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Economic Evaluation of Wastewater Treatment System

Eriko ANKYU*!T, Toshihiko OTSUKA *!, and Ryozo NOGUCHI *?

(Received October 5, 2016)

Filtration experiments were conducted using artificial wastewater at 20 °C and 60 °C to explain the
relationship between the separation ability of oil-water separation equipment and the recovery rate of suspended
solids (SS) recovery equipment for oil concentrations. Based on the characteristics of oil and SS explained by
the filtration experiments, an economic evaluation method for a wastewater treatment system was proposed for
two cases: using oil-water separation equipment without SS recovery equipment (single use) and using oil-water
separation equipment with SS recovery equipment (combination use) using Separative Work Unit (SWU). The
separation ability of oil-water separation equipment could determine the required recovery rate of SS recovery
equipment. The SWU for combination use at 20 °C and 60 °C was higher than the SWU for single use. The SWU
for combination use at 60 °C was higher than that at 20 °C. At 60 °C, combination use increased the SWU by
562 JPY/day (treatment amount 3,000 L/day) compared to single use, at 45% separation ability of the oil-water
separation equipment according to the results of our filtration experiments.
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1. Introduction

not effective for wastewater that includes a large amount

Wastewater from food processing factories,
restaurants, and food shops includes large amounts of
animal and vegetable oil. This oil causes various problems
for wastewater treatment, such as decreasing the efficiency
of the wastewater treatment facility, and increasing running
costs of the facility V. Grease traps for collecting oil in
wastewater are typically set in food processing factories,
restaurants, and food shops in Japan. However, they are
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of oil, and wastewater that still contains a little amount of
oil overflowed downstream. Wastewater flowing into river
bodies causes odor problems and water contamination.
Wastewater flowing into sewage system is one of the causes
of blocked drains and pipes. In some cases, consolidated oil
forms oil balls that draft into the sea?. Moreover, running
cost and time for wastewater treatment facilities increase
if wastewater includes a large amount of oil. Although
food processing factories, restaurants, and food shops are
allowed to release only a limited concentration of oil in
wastewater below the effluent standard, set by the Water
Pollution Control Law in Japan, they still release wastewater
including a large amount of oil.

There are many studies on using microorganisms
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in wastewater treatment by introducing them into grease
traps ¥ ~ 9. However, these methods produce a large
amount of residue, increasing the initial and running cost
of underground grease traps, and slowing the speed of the
treatment process. Using oil-water separation equipment
for recovering oil from wastewater before releasing it
into the treatment facility that includes a grease trap
increases the efficiency of the treatment facility, reduces
initial and running costs, and makes it possible to reuse the
recovered oil as an energy resource”?®. In a previous study ?,
an economic evaluation of installing oil-water separation
equipment into a wastewater treatment system in a food
processing factory was conducted.

Wastewater from food processing factories,
restaurants, and food shops includes not only oil but also
large volumes of suspended solids (SS) such as food residue,
composed mainly of protein and starch. If high performance
oil and SS recovery can be achieved, the total workload
and running costs of wastewater treatment would be
dramatically reduced. Furthermore, recovered oil and SS
can serve as significant sources of additional profit if oil
and SS can be collected with no chemical change. Thus,
the separation ability of oil-water separation equipment
and the recovery rate of SS recovery equipment affect the
economics of the treatment process.

This study aims to evaluate the economics of
installing oil-water separation and SS recovery equipment
on a wastewater treatment system using the recovery
characteristics of oil and SS by filtration and Separative
Work Unit (SWU).

First, filtration experiments representing SS recovery
equipment were conducted using artificial wastewater to
identify the relationship between the separation ability of
oil-water separation and the recovery rate of SS recovery
equipment for oil concentration. Since high performance
SS recovery can be achieved empirically by reducing oil
concentration in wastewater through filtration, artificial
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wastewater with changing concentrations of oil and SS was
used in the filtration experiments to calculate the recovery
rate of oil and SS. Second, an economic evaluation method
was proposed to evaluate the installation of oil-water
separation and SS recovery equipment on a wastewater

treatment system based on a previous study .

2. Materials and Methods
2.1 Filtration experiments for recovery characteristics
of oil and SS using different oil concentrations of
artificial wastewater

The concept of oil-water separation and SS recovery
in this study is illustrated in Fig. 1. Oil-water separation
equipment recovered oil from oil- and SS-containing
wastewater. Next, SS recovery equipment recovered SS
from oil-removed water. Oil- and SS-removed water was
then treated at the wastewater treatment facility. The study
site of evaluation was a fictional family restaurant or a food
shop (the model restaurant) that discharges wastewater
including large amounts of oil and SS.

Oil-water separation equipment assumed in this study
was operated based on the specific gravity of oil and water
and on the wastewater flow rate inside the equipment,
without chemical or biological treatment. As a result, there
were no water quality changes. Filtration equipment was
selected to act as a SS recovery equipment after oil-water
separation and before wastewater treatment, because
recovering SS upstream of a wastewater treatment facility
decreases the cost and size of the facility and increases the
possibility of using recovered SS as a recycled resource. A
pouched grid mesh was used as a SS recovery equipment.

It is not proper to use wastewater from actual food
processing factories, restaurants, and food shops in the
filtration experiments because there is a wide range of
elements including the components in actual wastewater,
and temperature and flow velocity of actual wastewater.
In this study, filtration results of artificial wastewater
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containing vegetable oil and flour (as SS) were used for the
economic evaluation. To comparison, actual wastewater
from the cafeteria of the University of Tsukuba in
December 2016 was also used.

Filtration experiments using artificial wastewater
with varying concentrations of oil and SS as oil-removed
water were conducted to identify the relationship between
the separation ability of oil-water separation equipment and
the recovery rate of SS recovery equipment. The mesh
had 044-mm openings and a thread diameter of 0.20 mm,
similar to the ones installed on food preparation facilities.
One sheet of mesh cut into roughly 40-mm squares was
used in each filtration trial. The filtration unit including
the mesh sheet is shown in Fig. 2. A filtration tray (inner
diameter 54.0 mm, hole diameter 21.5 mm, height 20.0
mm) was placed on the mesh sheet. The effective filtration
area was 3.64 x 10> mm? The inlet velocity of artificial
wastewater was 0.017-0.020 L/s, which ensured constant
velocity and inlet time.

Artificial wastewater was composed of water,
sunflower oil as oil, and flour as SS. Flour was selected
because it has inconsistent particle size (5-100 um %) and is
mainly composed of protein and starch.

Experimental conditions consisted of 42 combinations
of six oil concentrations (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 g/L)
and seven SS concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5
g/L). Maximum values were determined based on the data
collected during a field investigation.

Variation in mesh weight before and after drying
over one day was measured. The recovery rate of oil and
SS by filtration was expressed as the variation in mesh
weight divided by the sum of sunflower oil and flour in
artificial wastewater (eq. (1)), where R is the recovery rate of
oll and SS by filtration, AW, is the variation in mesh weight
(W) before and after filtration and drying, and W,; and Wss
are the weight of input oil and SS in artificial wastewater,
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In this simulation, the recovery rate of SS recovery
equipment was measured for a mixture of oil and SS,
because it is difficult to separate oil and SS perfectly.
However, recovered SS could be used as a valuable
resource if SS recovery equipment could separate oil and
SS perfectly that would decrease the amount of SS and the
treatment costs.

Drinking water as a base solvent was heated to
20 °C to represent ordinary wastewater and to 60 °C to
represent hot wastewater for the investigation of the effect
of wastewater heating. The process of creating artificial
wastewater is described in Fig. 3; 1 L of drinking water
was heated to the target temperature. The appropriate
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Fig. 3 Procedure of filtration experiments including the preparation
of artificial wastewater
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Fig. 2 Filtration unit used in filtration experiments
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concentrations of sunflower oil and flour were measured and
put into a centrifuge tube. Heated drinking water (30 mL)
was added to the tube, which was stirred by a vortex mixer
for 30 s. The stirred mixture and the remaining heated
drinking water were added to a mixing container to create
artificial wastewater. Filtration through the mesh sheet was
conducted immediately before artificial wastewater could
settle out as sediment.

2.2 Evaluation of oil-water separation and SS recovery
Wastewater from the model restaurant included
vegetable oil and food residue such as protein, representing
oil and SS in the filtration experiments, respectively. The
amount of wastewater released from the restaurant was
3 m?®/day, the concentration of n-hexanes that represented
oil concentration was 19,000 mg/L, and SS concentration
was 1,100 mg/L.

Fig. 1 shows the concept of the oil-water separation
and SS recovery equipment in a restaurant. The oil-water
separation equipment separates recovered oil and oil-
removed water midstream from the oil- and SS-containing
wastewater upstream. The SS recovery equipment
separates the recovered SS and oil- and SS-removed water
downstream from the oil-removed water midstream.
The economic value of the recovered oil, the recovered
SS, the oil- and SS-removed water, and the oil- and SS-
containing wastewater depends on their volumes and purity
(concentration) levels.

Based on a previous study ? where W, [kg/day], Oou
kg/day], Sou [kg/day], and W,, [kg/day] are the amount
of the oil- and SS-containing wastewater per day, the
recovered oil per day, the recovered SS per day, and the
oil- and SS-removed water per day, respectively. Xw/win [-],
KXwoou [-], Xwsou [, and Xwwou [-] are defined as the water
mixing ratios in: the oil- and SS-containing wastewater, the
recovered oil, the ecovered SS, and the oil- and SS-removed
water, respectively. Xo/win [-], Xo/oou [-], Xossou [}, and Xwsoou [-]
are defined as the oil-mixing ratios in: the oil- and SS-
containing wastewater, the recovered oil, the recovered
SS, and the oil- and SS-removed water, respectively. Xs/win
[-], Xs/oou [, Xs/sou [, and Xsoou [-] are defined as the SS
mixing ratios in: the oil- and SS-containing wastewater,
the recovered oil, the recovered SS, and the oil- and SS-
removed water, respectively. The relationship between these
variables is expressed by the following equations.

VVin = Oout + Sout + I/I/;mt (2)
Oout')([/OOLtl + W}ut' i/Sout + I/Vout')(i/Wnut = VVinXi/Win (3)
Xw; + Xoj + Xs; =1 4)

where i = W, O, S and j = Wi, Oou, Wou are assumed to be
true.

2.3 Value Function and Separative Work Unit

The SWU is a scale of treatment ability of a
separation process and is widely used in the field of nuclear
power engineering amongst others 'V =¥ A value function
(VF) is used to calculate SWU and to convert concentration
X to an economic value. SWU is equal to the difference
between the total economic value of each substance
obtained after separation and the value of mixture before
separation. In this study, SWU is considered as the
difference between total economic value of the oil-removed
water, the recovered oil, and the recovered SS and of the
oil- and SS-containing wastewater. Each economic value
was calculated by multiplying VF [JPY/kg] by the amount
of target substance [kg].

Based on a previous study ?, the VF of oil-water
separation and SS recovery in the model restaurant should
be defined for each product with a single unit. Then,

SXowoow) [JPY/kgl, g(Xwwou) [JPY/kgl, i(Xssow) [JPY/kg],

and 2(Xwwin) [JPY/kg] are assumed to be the VFs of the
recovered oil, the oil- and SS-removed water, the recovered
SS, and the oil- and SS-containing wastewater, respectively.
The VFs were determined based on the field investigation
at a food processing factory, restaurant, and food shops. The
initial and running costs of the oil-water separation and SS
recovery equipment were included in g(Xwwou), the VF of
the oil- and SS-removed water.

Daily SWU in the model restaurant, 6U,,, was defined
by eq. (5). A positive value of 6U,, means that profit is
generated by separation and a negative value indicates that
a cost is incurred by separation.

O0Uss = Oou f(Xoi00ut) + Wour' @(Xwiwour)

+ Sou i Xsisou) = Winh(Xwiwin) (D)

In this study, two cases of an economic evaluation
were calculated: 6U,,, where the model restaurant installed
both oil-water separation and SS recovery equipment (SWU
for combination use); and U, where the model restaurant
installed oil-water separation equipment without SS
recovery equipment (SWU for single use)?.

As the recovered oil is sold as fuel, the VF of the
recovered oil, f(Xooo), 18 determined by the heating value
and is expressed as follows.

S Xo00uw) = Viea"(Xooou Hoit + Xsioou Hss — Xwioou Hyar) (6)
where Vi [JPY/]]is the conversion factor from the heating
value to the economic value. H,y [J/kg] and Hss [J/kg] are
the heating values of oil and SS, and H,. [J/kg] is the heat
of vaporization for water.

In some cases, the recovered SS can be collected as
a valuable resource. However, this study assumed that the
recovered SS was collected as industrial waste because it
also included oil. Below 85% water content, the collecting
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cost represented the VF of the recovered SS, i(Xssou) [JPY/
kg], was determined by the amount of industrial waste, as
follows.

i(Xsssou) = = Cina (7)
where Ciq [JPY/kg] is the collecting cost of the industrial
waste.

Wastewater treatment facility treats some
components such as BOD, COD, n-hexanes, SS, T-N, and
T-P at the same time . The initial cost, the running cost,
and the size of a wastewater treatment facility were
determined by the type and amount of these components
in wastewater 7. Especially, n-hexanes as oil influence the
cost and the size of a wastewater treatment facility .
The initial and running costs of a wastewater treatment
facility are traditionally determined by the daily allowable
amount of wastewater because the treatment facility can
only treat oil- and SS-free or low oil- and SS-containing
wastewater, rather than wastewater containing high levels
of ail as in the case of the model restaurant. Therefore, the
standard costs of a wastewater treatment facility for oil-
and SS-containing wastewater are not clear but can be
determined by a facility scale for the maximum permissible
concentrations of n-hexanes as oil, N [kg/L], and of SS, NSS
[kg/L] (egs. (8) and (9)).

a b a b 1

Pi=pi: : =pit @)
AN A'NSS N Nss A2
a b a b 1

P.=p,* . =p ©)
AN A-Ngs N Nss A2

where P; [JPY/L] is the initial cost and P, [JPY/L] is the
running cost of a wastewater treatment facility that should
treat wastewater containing oil and SS, respectively. p;
[JPY/L] and p, [JPY/L] are the standard initial and running
costs, respectively, of a wastewater treatment facility for
the total amount of wastewater treated over the lifetime
of the facility. In egs. (8) and (9), a/4 > N and b/4 > Nss
are assumed to be true and a [kg/day], b [kg/day], and 4
[L/day] are the amounts of oil and SS in the oil- and SS-
containing wastewater per day, and the volume of the oil-
and SS-containing wastewater per day, respectively.
Recovering oil and SS from wastewater contributes to
the reduction in the cost of a wastewater treatment facility.
h(Xowin) [JPY/kg] in eq. (10) represents the VF for the oil-
and SS-removed water and consists of the initial and running
costs of the wastewater treatment facility without any oil-
water separation and SS recovery equipment. g(Xoswou)
[JPY/kg] in eq. (11) represents the VF for the oil- and SS-
containing wastewater and consists of the initial and
running costs of a wastewater treatment facility with an oil-
water separation and SS recovery equipment. Then g(Xowou)
[JPY/kg] was determined by adding the initial and running

costs of the oil-water separation and SS recovery equipment
to A(Xowi) [JPY/kgl. h(Xwwin) [JPY/kg] and g(Xwwow) [JPY/

kg| were calculated by using eq. (3).
Pi+P. (pitp)p a b

HXomwi) =~ -
(ow) == b
@itp)p
=— * Xowin * Xswin (10)
N- NSS O/W1 S/Wi
Psc ol T Prcc—SS + (Esc il T Ercc—SS) N
gWorwen) = h(Xowou) = ! - (11)

p

where, p [kg/L] is the density of wastewater that changes
with Xowin. Peepoit [JPY/L] and Pecss [JPY/L] are the initial
costs of oil-water separation and SS recovery equipment,
respectively, for the amount of wastewater treated over the
lifetime of the equipment. Eqpoi [kWh/L] and E.e.ss [kWh/L]
are the input energy (electricity) of oil-water separation and
SS recovery equipment, respectively, for the total amount
of treated wastewater over the lifetime of the equipment.
n [JPY/kWh] is the conversion factor between cost and
energy.

The field investigation data used to calculate SWU
in the model restaurant are shown in Table 1. The initial
cost of oil-water separation and SS recovery equipment
included the product cost without the cost of installation.
The running cost of oil-water separation and SS recovery
equipment included the maintenance cost without the
labor cost. Each initial cost was determined as one-tenth
of the cost of the equipment installed on the actual factory
because the treatment amount of wastewater in the model
restaurant (3,000 L/day) was one-tenth of the actual factory
capacity. The running cost of oil-water separation equipment
was assumed to be same with the cost of the actual factory.
The running cost of SS recovery equipment was 0 JPY/
month because the equipment was the filtration mesh that
required no electricity or maintenance material.

Calculations were conducted by changing the
separation ability of oil-water separation equipment. The
recovery rate of SS recovery equipment was determined
based on the results of the filtration experiments. Finally,
all parameters regarding the oil- and SS-containing
wastewater, the recovered oil, the recovered SS, and the
oil- and SS-removed water were automatically determined
based on the separation ability of oil-water separation
equipment and the recovery rate of SS recovery equipment.

3. Results and Discussion
3.1 Relationship between oil concentration rate of
artificial wastewater and recovery rate of oil and
SS by filtration
Fig. 4 shows the viscosity of artificial wastewater
with only sunflower oil with changing oil concentrations



Table 1 Specific data for calculating Separative Work Unit (SWU)

in model restaurant

Variable Value Unit
Heating value of fuel oil A 39110 M]J/L
Price of fuel oil A 90.71M JPY/L
Vheat 0.00000232 JPY/]
Heating value of sunflower oil 9,200 kcal/kg
Haii 37,656,000 J/kg
Hiya 2,270,000 J/kg
a 57* kg/day
b 3.3 kg/day
A 3,000" L /day
N 0.0000320 kg/L
Nss 0.0001629 kg/L
Priepooit 00791 kWh/L
Eep-oil 0.000030* kWh/L
Precss 0.000244" kWh/L
Erecss 0* kWh/L
H 17082 JPY/kWh
Specific gravity of vegetable oil 09152 -
Specific gravity of water 1
Specific gravity of SS 162
Wastewater treatment facility
Lifetime 15* year
Initial cost 6,000,000* JPY
Running cost 30,721* JPY/month
Oil-water separation equipment
Lifetime 15* year
Initial cost 1,300,000 JPY
Running cost 1.35* JPY/month
SS recovery equipment
Lifetime 15* year
Initial cost 4,000" JPY
Running cost 0 JPY/month

Values marked * were obtained through field investigations
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Fig. 4 Viscosity of artificial wastewater with changing oil

concentrations used in the filtration experiments at 20 °C

and 60°C
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at 20°C and 60 °C. Fig. 5 shows the viscosity of artificial
wastewater with only flour as SS with changing SS
concentrations at 20 °C and 60 °C. Although the viscosity
of artificial wastewater with SS was almost constant
regardless of the SS concentration, the viscosity of artificial
wastewater with oil gradually increased with increasing oil
concentration in wastewater. This result suggests that oil
concentration in water has a greater effect on the viscosity
of wastewater than the SS concentration. Moreover, higher
water temperatures were associated with lower viscosity
values.

One of results of the filtration experiments with
artificial wastewater at 20 °C and with 0.5 g/L of oil
concentration are shown in Fig. 6. Although artificial
wastewater was assumed to be the oil-removed wastewater,

1.4
12
® ®
—10{ ©® @ ° L
w
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>
£ | o
g 06 o © o o o
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®20°C
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Fig. 5 Viscosity of artificial wastewater with changing SS
concentrations used in the filtration experiments at 20 °C
and 60°C
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Recovery rate of oil and SS by filtration : R [-]

0 0.5 1 15 2 25 3 35
SS concentration in oil-removed water [g/L]
Fig. 6 Relationship between SS concentration in oil-removed

water and recovery rate of oil and SS by filtration: R [-]
(20 °C; oil concentration in oil-removed water 0.5 g/L)



108 J. Jon. Inst. Energy, Vol. 96, No. 4, 2017

Table 2 Values of fitted curves elucidated by the filtration
experiments with artificial wastewater at 20 °C and
60°C

Oil concentration in .
Coefficient of

oil-removed water Fitted curve

[e/L] determination

20°C: Temperature of artificial wastewater
05 y=01577x — 0.0054 0.9524
10 y=01117x + 0024 0.8660
15 y=00707x + 0.0181 0.8218
20  y=00280x + 0.0749 0.7375
25 y=0038Lx + 0.051 0.7573
30 »=00603x + 0.014 0.9537

60 °C: Temperature of artificial wastewater
05 y=—00048x + 0.3135 0.0089
10 y=00751x + 01339 0.7989
15 y=00717x + 0.1149 0.8599
20 y=00785x + 0.0551 0.5120
25 y=100235x + 01302 04965
30 »y=00335x + 0.0918 0.7939

x: SS concentration in oil-removed water [g/L]
y: Recovery rate of oil and SS by filtration: R [-]

depending on the separation ability of oil-water separation
equipment, residual oil concentration in wastewater
was determined. Then, the filtration experiments were
conducted for each residual oil concentration in wastewater.
Fitted curves explained the relationship between the SS
concentration in artificial oil-removed wastewater and the
recovery rate of oil and SS by filtration (R [-]: defined in eq.
(1)). Other results of the filtration experiments at 20 °C and
60 °C are listed in Table 2. Under all oil concentrations (0.5-
3.0 g/L), R [] linearly increased at higher SS concentrations.
Here, 0.318 of R [-] was achieved as the average value at 60
°C, 0.5 g/L of n-hexanes extract, and 0.5 g/L of SS by using
actual wastewater from the cafeteria of the University of
Tsukuba in December 2016. n-hexanes and SS concentration
were measured once every hour for three hours, and R
[-] was measured from the result of the nine filtration
experiments. Compared to this result, the value of R [] by
artificial wastewater (at 60 °C, 0.5 g/L of oil concentration)
calculated as 0.311 from Table 2 was enough close.

In the model restaurant, oil concentration in the oil-
removed water was 1 g/L (1 g of oil per 1 L of water). Thus,
R [] based on the oil concentration of 1 g/L after the oil
removal was chosen to explain the relationship between the
oil concentration in the oil-removed water and R [-] at 20 °C
(Fig. 7) and 60 °C (Fig. 8). R [-] at 20°C and 60 °C decreases
with increasing oil concentration in the oil-removed water.
This result suggests that high SS recovery performance by
filtration can be obtained by reducing the oil concentration
in wastewater. Increasing oil concentration in the oil-
removed water inhibited the collection of SS on the mesh
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Fig. 7 Oil concentration in oil-removed water and recovery rate
of ail and SS by filtration: R [-] (20 °C) (SS concentration
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because SS were wrapped in oil and passed through the
mesh with the oil due to its high viscosity.

3.2 Separation ability of oil-water separation and the
recovery rate of SS recovery equipment

By changing the separation ability of oil-water
separation equipment from 0 to 100% in steps of 5%, the
oil concentration in the oil-removed water was determined.
Based on this concentration and the results of Figs. 7 and
8, R [-] in SS recovery equipment downstream of oil-water
separation equipment was determined. Fig. 9 shows the
relationship between the separation ability of oil-water
separation equipment and R [-] in SS recovery equipment
with wastewater at 20 °C and 60 °C. Here, R [-] described
in eq. (1) was equal to the recovery rate of SS recovery
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Fig. 9 Separation ability of oil-water separation equipment and
recovery rate of SS recovery equipment: R [-]

equipment.

At both 20°C and 60 °C, R [-] exponentially increases
with higher separation ability of oil-water separation
equipment. SS recovery equipment with low input energy
and high recovery rate can be developed. Decreasing the
mesh opening size would increase R [-], but can lead to
increased clogging of the mesh. A proper size of the mesh
opening should be selected for each restaurant, to enable
low maintenance costs and sustainable use of SS recovery
equipment.

R [-] of wastewater at 60 °C was higher than that
at 20 °C. The difference in R [-] between 20 °C and 60 °C
increases with higher separation ability of oil-water
separation equipment. Therefore, from the viewpoint of
recovering oil and SS by filtration equipment, heating
wastewater is an effective way of increasing the
recovery rate of SS recovery equipment and decrease the
contaminants in the treated water.

3.3 Trial calculation of SWU

The relationship between the separation ability of
oil-water separation and the recovery rate of SS recovery
equipment from the results of our filtration experiments
was used to calculate the SWU for combination use at 20°C
(Fig. 10) and 60 °C (Fig. 11). The SWU for single use is also
shown in Figs. 10 and 11.

At 20°C and 60°C, the SWU for single use increases
linearly with the increasing separation ability of oil-water
separation equipment. However, the SWU for combination
use increases logarithmically with the increasing separation
ability. Regardless of the separation ability of oil-water
separation equipment, the SWU for combination use is
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Fig. 10 Relationship between separation ability of oil-water
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Fig. 11  Relationship between separation ability of oil-water
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always higher than that for single use.

At 0% separation ability, the SWU for single use
IS negative, meaning that installing oil-water separation
equipment would be economically undesirable. Above 5%
separation ability, the SWU for single use becomes positive
indicating that even with low separation ability, installing
oill-water separation equipment would be economically
feasible. On the other hand, the SWU for combination use is
positive for all separation ability value.

In addition, Fig. 12 illustrates the relationship
between the separation ability of oil-water separation
equipment and the difference in the SWU between
combination and single uses that shows the effectiveness
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Fig. 12 Separation ability of oil-water separation equipment and
difference in SWU between combination and single uses

of adding SS recovery equipment downstream of oil-water
separation equipment (maximum value on 45% separation
ability, 539 JPY/day at 20 °C and 562 JPY/day at 60 °C).
The difference decreases toward 0% and 95% separation
abilities. The minimum difference at 95% separation ability
was 58 JPY/day at both 20 °C and 60 °C.

At both 20°C and 60 °C, the difference between the
SWU for combination and single uses is positive, meaning
that installing both oil-water separation and SS recovery
equipment has a positive economic effect.

Fig. 13 shows the relationship between the separation
ability of oil-water separation equipment and the difference
in the SWU for combination use at 20 °C and 60 °C that
shows the effectiveness of heating wastewater. The
difference decreases with increasing the separation ability
of oil-water separation equipment. The maximum difference
in the SWU for combination use at 20 °C and 60 °C is 273
JPY/day at 0% separation ability and the minimum is 11
JPY/day at 95% separation ability.

Increasing the wastewater temperature from 20 °C to
60 °C did not change the SWU significantly if the separation
ability of oil-water separation equipment was maintained.
However, regardless of the separation ability, the difference
in the SWU between combination and single uses is positive,
meaning that heating wastewater is economically feasible.

At the actual factory, wastewater that flowed into oil-
water separation equipment was at a temperature of about
60°C and thus it needed not be heated before treatment. In
general, the recovery rate of oil and SS in wastewater from
factories can be improved by heating wastewater upstream
before releasing it into a wastewater treatment facility.

In this study, the effect of the SWU on installing
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Fig. 13 Separation ability of oil-water separation equipment and
difference in SWU for combination use between 20 °C
and 60°C

both oil-water separation and SS recovery equipment
(combination use) was not high because the amount of
wastewater was relatively small. If the relationship between
the oil concentration in the oil-removed water and the
recovery rate of oil and SS by filtration, R [-], such as in
Figs. 7-9, is applied to animal fat instead of vegetable oil,
the SWU of food processing factories, restaurants, and food
shops that discharged a large amount of wastewater would
be significantly greater. This is because the profit from
increasing the amount of the recovered oil and decreasing
wastewater treatment costs would be larger than the initial
and running costs of installing oil-water separation and SS
recovery equipment.

4. Conclusions

1) To explain the effect of installing oil-water separation and
SS recovery equipment for wastewater treatment at a
restaurant or food shop, an economic evaluation by SWU
was conducted for two cases: using oil-water separation
equipment without SS recovery equipment (single use)
and using oil-water separation equipment with SS
recovery equipment (combination use).

2) Filtration experiments with artificial wastewater
explained the relationship between the input amount
of SS in the oil-removed water and the recovery rate
of oil and SS by filtration, R [], at 20 °C and 60 °C. The
separation ability of oil-water separation equipment could
determine the required R [-] of SS recovery equipment.

3) The SWU for combination use at 20 °C and 60 °C was
higher than the SWU for single use. The SWU for
combination use at 60 °C was higher than that at 20 °C.
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At 60 °C, combination use increased the SWU by 562
JPY/day compared to single use, at 45% separation ability
of oil-water separation equipment according to the results
of our filtration experiments.
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