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ﬁﬂ Study on optimum paths of sludge management

-~ A conceptual approach

Akira Hiratsuka* and Isu Kyu**

ABSTRACT; This paper deals with an examination on a conceptual approach on optimum
paths of sludge management. The contents are as follows: 1) A sewage treatment sys-
tem as viewed from environmental system is presented for examining optimum paths of
sludge management. 2) An analysis of cumulative proportion curve with respect to
quantity of separated liquid is proposed. 3) Two methods using a multivariate analy-
sis of variance for evaluating optimum condition of solid/liquid separation as viewed
from a balance among various factors such as quantity and quality of water, sludge
and energy are considered, and then a conceptual model with respect to optimum

paths of sludge for its management is proposed.
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1. Introduction

Everyday, a great amount of sludge is discharged from sewage treatment plants.
The sludge is treated and disposed of by either land filling, incineration, or recla-
mation as resources(concrete aggregate, soil conditioners, etc.).

In the sewage treatment, although an attempt has usually been made toward the
optimum design of the system, however, there are very few instances focusing on
sludge management considering the balance among various factors, such as quantity and
quality of sludge, quality of discharged water, energy input and output, as well as
supply of stabilized sludge. Within an administration district, if the balance be-
tween supply and demand of resources and energy can be established, a new approach
to reuse of sludge as heat source can be introduced.

In the present paper, as the first step toward the design optimization of sewage
treatment system forcusing on sludge management, some representative treatment
systems are examined, and an attention is paid especially to the system's solid/
liquid separation process. Also, an analysis of cumulative proportion curve with re-
spect to quantity of separated liquid is proposed. Furthermore, two methods using a
multivariate analysis of variance for evaluating optimum condition of solid/liquid
separation as viewed from a balance among various factors (such as quantity and qual-
ity of water and sludge, and energy) are considered. Finally, a conceptual model with
respect to optimum paths of sludge for its management is proposed.
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2. Sewage treatment system as viewed from environmental system

At present, in the sewage collection for the public sewerage system in Japan,
the separate system 1is adopted in 94 7% of the city areas!’. In the separate
sewer system, the drainage from the storm sewer is directly discharged without treat-
ment into the public water body. However, with the advancement of recent city activ-
ities, the wastewater consists of miscellaneous polluted materials, and thus the
drainage from the storm sewer 1s quite polluted. This condition needs to be empha-
sized not only as a point source(eg., through sewage treatment plants), but also as
a non-point source problem?’ . In the future, it will not be difficult to imagine that

the situation of sewage influent will be quite complicated.
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Fig.1 Flowsheet of sewage treatment as viewed from
environmental systems

The flowsheet of current sewage treatment is shown in Fig. 1. In the flowsheet,

the system is roughly divided into sewage treatment and sludge treatment, and both
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are further divided into various wunit operations: grit settling, sedimentation,
aeration, and chrolination in the former, thickening, digestion, dewatering, and
incineration for the generated sludge in the latter. In general, 1in each subsystem,
improvement of thg efficiency of treatment in each process and operation has been
emphasized. Until recently, it seemed to be of 1little importance that both
sub systems are to be considered as one unit. However, as seen from Fig. 1, it is
necessary that both sub system should be considered together. as an intact sewage
treatment system. The type of sludge generated from the sewage treatment system
includes excess activated sludge, raw sludge, mixed sludge, and digested sludge.
These sludges are generated by the 8 systems asshown in Fig. 1: the types of sludge
with conditioning are shown on the left side((l) ~ 4)) and those without condition-
ing on the right side(® ~ ). It is considered that sludge types with conditioning
(on the left side) there are impacts on the natural ecosystem by the treated sludge
because of the large amount of chemicals, spch as slaked lime, ferric chloride and
organic polymer, as well as odors from heat treatment of the sludge. The filtrate
resulting from dewatering of the conditioned sludge is returned to the sewage treat-
ment process. Moreover, the quality of sidestreams is generally bad®’ . Therfore,
the return of the filtrate in the system is the reason for the deterioration in the
treatment of the sewage.

On the other hand, in the four sludge types without conditioning (on the right
side), the pretreatment such as chemicals addition and heat treatment are not
performed. Therefore, it is suggested that in the sewage treatment system as viewed
from a total environmental control, the sludge dewatering should be performed as
shown on the right side of the system, which also makes the analysis easier.

However, 1in the current sludge dewatering practice in sludge treatment, sludge
conditioning is mainly adopted. Therefore, it is ifiportant to determine optimum de-
watering operational conditions with sludge conditioning in actual treatment plants.
Before that for the simplicity, it 1is first of all necessary to grasp dewatering

characteristics while without sludge conditioning.

3. Analysis of cumulative proportion curve with respect to quantity of separated

liguid

In a previous paper’’, when using apparatus (pressure & vacuum filter) under the
same experimental conditions, differences between the two filtration methods with re-
spect to a balance among various factors such as quantity and quality of water and
sludge and energy were recognized. In the present, the same model(Eq. (1)) is em-
ployed for evaluating a solid/liquid separation. By taking natural logarithms of both

sides of the equation, Equation (1) becomes linear, as shown in Eq. (2).
V(t) = at” where a >0, 1> 3 >0, t >0 (1)

In V(t) = g’ + B-In t (2)
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From the two values(a , B) 1t is possible to predict the quantity of separated
liquid at the arbitrary separation time.

In order to consider a balance among various factors such as quantity and quality
of water and sludge, as well as energy for evaluating solid/liquid separation process

in a sewage system, we here propose a cumulative proportion curve shown in Eq. (3).

V(t)

P(t) = (3)

where V(t): solid/liquid separation curve

T : total quantity of separated liquid

If we can define a cumulative proportion curve as mentioned above, the following

two model are considered.

P(t)
Logit transformation :In(————— ) =a + fB-+1Int
1 - P(t)

Complementary-log-log : In[-In(1 - P(t))] @ + [+ Int

n

transformation

By drawing the scatter diagram with respect to a relationship between 1n t and

y(t), we select a model which shows the stronger linear tendency.

4. Evaluation of solid/liquid separation 1in sludge wusing multivariate analysis

of variance

Here we consider the two methods wusing a multivariate analysis of variance for
evaluating the optimum condition of solid/liquid separation as viewed from a balance
among various factors such as quantity and quality of water, sludge and energy. One
is a five-way layout method , and the other is three-way one. The former is as fol-
lows. For convenience, the values of «’ and 3 are shown as the notation of vector.

vector,
((l, ’ B )=Xn n=1,2, +seee, 32
The variation due to each separation factor and error can be calculated through

the following formula.

S¢ = (T = T (T, - Ty)' (4)
32
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where S, = variation due to each dewatering factor A, B, C, D, G and E.(f = A, B,
«e+«, G, AXB, AXC, ese-, DxG, AxBxC, AxBxC, AxBxD, -, CxDxG and E)

T,, T, = total vector of data corresponding to the level 1 and 2 of the orthogo-
nal array, respectively.

Table 1. Multivariate analysis of variance of the five—way
layout method

Using these values of

(1) Desipn of experiments
variation obtained from Eq. Factor A:2 levals Factos B12 levels Factor C:2 lovels Factor D:2 levels Factor G:2 levels
Number of repetitions ;| Data : 2 - dimensions
(4) y multivariate analysis ¢2) Multlvariato analysis of variance
Factor Sum of squares Dagreo of freedom  (¢¢) Chi-square Test standard
of variance of the five-way A Sa 1(=da) x% *p(e)
B Ss 1(=¢bp) x} x2p(a)
layout method is conducted c Se¢ 1(=¢c) x:c x2p(a)
D So 1(=¢0) o xp(a)
in the form as shown in G Sa 1(=¢a) X x2p(a)
AxB Saxe 1(=¢axp) X x2p(a)
Table 13’ . The latter is a AXC Saxc 1 (=haxed Xhe x2pa)
: AXD Saxp 1(=¢axo) 2.0 x2p(a)
method using each mean AXG Saxe 1 (=paxc) i 22p(@)
:33+ Soxc 1 (= oxc) xX%xc 12p(a)
vector. Using these values, BxD Soxo 1(=¢sx0) Xox0 22p(a)
BXG Soxc 1 (=¢oxa) *oxe x%p(a)
a multivariate analysis of CxD Scio 1(=¢cx0) 20 xip(a)
CxG Scxa 1 (=¢cx6) *%xe 23p(a)
variance of the three-way DxG Soxa 1(=¢oxc) *oxa lp(a)
AXBXC Saxexe Y (=paxsxc) X axoxe x2p(a)
layout method 1is conducted AXBXD Saxexp 1 (= axoxo) Hoxo 22p(a)
AXBXG Saxsxe 1 (= axpxa) 2% axc x2p(a)
in the form as shown in AXCxD Saxcxo 1 (= axcxo) X enn x2p(a)
AXCXG Saxcxo 1 (=$axcxe) x%cxe. x%p(a)
Table 2%’ . AXDXG Saxoxs 1(=paxoxa) X2 oo 22p(a)
BXCx0 Sexcxp 1 (=$sx=xo) X% exo X:PEG;
i BXCXG Soxexe 1(=dexcxc) XL, exc. x2p(a;
By using these methods, ofop goexe | oens) e Yok
we can compare the solid/ CxDxG  Scxoxe 1 (=P cxpx) *oxoxo x2p(a)
Error S, 6(=¢e)
liquid separation process T Sy 31 (=¢1)
considering various fac- X§ =—m-log, Vit
(f=A,B,C,D,GAXB, . ,CXOXG)
tors in each sewage treat- m=gy—=g(p-¢r+i)
. 184
ment system mentioned above. Vis masa

Therefore, through a com-

parison of the separation Tabte 2. Multivariate analysis of variance of the three—way layout
process, we might be able method.

to show an optimum path of
(1) Design of experiments

sludge for its management . Factor A L levels Factor B :m levels Factor' C ! n levels

Number of repetitions ;1 Data: p~dimensions
(2) Multivariate analysis of variance
5. Conclusion Factor Variation(Sy) Degrees of freedom(Vy) Chi—square Test standard
A brief outline of the A Sa =1 Xi HESPC
. B S m—1 X8 X1
conceptual model with re- c Sc - Xi X2pryd
spect to an optimum path AxB Saxs (L—-1)¢(m=1) XAxs X313 (im0 (D
) BXC Sexc (m=1)¢n=1) Xixc X313 (nm1y @)
of sludge forits management AXC Saxc Ct=1ycn=1) e Tiersiir@
is presented. And, the two ' E Se (£=1>¢(m=1)(n=1)>
T St Lmn—1

evaluation methods of op-
timum condition of solid/
o . . Ai=-(e=1> (m~1> Cn=1) =5 Cp-vi+1)) loge ¥
liquid separation using

multivariate analysis of v ”'=Ts‘l,%-"ls“[ {f=A,8,C,AXB,BXC,AXC)
®

variance are suggested.
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By using evaluation methods for solid/liquid separation through the multivariate
analysis of variance, we can compare different separation processes considering
various factors in each sewage treatment system.

Through a comparison of each separation process, we might be able to show an op-

timum path of sludge for its management in the future.
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