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Abstract

In order to choose the method of project implementation in the form of partnership or

conventional method, various factors in the formation of the concept of value for money
creation in each project are evaluated to be the basis for decision making. Many countries use
Public Sector Comparators (PSC) to reach this decision. In this research, the correct calculation
of PSC and simulation of risks to achieve a negotiable price range in water and wastewater
projects in Iran has been done. The data collection tool in this study was to review various
articles to identify the types of risks and distribute questionnaires and interviews with experts in
the water and wastewater industry in order to determine the main and effective risks and then,
the occurrence and severity of the effects of each risk. The price range was determined using the
Monte Carlo simulation. After determining the main risks on PSC, using Monte Carlo method
and risk distribution functions, the minimum and maximum amount of each risk and the total
risk were determined for 70%, 80% and 90% confidence coefficients. According to the obtained
model, to determine the price range, the price presented in the case study should be 500% to
550% in the minimum case and 750% to 850% increase in the maximum case for different
reliability coefficients. As a result of this study, inflation risks, exchange rate fluctuations,
regional political instability, public and private sector corruption have had the greatest impact
on the PSC and price range determination.

Keywords: Public Private Partnership, Public Sector Comparator, Risk Simulation, Value for
Money (VFM).
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Table 1. The most important risks identified in research articles

Risk area

Risk title

References to risk

Policy, regulatory and legal risk

Construction risk

Risk during operation

Relationship risk

Supply risk

Financing risk

Market risk/Income

Beneficiaries management

Social environment

Licensing risk

Tax risks

Other possible risks

Political interventions

Termination of the contract by
government

Regional political instability

Public and private sector corruption
Poor monitoring and control

the

Change in the law

Risk of incompleteness

Transgression of time

Exceeding the cost

Water theft

Change in demand

Change in interest rates

Change in foreign exchange rates
Inflation

Exceeding operating costs

Inlet wastewater quality

Inexperience in PPP

Lack of timely supply of materials and
equipment

Interest rate

Exchange rate change

Inflation

No increase in capital

Low level of water prices

Difficulty adjusting the price of delivered
water

Insufficient volume of sewage
Competition from other wastewater/water
treatment plants

Change in the cost of wastewater/water
treatment

Change or decrease in demand

Social problems in locating the pipeline
Lack of awareness of the benefits of
project implementation for them

Changes in industrial wastewater quality
Excessive increase of incoming sewage
Excessive reduction of incoming sewage
Land ownership

Approvals/Permits

Site conditions due to linearity and inner
city sewage projects

Land or building tax

Income tax

Employee insurance

Asset ownership risk

Overhaul risk and upgrade facilities

(Ameyaw and Chan, 2013)
(Ameyaw and Chan, 2015a)
(Chan et al., 2015)

(Cheung and Chan, 2011)
(Shrestha et al., 2017)
(Wibowo and Mohamed, 2008)
Xuetal.,, 2011)

(Zheng and Tiong, 2010)
(Ameyaw and Chan, 2015a)
(Chan et al., 2015)

(Cheung and Chan, 2011)
(Shrestha et al., 2017)
(Tahmasbi and Zarepour, 2020)
(Wibowo and Mohamed, 2008)
(Zheng and Tiong, 2010)
(Ameyaw and Chan, 2013)
(Ameyaw and Chan, 2015a)
(Chan et al., 2015)

(Cheung and Chan, 2011)
(Shrestha et al., 2017)
(Wibowo and Mohamed, 2008)
(Zheng and Tiong, 2010)
(Ameyaw and Chan, 2013)
(Ameyaw and Chan, 2015a)

(Tahmasbi and Zarepour, 2020)

(Choi et al., 2010)

(Cheung and Chan, 2011)
(Ameyaw and Chan, 2015b)
(Chan et al., 2015)

(Wibowo and Mohamed, 2008)

(Choi et al., 2010)

(Zheng and Tiong, 2010)
(Chan et al., 2015)
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Table 2. Determining the risk values of the first questionnaire

The amount of risk

Risk area Risk title (probability x
intensity)

Political interventions 63.729

Termination of the contract by the government 35.246

. . Regional political instabilit 55.514

Policy, regulatory and legal risk Putg)lic ang private sector co};ruption 51.618

Poor monitoring and control 46.206

Change in the law 37.187

Risk of incompleteness 44.706

Construction risk Transgression of time 53.389

Exceeding the cost 58.959

Water theft 34.397

Change in demand 33.025

Change in interest rates 40.728

Risk during operation Change in foreign exchange rates 76.022

Inflation 79.685

Exceeding operating costs 59.237

Inlet wastewater quality 34.796

Relationship risk Inexperience in PPP 38.467

Supply risk Lack of timely supply of materials and equipment 46.745

Interest rate 48.762

. . Exchange rate change 75.241

Financing risk Inflation 78.787

No increase in capital 43.945

Low level of water prices 41.790

Difficulty adjusting the price of delivered water 41.958

Insufficient volume of sewage 30.063

Market risk / income Competition from other wastewater/water 19742
treatment plants ’

Change in the cost of wastewater/water treatment 43.426

Change or decrease in demand 26.906

Social problems in locating the pipeline 39.938

Beneficiaries management Lack of awareness of the benefits of project 32,763
implementation for them ’

Changes in industrial wastewater quality 35.793

Social environment Excessive increase of incoming sewage 33.613

Excessive reduction of incoming sewage 26.560

Land ownership 36.925

. . Approvals/Permits 34.682

Licensing risk . o . . . .

Site conditions due to the linearity and inner city 32,630
sewage projects ’

Land or building tax 19.548

Tax risks Income tax 27.237

Employee insurance 29.027

Asset ownership risk 28.742

(Dt esslilis ki Overhaul risk and upgrade facilities 36.029
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Table 3. Determining the risks affecting construction and operation costs based on the analysis of the first questionnaire

Risk area Financing risk
Risk title Inflation Exchange rate change Interest rate No increase in capital
Risk area Policy, regulatory and legal risk

C L . Regional political Public and private Poor monitoring and
Risk title Political interventions . . .

instability sector corruption control

Risk area Construction risk
Risk title Transgression of time Risk of incompleteness
Risk area Supply risk
Risk title Lack of timely supply of materials and equipment

50 s Sy Jbows 5l eslizal L S5 23k 4 bgy o Jhaie =¥ Joir
Table 4. Values for each risk interval using risk analysis utilizing the Monte Carlo method

Construction period Operation period
Risk Safety factor Safety factor Safety factor Safety factor Safety factor Safety factor
70% 80% 90% 70% 80% 90%

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
Inflation 266 52.1 246 583 209 674 235 490 21.1 524 188  61.1
Exchange rate

289 609 265 676 224 779 262 598 241 667 220 763
change

Interest rate 124 327 11.0 372 9.5 453 13.2 353 119 392 10.2 50.3
Nounereasein ¢ 260 96 287 76 336 85 228 1 262 60 322
capital

Political

. . 16.0 52.0 14.0 60.0 11.0 740 147 422 124 489 10.3 60.4
interventions

Regional

political 19.6 486 174 572 146 696 172 503 147 583 119 705
instability

Public and

private sector  15.0 59.0 120 720 11.0 101.0 16.1 528 141 633 11.7 858
corruption

Poor
monitoring and 14.0 420 12.0 48.0 100 69.0 150 470 13.0 58.0 11.0 1.0
control
Transgression 5o 356 143 407 125 500 - e e
of time

Risk of
incompleteness

Lack of timely

126 407 11.6 46.7 9.7 60.4 --- e == — - —

ly of
supP yo 11.1 30.9 9.9 36.4 8.1 47.7 9.5 25.4 8.4 30.0 7.1 39.7
materials and
equipment]
Total risk

. 558.0 770.0 535.0 813.0 498.0 881.0 408.0 612.0 393.0 653.0 368.0 718.0
(simulated)
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Table 5. Estimating project investment costs

No. Description Total
Million Rials  Million Dollar  Total (Million Rials)
1 Sewage collection network 1,710,000 - 1,710,000
2 Wastewater treatment plant 419,897 2,800 680,000
3 Office supplies 5,000 - 5,000
4 vehicles 3,000 - 3,000
5 Miscellaneous and unforeseen 2,000 - 2,000
Total fixed assets 2,139,897 2,800 2,400,000
6 Net interest before operating 100,000 i 100,000
costs
Fixed investment sum 2,239,897 2,800 2,500,000
Total investment 2,239,897 2,800 2,500,000
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Table 6. Estimation of project operating costs

Years of operation (Million Rials)

Description 1399 1400 1401 1402 1433
Energy cost 6,937 12,477 12,751 13,032 19,000
Repair and maintenance 25,194 45,311 46,307 47,327 69,000
Personnel costs 9,451 16,998 17,371 17,754 25,884
Other ““f"re;?/‘:“ expenses - 1,247 2,244 2293 2343 3417
Proc.lu'ction. costs 42,830 77,030 78,721 80,456 117,301
Administrative and 1,475 2,653 2,712 2,771 4,041
organizational expenses
Operating costs 44,305 79,683 81,433 83,227 121,341
Depreciation cost 72,390 144,686 144,522 144,3999 -
Financing costs - 323,926 253,888 183,850 -
Total operating costs 116,695 548,295 479,843 411,476 121,341
Sl s (B g et =Y Jsi
Table 7. Calculation of the cost of competitive neutrality
Yot q Total cost
No. Item Criterion Unit (Million Rials)
1 Exploitation period royalties 500 Million rials per year 17,500
2 Construction insurance share 1.60 Percentage per year of construction cost 35,600
3 Operation insurance share 3.60 Percentage of operating costs per year 235,805
Total 288,905
Sslize pliabl o) 5 612 PSC aulne —A J s
Table 8. Calculation of PSC for different safety factors
70% 80% 90%
GRS Min. Max. Min. Max. Min. Max.
Raw PSC 9,050,146 9,050,146 9,050,146 9,050,146 9,050,146 9,050,146
Competitive neutrality 307,005 307,005 307,005 307,005 307,005 307,005
Retained and transferred risk 40,674,594 59,336,891 39,117,072 63,097,451 36,554,536 69,055,045
PSC 50,031,745 68,694,042 48,474,223 72,454,601 45911,686 78,412,196




dx.doi.org/10.22093/wwj.2021.283540.3135

wpd (Tl (Fioed ol i sl Joko 4] 1Y

S S an -F

OS5 3l a3 AY w5l Jols s a5
adls JLu Al Gt o dila g ool s eSS Lt
JLa? 5l i sy 5o S LS5 ez N ae 2 0A
Cmrar o 3 AP 5 b g5y 6 5D 50 L Lo eSS ail
oo VY YL s b o e
OF 1 e oS azils Clad Lo o glass s 55 olEaiS S ) Li
wzils Cdled OSB3 O 55 5o oBaS S i 5w s
2l 5Ll olie Sl 45 0 a5 DS
6l s 5 iy Gl SLedbl o baab iy 31 fols
ez g Ll golael s Lael Bl byl 15 sl os gy 0l oLl
0lss o3 JLs sl 4000 (65550 anlllan glaasy 5o IS S
sl Jorboo U Laleas s sl (gl o e 5 sl
Ar 5 A Ve plaebl Ll glassly 5ssad Lol (g 5luard
Uiyl o5 00+ 5O+ o 4SSl s PSC lude ao s
25 ol ams o LS Ly s s ADY 5 VO iy s s
2388 b 5 3lasl bl i g o g LS cul p s glas
L ols o s c3lo olhss 53 PPP lae3s 5505 5525 0]
sl g5 o Ly aoys AD Slas sy B0 o Jilas il
sl 25 Sos i 5l pdmy ed 530S

esgm ol 5 Ol as o Jtangy 6 ad s Sul 25 e @
W) il o5 5 e 5l 0SS L LS 5 sas
S ot bl sl i i b e S
5,15 1, PPP slasss s

bl Lo 5 R g5 oasliin 5l Jolb mli gz @
3 oyad 5 s it sld (S IS S s
Lol o oo ol lone S5 0 5 51S

s S G 8LE 5 LU el sl 0
PSC alone 5 PPP (slao3s 55 (st 53k et 2 oSy
SR

e & (Staly posde PPP glasss 55 2ed o5l uns @
sl g sl 3550355 Olas Se & e e e

sl

80,000,000 -
70,000,000 -
2 60,000,000 -
Z 50,000,000
S 40,000,000 -
= 30,000,000 A
= 20,000,000 -
10,000,000 -
aerained & 40,674,594 59,336,891
u Competitive neutrality 307,005 307,005
= Raw PSC 9,050,146 9,050,146

Fig. 9. Calculation of minimum and maximum PSC for
for 70% safety factor

wo3 Ve plisebl o o (512 PSC a5 aneS dulne -4 S

80,000,000 -
70,000,000 A
60,000,000 -
50,000,000 A
40,000,000 -
30,000,000 -
20,000,000 A
10,000,000 -

Million Rial

0

Min

Max

Retained &
transferred risks

39,117,072

63,097,451

= Competitive neutrality

307,005

307,005

= Raw PSC

9,050,146

9,050,146

Fig. 10. Calculation of minimum and maximum PSC
for for 80% safety factor

do s A
90,000,000 -
_ 80,000,000 -
;_E 70,000,000
g 60,000,000 A
= 50,000,000 -
= 40,000,000 A
30,000,000 A
20,000,000 A
0 Min Max
Retained &
transferred risks 36,554,536 69,055,045
= Competitive neutrality 307,005 307,005
mRaw PSC 9,050,146 9,050,146

Fig. 11. Calculation of minimum and maximum PSC for
for 90% safety factor

a8 pliabl oo gl PSC a5 S asle =V UG



dx.doi.org/10.22093/wwj.2021.283540.3135 olyes g LLSI 5,515 S/

1Y

oritn 553 Jlo wlie gt s nmen 5 Sl BT Ol 3=y
el asn gy Lasl o r g5y ol 52 455588 OIS -l SRS SUX U | PN X SV W JUURN L AT
Sl oS e ele e sy 4 0l e Olised OIS - b

References

Ameyaw, E. E. & Chan, A. P. 2013. Identifying public-private partnership (PPP) risks in managing water supply
projects in Ghana. Journal of Facilities Management, 11(2), 152-182.

Ameyaw, E. E. & Chan, A. P. 2015a. Evaluation and ranking of risk factors in public—private partnership water
supply projects in developing countries using fuzzy synthetic evaluation approach. Expert Systems with
Applications, 42, 5102-5116.

Ameyaw, E. E. & Chan, A. P. 2015b. Risk ranking and analysis in PPP water supply infrastructure projects: an
international survey of industry experts. Facilities, 33, 428-453.

Asgarian, M., Tabesh, M. & Rouzbahni, A. 2015. Risk assessment of wastewater collection performance using
the fuzzy decision-making approach. Journal of Water and Wastewater, 26, 74-87. (In Persian)

Australia, 1. 2008. National public private partnership guidelines. Atforney General’s Department of Australia,
Canberra, 42.

Carpintero, S. & Helby Petersen, O. 2016. Public—private partnerships (PPPs) in local services: risk-sharing and
private delivery of water services in Spain. Local Government Studies, 42, 958-979.

Chan, A. P., Lam, P. T., Wen, Y., Ameyaw, E. E., Wang, S. & Ke, Y. 2015. Cross-sectional analysis of critical
risk factors for PPP water projects in China. Journal of Infrastructure Systems, 21, 04014031.

Cheung, E. & Chan, A. P. 2011. Risk factors of public-private partnership projects in China: comparison
between the water, power, and transportation sectors. Journal of Urban Planning and Development, 137,
409-415.

Choi, J. H., Chung, J. & Lee, D. J. 2010. Risk perception analysis: participation in China’s water PPP market.
International Journal of Project Management, 28, 580-592.

Ghiass, M. 2014. An introduction to the Monte Carlo simulation methods. Polymerization, 4, 67-77.

Hromada, E. 2017. Utilization of dynamic simulation for design and optimization of PPP/PFI projects. Procedia
Engineering, 196, 399-406.

Institute, P. M. 2013. 4 Guide to the Project Management Body of Knowledge: PMBOK Guide, Project
Management Institute.

Kumar, L., Jindal, A. & Velaga, N. R. 2018. Financial risk assessment and modelling of PPP based Indian
highway infrastructure projects. Transport Policy, 62, 2-11.

Portal, N. P. P. P. 2016. What is Public-Private Partnership? [Online]. Available:
https://ppp.mporg.ir/Portal/View/Page.aspx?Pageld=619b3fde-4097-49ed-a590-c7276b65060d.

Purnus, A. & Bodea, C. N. 2015. Educational simulation in construction project financial risks management.

Procedia Engineering, 123, 449-461.


https://ppp.mporg.ir/Portal/View/Page.aspx?PageId=6f9b3fde

dx.doi.org/10.22093/wwj.2021.283540.3135 ey Gl (oud 05U e 5l Jko L1, 1

Shrestha, A., Chan, T. K., Aibinu, A. A. & Chen, C. 2017. Efficient risk transfer in PPP wastewater treatment
projects. Utilities Policy, 48, 132-140.

Suseno, Y. H., Wibowo, M. A. & Setiadji, B. H. 2015. Risk analysis of BOT scheme on post-construction toll
road. Procedia Engineering, 125, 117-123.

Tahmasbi, H. A. & Zarepour, M. 2020. Identification and prioritizing risk of rural water and wastewater projects
using multi-attribute decision making methods in fuzzy environment. Journal of Water and Wastewater,
30(6), 35-50. (In Persian)

Wibowo, A. & Mohamed, S. 2008. Perceived risk allocation in public-private-partnered (PPP) water supply
projects in Indonesia. Construction in Developing Countries, 349-356.

Xu, Y., Yang, Y., Chan, A. P., Yeung, J. F. & Cheng, H. 2011. Identification and allocation of risks associated
with PPP water projects in China. International Journal of Strategic Property Management, 15,275-294.

Yescombe, E. R. 2011. Public-Private Partnerships: Principles of Policy andFinance, Elsevier.

Yuan, J., Li, X., Chen, K. & Skibniewski, M. J. 2018. Modelling residual value risk through ontology to address
vulnerability of PPP project system. Advanced Engineering Informatics, 38, 776-793.

Zheng, S. & Tiong, R. L. 2010. First public-private-partnership application in Taiwan’s wastewater treatment
sector: case study of the Nanzih BOT wastewater treatment project. Journal of Construction Engineering and

Management, 136, 913-922.

(OMOE

This work is licensed under a Creative Commons Attribution 4.0 International License.




