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ABSTRACT

In recent years, the use of Public-Private-Partnerships (3P) approach to the
implementation of infrastructure projects has received much attention. Risk identification
and analysis in these projects has always been one of the main challenges of this
approach. The purpose of this paper is to determine the different levels of risk in 3P water
and wastewater projects in Iran using library studies and field surveys. Using a three-
phase protocol and developing an integrated method of risk analysis, while identifying and
separating risks, different levels of risk in these projects were evaluated. In the first phase,
49 risk factors were identified and divided into 6 main groups including technical(R1),
economic(R2), political(R3), legal(R4), environmental(R5) and managerial (R6) risks. In
the second phase, in order to extract more critical risks, the risks were analyzed and
screened by combining Fuzzy Delphi (FD) techniques and Failure Mode Analysis and
Effects (FMEA) using the opinions of experts. Based on the results, 23 sub-risk factors with
RPNnormaiized Values greater than 0.5 were identified as critical risks. In the third phase,
different levels of total risks (ORL) were determined by Fuzzy synthetic evaluation (FSE)
method in combination with FMEA method. Based on the results of risk groups R2, R1, R3,
R4, R6 and R5 with ORL of 7.468, 7.262, 7.132, 6.992, 6.815 and 6.670, respectively, as
the most critical risk groups in 3P water projects. And sewage were identified. Risks of
allocating financial resources and investor obligations (R2-6), lack of transparency in
executive issues and changes in project specifications(R1-1), problems of the government
system process in concluding the contract(R3-5), prolongation of licenses and their
renewal( R4-6), integrated management, control and utilization of water resources(R6-8)
and climate change and rainfall pattern(R5-2) in each of the above groups were identified
as the most important critical risk factor. Finally, the ORL value of 3P water and sewage
projects in the country was set at 7.077, which indicates the high level of total risk of these
projects.
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0.17 | 0.21 | 0.20 | 6.50 | 8.50 | 8.67 (0.25, 0.083, 0.25, 0, 0.417) (0, 0.083, 0.167, 0.167, 0.583) (0,0, 0.333, 0, 0.667) R1
0.25 | 0.25 | 0.25 | 8.33 | 6.83 | 8.67 (0.17,0,0.417, 0.083, 0.33) (0,0.17,0.417, 0.083, 0.33) (0,0,0.33,0, 0.67) Ri1

0.24 | 0.31 | 0.28 | 8.00 | 8.50 | 9.50 (0.083, 0, 0, 0.417, 0.50) (0.083, 0, 0, 0.417, 0.5) (0, 0,0.083, 0.083, 0.833) R4

0251021 | 0.24 | 850 | 5.83 | 8.17 (0, 0, 0.333,0.083, 0.58) (0.167, 0.083, 0.583, 0, 0.167) (0, 0.083, 0.33, 0.0.583) Ruis

0.27 | 0.22 | 0.23 | 9.17 | 6.00 | 7.83 (0,0,0,0.417, 0.583) (0.167, 0.333, 0.083, 0.167, 0.25) (0, 0.25, 0.083, 0.167, 0.5) Rig

0.19 1 0.15 | 0.14 | 7.33 | 6.00 | 6.33 (0, 0.333,0.083, 0.167, 0.417) (0.083, 0.333, 0.167, 0.333, 0.083) | (0.167,0.167, 0.083, 0.50, 0.083) Ra
0.18 | 0.18 | 0.21 | 7.50 | 6.83 | 7.50 | (0.083,0.167,0.167,0.083,0.50) | (0.083, 0.083, 0.333, 0.333, 0.167) (0, 0.083, 0.33, 0.33, 0.25) Rz

0.19 | 0.23 | 0.16 | 8.17 | 8.50 | 5.67 (0, 0.167, 0.167, 0.083, 0.583) (0, 0.083, 0.167, 0.167, 0.583) (0.25, 0.167, 0.25, 0.167, 0.167) Rz-»

0.21 | 0.20 | 0.23 | 8.67 | 7.33 | 8.17 (0,0.167, 0, 0.167, 0.666) (0.083, 0.167, 0, 0.5, 0.25) (0,0.167, 0, 0.417, 0.417) Ras

0.20 | 0.17 | 0.23 | 850 | 6.50 | 8.17 (0.083, 0, 0.167, 0.083, 0.667) (0.167, 0.083, 0.333, 0.167, 0.25) (0, 0.083,0.33, 0, 0.583) Ra7

022 1 022 | 018 | 9.17 | 8.17 | 6.50 (0,0.083,0,0.167, 0.75) (0, 0.167, 0.083, 0.25, 0.5) (0, 0.417,0.083, 0.333, 0.167) Rog

0.15 | 0.15 | 0.12 | 583 | 6.17 | 5.33 (0.083, 0.417, 0, 0.50, 0) (0.167, 0.167, 0.333, 0.083, 0.25) | (0.33,0.167, 0.083, 0.333, 0.083) Rs
0.26 | 0.23 | 0.25 | 8.83 | 6.33 | 8.00 (0, 0.083,0.167, 0, 0.75) (0.167, 0.083, 0.417, 0.083, 0.25) (0, 0.083, 0.333, 0.083, 0.50) Rs.1

024 | 025 | 0.26 | 8.17 | 6.67 | 8.17 (0,0.25,0.083, 0, 0.667) (0.083, 0.25, 0.083, 0.417, 0.167) (0,0.167, 0, 0.417, 0.417) Ras

0.26 | 0.24 | 0.26 | 8.67 | 6.50 | 8.33 (0, 0.083, 0.167, 0.083, 0.667) (0.167, 0.167, 0.166, 0.25, 0.25) (0,0.167, 0.083, 0.167, 0.583) Ras

023 ] 028 | 023 | 7.83 | 7.67 | 7.33 (0, 0.25, 0.083, 0.167, 0.5) (0, 0.167, 0.167, 0.333, 0.333) (0, 0.167, 0.167, 0.50, 0.167) Rss

0.20 | 017 | 021 | 7.67 | 7.17 | 9.17 | (0.083, 0, 0.333, 0.167, 0.417) (0.25, 0, 0.167, 0.083, 0.50) (0,0, 0.167, 0.083, 0.75) R,
0.27 | 0.20 | 0.23 | 8.33 | 6.33 | 7.00 (0.083,0,0.25, 0, 0.667) (0.083, 0.25, 0.333, 0.083, 0.25) (0, 0.25,0.333, 0.083, 0.333) Rss

0.19 | 0.27 | 0.26 | 5.83 | 8.33 | 7.83 | (0.25,0.083, 0.333, 0.167, 0.167) (0, 0.083, 0.25, 0.083, 0.583) (0, 0.167, 0.25, 0.083, 0.50) Ru4

031 ] 026 | 024 | 9.33 | 8.00 | 7.17 (0, 0, 0.083,0.167, 0.75) (0.083, 0.083, 0.167, 0.083, 0.583) (0,0.25,0.333, 0, 0.417) Rus

0.23 | 0.27 | 0.27 | 7.00 | 8.33 | 8.17 | (0.167,0.083, 0.25, 0.083, 0.417) (0, 0.083, 0.25, 0.083, 0.583) (0.083, 0, 0.25, 0.17, 0.5) Raz

0.11 | 0.17 | 0.15 | 4.17 | 6.83 | 6.50 (0.417, 0.25, 0.167, 0.167, 0) (0.083, 0.25, 0, 0.50, 0.167) (0.083,0.333, 0, 0.417, 0.167) Rs
0.33 | 0.29 | 0.39 | 8.33 | 6.67 | 8.00 (0,0.083, 0.167, 0.25, 0.50) (0.083, 0.25, 0.25, 0.083, 0.333) (0,0.25,0.08, 0.08, 0.59) Rs-

0.35 | 040 | 0.23 | 8.83 | 9.17 | 4.67 (0, 0.083, 0.083, 0.167, 0.667) (0,0,0.167, 0.083, 0.75) (0.417, 0.25, 0.083, 0.083, 0.167) Rs.4

031]031]038| 783 7.00]| 7.83 (0, 0.167, 0.083, 0.417, 0.333) (0,0.417,0.083, 0.083, 0.417) (0, 0.25, 0.08, 0.17, 0.50) Rs

0.18 | 0.16 | 0.18 | 7.00 | 6.50 | 8.00 (0.25, 0, 0.167, 0.167, 0.417) (0.167, 0.083, 0.333, 0.167, 0.25) (0, 0.083, 0.333, 0.083, 0.50) Rs
0.35 | 0.30 | 0.34 | 8.00 | 6.33 | 8.50 (0, 0.25, 0.083, 0.083, 0.583) (0.25, 0.083, 0.083, 0.417, 0.167) (0.0, 0.083, 0.083, 0.333, 0.50) Ros

0.29 | 0.37 | 032 | 6.67 | 7.83 | 7.83 | (0.083,0.25,0.167, 0.25, 0.25) (0.083, 0, 0.25, 0.25, 0.417) (0, 0.167, 0.167, 0.25, 0.416) Res

035 | 033 | 0.34 | 800 | 7.00 | 8.33 | (0.083,0.083,0.167, 0.083,0.583) | (0.167, 0.083, 0.167, 0.25, 0.333) (0, 0.08, 0.17, 0.25, 0.50) Re-s
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Dip Dis Dio
(0.062, 0, 0.188, 0.254, 0.505) (0.098, 0.133, 0.245, 0.187, 0.328) (0, 0.077, 0.206, 0.062, 0.655) R1
(0.032, 0.115, 0.095, 0.119, 0.639) (0.06, 0.118, 0.173, 0.282, 0.367) (0.04,0.177, 0.202, 0.253, 0.339) Ro
(0.161, 0.126, 0.06, 0.644, 0.247) (0.099, 0.168, 0.203, 0.277, 0.252) (0, 0.146, 0.143, 0.288, 0.423) R3
(0.035, 0.214, 0.103, 0.54, 0.493) (0.038, 0.116, 0.245, 0.083, 0.516) | (0.022, 0.161, 0.289, 0.086, 0.442) R4
(0.108, 0.11, 0.27, 0.502, 0.502) (0.024, 0.202, 0.165, 0.083, 0.526) | (0.096, 0.250, 0.081, 0.115, 0.459) Rs
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