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A PARTIAL LIFE CYCLE INVENTORY OF
. PROCESS AND TRANSPORTATION ENERGY
' FOR BOXBOARD AND PAPER TOWELS

INTRODUCTION

This appendix presents. the aggregated process and transportation energy
used to manufacture boxboard and paper towels from virgin raw materials and
from recycled mixed papers. Also included itv'thisstiidy are any process
greenhouse gases emitted from these products or their raw materials.

Although they are not complete life cycle inventories, the energy profiles
for:each virgin material are based on lifé cycle inventory (LCI) practices. The
process energy-and transportation energy for most steps in the life cycle of the
materials are included. The life cycle of each virgin material begins with the
acquisition of raw materials, such as the harvestmg of trees or the production of
crude oil. The energy profilés for the v virgin materials ifichide raw materlals
acquisition through manufacture of the material or:product specified. -

For the recycled materials, the energy profiles represent a systerri which
begins with the production of a first product (including mixed paper, newspaper,
and corrugated boxes). Then, these products are collected and transpotted toa .~
repulper and then to the production of the second product, which will be
boxboard or paper towels in this study. The previous discussion represents a
"two-product open-loop" recychng system. Open—loop recycling is dlscussed
later in this report.

The following sections of this appendix present: 1) the data tables and
flow diagrams illustrating the systems evaluated; 2) a discussion of the overall
boundary conditions for the systems studied; 3) a discussion of the processes
evaluated for each system, and 4) the data sources (references) for each process
step in the models.

FLOW DIAGRAMS AND DATA TABLES

A flow diagram and data table are presented for the production of each
material both from virgin and from recycled inputs. Each flow diagram shows
the process steps that are included in the boundaries of the analysis. The data in
the associated table show the aggregated energy to produce one ton of the
material specified. The tables also present any greenhouse gas emissions
produced during the process steps.
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Figure 1. Flow diagram for the production of one ton of virgin kraft unbleached boxboard.
All numbers represent pounds of materials.

* This material is considered negligible in the model.
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DATA FOR THE PRODUCTION OF ONE TON %j@;@}z
OF VIRGIN BOXBOARD ¢
_ ‘ _ Total ' N\ﬂ)
Energy Usage Energy - Q L)[\J\
" Thousand Btu -

Process Eriergy \(
Electricity 154 kwh g g {f«.}f i, 1,717 N b
Natiiral gas 2,509 cuft 2,910 %W ;KO/L
LPG | 0.0042 gal 0.45 L
Coal 676 b ‘ C 7,747
Distillate oil 0.0088 gal 1.39
Residual oil 177 gal 304
Gasoline < 6.1E-04 gal 0.086
Diesel ' 277 gal T ¢ 439
Wood ’ 19,146 thousand Btu - 19,146

Total Process * R 32,264

Transportation Energy _

Combination truck 1,126 ton-miles
Diesel 106 gal 1,676
Rail 302 ton-miles - '
Diesel 0.72 gal 115
Barge ' 0.79 ton-miles
Diesel 0.0016 gal 0.25
Residual oil 6.3E-04 gal B 011
Ocean freighter 240 ton-miles
Diesel 24E-04 gal 0.038
Residual 0.0043 gal . - 0.74
Pipeline-natural gas 0.098 ton-miles
Natural gas 022 cuft . 0.26
- Pipeline-petroleum products 0.17 tori-miles
Electricity - 0.0036 kwh 0.041
Total Transportation 1,792

Environmental Emissions

Process Greenhouse Gas Emissions
Fossil Carbgfi Dioxide 16.5 b [

Source: Franklin Associates, Lid.
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XBOARD &°
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(Collection). deinking, and recycled boxboaz‘:c__l,.‘maguﬁgg;ure)

@«REC\/CLED PAPER

Energy Usage

Process Energy
Electricity
Natural gas
LPG
Coal
Distillate oil
Residual oil
Diesel
Total Process
Transportation Energy
Combination truck
Diesel
Single tnit truck
Diesel

Total Transportation

Source: Franklin Associates, Lid.

1,366
1,409
0.058
479
0.028
0.48
0.70

188
1.76
23.4
0.62

kwh
cuft
gal
b
gal
gal
gal

ton-miles
gal
ton-miles
gal
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Total

Energy
Thousand Btu .

*‘%

a,f‘ a,a}if %

15,199
1,634
6.24
5,488
443
821

111

22,525

279

98.3
377
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FR@ [ RECYCLED PAPER:

(Collection, dei d recycled boxboard manufacture)

i . Total
Energy Usage . ' ' - Energy v
o \( q M(\J\/k\ 'Tlhousand B't‘u \{\%Mh
Process Energy ’()ﬁp 6/ : A
Electricity 1366 kwh- Nu’i,g 15,199
Natural gas 1409 .cuft ‘ 1,634
LPG . 0.058 gal 6.24
Coal 479 b : 5,488
Distillate oil 0.028 gal ' 4.43
Residual oil 048 gal 82.1
Diesel ;070 gal ‘ 111
Total Process 22,525
Transportation Energy
Combination truck ' 188 ton-miles T
Diesel 1.76 gal 279
Single unit truck 234 ton-miles -
"~ Diesel 062 gal 98.3
‘Total Transportation 377

Source: Franklin Associates, Lid.
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Figure 4. Flow diagram for the production of one ton of virgin bleached paper towels.
‘ Many of the raw material and intermediate processes are not shown on this flow
diagram for purposes of clarity. All numbers represent pounds of materials.
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~ Table 4
DATA FOR THE PRODUCTION OF ONE TON
OF VIRGIN PAPER TOWELS
_ Total
Energy Usage . : Energy
X Thousand Btu
Process Energy ‘ .
Electricity 1858 kwh — (W L5 B ya-20671
Natural gas 26,447 cuft WA 30,679
LPG 0.0013 gal 0.14
Coal 188 b 2,150
Distillate oil : 0.046 gal 7.32
Residual oil 7.72 gal _ 1,320
Gasoline 0.0029 gal 0.41
Diesel 208 gal . . : : 329
Wood 18,281 thousand Btu 18,281
Total Process 73,437
Transportation Energy '
Combination truck 828 ton-miiles
Diesel 7.79 gal 1,233
Single unit truck 0.068 ton-miles *
" Diesel 0.0018 = gal 0.28
Rail: 2,164 ton-miles
" Diesel 519 gal 822
Barge 5.08 ton-miles
Diesel - 0.010 gal ' 1.61
Residual o1l 0.0041 gal 0.70
Ocean freighter 325 ton-niiles .
* Diesel 0.0032 gal 0.51
Residual ' 0.058 gal 10.0
Pipeline-natural gas 0.13  ton-miiles
Natural gas : .30 cuft 0.54
Pipeline-petroleum products 1.07 ton-miles
Electricity 0024 kwh 0.26
Total Transportation 2,069

Environmental Emissions

Process Greenhoiise Gas Emissions
Methane 0.016 Ib
Fossil Carbon Dioxide 155 1b

Source: Franklin Associates, Ltd.
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Table 5
DATA FOR THE PRODUCTION OF ONE TON OF PAPER TOWELS
FROM RECYCLED PAPER
{Collection, deinking, and recycled papertowels manufacture and convertir‘tg"‘)
Total
Energy Usage . Energy
' Thousand Bts
Process Enetrgy
Electricity 1,688 kwh 18,775
Natural gas : 24,572 cuft ‘ 28,604
LPG 0.0013 gal - 014
Coal | - 441 b . 506.
Distillate oil ' 0.010 gal 1.57
Residual oil 1.36 gal 233
Gasoline 0.0026 gal 0.37
Diesel 050 gal 78.7
Woed . 3,587 thousand Btu . 3,587
Total Process . 51,685
Transportation Energy
Combination truck 211 ton-miles .
Diesel 1.98 gal 313
Single unit truck 26.3 ton-miles
Diesel 070 gal 110
Rail ' 311 ton-miles
Diesel 0.0075 gal - _ 1.18
Barge 040 ton-miles
Diesel 8.0E-04 = gal ‘ 0.13
Residual oil 3.2E-04 gal ‘ 0.054
Ocean freighter 32.5 ton-miles
Diesel 0.0032 gal 0.51
Residual 0.058 gal 10.0
Pipeline-natural gas 0.13  ton-miles '
Natiiral gas 0.30 cuft 0.34
Pipeline-petroletursi products 1.07  ton-miles
Electricity 0.024 kwh 0.26
Total Transportation 436

Environmental Emissions

Process Greenhouse Gas Emissions
Methane ‘ 0016 Iy
Fossil Carbon Dioxide 171 b

* Also includes the production of the absorbancy additive, processing aid,
and sodium hydroxide.

Source: Franklin Associates, Lid.
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BOUNDARY CONDITIONS

Each materials flow diagram shows.theprocess steps that are included
within the system boundariesfor each material analyzed. The data inthe
associated table(s) show the aggregated energy to produce one ton of the
material specified, including the energy needed for each process step shown in
the flow diagram.-These tables also include any greenhouse gases produced as a
process emission during the manufacture of the product or its raw materials.

If marketable coproducts or byproducts are produced in any process step

" in the system, adjustments have been made in theé materials balance and energy
requirements to reflect only the portion of each that is attributable to the product
being considered. This is done based on the mass of each coproduct.

The first column in each data table shows the units of each fuel that are
consumed in theprocess and transportation steps in the life cycle of the material.
In the second column, these fuel units are converted to Btu values. The
conversion factors include not only the energy content of the fuels but also the
energy required to extract, transport and process the fuels.

For electr1c1ty, precombustion energy calculations include adjustments for
the average efficiency of conversion of fuel to electricity, and for transimission
losses in power lines. Therefore, the kilowatt-hour (kwh) value shown on the
tables is the aggregated amount of electricity used by the system. The Btu value
shown in the second column accounts for the average mix of fuels used by
utilities to produce electricity in the United States, in 1996. The Btu values also
include the precombustion energy and efficiency‘ factors.

The data tables for each material systém report energy data in the
categories of process energy and transportation energy. Process energy is
energy consumed in the various processes used to manufacture the material or
product. Transportation energy describes the energy to transport the materials
and components to the site of the next processing step. The Btu values shown for
each fuel include precombustion and combustion energy. -

Transportation energy is calculated by using the distance of transport
(miles), mode of transport (truck, rail, barge, ship), and Franklin Associates
(FAL) transportation database. The distance and mode of transportation are
usually provided by specific companies or facilities from which materials are
shipped. The FAL transportation database has been developed by FAL staff. It
- expresses fuel usage per ton-mile of goods transported by specific modes of
transportation.

A-Ath1-12
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Franklin Associates assigns an energy of material resoiirce to fossil fuels
(i.e., petroleum, natural gas, or coal—miaterials that are fiofinally used as fiiels)
when they are used as raw materials. The energy of material resource isthe fuel
energy equivalent of the material, i.e., the amount of energy that would be
obtained through combustion of the designated quantity of fossil fuel material.
In this analysis, this energy is included in process energy if the material is
consumed in the process, thus creating carbon dioxide emissions. If the fuel material
becomes part of the product, the energy of material resource is not included in
the process enetgy. For example, the process energy for the virgin boxboaid
does include the energy content of natiral gas afid petroleuin that are raw
materials for fertilizer (a raw muaterial for corn starch) beeause the oil and natural
gas are consumed in the productmn of materials to make feitilizet.

/‘—M
Geographic Scope

With the exception of overseas transportation of crude oil to the United
States, all energy data are for the United States.

Electricity

In general, detailed data do not exist on the fuels used to generate the
electricity consumed by each industry. Electricity production and distribution
systems in the United States are initerlinked. Users of electrlczty, in general,
cannot specifythe fuels iised to produce théir share of the electric power grid.
Therefore, the national average fuel consumption by electrical utilities is used for
this study.

Electricity generated on-site at a manufacturing facility is not shown as
electricity. Instead, the fuels used at the facility to produce self-generated
electricity are represented in the process data.

Recycling

The materials in this analysis are considered to be recycled only once. In
traditional life cycle studies, limited recycling is referred to as “open-loop”
recycling, while repeated (theoretically infinite) recycling is called “closed-loop”
recycling. The type of recycling depends not only on infrastructure, but to a
large extent on the nature of the material. For example, paper fibers degrade
with each reprocessing and cannot be recycled indefinitely, while aluminum can
be remelted over and over.

In this study, each of the recycled materials systems is modeled as a two-
product open-loop system. That is, the recycled product systems all begin with a
first product produced, then collected and transported to a repulper, then
manufactured into a second product. In this study, the first product is a mixture

A-Att 1-13
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of mixed paper (separated into.fout categories—newsprint; corrugated, office -
paper, and coated paper), newspaper, and corrugated boxes. The secend
products are the boxboard and paper towels. :

Components Not Included

Capital Equipment. The energy associated with the manufacture of
capital equipment is not included in the energy profiles. This includes .
equipment to manufacture buildings, motor vehicles, and industrial machinery:
The energy associated with such capital-equipment generally, for a ton of
materials, becomes negligible when averaged over the millions of pounds of
product which the capital equipment manufactures. '

Space Conditioning: The fuels and powet consumed to heat, cool, and
light manufacturing establishments are omitted from the calculations. For most
industries, space conditioning energy is quite low compared to process energy.
Energy consumed for space conditioning is usually less than one percent of the
total energy consumption for the manufacturing process.

Suppbrt Personnel Rg.q-uiremenfs, The energy associated with research
and development, sales, and administrative persennel or related activities have .
not been included in this analysis.

Miscellaneous Materials and Additives. Selected materials such as

catalysts, pigments, or other additives which total less than one percent of the net
process inputs are not included in the assessment.

A-Att1-14
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PROCESS DESCRIPTIONS

BOXBOARD PRODUCTION

The productlon of boxboard from. v1rg1n materials is estimated from the
production of virgin unbleached kraft paperboard production. The following
raw materials are mput to produce the virgin boxboard:

Roundwood
Wood residues
Salt mining
Sodium hydroxide and chlorine production
Sodium sulfate product1on
Limestone mining
Lime production
Sulfur production
Sulfuric acid production
Corn starch production
Corn growing and harvestmg
Fertilizer production
Pesticides manufacture
Corn starch production
Unbleached kraft paperboard production

Roundwood Harvesting

‘The technique of harvesting trees has become a highly mechanized
process. Typically, trees are harvested by using a feller buncher to fell the wood.
The wood is pulled to the roadside, where branches are removed and the wood
is cut to manageable lengths for loading on trucks and delivery to the mill. After
the wood is cleared from the forest, a variety of site preparations are used. On
some sites debris is manually removed from the forest before replanting, while
other sites are left to grow back naturally. Finally, some harvested sites are
burned to remove any remaining debris before replanting. Emissions do result
from clearing the site by burning, but this practice occurs infrequently compared
to the mass of trees harvested. It is assumed that these emissions are negligible.

Trees harvested specifically for wood pulp produétxon account for
approximately 53 percent of the wood delivered to the paper mill. The
remainder comes from wood residues (sawdust and chips) gengrated by lumber
production or other wood processing operations.

A-Att1-15
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" Wood Residues Production

Wood residues used in the production of paper are either mill residues
generated by luifiber mills or other wood processing operations, or forest
residues. It is estitnated that mill residiies make up about 90 percent of the wood
residues used by paper mills, and forest residtiés make up the remaining 10
percent.

Typically the wood that a sawmill receives will already be delimbed and
cut to manageable lengths. The roundwood is sorted by diameter and then sent
to a debarker. After debarking, the logs are conveyed through a series of cutting
and planing operations. Roughly 75 to 80 weight percent of the tree as received
is converted to lumber, with the remaining 20 to 25 percent becomiitg wood
chips and fines. The chips are sold to pulp mills, and the fines are elther burned
as an energy source or burned for waste disposal.

Forest residues are small diameter trees, limbs and cuttings which are
turned into chips in the forest. In general, wood residues are generated on site or
quite close to the mills.

Salt Mining

For the most part, salt-based chlorine and caustic facilities use captive salt
from another process or use salt recovered from underground deposits in the
form of brine. In solution mining, an injection well is drilled and pressurized
fresh water is introdticed to the bedded salt (Reference B-1). Theé brine is then
pumped to the surface for treatment. Salt mines are widely distributed
throughout the United States

Sodium Hydroxidé and Chlorine Production

Sodium hydroxide and chlorine are produced from salt by an electrolytic
process. The aqueous sodium chlofide solution is electrolyzed to produce caustic
soda, chlorine, and hydrogen gas. For this afialysis, reésoutce requirément and
environmental emission coproduct credit is allocated on a weight basis to each of
the materials produced in the cell. The reason for giving coproduct crediton a
weight basis is that it is not posszble using the electrolytic cell, to get chlorine
from salt without alsé producing sodium hydroxide and hydrogen both of
which have commercial valie as useful coproducts. Likewise, sodium hydroxide
canmot be obtained without producing the valuablé coproducts of chlorine and
hydrogen. Furthermore, it is not possible to control the cell to increase or
decrease the amount of chlorine or caustic soda resulting from a given input of
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salt. This is determined by the stoichiometry of the reaction. The electrolytic cell
is perceived as a “black box” with an input of salt and electricity, and an output
of chlorine, sodium hydroxide, and hydrogen.

The electrolysis of sodium chloride is performed by one of two processes:
the mercury cathode cell process, or the diaphragm cell process. About 83
percent of electrolyzed chlorine and caustic soda production comes from the
diaphragm process, with the remainder coming from the mercury cell process
(Reference B-2). '

The diaphragm cell uses graphite anodes and steel cathodes. Brine
solution is passed through the anode compartment of the cell, where the sait is
decomposed into chlorine gas and sodium ions. The gas is removed through a
pipe at the top of the cell. The sodium ions pass through a cation-selective
diaphragm. The depleted brine is either resaturated with salt-or concentrated by
evaporation ahd recycled to the cell. The sodium ions transferred across the
diaphragm react at the cathode to produce hydrogen and sodium hydroxide.
Diffusion of the cathode products back into the brine selution is prevented by the
diaphragm. :

The mercury cathode cell process is described by:

NaCl + xHg© 1/2Cly + Na(Hg)x and
Na(Hg)x + HO & NaOH + 1/2H + ng

Chlorine gas collects at graphite anodés. The chlorine gas from the anode
compartment is cooled and dried in a sulfuric acid scrubber. The gas is then
cooled further to a liquid for sl:upment generally by rail and barge. Metallic
sodium reacts with the mercury cathode to produce an amalgam, which is sent
to another compartment of the cell and reacted with water to produce hydrogen
and high purity sodium hydroxide. Mercury loss isa dlsadvantage of the
mercury cathode cell process. Some of the routes by which mercury can escape
are in the hydrogen gas stream, in cell room ventilation air and washing water,
through purging of the brine loop and disposal of brine sludges, and through
end box fumes.

Sodium Sulfate Mining and Processing

Sodium sulfate, which is referred to 4s salt cake by the pulping industry,
is consumed in thé kraft pulping process. The upper levels of Searles Lake,
California, the Great Salt Lake in Utah, and the oil field brines of west Texas all
contain sodium sulfate. Typically, sodium sulfate crystals settle out of the cooled
brine. The crystals are then dissolved again and precipitated to dchieve the
desired purity. '
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Limestone Mining :

Limestone is quarried primarily from open pits. The most economical
method of recovering the limestone has been through blasting, followed by
mechanical crushing and screening (References B-1 and B-3).

Lime Production

Lime is never found in a natural state, but is manufactured by calcining
(burning) high purity calcitie or dolomitic imestone at high temperatures. The
calcination process drives off the COp, forming calcium oxide (quicklime). The
subsequent addition of water creates calcium hydroxide (hydrated or slaked
lime). The'term lime is a general term that includes the various chemical and
physical forms of quicklime and hydrated lime. Most of the lime produced in the
United States in 1994 was quicklime (85%), with hydrated lime (13%}) and dead-
burned dolomite (2%) accounting for the rest. The data in this section are for the
production of quicklime (References B-4 and B-5).

Solid wastes generated during the manufacture of lime include impurities
removed from the limestone, tailings collected in the lime production process,
and lime kiln dust collected from particulate control devices on the lime kilns.
Based on lengthy discussions with a representative of the National Lime
Association and a confidential lime industry.expert, it was assumed that all
collected lime dust and tailings from lime production are either sold for various
useful purposes, injected back into mines, replaced in quarries, or land applied
on-site (Reference B-6 and B-7). This may not be true of a few smaller companies
which are not close to fheir source of limestone.

Sulfur Production

Sulfur exists in nature as elemental sulfur and is also found in ores such as
pyrite (Fe52). Sulfur is also recovered from hydrogen sulfide (H2S), a
component of petroleum and natural gas. The Frasch process (recovery from
limestone) accounts for approximately 25 percent of U.S. sulfur production,
while the Claus process (recovery from petroleum and natural gas) accounts for
approximately 75 percent. Descriptions of these two processes follow.

Sulfur Production from the Frasch Process. Sulfur is obtained from.
sulfur-bearing porous limestone primarily by the Frasch process. In this process,
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a set of three concentric pipes are inserted into a well drilled into an .
underground sulfur dome. In;ectmg superheated water into the well raises the
temperature of the sulfur-bearing rock above the melting point of sulfur. The
molten sulfur is then forced to the surface by compressed air injected into the
well. As all Frasch mines in the U.S. are near waterways, the sulfur is shipped by
insulated barge or boat, or allowed to solidify and shlpped as a solid (Reference
B -1).

Sulfur Production from the Claus Process. Recovery of sulfur from sour
natural gas and crude oil via the Claus procéss accourits for about 66 pércerit of
the sulfur produced in the United States. Approximately 59 percent of the sulfur
produced via Claus récovery is obtained from hydrogen sulfide recovered from
petroleum refining, and the remaining 41 percerit is recovered fromni niatural gas
sweetening (Reference B-1).

Hydrogen sulfide is recovered from natural gas or refinery gases by
absorption in'a solvent or by regenetative chemical absorption (Refererice
B-8). Hydrogen sulfide concentrations in thie gas from the absorption urijt vary.
For this analysis, an industry average H>S gas concentration of 85 percent is used
(References B-9 and B-10). This concentrated hydrogen sulfide stream is treated
by the Claus process to recover the sulfur. The Claus process is based upoti the
reaction of hydrogen sulfide with sulfur dioxide accordmg to the exothermic
reaction (Reference B-8):

H3S + SOy x 35 + 2ZH-O {Reaction 1)

Sulfur dioxide for the reaction is prepared by oxidation of hydrogen
sulfide with air or oxygen in a furnace using either the partial combustion
process (once-through process) or the split-stream process. The partial
combustion method is used when the HsS concentration is greater than 50

percent and the hydrocarbon concentration is less than 2 percent. The split
stream process is used when there is an H2S concentration of 20 to 50 percent

and a hydrocarbon concentration of less than 5 percent.
In the partial combustion method, the hydrogen sulfide-rich gas stream is

burned with a fuel gas in an oxygen-limited environment to oxidize one-third of
the HS to SO, according to the reaction (Reference B-10):

2H5S + 202 @ SOy + § + 2H0O (Reaction 2)

Sulfur is removed from the burner and the HgS / 802 rmxture moves to the
catalytic converter chambers.
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In the split stream proc:ess, one=third of the hydrogen sulfide is spht off
and completely oxidized t6 SO3 accordmg to' the reaction:

2H25 + 150, & 502 + H0 (Réaction 3)

The remaining two-thirds of the HaS is mixed with the combustion product and
enters the catalytic converter chambers.

The HgS‘and SOz mixture from either process is passed through one or
more catalyst beds and is converted to sulfur, which is removed by condensers
between each bed (Reference B-8). For this analysis, an H3S concentration of 85

percent has been assumed; therefore, it is also assumed that the partial
combustion process is used.

Although efficiencies of 96-to 99, percent sulfur recovery have been
demonstrated for the Claus process, recovery is usually not over 95 percent and
is limited by thermodynamic considerations.(References B-8 and B-10). For this
analysis, a:sulfur recovery efficiency of 93 percent is assumed.

The energy generated from ‘bummg hydroge-n sulfide to produce 503 is
usually recovered and used directly to reheat the process stream in secondary
and tertiary condensers, or recovered as steam for use in other processes
(Reference B-10). Heat released from cooling the exothermic reaction to form
sulfur is also recovered. The theoretical potential energy recoverable from the
process is calculated from the overall sulfur production reaction:

HpS + 050, @ S + HyO  (Reaction 4)

The standard heats of formatlon ?H f 208, for the species in Reactions 4 are
(Reference B- 11) :

?H £ 258 (O2(g))
?H £298 (S (5)) 0 kcal mole-?

?H £ 208 (H3S (g)) = -4.93 kecal molel
Hgows (H20(g)) =-57.8 keal mole-l

0 kcal molel

it

H

The standard heat of formation for Reaction 4 is therefore:

Hfws =[0+ -57.8 keal/mol HpO] - [-4.96 kcal /mol HpS + 0]
?H f 298 = -52.87 kcal/mole
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For this analysis, a sulfur recovery rate of 93 percent has beeri assurned;
therefore 1,073 pounds of Hj5 are required to recover 1,000 pounds of sulfur.
This equates to 14,315 moles of hydrogen sulfide. According to the above
formation energy calculationi, processing this'amoumt of hydrogen sulfide could
theoretically reledse 7.57 x 105 kédl, or 3.0 miillion Btu.

- Industry sources repott steami recovery from the sulfur recovery process
of approximately 2,000 Ib of steam per 1,000 Ib 6f recoveréd sulfur. Assuming'
the heat value of 250 psia steam to be 1,200 Btu/Ib' (Referenice B-11), this equiates
to 2.40 million Btu per 1,000 Ib'of recovered sulfut. The difference of 0.6 million
Btu between the heat generated by the process and the heat recovered to produce
steam is a loss of heat from the systein. The-fiel value of H2S is riot included in

the total energy for the system becaiise H7S is not used as a commercial fuel.

The system is also not given an energy credit for any steam exported from the
system.

Included in this data set are the energy requirements for producing and
refining crude oil to produce hydrogen sulfide-containing refinery gases and for
sour natural gas production, processing, and sweetening to produce
concentrated hydrogen sulfide gas. |

Sulfuric Acid Production

Sulfur is burned with air to produce sulfur djoxide and heat. The heat is
used to generate steam that is usually used in adjacent processing plants and to
supply energy to the sulfuric acid plant. The energy import (as the calorific
value) of sulfur and the energy export of steam cancel in the energy balance for
this process. Thus, it is assumed here that there are no net fuel requirements.
The sulfur dioxide gas is converted to sulfur trioxide and combined with dilute
sulfuric acid to form the concentrated product. '

Corn Starch Production
Corn starch is produced through the following steps:

Corn growing and harvesting
Fertilizer manufacture
Nitrogen
Phosphate
Potash
Pesticides manufacture
Corn starch production
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Limestone, which is also added as a nutrient to the soil during corn growing, is
d1scussed previously. .

Corn Growing and Harvesting. Whole grain corn is. composed of 71 7
percent starch (Reference B-30). To produce high corn yields; many factors must
be considered. The most important of these factors include temperature, climate,
and nutrients. Corn is a warm weather plant requiring a growing,season of
about 140 days with an average daytime temperature of 75°F with nighttime
temperatures exceeding 58°F. Even in the U.S. central Corn Belt, temperatures
are not considered ideal. Alsoneeded for hzgh yields is 16.to 26 inches.of |
rainfall. Irrigation is used on most corn~growing farms to supplement
inadequate rainfall. Finally, corn needs nitrogen, phosphorus, potassium,
calcium, magnesium, and sulfur from the soil. Soil fertility is easily depleted,
especially when the entire plant is harvested for silage. Fertilizer and limes are
added to bring necessary nutrients to the soil. Pesticides are added to destroy
insects, fungus, and any other pests that would hurt the plant.

is then stored for drying. After drymg, the corn i
Corn used in the production of corn starch must be transported to a wet milling
plant. :

Fertilizer Manufacture. Most corn land receives applications of fertilizer,
typically nitrogen, phosphate, and /or potash. Over half of all fertilizers are
applied as single nutrient materials. USDA literature reports apphcatzons of
nitrogen, phosphate, and potash fertilizers in terms of pounds of N, PoOs, and

K70 (Reference B-12).

Nitrogen, Nitrogen as a single nutrient is commonly
applied in the form of anhydrous ammaonia. The following steps are included in
this data:

Natural gas production
Natural gas processing
Ammonia production
Nitrogen fertilizer production

Natural Gas Production. Natural gas is extracted
from deep underground wells and is frequently co-produced with crude oil.
Because of its gaseous nature, it flows quite freely from wells which produce
primarily natural gas, but some energy is required to pump natural gas and
crude oil mixtures to the surface. Atmospheric emissions from natural gas
production are primarily due to line or transmission losses and unflared venting.
The waterborne waste pertains to the portion of natural gas that is produced in
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combination with oil. These combination wells account for apprommately 25
percent of all natural gas production.

Natural Gas Processing. Light straight-chain
hydrocarbons are normal products of a natural gas liquids processing plant. The
plants typically use compression, refrigeration and oil adsorption to extract these
products. Heavy hydrocarbons are removed first. The remaining components
are extracted and kept under controlled conditions until transported in high-
pressure pipelines, insulated rail cars or barges.

If the natural gas has a hydrogen sulfide content of greater than 0.25 grain
per 100 standard cubic feet, it is considered “sour.” Before it can be used, the gas
must undergo removal of the hydrogen sulfide by adsorption in an amine
solution, a process known as “sweetening.”

The primary pollutants from the natural gas stream are volatile
hydrocarbons that leak into the atmosphere. Additional sources of pollutants are
natural gas-fired compressor engines. Emissions will also result from the gas
sweetening plants if the acid waste gas from the amine process is flared or
incinerated. When flaring or incineration is practiced, sulfur dioxide is the major
pollutant of concern.

Ammonia Production. Ammonia is produced
primarily by steam reformation of natural gas. Natural gas-and steam are fed.
into a tubular furnace where the reaction over a nickel reforming catalyst
produces hydrogen and carbon oxides. The primary reformer products are then
‘mixed with preheated air and reacted in a secondary reformer to produce the
nitrogen needed in ammonia synthesis. The gas is cooled to a lower temperature
and subjected to a water shift reaction in which carbon monoxide and steam are
reacted to form carbon dioxide and hydrogen. The carbon dioxide is removed
* from the shifted gas in an absorbent solution. Hydrogen and nitrogen are
reacted in a synthesis converter to form ammonia (References B-13 and B-14).

Nifrogen Fertilizer Production. Nitrogen fertilizer is
applied in the form of anhydrous ammonia, which is 82 percent by weight N.

Phosphate. Phosphate fertilizer apphed as a single nutrient
is most commonly in the form of superphosphate, with 16 to 20 percent available
P,0s, or triple superphosphate, with 44 to 51 percent available P;Os..
Superphosphates are produced by the action of sulfuric acid on phosphate rock,
while triple superphosphates are made by adding phosphoric acid to phosphate
rock (References B-15 and B-16). The data are based on half of the phosphate
applied as superphosphate and half as triple superphosphate. The following
process steps are required for the manufacture of the phosphate fertilizers:
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Superphosphate
Phosphate rock mining
Crudé oil produchon
Ciude-oil refining '
Natiiral gas production
Natiiral gas processing’
Sulfiar production
Sulfuric acid prodiiction
Superphosphate production
- Triple superphosphate
Phosphate rock mining
Silica minitig and processing
' Coal mining
Coal coke production
Elerrienital phosphotus production
Oxygen production
Phosphorus pernitoXide production
Phosphoric acid production
Triple superphosphate production
Phosphate fertilizer production

Natural gas production and proceéssinig, stilfur produiction, and sulfuric
acid production are discussed elsewheré in this appendix.

Phosphate Rock Mining. Phosphate is mined as a
natural rock containing mostly calcium phosphate. Large deposits are contained
in the United States, North Africa, and the former Soviet Unioni (Reference B—lé).

‘Crude Oil Productmn Qil is produced by drilling
into porous rock stfuctures generally located several thousand feet underground.
Once an oil deposit is located, nutierous holes are drilled and lined with steel
casing. Some oil is brought to the surface by natural pressure in the rock
structure, although most oil requires some energy to drive pumps that lift oil to
the surface. Once oil is on the surface, it is separated from water and stored in
tanks to await transportation to a refinery. In some cases it is immediately
transferred to a pipeline that transports the oil to a latger termmal

There are two primary sources of Waste from crude oil production. The
first source is the “oil field brine,” or water which is extracted with the oil. The
brine goes through a separator at or hear the well head in order to remove the oil
from the water. These separators are very efficient and leave mm1ma1 oil in the
water.

A~ AR 1-24



FRANKLIN ASSOCIATES, LTD,

According to the American Petroleum Institute (API) it is estimated that
21 billion barrels of brine water were produced from crude oil production in 1985
(Reference B-17). This quantity of water equates to a ratio of 5.4 barrels of water
- per barrel of oil. The majority of this water (85 percent) is injected into separate
wells specifically designed to accept production-related waters. This represents
all waters produced by onshore oil production facilities which are not permitted
to discharge “oil field brine” to surface waters (Reference B-18). The remainder
of the produced water is from offshore oil production facilities and is assumed to
be discharged to the ocean. Therefore, the waterborne wastes represent the brine
wastes present in this 15 percent of brine water (Reference B-19). Because crude
oil is frequently produced along with natural gas, a portion of the waterborne
waste is allocated to natural gas production (Reference B-17).

The second source of waste is the gas produced from oil wells. While
most of this is recovered for sale, some is not. Atmospheric emissions from
crude oil production are primarily hydrocarbons. They are attributed to the
natural gas produced from combination wells and relate to line or transmission
losses and unflared venting.

The transportation data assume a mix of foreign and domestiéally
produced crude oil. According to the Petroleum Supply Annual, June 1994, 49
percent of the crude oil used in the United States is imported.

Distillation, Desalting, and Hydrotreating. A
petroleum refinery is a complex combination of processes that serve to separate
and physically and chemically transform the mixture of hydrocarbons found in
crude oil into a number of products. Modern refineries are able to vary the
different processing steps through which a charge of crude oil passes in order to
maximize the output of higher value products. This variation of processing steps
can change according to the make-up of the crude oil as well as the economic
value of the products. Because of this variation, it is necessary to make certain
assumptions about the refinery steps to which crude oil is subjected in order to
produce petrochemical feedstocks.

For this analysis, it is assumed that crude oil used to produce feedstocks
for olefins production goes through the following refinery operations: desalting,
atmospheric and vacuum distillation, and hydrotreating. Due to a lack of
facility-specific data, literature sources were used to estimate the energy
. requirements for these refining steps. A number of literature references were
used, most of which showed similar energy inputs (References B-20 through
B-24).

Crude desalting is the water-washing of crude oil to remove water-soluble
minerals and entrained solids (Reference B-25). For this analysis it is assumed
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that all of the crude that-enters a refinery passes through the desalting step
(References B-23 and B-25).

Crude oil distillation separates the desalted crude oil into fractions with
differing boiling ranges. Atmospheric distillatien is used to separate the
fractions with a boiling point less than 650° Fahrenlieit (References B-23, B-24,
and B-25). At temperatures greater than 650° Fahrenheit thermal cracking of the
hydrocarbons starts. Fuel gas or still gas that is liberated from the crude during
distillation is further processed into liquefied petroleum gas ornatural gas,
depending on the carbon chain length. This gas is sold or used in the refiniery to
generate heat. About 52 percent of the non-electrical energy used in a refinery
for direct heating or steam production comes from fuel gas (Reference B-26).
Coproduct credit is.given on a mass basis for the gas fractions not used. for
energy in the refinery. Fuel gas or still gas used as an energy source in refining is
assumed to have the same composition as natural gas and is shown as process
energy, not as raw material. -

The residue from the atmospheric distillation unit passes to a vacuum
distillation unit where separation of the various fractions can be accomplished at
lower temperatures than would be required at atmesphenc pressure. The i
residue or bottoms of the vacuum distillation unit is a valuable coproduct that is
further processed to make usable products. Coproduct credit is given on a
weight basis for this residue. It is assumed that all of the crude used to produce
olefins feedstock passes through atmospheric distillation, while only 46 percent
of the initial crude oil charge passes through vacuum distillation (References
B-20, B-21, and B-25). \ :

- Hydrotreating is a catalytic hydrogenation process that reduces the
concentration of sulfur, nitrogen, oxygen, metals, and other contaminants in a
hydrocarbon feed. These contaminates can poison or foul catalysts used in
catalytic crackers and contribute to air emissions if the hydrocarbon isused asa
fuel. It is assumed that all of the feedstock for olefin cracking passes through
hydrotreatment. Sulfur and metals removed from crude are separated and sold
as coproducts (References B-20 and B-23). Coproduct credit is given for these
materials on a mass basis.

Energy requirements for petroleum refineries are usually listed in
literature sources as Btu of fuel, pounds of steam, and electricity per 42 gallon
barrel of crude processed. For this analysis, a conversion of 3.385 barrels of
crude per 1,000 pounds was used. Steam inputs were converted to Btu-
requirements using a conversion of 1,200 Btu per pound. Btu inputs for steam
were added to the Btu inputs listed as fuels, and the total was converted to
quantities of fuels using the combustion energy values listed in Appendix A and-
the following refinery fuel mix: residual oil and residues (coke), 22 percent;
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purchased natural gas, 24 petcent; LPG, 2 percenit; and fuel gas ot still gas, 52
percent (Reference B-27) Negligible quantities of coal and distillate oil are also
- used in the “average” refmery

Superphosphate Productiof: Superphosphate is
produced by the addition of sulfuric acid to phosphate rock: This .
superphosphate is a mixture of gypsutivand calcium phosphate.

Silica Mining and Processing. Silica is obtained from
glass sand, a high purity quartz sand with high silica content and typically less
than one percernit of iron oxide, chromium compounds, and alumina, calcium, or
magnesium oxides.- In general, the U.S. conisumption of glass sand is met by U.5.
production, but some-high purity glass sand i§ imported.” Glass safid deposits
exist in New Jersey in the form of tinconsolidated sand banks; and as sandstone
found in the Alleghenies and the Mississippi Valley. The east-iest belt of states
running from Pennsylvania to lllinois has rich resources for glass sand.

Mining operations vary dépending on the nature of the deposit at each
location. Open pit excavation and dredging are the two basic mining methods,
each requiring a combination of matiy types of equipment including crushers,
screens, washers, classifiers, and grinding mills.

Coal Mining. Coal may be obtained by surface
mining of outcrops or seams that are near the earth’s surface or by undefground
mining of deposits. In strip mining, the overburden is removed from shallow
seams, the deposit is broken up, and the coal is loaded for transport. Generally,
the overburden is eventually returned to the mine and is not considered as a
. solid waste in this analysis:

“ After the coal is mined, it goes through variolis preparation processes
before it is used. Theése processes vary depending on the quiality of the coal and -
the use for which it is intended. Coal preparation usually involves some: type of
size reduction and partial removal of ash- formmg materials.

Metailurgmal Coke Production. The two proven
processes for manufacturing metallurgical coke are known as the beehive process
and the byproduct process (Reference B-28). The primiary method for
manufacturing coke is the byproduct method, which accounts for more than 98
percent of U.S. coke production. For this analysis, it is assumed that all
metallurgical coke is produced in the byproduct oven.

In the byproduct method, air is excluded from the coking chambers, and

the necessary heat for distillation is supplied fromh external combustion of some
of the gas recoveted from the coking process (Reference B-28). Coking 1,000
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-pounds of coal in the byproduct oven is assumed to produce the following: coke;
+ 774 1b; tar, 37 1b; water, 32 Ib; benzene, 11 Ib; and coke oven gas, 147 Ib-(Reference

B-29). Coproduct credit is given on a weight basis to all of the byproducts from
the oven, except water. It is assumed that about 40 percent of the coke oven gas
(59 pounds) is used as a fuel for underfiring the coke oven (Reference B-28).
Therefore, coproduct credit is given for the remaining 88 Ib of coke oven gas.
The energy content of the coke oven gas is accounted for in the energy of
material resource for the coal used as a feedstock for the coke oven. While it is
recognized that the gas is actuaily used as a fuel in the coke oven, the
methodology used in this study accounts for the energy derived from materials
used as feedstocks on the basis of the energy content of the material that is
extracted from the ground to produce the raw material.

Elemental Phosphorus Production. Elemental
phosphorus is produced from phosphate rock by a reaction with coke and silica
in an electric furnace. Elemental phosphorus is one of several materials resulting
from this process.

Oxygen Production. Oxygen is manufactured by
cryogenic separation of ajr, a technique by which air is liquefied, and the oxygen
is collected by fractionation. The oxygen is produced in the form of a liquid
which boils at 300°F below zero at normal atmospheric pressure. Therefore, it
must be kept under stringent conditions of temperature and pressure for
handling. Most oxygen plants are located near their point of consumption to
minimize transportation difficulties, although there is a small amount of long-
distance hauling in insulated rail cars.

Phquhbi‘us Pentoxide Production. Oxid'afi'om of the
elemental phosphorus produces phosphorus pentoxide.

Phosphoric Acid Manufacture. Fmally, hydration of
the phosphorus pentoxide yields phosphoric acid.

Triple Superphosphate Production. Triple
superphosphate is produced by the addition of phosphoric acid to phosphate
rock. It has three times the amount of available phosphate as in superphosphate
and contains no gypsum.

Phosphate Fertilizer Production. Phosphate fertilizer
is applied in the form PyOs. The superphosphate is applied with 20 percent. .
available PoOs and the triple superphosphate with 50 percent available P20s.

Potash. Potash fertilizer is generally applied in the form of
potassium chloride (KCl), which is sold in various agricultural grades, containing
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60 to 62 percent K50, 48 to 52 percent K30, or 22 percent K2O. The foilowmg
process steps are needed

Sylvirite mmmg and processiig
KCl produiction
Potash fertilizer production

Sylvinite Mmmg and Processing. Most of the U.S,
supply of KCl produced from sylvinite ore is mined from deep deposﬁs in the
Carlsbad, New Mexico region. Sylvinite mining and processing is assumed to be
simnilar to soda ash mining and processitg.

KCl Production. K(l is obtained from sylvinite ore
and purified by fractional crystallization or flotation.. It'is also extracted from
salt lake brines and punfled by recrystallization (References B-15 and B-16).

KClis prepared from sylvinite ore by passing hot liquor through a series
of steam-heated turbomixer dissolvers countercurrent to a flow of crushed ore.
KCl and a small amount of NaCl go into solution.” When the solution is cooled
from its boiling poirit, KCl separates out. Tailings from the process, largely
Na(l, are carried oiit of the plarit to waste storage. A large part of the process
11qu0r is decanted to be used again (Reference B-15).

KClis also produced by extractior from theé brines of Searles Lake,
California. This brine; containing various salts, is cdibonated with flue gas from
the boiler plant. Sodium bicarbonate separated by this reaction is calcined and
converted to dense soda ash. Crude borax is crystallized from the carbonated
end liquor by cooling under vacuum. The filtrate is tetitthed to the lake. Soda
ash, KCl, borax /boric acid, and salt cake arée produced by bririe extractioh
(Reference B-15).

Potash Fertilizer. The potash fertilizer analyzed in
this study is based on application as KCl containing 50 percent K2O. Seventy-
five percent of the KCl is assuiined to be prodiiced from sylvirite and 25 percent
from brine extraction.

Pesticide Manufacture. Pesticides applied to corn inclide a variety
of herbicides, insecticides, defoliants, and desiccants. Fungicides, miticides, and
growth regulators may be applied as well. A wide Varlety of pesticides have
been formulated to address the varyifig needs and conditions of each region;
thus, the types and quantities of pesticide applied t6 ¢otn acredage vary widely.
As aresult, the effects of individual pesticides on the environment also vary.
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Once the pulp is produced, it is sent as a water slurry to the paperboard-
forming section of the mill. To form the paperboard, the fiber suspension drains
onto a finely woven plastic or wire mesh belt which.allows the water to drain
through and retains the fiber.  Approximately 98 percent of the water is removed
by draining and pressing the fiber web between hard machine rolls. Paper
(wood) fibers have a natural affinity for themselves and coupled with the
mechanical interweaving and chemical additives, the web:becomes a structure.
The final water is evaporated by passing the web of paperboard over a number
of steam-heated drums. The paperboard is then wound onto rolls.

A-Att.1-31



FRANKLIN ASSOCIATES, L.TD.

Corn Starch. Corn starch is produced from corn by wet milling. The -
corn is soaked i steeping tariks containing a solution of 0.3 percent sulfur
dioxide in water to soften the kermel'and dissolve inorganic components. This
steep liquor is later concentrated for sale as a coproduct. The softeried corn is-
lightly milled to'free the germ fronvthé'kernel. The germi is then processed for
oil removal. The remaining corn fraction, mostly statch, protein, and hulls, is
then heavily milled. The starch is washed from the hulls, and the resulting starch -
- slurry is separated; refined, washed; and dried. :

Starch is a surface sizing material which fills in surface voids and
therefore, reduces the rate of liquid penetration in the dry paper (Reference
B-31). ‘

Unbleached Kraft Paperboard Production

Kraft pulp is the most widely used type of wood pulp in the United States
today, accounting for 70 percent of the fotal wood pulp produced. It is used in
either an unbleached or bleached form.

The kraft pulping process is based on chemical digestion of wood which
has been previously debarked and chipped. The digester is a closed container
which holds the wood chips and digestion liquors. The liquor is mainly an
aqueous solution of chemicals including sodium sulfide and sodium hydroxide.

In order for digestion to take place, heat and pressure are applied to the
mixture of wood and liquor. The digestion process delignifies the wood and
removes other chemical components from the wood, leaving only the wood fiber.

One of the features of the kraft process is that the used digestion liquor,
called black liquor, is burned. Because the liquor contains a high percentage of
flammable wood components, it burns readily. The remaining digestion
chemicals, called green liquor, are removed and reacted with salt cake and lime.
The resulting white liquor is returned to the digester.

Coembustion of black liquor and the bark removed from logs entering the
mill often provides sufficient energy to operate a pulp mill. Thus, there are only
small amounts of fossil fuel requirements for the pulp-making process, although
additional energy from fossil fuel sources is used in the paper-forming steps that
immediately follow pulp making. The black liquor that is burned in the recovery
furnace is treated as fuel for the process.

After the wood pulp is “blown” from the digester by the steam used in

the process, the pulp is washed free of the chemicals, screened and refined for
entry into the paperboard-forming section of the mill.
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PAPER TOWEL PRODUCTION

Vu'gm paper tewels are. usuaﬁy made Wlth a combmahcan of kraft pulp
and chemical-thermomechanical pulp being fed into'a paper making fiachine.
The following steps in the productmn of paper towels are dlscussed in the
sections below: . - o8 :

* & & @

 Bleached kraft pulp
- Hydrogen production

Sodium chlorate production

Hydrogen peroxide production

Bleached kraft pulp production -
Bleached chemi-thermomechanical pulp (CTMP)
Absorbency control additive
Processing aid .
Paper towel production and converting

Some processes were discussed in the boxboard section above and are not
repeated here. These include:

e & @ & & o @

Roundwood harvesting

Wood chips

Salt mining

Caustic soda and chlorine production
Oxygen production

Limestone mining

Lime production

Bleached Kraft Pulp

Hydrogen Production. Hydrogen and carbon dioxide are coproducts in
the production of synthesis gas. Synthesis gas is primarily produced from
natural gas by steam-methane reforming. Natural gases, or other light
hydrocarbons, and steam are fed into a primary reformer over a nickel catalyst to
produce hydrogen and carbon oxides, generally referred to as synthesis gas. -
About 70 percent of the hydrocarbon feed is converted to syntheszs gas in the
primary reformer (Reference PT-1).

The efﬂuent from the reformers is fed into carbon monoxide shift
converters where the carbon monoxide reacts with water to form carbon dioxide -
and hydrogen. The effluent from the shift converters is cooled, and condensed
water is removed. The carbon dioxide and some excess hydrogen are also
removed from the synthesis gas as coproducts.
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The ratio of carbon monoxide to hydrogen in the synthesis gas dlffers
depending on the specifications for the synthesis gas, and thereforethe amounts
of hydrogen and carbon dioxide coproducts differalso. Synthesis gas is a raw
material for many different processes, each with specific requirements. Because
of this difference in requirements, it is difficult to show an accurate material’ -
balance for this process. The data for hydregen production are estimates of the
synthesis gas production. Raw material inputs for hydrogen are based ori the
conversion of methane to carbon monoxide and hydrogen.

Sodium Chlorate Production

Sodium chlorate is used to produce chlorine dioxide at the pulp mill site.
The chlorine dioxide is used for bleaching. Sodium chlorate is produced from
electrolysis of salt brine similar to the-production of caustic and chiorine, except
that the chlorine and caustic are not separated, but are instead allowed to mix
(Reference PT-2). Hypochlorite forms first, followed by the formatlon of sodium
chlorate. :

Hydrogen Peroxide Production

I—Iydrogen perox1de can be produced by several electrochemical or orgamc:
routes. This study characterizes hydrogen peroxide from the
. oxidation/reduction of an anthraquinone-the predomirant commercial route to
hydrogen peroxn:ie

An anthraquinone in an organic solvent is first catalytlcally hydrogenated.
. This material is then oxidized with oxygen taken from air back to anthraquinone,
‘with hydrogen peroxide being produced as a byproduct. The hydrogen peroxide
is water extracted from the reaction medium and the solvent and anthraquinone
are recycled. :

Bleached Kraft PulP Production:

Kraft pulp is the most widely-used type of wood pulp in the United States
today, accounting for 70 percent of the total wood pulp produced. It is used in
either an unbleached or bleached form.

The kraft.pulping process is based on chemical digestion of wood which
has been previously debarked and chipped. The digester.is a closed container
which holds the wood ehips and digestion liquors. The liquor ismainly an
aqueous solution of chemicals ingluding sodium sulfide and sodium hydroxide. -
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In order fo‘r. digestion to take placeyheat and pressure are applied to the
mixture of wood and liquor.: The digestion process délignifies the wood and
removes other chemzcal components from the wood, 1eav1ng only the wood fiber.

At this pomt the pulp is bleached using;one or a combmahon of the
following: chlorine, caustic,oxygen, ozone, chlorine dioxide, hydrogen
peroxide, and others (Reference PT-3). Chlorine diekide, generated on-sité from
sodium chlorate, is most commonly used. A mixtiire of the bleaching agerts
based on an average of the mill data collected has been used.

One of the features of the kraft process is that the used digestion liquor,
called black liquor; is burnéd: Because the liquor contains a high percentage of =~
flammable wood components, it burns readily. The remdining digestion
chemicals, called green liquor, are removed and reacted with salt cake and lime.
Salt cake (sodium sulfate) is generated as a' byprodiict of chlorine dioxide
manufacture, so purchased salt cake is not required (Refererice PT-4). The |
resulting white liquor is returned to the digester.

After the wood pulp is “blown” from the digester by the steam used in
the process, the pulp is washed free of the chemicals, screened and refmed for
sale. : £

Bleached Chemi-Thermomechanical Pulp (CTMP)

The bleached CTMP process uses steam heat, pressure, and mechanical
means to separate fibers. Bleaching of the fibers is accomplished by chermca}
inpregnation of the ChlpS with hydrogen per0x1de

The fiber source for most CTMP operatlons is wood ChlpS delivered from
a sawmill or other wood product manufacturer. At the CTMP mill, various types
of wood chips are mixed together in order to obtain the best properties in the
end product. The wood chips are steamed and washed to both soften and
remove foreign matter. Next, they are screened to get rid of irregular sized
chips. For the remainder of the pulpmill processing steps, either inetering
screws or centrifugal pumps are used to deliver the pulp from orie stage to the
next.

To both soften and-increase brightness, the chips are impregnated with
sodium sulfite. The sulfite also aids in separation of the fibers. After sulfonation,
the fiber bundles are further separated by a series of refinitig operations
~ (mechanically breaking down the fiber bundles). The refirling operatior consists
of forcing the chips under great pressure between the surfaces of two metal
disks, one stationary and one that rotates, which are separated by a small gap.
The combined pressure and friction cause any remaining fiber bundles to be
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separated. After two or three refining operations; the consistency of the. wood
fiber has been converted from chips to pulp. After the refining operations,
~several stages of screening, cleaning, and filtering are needed to separate
undesirable particles from the pulp.

To produce bleached CTMP, hydrogen peroxide and sodium hydroxide

-are added to the unbleached pulp as it.is passed through a series of two towers.
After bleaching, the pulp is mechanically dewatered by the use of both filters and -
roll presses. The final pulp drying operation involves passing the dewatered
pulp through a series of columns that circulate hot air over the pulp: The pulp
reaches a consistency of approximately 80 percent solids. By the time the pulp is
baled and packaged to be sent to the converter, it has reached a consistency of 90
percent solids.

Absorbency Control Additive

An alcohol ethoxolate is assumed for the absorbency control additive in
the paper towels manufacture in this study. This is produced by ethoxylating
coconut fatty acid. The reaction is very exothermic and requires cooling. The
ethylene oxide used is completely reacted.

Processing Aid

A refining product from crude oil is used as a processing aid in the paper
towels manufacture in this study. An initial distillation is used to remove the
lighter portions from the crude leaving a residue consisting of raw materials for
fuel oil, lube grease, and asphalt. This residue is processed through a vacuum
distillation column to isolate the raw materials for lubricating oil manufacture.

“Then, this raw feed is hydrotreated to produce technical and medicinal grade.
white oils.

Paper Towel Production and Converting

The purchased fiber products are brought into the stock storage chest
where they are mixed with water and combined with other pulps to form a
suspension which is ready to be made into paper. Washing and bleaching
operations can also be part of the stock prep operation depending upon the
furnish source and desired characteristics of the end product. Dyes and
additives may also be blended with the furnish in the stock prep area. Dyes are
not included in this study. Some additives were included. The dry strength
additive data were not available. Due to the small amount of this additive, it is
considered negligible and should not affect the outcome of the results.
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From the stock prep, the fiirhish is fed into thé headbox. With the usé of
pressure, the headbox deposits the furnish in a regulated fashion onito a plastic ™
mesh wire. From the headbox, the plastic wiré mesh moves overa seties of
vacuum boxes where the sheet is mechanically dewatered. ‘

Next, the furnish sheet is transferred from the wire to a plastic fabric. It
carries the fufnish over vacutim boxes and predryers, which remove additional
water from the shieet: The predryers remove the moisture by thettmal (dry heat) -
transfer of hot air which is blowri throuigh the ‘web. A presstire roll transfers the
web (furnish) to a large, stearfi-heated drum cylinder, which is enclosed in a hot
air hood. This operation is thefinal diying opération for the sheet.

Once the fiber has passed through the final drying operation, the fibet has
now entered the “dry end” of the papermaking operation. The paper is scraped
off the dryer, passed through calendar rolls to soften and smooth the paper, and
wound onto a large, bulk size reel (parent roll). As the fiber passes through the
papermaking process, scrap or broke that is created is fed directly into the

holding chest underneath the machine to be repulped and setit back to the
headbox. This interfially recycled scrap is referred to as machme broke

From papermaking, the parent rolls are taken to the converting line for
processing into the finished consumer product. In general, paper scrap created
subsequent to the parent rolls leaving the papermaking operation is called bleach
broke as compared to machiné broke.

The parent rolls are loadéd on unwind stands. To prodiice two-ply paper
towels, two parerit rolls are unwound simultaneously. An adhesive is applied
laminating the two sheets. Deécotation and printing of rolls may be done at this
point, but were niot included-in this'study. The continuous sheet of paper is next
wound onto a paperboard core, which is also not included in this study. This
winding process determines the sheet count and consumer size roll diameter.
During this winding operation, the paper is perforated into individual sheets.

- The individual rolls are then cut. (Reference PT-5)
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RECYCLED PULP SOURCB’S |

scenarios for the mixed paper portion of the raw materlals are taken from the
October 13, 1997 paper, “Mixed Paper Scenarios.” Three scenarios for mixed -
paper were offered in this paper, as tHere i§ no broadly récognized average
mixed paper scenatrio. For the boxboard, a “broad deflmtlon mixed paper”
scenario and a “single famﬂy residential mixed paper” scenario are congidered,
For the paper towels, a “mixed paper in offices” (or file stock) stenario is the only
alternative considered. '

These scenarios are shown in Table RP-1 as percéntages of néewspaper,
corrugated boxes, office paper, and coated paper. Some detailed categories from
“Mixed Paper Scenarios” did not fit into thesé four categoriés, so surrogates from
the four categories were used in their place.

Newspapers were used as the surrogate for recycled folding boxes and
set-up boxes because they contain large amounts of repulped newsprint.
Newspapers were also the surrogate for uncoated groundwood paper because it
is mechanically produced, as is most newsprint. Kraft boxes, bags, sacks, and
wrapping paper were included in office paper, as they are produced by chemical

pulping.

The “recipes” for producing recycled boxboard and paper towels were
based on data in Capacity and Fiber Consumption, published by the American
Forest and Paper Association. In this document, amounts of newsprint,
corrugated boxes, and mixed paper going into new products are shown. The end
product “tissue” was assumed for the paper towels, and “Other recycled
paperboard” was assumed for boxboard. The mixed paper percentage from this
document was multiplied by the different mixed paper scenarios shown in Table
RP-1 and added to the newspaper and corrugated percentages from the AF&PA
document to come to the final recipes for boxboard and paper towels shown in
Table RP-2.

Discussions for the collection of mixed paper and the manufacture of
recovered pulp are shown below.

Recovered Paper Collection
Collection of recovered paper, whether from an industrial or consumer

setting, involves separation of the various grades of recovered paper, baling the
discards for ease of shipment, and delivery to a repulping operation.
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'fable RP-1

| SUMMARY OF MIXED PAPER SCENARIOS USING NEWSPAPER CORRUGATED BOXES,
OFFICE PAPER, AND COATED FAPER

. (D/n}

: Single-Farily
~ _ Broad Definition Residential Mixed Paper
Paper Grade Mixed Paper Mixed Paper in Offices
Newsprint (1) 16.4 13.7 7.9
Corrugated Boxes (2) : 0 15.1 0
Office Paper (3) 60.1 42 47.5
Coated Paper (4) L 23.5 29.2 44.6

" 100 100 100

(1) Includes newsprint, uncoated groundwood paper, recycled foldmg boxes, and set-up boxes
(2) Includes virgin and recycled corrugated boxes
(3) Includes uncoated free sheet paper, cotton fiber paper, bleached bristols, unbleached
kraft folding boxes, bleached kraft folding boxes, bleached bags and sacks, unbleached
bags and sacks, and unbleached wrapping paper.
(4) Includes coated free sheet paper and coated groundwood paper.

Source: "Mixed Paper Scenarios.” Prepared by Franldm Associates, Ltd. for EPA.
October 13, 1997.

Recovered Pulp Manufacture

The following discussion describes the production of repulped market
pulp from recovered fiber sources, either industrial scrap or postconsumer. For
many paper products, repulped recovered paper can be used as a raw material
substitute for wood pulp. :

The most common method of preparing recovered paper for reuse begins
with repulping the fiber sources. During the repulping step, large sized
contaminants are separated from the fiber. Immediately following pulping,
smaller sized contaminants are screened for removal. If inks are present, a
portion of the inks are washed from the fiber during the screening process and
may result in sufficient deinking for some applications, such as for recycled
paperboard. This process also removes some coatings and fillers from the
recovered paper.
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Table RP-2

RECY CLED BOXBOARD AND PAPER TOWELS RECIPE

(%)
Boxboard using
Boxboard using the - Single-Family Paper Towels using
Broad Pefinition . Residential Office Paper

Paper Grade - for Mixed Papér for Mixed Paper for Mixed Paper
Newsprint (1} : 24 23 21
Corrugated Boxes (2) 48 53 5
Office Paper (3) 20 14 ) 38
Coated Paper (4) 8 10 . 36

100 100 160

(1) Includes newsprint, uncoated groundwood paper, recycled folding boxes, and set-up boxes

(2) Includes virgin and recycled corrugated boxes

(3) Includes uncoated free sheet paper, cotton fiber paper, bleached bristols, unbleached
kraft folding boxes, bleached kraft folding boxes, bleached bags and sacks, unbleached
bags and sacks, and unbleached wrapping paper,

(4) Includes coated free sheet paper and coated groundwood paper.

Sources: (1) MlXEd Paper Scenarios." Prepared by Franklm Associates, Ltd for EPA.
October 13, 1997,

(2) "Capacity and Fiber Consumption” American Forest and Paper Association. 1997.

When higher brightness is needed in the final product, a washing and/or
flotation process involving chemical digestion “cooking” is required to further
remove inks, fillers and coatings. This intensive digestion process often results in -
a significant weight loss of fiber in terms of both cellulosic fines and ash. These
losses end up as deinking sludge.” Chemicals, such as detergent, are used in the
deinking process. The deinking process is not included for the recycled pulp
used in boxboard or paper towels.

The recycled pulp.is then dried or partially dried and prepared for
delivery to a papermill. The partially dried pulp, referred to as wet lap, has an
average moisture centent of 50 percent
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