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ABSTRACT:

Water is essential for households and industrial activities. Both produce waste water which can be
treated as sewage. This sewage causes water pollution. Therefore, it is necessary to recycle it and can
be treated as reclaimed water. The objective of this paper is to study the optimum recycle of sewage
water. To study this recycling process of clean and sewage water, the system of non-linear
differential equations is formulated. The controls are essential on untreated sewage water produced
by households and industries. For validating the proposed formulation, numerical simulation is
carried out.
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I. INTRODUCTION
All plants and animals must need water to survive. If there was no water, there would be no life on the earth.
Apart from drinking, to live the life people have many other uses of water like cooking, washing, cleaning,
keeping plants alive and also can be use in all kind of industry. But when we use water for different needs it
contains germs, worms or toxic chemicals which makes it unsafe. Though we have limited source of clean
water, we try to use reclaimed water. Reclaimed water is the process of converting waste water into water that
can be reused by establishing water recycling plants. Reclaimed water fulfilled certain needs in household,
businesses, industry. It could even be treated to match drinking water standards.
Many researchers have started research on the recycling of wastewater. In 2003, [1] has worked on dynamic
modeling and simulation of water environment management with a focus on water recycling. [2] has studied
water localisation and reclamation: steps towards low impact urban design and development in 2007. In 2006,
[3] analysed reuse of effluent water-benefits and risks. A mathematical programming model for water usage and
treatment network design was prepared by [4] in 1999. [5] deliberated agricultural reuse of wastewater: nation-
wide cost-benefit analysis in 1997. Mathematical model for analysis of recirculating vertical flow constructed
wetlands was proposed in 2010 by [6]. In 2004, [7] investigated activated sludge wastewater treatment plant
modelling and simulation. To reduce water pollution, some researchers have studied the various mathematical
models. [8] developed a mathematical model of water pollution control using the finite element method in 2006.
[9] examined mathematical modeling on water pollution and self-purification of river Ganges. In 1985,
mathematical models for nonpoint water pollution control was studied by [10]. Also, we can save our
environment by reviving forest. Some researchers have studied this kind mathematical modeling of forest
resources [11] and green belt [12].
In the next section, we will discuss about mathematical modeling of recycling of sewage water. Equilibria will
be carried out in the section 3. In the section 4, optimal control for the recycling of sewage water is evaluated.
Numerical simulation is validated for transmission of sewage water in the section 5.

Il. MATHEMATICAL MODELING
We live in the society where water is one of the most important substance. Everyone in the society use water in
each activity. For some activity, the clean water is must. But after use, it converts into waste water known as
sewage water. This water is also produced by industry. Some percentage of sewage water is treatable and some
is untreatable. Treated sewage water is renewed into reclaimed water. Some of the portion of reclaimed water
can be used in the place of clean water. This is a cyclic process. Therefore, to examine this cycle, we have

considered six discrete compartments viz., the cubic usage of clean water (W, ), the cubic usage of reclaimed

water (W, ), the cubic water used in household (H ), the cubic water used in industry (1), the cubic untreated

www.ijceronline.com Open Access Journal Page 23



Mathematical Modeling For Recycling Of Sewage Water

sewage water (S, ) and the cubic treated sewage water (S, ). To treat as much as sewage water, we have taken
u, and u, as the controls on household and industry which produce untreated sewage water.

The notations and parametric values used for dynamic model of recycling of sewage water is give in the
following table 1.

Table 1. Notations and parametric values

Notation Parametric value
B, : Recruitment rate of clean water through rain 0.8
B, : Recruitment rate of recycled water through sea 0.4
ﬂl : The rate of clean water used by humans 0.5
S, . The rate of clean water used by industries 23
ﬂz . The rate of recycle water used by humans 0.5
3, : The rate of recycle water used by industries 0.5
m : The rate of untreated sewage water received from humans 0.2
2 . The rate of treated sewage water received from humans 0.7
17, : The rate of untreated sewage water received from industries 0.7
75 . The rate of treated sewage water received from industries 0.2
& . The rate of treatable sewage water for recycling 0.15
[24 . The rate of reclaimed water which can be used as clean water 0.3
Yz : Natural rate of waste water from each compartment 0.2

Assuming some necessary assumptions and using above parameters, we have formulated the mathematical
model for recycling of sewage water whose transmission diagram as in figure 1.
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Figure 1. Transmission diagram of recycling of sewage water

The dynamics of sewage transmission in clean and reclaimed water along with household and industrial use is
given as below:

d\é\tlc =B, — BWH — SW, | +aW, — W, M
d\é\t'R =B, — W H = SW, | —aW,, + &S, W, — W, @
O('j—': = BW.H + W H -7, HS, -7, HS; —u,H - uH @)
%z&lwcl+§2WRI—772ISU—72IST—u2I—,uI (@)
djtu = HS, +1,1S, +UH +u,1 — 1S, ®)
dditT = 7, HS; +7,1S; —£S,W, - uS; ®)
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with W, +W, +H +1+S, +S; =N and W, >0;W,,H,1,S,,S; 20.
Adding above all differential equations of the model, we get
%(WC +We +H + 148, +S;) =B, — BW.H — W, | +aW,, — tW,, + B, — BWH — 5,W, | —aW, + &S, W, — 1V,
+ BWH + W H —nHS, — 7, HS; —uH — uH + SW | + S,W, 1 —1, 1S,
= 7,18 —u,l =l +HS, +1m,1S, +uH +u,l — 1S, + 7, HS; + 7,18, —&S; W,
— 1S
=B +B, —u(W, +W; +H +1+S, +S;)

B, +B,
7]

which gives us, !imsup(WC +Wp +H +1+5, +S;)<

Hence, the feasible region of the model is

Az{(WC +We +H +1+8, +S2 ) /W, +W, +H +1+S, +S; < Bl;BZ}
Now, from equation (5), we get

(771H +1,1 _/u)su =0
=mH+m,l —p=0 (7
From equation (6), we get

(nH +7,1 —eW, —p)S; =0

:>;/1H+7/2I—g%—y=0 ®)

From equation (7) and (8), we get
_ﬂ272 +,U2772 +&B,7, and | = _,U271 +,U2771 +eBm,
K (=71 + 711, H( 7.1 = 71,
Putting the values of H and | in equation (4), we find
_ —u*+B5, +B,5,
Hi7,
Thus, equilibrium point E” (WC*,WR*, H I, SU*,ST*) is

H =

Su

,U7 H 7 /U(_72771+71772) , /1(72771_71772) M,
Now, using next generation matrix method, we compute basic reproduction number R, .
Let, X'=(W,,Wg,H,1,S,,S; )", where dash denotes the derivatives. So,

. _dF
X' =T =F(X)=V(X)

where F (X)) is the rate of appearance of new recruitment in the component and V (X)) is the rate of transfer of

E* (i B, —1Cy, + i, + By, —py 4w + By —p® + B+ B,S, OJ

sewage water. They are given by

[ BWH + B W H | mHSy +7,HS; +uH
OW I + 0, W, | m 1Sy +7,1S; + 1l
E— mHSy +17,15, and V = HSy
7 HS; +7,1S; &S Wy + uS;
eS; W, —B, + BW.H + W I —aW, + 1,
L 0 | | =B, + BWH + W 1 + oW, + (W, |

Now, DF(E*)z[; 8} and DV(E*):B ﬂ
1 2

where f and v are 6x6 matrices defined as
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[oF (E° oV (E*
f = L and v = '( )
X, X
Which gives us,
ﬂlwc* + ﬂzWR* 0 0 0 ﬂz H * ﬂlH *
0 OW." + W, 0 0 PA N
f = ﬂlSU* Uzsu* 771H* +772|* 0 0 0
0 0 0 pH 49,17 0 0
0 0 0 W, 0 0
L 0 0 0 0 0 0 |
and
7718U* +H 0 771H* 71H* 0 0
0 7728U*+;u 772|* 72' 0 0
V= 0 0 U 0 0 0
0 0 0 7] 0 0
AN AN 0 0 BH +81 +a+u 0
L AL A 0 0 - BH +81"+ U
where wo =B wo =B H = —py, + 11, + By, "= — 1Py, + ', + B,
C 1 R ) = , = ,
H H ﬂ(_72771+71772) /1(72771—71772)
2
x = B .
s, =24 +B6 +8,5, g S =0 ©
HT,

Here, v is non-singular matrix. So, the basic reproduction number R, is as follows:
R, = spectral radius of matrix fv™*

_ SW." + W, _ 8,2 1W 57N (IBZH* +5,17 +a+/u)+a5152|WR*

(mSy" +u) (S +u)(BH +8) +a+u) (0,8, +u)(BH +5,1" +a+u)(BH +51" +u)

(10)
The stability analysis of the transmission model for recycling of sewage water will be discussed in the sext
section.

0

I1l. EQUILIBRIUM
The equilibrium of local stability and global stability of the transmission of sewage water model will be
discussed in this section.

3.1. Local Stability
Here, we determine the local stability of the model for recycling of sewage water.

Theorem 1: The unique positive equilibrium point E” (WC*,WR*, H 1, SU*,ST*) of the transmission of sewage
water model is locally asymptotically stable with the conditions &, > fn, and B,n, > 8,1, .

Proof: Here, we will examine the local stability of the model for recycling of sewage water for equilibrium
point E” (WC*,WR*, HY, I*,SU*,ST*) by using the Jacobian matrix J where W, W, ,H",17,S, and S,” are

defined as in equation (9).
The Jacobian matrix of the model is as follows:
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(_ﬂlH U ,u) a VAL A 0 0
-BH =6,1" . . .
0 [ P ia_ﬂz j —BW, —5W, 0 W,
. . W, + B W, . .
ﬂlH ﬂzH [ﬁl C* ﬂ? R] 0 _an —]/1H
3= Sy —U —H
. . O, + W . .
2 3, 0 [ e S TeR J -, -7,
—1,Sy —U, —H
0 0 mS,” +u, 71,8, +U, (771H*+772|*_/4) 0
H +7,1"
0 0 0 0 0 (71 R J
L —eWp —u

Now, taking a,=BH +81 +u ,a,=BH +61 +a+u ,a,=-BW. —BW, +nS, +U,+u,
ay, :_61WC*_52WR*+7728U*+U2+IU 1 8sg :_771H*_772|*+ﬂ 1 gg :_71H*_72|*+5WR*+/U
Then the Jacobian matrix is as follows:

—a,  a WS W, 0 0 |
0 -a,, —BW, A 0 W,
J= B H: B, H: —85 0 —Th H: N H:
al 5,1 0 —8y =17, =7,|
0 0 »S, +u 7,5, +u, -—ag 0
| 0 0 0 0 0 Qg |

Clearly, one of the eigen value of above Jacobian matrix is y,H” +y,1" +&W, -« . So, sub matrix of Jacobian
matrix J is J, as follows:

| —a, o AL —SWe~ 0 |
0 —ay _ﬁZWR* _52Wc* 0
Ji = ﬁlH* ﬂzH* 8y 0 _771H*
ol" 517 0 —a,, -,
0 0 7718U* +u; Uzsu* +U;  —85 |

Now, the associated characteristics equation of Jacobian matrix J, is
AHAVL AL+ AL +AA+A =0
where
A, =8, +8, +a,+ay, +a;
Ay, =A, = 7712 H *Su* +mH *ul + 7722 I *Su* +17,1 *uz + 8558y, T 85585 + 8558, + 8558, + 512Wc* 1"+ 522WR* 1"+ 8,483
+8,,8, +8,8, + AW H + B, W, H +a,a,, +a,a, +a,3a,
= a55 (a44 + a33 + a22 + a11)+ a44 (aSS + a22 + a11)+ a33 (a22 + a11)+ a22 (a11)+ H i (ﬁleC* + ﬁZZWR* ) + I ’ (512WC*

+522WR*) +mH (msu* + u1)+’72 1" (’728u* + uz)
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Ays = 858855 + 8588y, T 855808, + BBy, + BBy + 8588, T By 838, + 8858 + 8,88, + 85858, + a, B W H”
+a, B W H + a8 W, 1 +a,8," W1 +a, AW H +a, 8, W, H +a,n’H'S," +a,mH u, +a,6 W 1" +a,5,° W, |
+ a37722 I *SU* +a7,1 *uz + a27712H *Su* +a,mH *ul + 5127722 I *SU* +a,,1 *uz + a17712H *SU* +amH *ui + 5‘1’722 I *SU* +ay,l *uz
+a, BWH +a, 8, W, H + 2,82 W1 +8,8," WL+ B,B,aW, H ™ +8,6,aW, 1
= 8558y (ass +a,t an)"’ 855833 (azz + 311)+ 8558, (311)+ 84,843 (azz + au)"’ 84,8 (au)"' A5y, (au)"' aWy (ﬂnBzH T+ 6,6, *)
+ a5 (H ’ (ﬁfwc* + W ) +17 (512Wc* +6," W )) +a,H’ (ﬂlZWC* + W+, (7713u* + ul)) +8g,1" (512Wc* +8,’ W
+1, (Uzsu* +U, ))+ axn (H ’ (ﬁfvvc* + (771SU* + ul)) +1° (512Wc* +17, (nzsu* +u, )))+ a, ( H (ﬂzZ\NR* +m (771Su* + u1)

+1(8, WS+ 7, (1,8, +u, ))))
A = 858,858y, + Ay, 85,8, F B8 808, + BBy 808; + B, 8585,8); + g8, B W H T+ a8, 8, Wy H ™ +a5,8,6, W, 1"
+ 858550, W 1 + 858, B2WH ™ + 85,8, 8, W, H ™ +a,8,0 W, | +aga,0, W, | " +a,,a, W, H" +a,,a8,8 W, H
+85,8,,0, W, 1" +a,a,5,° W1 +a,a,7,°H"S," +a,a,nHu +a,a,n°H"S," +a,a,mH"u +a,a,n°H’S,”
+ay,a,m H U, +a5,8,m,°1 7S, +aga,n, | Uy +a,8,1m,71 7Sy +ag,a,m, 1 U, +a,a,m,°1 'S, +anan i, U, + 87 W H TS,
+ 512771WC*H ‘| *ul + 5227712WR*H ‘| *SU* + 522771WR*H “l *ul + ﬁfnzzwc*H ‘Il *Su* + ﬂlznzwc*H ‘1 *uz + ﬂzznzz\NR*H “ *SU*
+ ﬂZEUZWR*H “l *uz + assﬁlﬂzaWR*H T+ aMﬁlﬂzaWR*H T+ a555152aWR*| T+ assé‘lé‘zaWR*l T+ ﬁlzé‘zZWC*WR*H iy
— BB H T + BRSAW, W, H I = BB, W W H U = Bomm W H 'S, = AW, H 'y,
— B W H TS, = BonW. H U, = B,0,mm W H TS, = B,0,m W H Tu, — B,8,mm W H1'S,” = B,8,nW, H 1 u,
= 55,845 (8, + 811 ) + BgsR,80, (8 ) + BugBs (B11) + By (B ) + ey H (B + B, W, )+ agga | (6 W, +6, W)
+(ags + 2y ) H (BBAWS H +a, BN +8,, 8, W, )+ (ags + a5 ) 1 (8,8,0W, 1+, W, +2,,8, W, ) +W W, TH 1 (8,6,
= B,6,) (2 + 2,8, + 8,8, ) H (1,8, + Uy ) + (858, + 88y, + 8583, ) 1,17 (1,8, +U, )+ H I (1,8, +u, ) (W (8,
= Bty ) + SN (B, = S,m))+ HV (1,8 +, ) (BW (61— Bty )+ BWg (Borr, = 6., )
A = 85,8,,8,,8,,8); + 88,8, 8" W H +a,a,,a, 8 Wy H +a,8,,8,6 W, 1" +a,8,8,6, W, 1" +a,a,/850W, H

+ a55a335152aWR*l “+ a55ﬂ12522WC’\NR* Hl" - a55ﬂ1ﬂ2§152WCWR* H" + a55ﬂ22512WCWR* H1" - a55ﬂ1ﬂ25152WcVVR* Hl”
+8,,8,a,1,°H"S,”" +a,,8,8,mH U, +a,8,,8,7,°1"S,” +ay,a,a,m,1 U, + 2,627, W, H ™S, +a,8 W, H I 'u,

+ a.uﬁzzr]leR*H ‘| *SU* + a.ué'er]lWR*H ‘| *ul + azzﬂlznzzwc*H ‘| *SU* + azzﬂf?]ZWC*H ‘1 *uz + anﬁzznzz\NR*H ‘| *SU*

+a, B W H U, —a, B6mmWe H 1S, —a, B6mW, H 1"y, —a,, Bomn W H1'S," —a,, B87W,. H 1",

—a, B8 W H 'S, —a, B,8,m W, H U, —a, B,8,mn W H 1S, —a, B,8,n W, H1'u, — B.8,mm,aW, H'1'S,”

— BS,1,0W H 1 "u, — B,8,m,m,0W H ™S, = B,omaW, H 17U, + 8,6, 20W H ™S, + 8,0,maW, H 1"y,

+ ﬂlﬂznzzaWR*H ‘| *SU* + ﬂlﬁzqzaWR*H ‘1 *uz

= 85,8, (a1 ) + 848, H (7S, +Uy ) + 838,17 (1,8, +U, )+ sgayH (2, B2 We ™ +8,, 8, W)+ aggagg ™ (8,6, W

+8,,8, W, )+ 855 W, (8, B8, H " +25,6,5,1 )+ aW W H 1 (86, - 4,6, +H 1 (8, + ul)((a2§1wc* +8,0W.") (8,

=B, ) +a, Wy, (ﬁznz — 6,1, )) +HI (77zsux +U, )((azﬂlwc* + ﬁzaWR*)(gﬂh =i, ) +a, W, (ﬂznz — 6,1, ))

Hence, o, —pn, >0 if o1 > pn, and pn,-o,n, >0 if pS,n, >05,n, which proves the stability of the
system.

3.2. Global Stability
Here, we govern the global stability of the model for recycling of sewage water.

Theorem 3: The unique positive equilibrium point E” (WC*,WR*, H 1, SU*,ST*) of the transmission of sewage

water model is globally asymptotically stable without any conditions.
Proof: Consider a Lyapunov function L(t).

L(t):%[(wc W)+ (We =W )+ (H = H )+ (1+17)+(S, =S5 ) +(S; =S )]2
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L'(t):[(wC “WC )+ (We =W )+ (H = H )+ (1+17)+(S, =S5 )+ (S, —s:)][wc Wt H 1S, S, ]

= [(We =W )+ (We =W )+ (H = H ™) (14 17)+ (S, =85 )+(Sr - S7) |
[ NG + 20N + ™+ ™ + S5y + Sy + fM + €W + uH + g2l + Sy + S, |

= [ (We =W )+ (W ~W5 ) (H = ) (1417 (S, =5 )+ (S, =57 )] <0
We have taken B, + B, = tMW( + tWq + uH™ + ul ™ + 1S + 1Sy
Therefore, E”is globally stable.

IV. OPTIMAL CONTROL
The objective of the model is to minimize the cubic untreated sewage water so that we could use more cubic
reclaimed water. The control functions are united to achieve the objective. The objective function for the
mathematical model of recycling of sewage water along with the optimal control is given by

.
J(u, Q) :J’(AIWC2 + AW+ AH? + A%+ AS,? + AS S +wu,’ +wyu,’ ) dt (12)
0

where, Q denotes set of all compartmental variables, A, A,, A;, A,, A, denote non-negative weight constants for
W, W, H,1,S,,S; compartments respectively and w,,w, are weight constants for control variables u,,u,

respectively.
As, the weight parameters w, and w, are constants of the control rate for untreated sewage water received from

household (u,) and the control rate of untreated sewage water received from industry (u,) respectively, from
which the optimal control condition is normalized. u, and u, both the control rates are for minimizing the
cubic density of untreated sewage water. Now, we will calculate the values of control variables u, and u, from
t=0to t=T suchthat

J(uy (1), u,(t)) = min{J (Ui*vQ) I(uy,u,) € g}

where ¢ is a smooth function on the interval [0,1]. The optimal controls denoted by u,” ,i=1,2,3 are found by

accumulating all the integrands of equation (11) using the lower bounds and upper bounds respectively with the
results of Fleming and Rishel (2012).

Now, using the pontrygin’s principle from Boltyanki et al. (1986), to minimize the cost function in (11) by
constructing Lagrangian function consisting of state equations and adjoint variables A = (4,,4,,4;,4,, 4, 4;) as

L(QA) =AW+ AW+ AH?+ A 12+ AS, % + AS” +wu,” +w,u,’
+/11(B — BWeH = W, | + W, — 2, )
Iy (B, = BWoH — 5\, | —aW, + £S5, W, — W, )
2y (BWH + BWH —mHS, - 7,HS, —uH — uH) (12)
2y (SW I +SWel =17,1S, = 1,18, —u, 1 =zl )
A5 (mHSy +1,1S, +uH +u,l — uS)
+ A (7/1HST +7,1S; —eS;W, —,uST)

The partial derivative of the Lagrangian function with respect to each variable of the compartment gives the
adjoint equation variables A =(A4,,4,,4;,4,,45,4,) corresponding to the system which is as follows:

A=- aL = 2AW, + (4~ A) BH + (A = 2,) 8 + Au (13)
Iy =- aavb = 2AW, + (A —A)a+ (A —A5) BH + (A = 2, ) 8,0 + (A — A, ) €Sy + Ayt (14)
Jo=- =—2A3H+(ﬂl 75) BWe + (2 = 25) BWe + (A = A5 )mSy + (4 = 46) 71y + (A = As )y + Asue - (15)
L, =— aL_—2A4I + (A= A)OWe + (A = Ay ) SWg + (A, — A5 ) 11,8y + (s — A5 ) 725t + (A — A5 ) U + At (16)
ﬂ;=—%:—2&su+(ﬂ3—ﬂs)mH+(ﬂa—ﬂg)ml+ﬂsﬂ )
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: oL

A :_KZ_ZABST +(’16 _/12)3WR +(ﬂ'3 _ﬂ“s)?ﬁH +(2'4 _/16)7/2| + Aot (18)
T
The necessary condition for Lagrangian function L to be optimal for controls are
. oL
U =——=-2Wu+(4-4)H=0 (19)
ou,
U, =5 - WU, + (4, — 4)1 =0 (20)
ou,
To find the values of u, and u,, we solve equations (19) and (20) then we get
- A )H A, =)
ulz—(/13 s) and uzz—( « %) (21)
1 2

Thus, the required optimal control condition is computed as

u* = max(ai, min (bl, WTAS)HD and u,* = max[az, min (bz(/hz_vv—ﬂs)ln (22)

1 2

In next section, to find the analytical results, the optimal control is calculated numerically.

V. NUMERICAL SIMULATION
In this section, we will discuss some numerical simulation of the model.

Resources

O = NW s~

JidJdaeoL L

1 2 3 4 5 6 7 8 9 10
Time (Years)
m Clean Water ™ Household usage Industry usage

Figure 2. Cubic usage of clean water in household and industry
Above figure shows the cubic usage of clean water. Clearly, the usage of clean water is decreasing for
household and industry with the time. Also, the cubic density of clean water decreases for first three years and
after that it increases with the time as we use reclaimed water instead of clean water.

ittt dissert 1]

Time (Years) Time (Years)

Resources
RCSOUICes

=R Wl

I

L R TR SN T .

mReclaimed water W Household usage BReclaimed water W Industry usage

Figure 3. Cubic usage of reclaimed water in household Figure 4. Cubic usage of reclaimed water in
household
Figure 3 indicates the effect for usage of reclaimed water in household. Here, as the household usage is
increasing, the cubic volume of reclaimed water is increasing which says that we should treat more reclaimed
water. Similar effect is analysed in figure 4.
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12 = @ ‘I -I
_ 10 = -I -I -I
5]
T 8 _
=
o 6
3] —
= 4
a
2
0
1 2 3 4 5 6 7 8 9 10
Time (Years)
B Untreated sewage water Treated sewage water

Figure 5. Volume of treated and untreated sewage water

Figure 5 shows the cubic volume of sewage water that can be either treatable or untreatable. They work
proportionally. It means untreated sewage water increases with the time and treated sewage water decreases
with the time. Which indicates that government should put control on untreated sewage water produced by
household and industry. Next figure shows how much control is required.

0.4

07+
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Control variahles
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0.1

D .
Household control for untreated sewage

01 L 1 L L 1 L 1 1 1
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Figure 6. Control variable

From figure 6, it can be easily determined that we should put control on industry more than household which
produces untreated sewage water. We should give 13% control on household at initial stage. Then it can be
decreased and get stabilized. But control for industry is fluctuating. We have to give 80% control after 2.5 years
which is the highest and then after 20 years no control will be required for some small-time span.

VI. CONCLUSION

In this paper, a mathematical model of recycling of sewage water is developed to reuse the treated sewage
water. A mathematical model for recycling of sewage water is to study how we can use more reclaimed water
instead of clean water. Recycling of sewage water is very beneficial. It can reduce and prevent the pollution,
increases water availability, etc. These are the key motivators for executing reuse programmes. For this,
government should construct more number of water recycling plants. We should also try to avoid producing
untreated sewage water.

Using the parametric values given in the table, the basic reproduction number is 0.7398 which suggests that is
15% of sewage is treated then we can use 73.98% of reclaimed water.
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