EXAMPLE 2-2 REDUCTION OF DISCHARGE IN A TIRE-TO-FUEL PLANT

This case study is adapted from El-Halwagi (1997) and Noureldip
and El-Halwagi (1999). It involves a processing facility that converts
scrap tires into fuel via pyrolysis. Figure 2-11 is a simplified flowsheet of
the process. The discarded tires are fed to a high-temperature reactor where
hydrocarbon content of the tires are broken down into oils and gaseous fuels.
The oils are further processed and separated to yield transportation fuels. As 3
result of the pyrolysis reactions, water is formed. The amount of generated
water is a function of the reaction temperature, T, through the following.

correlation:
Wica = 0.152 +(5.37 — 7.84 x 107> Ty )e?470-04Trea) (2.10)

where W,,, is in kg/s and Trxn is in K. At present, the reactor is operated at
690K which leads to the generation of 0.12 kg water/s. In order to maintain
acceptable product quality, the reaction temperature should be maintained
within the following range:

690 < Tra(K) <740 @2.11)

The ‘gases leaving the reactor are passed through a cooling/condensation
- system to recover some of the light oils. In order to separate the oils, a
decanter is used to separate the mixture into two layers: agqueous and organic.
The aqueous layer is a wastewater stream whose flowrate is designated as W
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] FIGURE 2-11 SIMPLIFIED FLOWSHEET OF TIRE-TO-FUEL PLANT
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and it contains phenol as the pimary pollutant. The t_)rgat::c El;':!:f:fs’ru ;: :?Efgl
with the liquid products of the rczclo:j anddf%d lgdﬁn;ihinif ctsy cauiian o
ishing. a gascous waste is produced an ared.
g:i'lc]::gthe gb:u:k-propag:\lion of fire from the flarc, a seal pot (Lgr ? rxtc;
valve) is placed before the flare to provide a buffer zone between m: s:,al nOt
the flare gas. The flowrate of the water stream passing through . —;z;
is referred to as Gy and an equivalent flowrate of wastewater stream, »¥> = 0o,
is withdrawn from the seal pot. _
N Tire shredding is achieved by using high-pressure water jets. The
shredded tires are fed to the process while the spent water 1S ﬁllcmfi,
The wet cake collected from the filtration system 1s fqrwarded to iohg
waste handling. The filtrate is mixed with fresh watef-Jet makeup “G,
to compensate for water losses with the wet cake “H3 gmd the shmd_cied
tires. The mixture of the filtrate and the water makeup 1s.fcd to a high-
pressure compression station for recycle to the shredding umt. The ﬂov:rratc
of water-jet makeup depends on the applied pressure coming out of the
compression stage “Peomp~ V12 the following expression:

Gy = 0.47 e 00%F=me (2.12)

. where G, is in kg/s and Pemp is in atm. In order to achieve acceptable
shredding, the jet pressure may be varied within the following range:

70 < Peomp(atm) < 95 (2.13)

At present, Peomp is 70atm which requires a water-jet makeup flowrate of
0.25 kg/s. _

The water lost in the cake is related to the mass flowrate of the water-jet
makeup through:

W; =04G, (2.14)

-

In addition to the water in the wet cake, the plant has two primary
sources for wastewater; from the decanter () and from the seal pot (I¥>).
At present, the values of W,, W,, and W, are 027, 0.15, and 0.10 kg/s,
respectively. The wastewater from the decanter contains about 500 ppm of
phenol. Within the range of allowable operating changes, this concentration
can be assumed to remain constant. At present, the wastewater from the seal
pot contains no phenol. The plant has been shipping the wastewater streams
W) and W, for off-site treatment. The cost of wastewater transportation
and treatment is $0.10/kg leading to a wastewater treatment cost of
approximately $1.33 million/year. W3 has been processed on site. Because
of the charactenistics of Wj, the plant does not allow its recycle back to the
process even after waste-handling processing. The plant wishes to reduce
off-site treatment of wastewater streams W, and W, to avoid cost of off-site
treatment and alleviate legal-liability concerns in case of transportation
accidents or inadequate treatment of the wastewater. The objective of this



problem is to determine a target for reducti .
. uctio .
discharges W, and W,. , n in flowrate of terminal
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FIGURE 2-15 TARGETING FOR MINIMUM WATER USAGE AND DISCHARGE

Consequently, G, is reduced to 0.20 kg/s. According to equation (2.14), the
new value of Wj is given by:

W; = 0.4 x 0.20 = 0.08 kg/s (2.15)

With the new values of G, and W; and with the water generation minimized
l;h 0.08 kg/s, an overall water balance provides the value of W, to be 0.15 kg/s-
' 1:Lf.c rcsults-a:('c shown in Figure 2-14 and represent the overall watef
a ‘ncc after unk(gcncrator manipulation with existing units and current
zfo?c’ss configuration. Nex(, we calculate the target for water usage and
ischarge using interception (cleaning up of recycled water) and recycli This

targeting analysis is shown in Fi 5 3
, gure 2-15 and it s
water and 0.08 kg/s for wastewater discharge. yields a target of zero fresh
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