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Abstract

One of the pillars of any country’s development is access to safe water and sanitation, so it is
important to execute water and wastewater projects in the shortest possible time. In this regard,
considering the emergence of various methods of partnership, choosing the right approach has
become one of the most important issues in this industry. Therefore, a proper investment
method in this field has always been the concern of decision makers. Using the database of
partnership projects and data mining algorithms in the water and wastewater sector, we have
designed a model to predict a proper way for public-private partnership projects. In this
research, CRISP data mining method was applied to the data from 176 projects. After
understanding and identifying the data, they were cleaned by deleting outliers and noisy data,
and missing values were replaced. Then, the process of data classification was performed using
decision tree and machine learning algorithms, and necessary analysis was performed. Also, the
indicators of PPP were extracted and prioritized. K-fold cross validation method is used for
validation and dividing the data. Based on the modeling and considering the data preparations
and data mining methods, the stacking method is suitable for predicting and determining the
type of public-private partnership contract in the implementation of each project of water and
wastewater industry, which has an accuracy of 86.27%. In the pre-processing section, the
combined COF method for deleting outliers and entropy factors for feature selection was used.
Using the model, the success rate of each project can be predicted and an appropriate PPP
contractual template for any water and wastewater project can be proposed. In addition, by
entering the information of each new project, the impact of the improvement of each indicator
can be easily examined.

Keywords: Water and Wastewater Industry, Public-Private Partnership, Data Mining,
Forecasting, Outsourcing.
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ek S dwe - JSa

530S |y pogad = (psee CSHLEe b Lo e glae 5>
Soanl ¥ S5 Lo s Aol by ol s sl oo
Soazla Yo 5 T classsm s 018kl s anol
Shoatla Yot oSl 5 Of oS, s Joals o e
TEPYIP PURY FCR PRI U B PR pRSAITIPRCK SO
L3S JS s g4l ool Sleanles ;&) 5 opyslie
A3 eslanad
Sl Il ol 5 B Jals a2 5l sla asls
(e 53) I whar il 5> Jpama (555 bl m b
SIS Usb 4 St Sl s ((s23) ssls Gl ¢ O
(1) Slhlasil IS 4 Slhlatsl sl o (a0 )3) K

Journal of Water and Wastewater

A3 el S 51 sl (3 5 (1 pae Dl 2
eS)Lia sl asli glie s elsl 55 . (BOhI, 2007) as b S
Slmsl s s p3sad sl (o s — ayee
250 Bl 51 S0 e i oLl 6l oY gl pasls
G TSN E) O I PSIDOK I JIPICHE 5 g i J S
PN IS PR SN o) G Y- 0
OVl o> Wb 5 asbons ab 3 ks 55 oS jsbe b jasls
a2 s 5o h ol Lepas L 0, S BLAS L 55 5l
53 5ot Bl aims gl by axihs Gl gee  lasls
i ol b asls oyl
ol al s &S Whhad sl gl S s LS 5

Q

Vol. 32, No. 1, 2021

\feo dLa Al Dd’l.o..:a ANt o3P


http://www.SId.ir

Y4

. donog/ (022098 Awowj.2020.211331.2970

o opa — sages CT Lt o) et diadiph (oS o

IS 2 s sl g ashael Sl (o a3 55 (¢S e
AL Ll g ,s b g 50 26,85 0 3 ey S
295 55 b sa e sl ) s SN 5505 ) 085
oy Camid 90 SEMI-SUCCESS (Ao ;3 YO 6V Cid 50 Success
Goaadib w300 5 b ge Failure g uw s YO O
R
YA L o5a,m VYF Laesls ae gomme ol jailaasls cslis
5 J=lize iy BOO BOT" 505, 5 B F 534S asls
53 Leeds my slelLZwload asie wisd e ] 2l Ol il
V Jsds O sodn i Cais ol sad sl gals )13 gl Il

ol

51 s san] s sleasla o st o
Olssan s3spn pbiiies ous S poty b e 4y (5015518
Sy 25 B yite 35055 5 b 5o (o500 51D

) galacad gl asls s sama g kel Lol g Ll Llss
£55 Jsl oy Sl sl Y Uiz 55 408 0l e ba s
35 O3 e i a8y les ) (glasals slaai 95 ¢ 5 wesls
ey 5 S 5 g2 glb ke oo 5 areSe o 5lez
Slil 5 oSl Slade ;31 G gw 5w Lo ie lada
Ol |y e (sla uito ws Jlacde 5 (3ue (sl pie sLima
£ 3 Lo sl 13 8+ S sls Lt ol oy ans o
5105 8 s faia ol (slo o 31 S, ot 5 Atk (e300
Gl e jasls 5l 5 eSS mlau g bl pede
sy Sy glieals €S U8 iy e sialiie o 00l 5 slome
s

iz lasls sd c g5l san i o 55 ilaasls (g5l 5an
G35 sl e o st 5 e ool sl s )
s ool 5Lt 1 &y slmosls 5525 Jlzsl o g bl eS|
quartile Jls 35 Lo a3 ls 51 G o 6l icdbas ol 51 liads]
oty a5 (o) S o gud 3l 655 (ol 5
S o aeta |y Sy bl el 0355 a solizal salil 55
A8V s a8l s saae s a3 li 4 by e quartile s o

3l 3979 ssls L:aua.él..i

! Build-Operate-Transfer(BOT)
% Build-Operate-Own (BOO)

Journal of Water and Wastewater

Vol. 32, No. 1, 2021

hman ol EniS Sl Sleas i S 4 by e DL
Cmaz (3m53) 2T Sloas ity Coml Cmer ((403)
b s O b (1 33) OB Sless 2 g0 o)) 50 S
load o (ao ) T 5Ltd s 5 a8 (1o ss) Sllail slaws
(0123) 3 5m (ot s dbs 5350 plad Cuad 4y g 3) Blaze
Cad) (58 s DUas Jsm 50,555 (e 5) (S likes
(223) Ghob 4 Jl (b (631880l s s (Lo 5o i
Comd) S0 o (a0 0) il glaalls (298 s
53 T st o Lad 4t 5o (1053) (6203l o (2 G
ki )3 oud by OIS sad ol 4 5o (b)) ety bl
5 31 (Al L) Sl 65 5 o0 (JLs) s
O5ee) Sl (55 5 4 32 & s (LA L) Ll (g5
g Lt 5 3 2858 o (sl 425 (UL

) s il ol o a5l 5 e sanlin S'6 S plen
o 35— oyt 2S5t Slal it ol Sl 55
g5 Dlmdtie Jald 285 Ltn sla iy S 5 Sl 5Lis, 0
s5de Jol 1 5slsm le s o oy izl 0le w3

oot ol ou sy o 5l 5 litnes 5 sl s
L Laglenl ool 53 a8 (385 lte (glao g goad (s 2 528 S
Hl Jslor oa Al sl o Ghowe s 5L sl s
sasls 5 g, Cand Jola (ML 5 O sbeS,i g
iz bl el oledblsy Ll gl el S5
sl eSS DML ML 5 O iy 55, o) sl
S ol o o e ol 1B 51 g el o
5 o osbean g ad Jlal 5 paS ONSL <l (g
LMl T woad a5 LMl 4yl i won o
Gl ige S8 5 55 S S 2 ala oals L L bn a5 Ls
5 osls Gadas s ls D13 L paS OB

WS et e 385 O goh oS g Coudd g do s calsl s
(05 30 o3 51 G e i e ol ss oMl o 53 )
2335230 O, b Vo0 U i o3l s o e 38
St il 1Sl 5 el 155 s bl ladiss
e 94 SLl - b solie 5 5528 O 5 T (g
Jica 5 aslizal 51y 5ot gl o ol i Sl
e (G el (39581 5 (38 godand (38 g0 4t 4w 53 (551500l

\feo LJL*“\ a;l».i.\"\‘ 8


http://www.SId.ir

it (0 R2024 /tj.2020.211331.2970

Ihlen g g yuiKl aoedo

<5>"J\J5 ;,..]\5 wb\ﬁf}‘a} JMJ)L&A ‘_g\.a::b)\f; CJ}T—\ ‘JJJ;’
Table 1. Distribution of projects in the water and wastewater sector

Treatment plant & pumping station

BOT contract 18 Contracts

\Z?)itfr\;vgttser Buyback contract 31 Contracts
Network Current finance 73 Contracts
Water Treatment plant & transmission line BOT contract 6 Contracts
contracts Desalination projects BOO contract 48 Contracts
o503 48 gomn LgJLaT Sledbf-Y d)u\."
Table 2. Statistical data sets
Indicator Type WIS I Statistical information
value
0 Values: Values: Values:
Proi . Success & Success & Success &
roject success rate Polynomial Semi . .
emi success Semi success  Semi success &
& Failure & Failure Failure
Year of project Integer 0 Average Average Average
implementation & 2012 2012 2012
Ability to sell the 0
product in the Integer AV:rla ¢ AVer £¢ AVer £¢
province ) ’ )
Wastewater Integer 0 Average Average Average
treatment (%) & 33.48 33.48 33.48
Non-revenue water Integer 0 Average Average Average
(%) g 24.6 24.6 24.6
Uit e eif i v Average Average Average
accidents to the Integer 2 89g 2 89g 2 89g
network length (%) : : :
The ratio of 0
connections Intecer Average Average Average
accidents to the total & 12.37 12.37 12.37

connections (%)
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Table 3. Outlier range rate in any method

Output data
Method Setting variable: true
numeric value
Small K: 10 Output data
Capital K: 20 range: 1.192-
LOF Distance: Euclidean 0.983
Type of measurement: Average: 1.113
Combined SD: 0056
measurement
Small K: 10 Output data
Distance: Euclidean range: 0.469-
COF Type of measurement: 2.765
Combined Average: 1.110
measurement SD: 0.432
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True success

True semi-success

True failure Class precision

Pred. success 75 5 1 92.59%

Pred. semi-success 4 11 3 61.11%
Pred. failure 0 1 2 66.67%
Class recall 94.94% 64.71% 33.33%

accuracy: 86.27% +/-10.14% (micro average: 86.27%)
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Table 6. 15 Key performance indicators of success in public-private partnership projects in the
water and wastewater industry
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Name of indicator
Complaints about service quality
Contract format
Different tariffs (sale price)
Working ratio (cost coverage ratio)
Cost of sewage
Collection period
Fixed assets turnover ratio
Cost of water at break-even point
Population covered by water services
Absence
Operating profit and loss (in percentage)
Low water pressure (in percentage)
Annual investment to sale ratio
Year of project implementation
Water quality (in percentage)
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