-

Note: Many utility boilers are capable of utilizing both gas and oil
for fuel. The breakdown of generating capacity by fuel type is
used thrcughout the report to indicate the type of fuel utilized
during the year in question.
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TABLE 2

GENERATING CAPACITY 1975, 1985, 2000

1975 1985 2000

Region | GAS OIL | C-L NUC GAS OIL C-L NUC || GAS OIL c-L NUC
i 1352 580 1f"’ 213 | 1923 izo8 2145 2718

2 780 334 116 | 1043 700 1052 1839 2365

3 2418 1036 11150 399 | 3596 1580 3152 5519 7096

4 434 186 73 654 410 719 928

5 1589 | €81 259 | 2336 550 1779 3112 4003

|

6 1064 456 152 | 1370 861 1507 1937

7 7862 3370 1246 | 11230 1800 45600 11873 | 20880 | 26416

8 6457 2767 976 | 8724 4630 8700 | 15755 | 20454

9 1928 | 826 276 | 2478 1760 i 2554 4467 5745

10 1354 580 241 | 2173 1800 § 2382 4172 5363
11 539 231 77 694 436 762 980
12 1356 581 | 1186 234 | 2116 6961 5767 9816 | 12850
TOTAL 27133 111627 12336 N "ggéz 48437 }13351 ‘~}103o# 40200 | 70700 | 90900

L-9




Standard for particulate matter**

h

(a;

(b’

TABLE 3

Envircenmental Protsction Agency New Scurce Performance Standards and
Texas Regulations for Solid Fossil-Fueled Steam Generators

I.

Fossil-Fuel Fired* Steam Generators - EPA

0.10 1b. per million B.T.U.

heat input

20 percent opacity except
that 40 percent opacity
shall be peruissible for
not siore than 2 minutes
in any hour

Standard for sulfur dioxide**

{a} 7.5 1b. per million B.T.U.
heat input when liquid
forsil fusl is burned

(b) 1.2 1bs. per million

B.T.U. heat input

when solid fossil

fuel is burned

Standard for nitrogen
oxides (expressed as NOp)**
{(a) 0.20 1b. per million
B.T.U. heat input
when gaseous fossil
fuel is burned

(b} 0.30 1b. per million
B.T.U. heat input
when liquid fossil
fuel is burned

(c) 0.70 1b. per million

B.T.U. heat input
when solid fossil
fuel (except lignite)
is burned

IT. Solid Fossil Fuel Fired Steam Generators - Texas

Reg. 105.31 No person may cause, suffer, allow, or permit emissions of particulate
matter from any solid fossil fuel fired steam generator to exceed

Reg.

*

%

0.3 1bs. per million BTU heat input maximum 2-hour average.

201.05

No person may cause, suffer, allow or permit emissions of sulfur

dioxide from any solid fossil fuel fired steam generator to ex-

ceed 3.0 1b. per million B.T.U. heat input.

New proven technoclogy

must be applied in removing sulfur dioxide from the emission from
sclid fossii fuel fired steam generators when it becomes available.

Fossil fuel mears natural gas, petrsleum, coal, and any form of solid,

of gaseous fuel derived

All standards are for a

from such materials.

maximum Z-hour average.
D~10
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Pollution Emission Rates Tons/Year 1972, 1975, 1985, and 2000

TABLE 4

Using 45% Nuclear Capacity

1972 1975 1985 2000

gion Part NOx 802 Part NOx SO2 Part NOx SO2 Part NOx ‘;ééﬂ—w

| 600 15,900 25 1,850 16,200 11,200 4,700 15,800 37,000 8,100 LY ,900 8&,70541

2 300 7,700 15 1,070 9,Lk00 6,400 4,200 20,350 20,000 6,900 38,600 72,900 |

3 9,257 Lh,700 82,800 |} 11,600 48,300 102,700 12,600 56,100 114,300 20,900 115,800 218,800

L 170 4,380 6 600 5,200 3,580 1,600 5,500 12,570 2,700 15,100 28,500

5 660 17,240 o7 2,200 19,100 13,100 7,050 28,450 60,600 11,800 75,400 23,L00

6 3Lo 8,790 14 1,470 12,800 8,800 3,400 11,300 26,300 5,700 31,600 59,800

T 2,800 73,180 112 }}10,710 94,350 64,900 31,800 122,500 267,400 80,900 437,900 826,800

8 2,400 62,300 95 8,900 77,400 53,280 21,300 83,800 167,000 59,000 328,600 618,800

9 800 20,600 32 2,650 23,100 15,900 10,300 48,950 97,950 17,100 93,800 177,200
10 480 12,500 20 1,860 16,200 11,200 5,300 18,000 41,800 15,900 87,600 165,400
11 90 2,360 L Tho 6,500 1,500 1,700 5,700 13,300 2,900 16,000 30,300 -
12 680 17720 26 1110,150 35,600 94,000 21,900 134,k00 245,500 37,500 207,500 392,300
tal | 18,580 287,370 83,176 |[|53,800 364,150 386,560 {f{125,800 550,800 1,103,700 [{270,400 1,492,800 2,798,900



TABLE &

Generating Capacity and Pollutant Emission Rates -~ Year 2000

Agsuming 22% Nuclear Capacity

Region Generating Capaciiy s Polilution Ewmissions - Tons/Year
Coal
o oil or Lignitf_, Nuclear |Particulates NO, S04
1 o 1408 3,521 1,336 11,350 64,900 123,800
2 1,052 3,049 1,156 9,800 58,800 107,300
3 3,152 9,145 3,468 29,600 175,400 321,800
4 410 1,193 452 3,900 23,000 41,000
5 1,779 5,159 1.957 16,700 99,500 181, 500
6 861 2,497 947 8,100 48,200 87, 300
7 11,873 33,144 12,951 168, 100 642,600 1,174,800
8 8,700 26,117 9,906 83,700 501, 700 913,100
9 2,554 7,404 2,808 24,100 142,900 260,600
10 2,382 6,912 2,622 22,400 133,300 243,200
11 436 1,263 480 4,000 24,300 44,500
12 5,767 16,688 6,330 54,00C 322,400 587,500
;bTAL 40,200 116,200 44,400 375, 75C 54,237,100 4,087,000
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Projection of Texas Petrochemical Industry Bmissions

Objective

The objective of this report is to define Texas petrochemical industry
emissions for a base year (1972) and to project future emissions through
the year 2000.

Summary

Petrochemical industry emissions are projected on the basis of an industry
growth rate of 9.6 percent compounded annually through 1980 and a 5 percent
rvatz from 1980 through 2000. This growth rate may be optimistic but is
considered appropriate for the purpose of examining ''pessimistic but possible'
emission projections.

Given current State and Federal air pollution regulations and projected
industry growth rates, substantial increases in NOx, SO2 and particulates
will occur by 1985 from petrochemical sources. The bulk of the increase
is produced by the switcﬁe to fuel oil and coal burning.

Existing restrictions imposed by TACB Regulation V governing carbon compound
emissions may be adequate to maintain hydrocarbon and carbon monoxide
emissions from petrochemical sources below 1972 levels at least until 1985.

Approach

Total 1972 products, energy use, and emissions are defined for 32 Texas
petrochemical plant sites. These 32 sites accounted for about 90 percent
of statewide petrochemical related emissions in 1972. Statewide growth

of emissions for 90 petrochemical sites is projected based on an assumed
32-site growth rate and the anticipated effect of present pollution regu-
lations, performance standards and control technology. Projected emissions
are redistributed on a Regional basis in proportion to 1972 Regional
hydrocarbon emission levels.

Data Sources

Data was obtained from the Texas Air Control Board 1972 Emission Inventories
for 90 petrochemical plant sites and from a telephone survey of 32 petro-
chemical sites.

The year 1972 was selected as the base year because (1) corrected emissions
inventories and computer summaries for 1973 were not available and (2) 1972
may represent best the emissions picture preceding the influence of most of
the Texas Air Control Board Regulations.



Discussion of Figure 1

The location of the Texas Petrochemical Industry in 1872 (S0 sites) is

shown in Figure 1 in terms of hydrocarbon emissions. The lecation of
existing petrochemical facilities in the coastal counties has been deter-
mined by the usual factors of favorable availability of feed stocks, large
markets, labor supply, deep water transportation, and fresh water supply.
One company official accurately described the Houston Ship Channel as the
'""best spot in the world" for petrochemical production. Most of the existing
petrochemical sites have adequate land on which to expand. Those without
adequate additioral land are expected to tear down and rebuild as needed
rather than expand to areas not endowed with the location factors described.

The location factors are expected to play an even greater role in deter-
mining petrochemical locations in the future, particularly with increased
importation of foreign crude stocks, increased development of foreign
markets and the continuing cost advantage of water transportation. As a
result growth in the Texas Petrochemical Industry is expected to occur in
the present coastal county iocations in an even greater prcportion to inland
locations than is depicted in Figure 1.

In many cases, existing plant sites, already crowded for space, cannot grow
at the rates projected. It is assumed that the growth rates will prevail
and that companies will expand into other coastal sites if not at existing
sites.

The coastal location of industry in Texas suggests at least two possible
impacts in air pollution in Texas. First, the meteorology along the coast

is more favorable for dispersion of emissions than would be most inland
locations. Second, little comfort is taken in the favorable coastal meteor-
ology because prevailing southeasterly winds carry the pollutants inland to
populated areas. A beneficial land use planning concept from an air pollution
viewpoint might be to arrange for industry lecations southwest of and spaced
in-between coastal cities.

D
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FIGURE 1
Location of
Texas Petrochemical Industiy

197% (90 Sites) Hydrocarbon Bmissions
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Discussion of Table 1

Table 1 lists 1972 emissions from 90 Petrochemical plant sites by county.

The 90 sites include all petrochemical facilities in Texas which represented
hydrocarbon emissions in the 1972 emission inventory. The present study is
limited to an evaluation of the major pollutants. Methane-type hydrocarbon
emissions and ammonia emissicns are not evaluated. Accordingly, carbon black
plants and ammonia plants were not included in this first-pass emission
projection. All other principal facilities manufacturing organic products
from liquid and gasecus hydrocarbon feedstocks are included.

The 90 petrochemical sites are located in o¢nly 18 counties and about 90
percent of all the petrochemical emissions are located in 10 coastal counties.
Harris and Brazoria counties alone account for about one-half the statewide
petrochemical emissions.

In terms of all Texas point sources, the petrochemical related industry
accounts for about 40 percent of all 1972 hydrocarbon emissions and about

20 percent of the 1972 NOy emissions. In 1972, the petrochemical sources
emitted only a small proportion of statewide S0z, (0 and particulate emissions.



TABLE 1

Texas Petrochemicall Plant Emissions By County
Adjusted 1972 Bmissions Inventory Datal

Region County Nm:l%er 1972 Bmissions in Tons
Sites NOx 2 co° PA
1 — 0
2 Gray 1 1,903 18 17,695 1,548 128
Hutchinson 3 2,905 1,268 7,671 4,642 204
3 Travis 2 26  --=---- 5  emewe-- 2
4 Cameron » 4 967 16 14,558 5,174 67
5 Calhoun 1 9,047 13 42,293 266 842
Nueces 2 11,230 13 49,013 35,120 1,694
Victoria 11,569 5 15,483 14,661 366
6 Ector 7 2,790 6 12,420 1,903 279
7 Brazoria s 47,455 2,471 143,555 41,405 2,882
Chambers 1 174 5 35 --- 86
Galveston 6 14,033 1,265 45,774 1,601 1,275
Harris 38 31,336 30,257 160,314 40,060 4,034
Matagorda 1 4,722 2 eeemee-- 5,847 2,064 269
Montgomery 1 189  wmwmaws 449  rre=ere 81
8 - 0
9 ——-- 0
10 Angelina 1 80 masmees /L S i 7
Jefferson 10 15,169 1,760 96,255 27,679 1,820
Orange 6 14,052 185 26,336 9,855 559
11 ---- 0
12 Harrison 1 3,562 2 e=ee--- 1,318 2l 245
STATE PETCHBM 18 Counties 90 171,215 37,282 639,091 185,999 14,840
(% of State Point Sources) (21.5) (3.9) (40.0) 6.7 (2.8
COASTAL PETCHRM 10 Counties 13 148,185 35,985 583,980 163,@24 13,528
(% of State Petrochemical) (86.5) (96.5) (91.4) (87.8) (91.1)
HARRIS & BRAZ PETCHEM 2 Counties 45 78,791 32,728 303,869 81,465 6,916
: (% of State Petrochemical) (46.0) 87.7) (47.5) (43.7) (46.6)
794,907 952,743 1,593,109 2,772,838 537,448

STATE POINT SOURCE -- All Counties

1 Includes some general chemical plant emissions where emissions were significant and

not covered in a separate study. Carbon black and ammonia

petrochemical totals, but would be included in State ‘point source totals.

2 1972 Inventory data adjusted to include calculated combustion emissions and evaporative
hydrocarbon emissions if these values were not submitted by the company .

3 Approximately 1 million tons of 1972 CO emissions from carbon black and charcoal plants
are not included in this table as Petrochemical emissions but are included in the State
point source total. Almost 60% of the carbon black plant emissions are in Region 2.

E~5

plants not included in




Discussion of Table 2

Table 2 presents 1972 emissions data for all point sources (not just
chemical plants) in the counties which have petrochemical facilities.

County petrochemical values of Table 1 may be compared to all point
source data of Table 2.



TABLE 2

All Texas Point Source Bmissions for
Counties Having Petrochemical Facilities

Adjusted 1972 Emissions Inventory Datal

1972 Emissions In Tons

Region County o S0 e ) K
2 Gray 3,873 430 21,796 59,643 560
Hutchinson 13,290 16,774 63,056 513,692 6,422

3 Travis 4,662 265 3,255 6 1,942
4 Cameron 4,690 27 15,023 5,177 818
5 Calhoun 50,487 392 68,662 320 9,922
Nueces 29,482 7,261 109,007 157,177 6,024
Victoria 16,201 23 15,851 14,692 748

Ector 11,900 36,619 34,839 3,572 1,096

7 Brazoria 52,255 8,618 153,958 170,616 6,485
Chambers 16,065 34 4,128 3,438 2,453
Galveston 56,382 42,600 107,745 114,454 9,071

Harris 97,681 131,086 329,095 449,445 62,209
Matagorda 5,847 3 8,908 2,071 989
Montgomery 8,591 412 9,248 90,193 4,684

10 Angelina 2,981 3,637 2,313 8,574 23,928
Jefferson 64,982 91,064 266,373 331,838 15,806

Orange 20,181 4,506 31,324 79,820 7,589

12 Harrison 4,075 1,385 2,312 4,168 7,866

11972 Inventory data adjusted to include calculated combustion emissions and
evaporative hydrocarbon emissions if these values were not submitted by the
company.



Discussion of Table 3

Table 3 regroups the 1972 emissions data of Tables 1 and 2 into Region
totals. Petrochemical industry emissions account for an appreciable
portion of total emissions only in Regions S, 7 and 10.
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TABLE

(3]

Texas Petrochemicail Plant Fmissioms By Region

Adjusted 1972 Emissions Inventory Datal

Region

Number

Number

1972 Emissions in Tons
c °£. S?f RO 355 T %) TR
ounties 1tes (All region point sources in parentheses)

1 0 0 e e e mmmmmmn mmmee-
( 32,01%) ( 1,228) ( 19,105) (  304) ( 24,445)

2 4 4,808 1,286 25,366 6,190 332

( 47,783) (102,623) (174,215) (938,122) ( 41,403)

3 1 2 26 =--mn-- §  e-e-e-- 2
( 42,557) ( 85,255} ( 12,819) {( 5,159) ( 74,181)

4 1 1 967 16 14,558 5,174 67
( 10,532) (  208) ( 21,778) ( 5,838) ( 2,715

5 3 4 31,846 31 106,789 50,047 2,902
(140,989) ( 12,787) (245,725) (293,031) ( 24,053)

6 1 7 2,790 6 12,420 1,903 279
( 46,530) (174,455) (102,413) ( 76,854) ( 8,923)

7 6 54 97,909 33,998 335,974 85,130 8,627
(261,214) (182,879) (624,831) (831,092) (102,135)

8 0 0 emmmmem e e e e
( 53,050) ( 10,366) ( 32,051) ( 15,520) ( 81,269)

9 0 SN
( 14,058) ( 14,962) ( 9,338) (  111) ( 37,442)

10 3 17 26,307 1,945 122,661 37,534 2,386
( 92,226) (101,0%1) {302,720) (444,734) ( 92,013)

11 0 0 e e e e e
( 5,485) (194,044) { 6,509} ( 79,876) ( 6,971)

12 1 1 3,562 - 1,318 21 245
( 48,464) ( 72,90%) ( 41,599) ( 82,197) ( 41,898)

TOTAL 18 90 171,215 37,282 639,091 185,999 14,840
(794,907) (952,743) (45893,109) (2772,838) (537,448)

1 Includes same general chemical plant emissions where emissions were significant
and not covered in a separate study.
in petrochemical totals, but would be included in State point source totals.

Z 1972 Inventory data adjusted to include calculated combustion emissions and
evaporative hydrocarbon emissions if these values were not submitted by the

company .

Carbon black and ammonia plants not included



Discussion of Table 4

To get a feel for Texas petrcchemical industry growth in products and energy,
a telephone survey of 32 of the 90 sites was conducted. A larger survey
would be useful when time permits. The 32 facilities account for 90 percent
of the hydrocarbon emissions from the 90 sites. Table 4 presents a summary
of the information obtained in the survey. Individual plants are not
described because the data is considered proprietary by the companies.

The 32 sites are expected to grow rapidly through 1980 at a rate which the
TACB staff projects as 9.6 percent compounded annually on the basis of the
survey. After 1980, the projection is taken as 5 percent compounded annually
to the year 2000. Most of the 1972-1980 growth appears to be a "run' on
converting more of the barrel of crude oil to other than fuel products. After
1980, the growth projecticn reflects a probable decrease in the growth rate
of processing crude o0il to petrochemical feedstocks. A gradual shift to a
petrochemical growth based on more expensive coal derivative feedstocks and
an increase in recycle of products made from carbon campounds may support a

5 percent or less annual growth after 1980. These growth values are aggres-
sive considering the unclear availability of sufficient feedstocks and energy
to support such growth. However, this high level of growth is foreseen at
least through 1980 by the industries contacted. Perhaps the growth rates
selected will permit a ''pessimistic but possible' emissions projection for
the purpose of this report. It did not seem useful tc examine a least
growth-least emissions projection.



TABLE 4

Survey of 321 Texas Petrochemical Plant Sites

Total Fossil Purchaged Total
Products Fuel Elec. Energy NOx SO2 HC co PA
Year 106 Tons 1012 BTU 1012 BTU 1012 BTU  Tons Tons Tons  Tons Tons
1972 29.7 6814 335 714 142012 27343 570115 170535 10809
[
; 1bs emission/100 1bs product —s~ 0.478  0.0920 1.92 0.574 0.0364
9.6 1bs emission/106 BTU = 0,417 0.0803 1.67 0.501 0.0318
compound
growth
19803 61.7 1133 60 1193 cmmmee  mmmem mmmee mmmee eee-

1 32 Largest petrochemical sources of hydrocarbon emissions, 1972

2 Reported Kwhr converted to BIU (3413 BTU/Kwhr) with no efficiency corrections

3 Projected by TACB staff based on the survey

4 386 x 1012 BTU fossil fuel used in process boilers

5 32 x 1012 BIU (9376 x 106 Kwhr) was generated on-plant using an unknown portion of the
fossil fuel



Discussion of Table §

Table 5 lists the principal assumptions made which underlie the Table 6
emission projections. Other projections may be constructed by applying
new assumptions to the 1972 values of Table 5.



N
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TARLE S

Texas Petrochemical Industry Study
Assumptions Made zor Table 6 Projections

Continued petrochemical growth in present (Table 1) petrochemical counties. No petro-
chemical addition in other counties.

Petrochemical product growth projected at 9.6% compounded annusily through 1980, 5%
compounded annually from 1980 to 2000.

Rollback of 1972 emissions via Kegulation.
A. NOx - none.

B. 509 - "% reduction of 1272 sources by January, 1877. (Little effect as petro-
caemical S02 in 1972 was almost negligible).

C. M znd CO - 80% reduction of 1972 sources by June, 1975.
. Farticulate - 50% rollback of particulate sources by January, 1974.
Fuel Distributions

% of Total Energy

Fuel wt § S 1975 1980 1985 2000
Natural gas 0 50 20 10 10
Waste gas 0 20 20 20 20
#6 Fuel o0il 0.8 20 50 50 20
Coal 2.0 C 10 20 40
Nuclear or 0 0 0 0 10

other

Growth in emissions with no new regulation development.

A. Cambustion sources

1. NOx, SO and Particulate - growth projected using Table 4 energy values,
product growth percentages in No. 2 above, and emission limits per Federal
New Source Performance Standards, Federal Register, Thursday, December 23,
1971, Vol. 36, No. 247, Part II.

2. HC and CO - growth using same approach as for NOx except emissions determined
with emission factors contained in AP-42, Compilation of Air Pollutant
Emission Factors, Second Edition, USEPA, April, 1973, One exception CO from
Natural gas combustion is assumed tc be 4 1bs per 106 ft3 instead of the
AP-42 value of 17 1bs per 106 £i3,

B. Process sources
1. NOx and SO growth with products growth.
2. HC - growth based on permit experience at 6.127 1bs HC per Ton products.
3, €O - growth at 0.1 1b C0O/106 BTU or 20% of Table 4 value for 1972.
4. Particulate - growth at 0.016 1b/ton products or 50% of Table 4 value for 1572.
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Discussion of Tatle 6

Table 6 is an estimate of future emission values obtained by extrapolating
the 90-site emission datz of Table 1 with the use of all the assumptions
listed in Table 5. The projections suggest the areas where future emissions
controls most will be needed:

1975

The effect of growth and a partial conversion from gas to fuel oil is
expected to triple SOz from petrochemical scurces by 1975. For the first
time the petrochemical industry will become a major SO; source in Texas.

Emissions of NOx and particulate increase appreciably by 1975 from the
combined effect of greater energy consumption and partial conversion to
fuel oil burning. Most of the increase is from combustion and not from
process waste gas streams. The increased particulate level probably is not
significant compared to statewide particulates.

The increased NOx is substantial and may take on greater significance when
viewed with the expected decrease in hydrocarbon and carbon monoxide emissions
brought about by compliance with TACB Regulation V. The ratio of petrochem-
ical emissions of hydrocarbons tc NOx changes from 3.7 in 1971 to 0.76 in
1975. With changes from other fixed point sources in the same direction of
decreased HC/NOx ratios, the atmospheric mix of pollutants after 1975 may not
resemble the 1972 mix. An accurate appraisal of the effect of this change

in HC/NOx ratio probably cannct be made with present knowledge. However,

the expected magnitude of the change should add incentive to expedite studies
of atmospheric chemistry--particularly in Harris County.

1985

The projection of 1985 reflects major increases in all pollutants. The NOyx,
S02 and particulate increases are primarily from oil and coal burning.
Increases in carbon compounds are primarily from growth of process sources.
Bven with the increases, the carbon compounds are not expected to regain the
1972 levels by 1985. The urojected NOx and SO levels for 1985 from petro-
chemical sources are not far below the 1972 values for all Texas point
sources {see Table 1). By 1585, the particulate emissions irom petrochemical
fuel burning operations are expected to be a significant portion of statewide
particulate emissions.

BE-14



TABLE ©

Texas Petrochemical Industry Energy & Emission Projections
(Based on 90 Petrochemical Sites)

Totall Totall Emissions

Products Bn%rgy NOx SO, HC o PA
Year 109 Tons 1012 BTY Tons Tons Tons Tons Tons
19722 48 950 171,000 37,000 640,000 186,000 15,000
1975 £3 1250 25%,000 110,000 177,000 57,000 25,000
1980 3 1978 455,000 400,000 298,000 107,000 163,000
1085 127 2524 644,000 §28,000 384,000 144,000 130,000
2060 264 5247 1,470,000 1,720,000 803,000 309,000 241,000

1 1972 product and energy levels were estimated by interpolation of the 33 site data
(Table 4) and the September 24, 1974 interim values generated by a study of over 200

chemical plant sites by Dr. H. W. Prengle, Jr. and associates (Project S/D-10,
University of Houston). Projections hold energy use constant at 20 x 106 BIU per

ton of products.

2 1972 Bmissions data for 90 sites from Table 1.



Discussion of Table 7

The projections of Table 6 are redistributed to the Regions in Table 7.
Distribution is made in proportion to the Regional hydrocarbon values of
Table 3. Any Region projected to have less than 1000 tons of any one
pollutant are omitted from Table 7.
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1975 ard 1585 Froiected Petrochemical
Industry Bmissions by Region

NOx S0 HC Cco PA
Year Region Tons Tons Tons Tons Tons
1975 2 5,000 4,500 7,000 msﬁ& 1,000
4 5,000 2,500 4,000 1,300 600
5 29,000 18,400 29,630 9,500 4,200
) 4,500 2,100 3,40 1,100 500
7 130,600 61,300 98,500 31,800 13,800
10 45,000 21,000 34,000 10,900 4,800
12 500 200 500 100 100
TOTAL 233,000 110,000 177,000 57,000 25,000
1985 2 25,500 32,900 15,200 5,70 5,100
4 14,700 18,900 3,800 3,300 3,000
5 107,600 138,400 64,200 24,100 22,000
6 12,500 16,100 7,500 2,800 2,500
7 358,700 461,100 214,000 80,200 72,200
10 123,600 158,900 75,500 27,600 24,900
12 1,300 1,700 800 360 300
TOTAL 644,900 828,000 384,060 144,000 130,000
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Objective

The objective of Project £/5-2 ig 70 exumine the impact on air quality of
alternate strategies for production, distribution and utilization of energy
in Texas in the period 1975-2000. This portion of the input data concerns
existing and future petroleum refining capacity, fuel usage, fuel conversions,
and the resultant pollutant emissions from refining ope :tions. The key
years are 1972, 1975. 128% and 2000. 1972 is the latzst year for which
capacity, fuel usage, emissions. =tc. is documenied and thus, serves as the
Bas: Year. 1975 and i285 are the key years in determining compliance with
e raguirvements of the State and Federal Clean Air Acts. The Federal
Loancards for named pollutants ave to be achieved in all Regions by 1975

{or 1977)* and maintenance of these standards is required thereafter. The
following 10-year period (1975-1285) is to be examined for maintenance using
an area basis (SMSA's).

An outline of the Work Plan for Refineries ({Table 1) breaks the effort down

into nine steps.

Capacity of Texas Fuel Products Refineries

The capacities of the Texas fuel products Refineries operating in 1872 are
listed in Table 2 in bcth barrels per calendar day (B/CD) and barrels per
stream day (B/SD). The Bureau of Mines format of Inland/Gulf Coast split is
used. The 15 Inland Refineries operating in 1972 had a capacity of 417,850
B/CD whereas the 22 Gulf Coast Refineries had a capacity of 3,093,305 B/CD.
Natural Gas Liquids (NGL)} as well as crude is "Runs to Stills' in these
refineries; in some casaes the fraction of feeds other than crude is significant

in its contribution to the fuel product mix. The extra NGL in 1972 is esti-
mated to 175,000 B/CD. The total capacity in B/CD for the 37 fuel products
refineries including the NGL is listed as 3,686,135 out of a B/SD capability
of 3,844,870,

Verification of the List of Refineries

Source data for operating capacity for fuel products is API, Bureau of Mines,
0il and Gas Journal, Texas Railroad Commission, and the TACB Emission Inventory
Files. 1In some cascs where values were not reported, estimates were made.

A number of refinsries were idle, produced specialty products, reclaimed

1977 appiies if a 2-year extension is granted.



motor oil, recovered tank bottoms, or was a petrochemical operation, hence
these non-fuel products facilities were not counted in this study as operating
refineries in the Base Year, 1972. Refer to Appendix Item 7 for supplemental

information.

The above numbers contrast with the Railrcad Commission compilation (Rums

to Stills) of 3,643,841 B/CD in calendar year 1972, the Mid-Continent Survey
value of 3,360,585 B/CD for 24 reporting Refineries and the API listing of
3,774,000 B/CD.

Our conclusion is that the 37 Refineries considered actually charged 3,643,841
B/CD as Runs to Stills. The differences result primarily from treatment of
Natural Gas Liquids and the classification of Refineries and Natural Gas or
GAsoline Plants. As an additional check on the refineries in Texas, the
Refinery Section of the R. W. Byram and Company Survey for 1974 was examined.

Mid-Continent Questionnaire Capacity Listing

Only 24 Refineries reported in this Survey (Appendix Item 1) and not all of
them reported on all questions. The other data sources are believed to be
more accurate than Section 1-Identification,and Section 2-Refinery Capacity
of this Survey when the total Texas fuel-products refining capacity is the

desired basis.

Pollution Emission in 1972

The quantity of named pollutants emitted by these fuel-products refineries

is listed in Table 3. The list is in descending order, within State, for
sulfur dioxide (SO7) emission. 497 accounts are included in the list of

SOz emitters. The 37 refineries release 221,981 T/Yr of SOy out of the total
952,743 T/Yr listed for the State—this is 23.3%. The rank of the refineries
within the 497 accounts 1list varies from 4th to 491st. Three refineries are
in the top ten highest emitters of S0. It should be noted that in 1972 many
refineries burned clean natural gas and in a number of refineries the in-plant
produced fuel gas is also clean—yet the SO7 emitted by the industry is sub-
stantial. As conversions to other fuels result from supply restrictions or

or cost of natural gas, SO2 emission is expected to increase since the fuel

alternates contain significantly higher sulfur.
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