SOLUTION FOR PROBLEMS IN CHAPTER 3

Problem 3.1 (tire-to-fuel process)
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Figure S3.1 MRPD for Problem 3.1
Minimum flowrates for fresh water (Frw) = 0.135 kg/s; and wastewater (Fww) = 0.155 kg/s.
Problem 3.2 (textile plant)

Note: When plotting the sink composite curve, please note that sink SK3 has lower
concentration than SK2, and hence is plotted prior to the latter.
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Figure S3.2 MRPD for Problem 3.2

Minimum flowrates for fresh water (Frw) = 35.8 t/h; and wastewater (Fww) = 35.8 t/h.
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Problem 3.3
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Figure S3.3 MRPD for Problem 3.3

Minimum flowrates for fresh water (Frw) = 35.8 t/h; and wastewater (Fww) = 35.8 t/h.

Problem 3.4 (Polley and Polley, 2000)
(a) Pure fresh water feed
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Figure S3.4 MRPD for Problem 3.4(a) (Foo, 2009)

Minimum flowrates for fresh water (Frw) = 70 t/h; and wastewater (Fww) =5 t/h.
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(b) Single impure fresh water feed, with 10 ppm impurity content
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Figure S3.5 MRPD for Problem 3.4(b) (Foo, 2009)

Minimum flowrates for fresh water (Frw) = 75 t/h; and wastewater (Fww) = 55 t/h.
(c) Pure (0 ppm, $1/ton) and impure fresh water feeds (80 ppm, $0.2/ton).
In (a), the pinch concentration (when pure fresh water feed is used) for this problem is

identified as 150 ppm. Hence, the prioritised cost for pure (C7p, pw1) and impure fresh water
sources (CTp, rw2) are determined using Equation 3.3 as:

CTP. - $l/ton  $6.667
i (1 50— O)ppm kg impurity ’

$0.2/ton  $2.857
(150-80)ppm kg impurity

CTPy, =

Since the prioritised cost of the impure fresh water source is much lower than that of
the pure fresh water source, the use of former should be maximised prior to the latter.
Targeting using MRPD is shown in Figure S3.6. The fresh water flowrates for pure (Frwi)
and impure fresh water sources (Frw>) are identified as 56.25 and 43.75 t/h respectively.

Operating cost for fresh water feeds are then calculated as:

56.25 (1) +43.75 (0.2) = $65/h
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Figure S3.6 MRPD for Problem 3.4(c): (a) targeting for pure fresh fresh water feed; (b) targeting for impure fresh water feed (Foo, 2009)
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Problem 3.5
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Figure S3.7 MRPD for Problem 3.5 (Foo, 2012)

Minimum flowrates for fresh water (Frw) = 11.1 kg/s; and wastewater (Fww) = 2.0 kg/s.

Problem 3.6
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Figure S3.8 MRPD for Problem 3.6

Zero fresh resource and zero discharge network, i.e. no fresh water and wastewater flowrates.
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Problem 3.7

Flowrate allocation for each water sink can be determined based on the horizontal distance of
the segment. For instance, sink SK1 is allocated fully by source SR1; while SK2 receives
water from both SKI1 and SK2, with flowrate of 10 t/h respectively (see Figure S3.9).
Similar approach is used for other sinks in Examples 3.5 and 3.6 (see Figure S3.10).
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Figure S3.9 RCN for Examples 3.5 - zero fresh resource network
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Figure S3.10 RCN for Examples 3.6 - Zero discharge network
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Problem 3.8

Note: When plotting the sink composite curve, please note that source SR2 has lower
concentration than SR1, and hence is plotted prior to the latter.
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Figure S3.11 MRPD for Problem 3.8

Minimum flowrates for fresh nitrogen (Frn) = 5.6 kg/s; and waste gas (Fwn) = 5.6 kg/s.
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Figure S3.12 MRPD for Problem 3.9

Minimum flowrates for fresh oxygen gas (Frw) = 30 kg/s; and waste gas (Fwg) = 4 kg/s.

Problem 3.10
Note: When plotting the sink composite curve, please note that source SR2 has lower

concentration than SR1, and hence is plotted prior to the latter.
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Figure S3.13 MRPD for Problem 3.10

Minimum flowrates for fresh acetic acid (Fraa) = 9.6 t/h; and waste (Fwaa) = 4.8 t/h.

Problem 3.11
Since UPW has a resistivity of 18,000 kQ/cm, which translates into the operator value

0of 0.000056 c/kQ2. Hence a fresh locus is needed in the MRPD.



017

3000

=147 2972
Fpy=1472 |
0.7 /j
0.0 /
0.5
Q =
£ 0
5T
g3
== 03 -
= L8 Source
. composite
02 Pinch curve
2 Sink \/
composite . -
01 culn-'e SK2 “"’1_11 LT
o = =177 Fresh locus
0 500 1000 1500 2000 2500
Fupw =972 Flowrate (gal/min)

Figure S3.14 MRPD for Problem 3.11

Minimum flowrates for ultrapure water (Fuypw) = 972 gal/min; and reject streams (Fgry) =

1472 gal/min.

Problem 3.12
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Figure S3.15 MRPD for Problem 3.12

Minimum flowrates for fresh fibre (Frgp) = 540 t/y; and waste fibre (Fwg) =4 t/y.
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