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Abstract:



Concession period of PPP (Public–Private Partnership) projects is the most essential feature in determining the time span of various rights, obligations and responsibilities between the government and concessionaire. Most traditional methods are based on the analysis of the future cash flow to determine the concession period, but either ignored the potential values or the risks that might emerge during the project life span, thus failing to find the proper concession period for the project. This paper builds a new model taking both recognized real option value and risk into concession period decision-making, and considering the distribution coefficient of option value, which uses game theory integrated with risk sharing, which increases the flexibility of the negotiation. Real option theory is introduced based on traditional NPV (Net Present Value); its potential value and strategic importance are further exploited. A case shows that the project concession period and the price of the sewage disposal are different when considering option value and risk sharing simultaneously and respectively, which give the two side’s references during negotiation. Allocating the option value and the risk properly between the government and concessionaire can also avoid dispute and promote cooperation.
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1. Introduction


PPP (Public–Private Partnership) refers to a partnership between government and private investors, which cooperate during the construction period of public facilities projects, or to provide public goods and services [1]. The signing of the franchise agreement between the government and the private investors can clarify the rights and obligations of both parties. PPP model, as a positive and effective way to mobilize the finance of private capital, was first proposed by the British government in the 1990s [2,3]. With the beginning of the public utilities’ socialization process, PPP models were recognized and adopted in more and more countries [4]. In recent years, PPP model has been widely applied in China’s infrastructure construction projects. It has attracted social capital to solve the problem of insufficient funds effectively for the public utilities fields in urban development, and accelerated the pace of development in China’s public utilities and infrastructure industries [5]. There were 14,220 projects, with a total investment of 17.8 trillion Yuan, covering 31 provinces (including autonomous regions and municipalities), the Xinjiang corps and 19 industries in China before September 2017. However, there are still some sewage treatment PPP projects that have not achieved the win–win relationship successfully, such as Wuhan Tangxun Lake waste water treatment plant, Changchun Huijin waste water treatment plant, etc. An important reason for these failures is the conflicts and disputes between the government and concessionaire which arises from the improper concession period and hinders the successful operation of the entire project [6].



At present, the decision method of PPP project concession period is mainly based on net present value (NPV) method, game theory and Monte Carlo simulation method. The NPV method is based on the net present value of the expected cash flow obtained by the project company during the project concession period to determine the PPP project concession period [7]. The PPP project concession period decision model was constructed based on DCF (Discounted Cash Flow) method. It is believed that the project is investable only when the net cash flow of the project reaches the expected return of the concessionaire; thus, the time point that satisfies the condition is the concession period of the project [5]. However, in addition to meeting the expected benefits of the concessionaire, PPP project concession period also needs to meet the government’s requirements that the project can still be operated for a period after the handover. Supplementary model [8] of the traditional NPV method was proposed by adding the dimension of the government decision. Social efficiency, as an important decision-making criterion, has often been neglected [9,10]. Therefore, three criteria with different social utilities for government and concessionaire in the negotiations [9] and a theoretical model including social benefits and costs [9] were put forward. On the foundation of the NPV method, scholars have constructed the corresponding concession period decision model according to the specific characteristics of traffic [11], environmental protection [12] and other PPP projects in different fields. The traditional concession period decision-making methods are based on the idea of discounting the cash flow generated in the future. They are suitable for projects with deterministic conditions under which income is stable and investment risk is low. However, for projects with high risk, high uncertainty, and long payback periods, the NPV method can hardly assess the project value.



Game theory argues that there is a disagreement between the interests of concessionaire and government in determining the PPP project concession period. The process of project concession period negotiation in a joint consultation can be attributed to a question of the game between the government and the concessionaire [4]. “Cutting-cake” model under the complete information dynamic game theory is helpful for determining the concession period of PPP projects with relatively stable future returns and predictable project life [13]. Appropriate extension of the concession period is conducive to encourage the project company to increase construction investment and improve the quality of project construction as well as management technology [14]. The game theory can effectively solve the conflict of interests and risks between the government and the concessionaires in the concession period [15].



Monte Carlo Simulation, as an effective tool for the analysis of risk impacts, has been widely recommended by risk management guides [16,17,18]. The critical risk factors include project product flow, construction cost, construction period, toll price, discount rate, operation and maintenance costs, etc. [9,19]. Investment and operation period [9], income and cost [9,19], and random variables [12] may be constructed as functional forms, which are simulated by Monte Carlo methods, directly or indirectly, to provide conditions for obtaining the concession period. Information-intensive computations and high-speed computer comprise the platform of Monte Carlo method. Through reasonable modeling, the complex research object is transformed into the simulation and calculation of the random numbers and its digital features, and the approximate solution with good properties can be obtained [20].



The real options analyzing method is regarded as a forceful supplement for the traditional approach. Since Professor Stewart Myers, S.C [21] proposed the definition of real option in 1998, the theory has been gradually accepted and developed rapidly in real options investment decision-making and the real options evaluation. Within a limited time, the real options holders could choose investment plan flexibly or make managing decisions according to the price changes of the subject matter [22]. The basic theory of the cluster analysis of real options was the theoretical study of the financial options price done by Black Scholes and Merton. However, since the B-S model was a price option model targeting constantly changing price, it cannot meet the demand of realistic application. Therefore, Cox, Ross and Rubinstein (1979) proposed the Binomial Model, which is a discrete pricing method based on basic asset price instead of constantly changing price [23]. At present, the real options theory has been applied to the field of fundamental facility projects. Feng and Wu (2003) suggested an efficient way to solve the expressway project decision-making by correcting previous decisions on expressway investment decision-making [24]. The real options evaluation method is to analyze the future uncertainty of investment projects, supposing the investment projects’ uncertainty may bring new investment opportunities, extra income, and much greater investment value to the investors. The real options evaluation method has advantages and disadvantages over traditional NPV method in the following aspects: the strategic importance and potential value of the project can be fully considered using the real options evaluation method. This kind of flexible managing decision-making method can fit with the changing projects, find new investment opportunities in changeable market environment, and create more income.



To compensate for the shortcomings of the NPV method, which is not suitable for PPP projects with high risks and long payback periods, and to increase flexibility of the negotiation, this paper plans to introduce the real option value and risk sharing into the traditional concession period decision model so that the potential value of the project will be considered. Using the advantages of game theory in the distribution of risks and benefits, the distribution coefficient of option value is obtained through this process to further improve the model and realize the reasonable distribution of the interests and risks between the government and the investor. Finally, the real case is simulated by Monte Carlo method to verify the effectiveness of the model. Thus, the paper is ordered in the following steps. Firstly, related studies on NPV, Game theory, Monte Carlo simulation method, and real options analyzing method are reviewed in Section 1. Then, a new a model for PPP and its process is presented in Section 2. A case study illustrates the application of the model in Section 3. Section 4 provides a discussion and conclusion. Although more factors should be considered more reasonable results, the model built in this paper gives an idea and view to the solution in the PPP project, which has its practical importance.




2. The Concession Period Determination Model


2.1. The NPV Calculation Model


Using the traditional NPV method, the incomes acquired in the concession period will be discounted to the present value by certain discount rate, enabling the investors to calculate net present value of the project, as shown in Formula (1):


[image: ]



(1)




in which [image: ] is project’s income in the ith year; [image: ] is the project’s outcome in the ith year; [image: ] is the project’s discount rate; and [image: ] is the project’s period.



Different from other projects, the whole life cycle of PPP projects can be divided into two stages: the operating concession stage and after-handover stage. As the two main participants, the investors pay more attention to the former phase while the government emphasizes more on the latter one. The two participants evaluate the project and determine the concession period from different angles and standpoints to analyze the problems.



The investor’s investment decision depends on their evaluation of the projects, and the reference indexes of evaluation include the cash flow, incomes and benefits in the operation period. As for the government, the operation and income after handover are more important.



Thus, the concession period determination model from the perspective of investors is shown in Formula (2):
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(2)




where [image: ] is the project’s concession period. Through the application of project’s financial evaluation theory, the investors can decide whether a project is worthy of investing by comparing its net present value with the predicted income. The investors can accept the net present value for the project’s predicted income if it exceeds the predicted amounts, which shown as Formula (3).


[image: ]



(3)




in which [image: ] is the predicted rate of return on investment, and [image: ] is the amount of investment.



Therefore, the determination model on basic NPV method of investors is shown in Formula (4):


[image: ]



(4)







For the government, the PPP project concession period decision needs to consider the following points: whether the price of the product or service provided by the project is acceptable and affordable; the implementation of the project must comply with laws and regulations and must not cause excessive pollution and destruction to the environment; and, in a certain period after the handover, the project should still be operational and profitable, and in a status of active development. The first two points mainly affect the government’s determination of the concession price and judgment of whether the project can be executed, while the last one directly influences the government’s decision on the project life span. Compared with the investors who mainly focus on the profitability, the government pays more attention to social benefits of the project. Thus, the government will accept the project as long as the discounted cash flow is above zero.



Thus, the concession period determination model from the perspective of government is shown as Formula (5):


[image: ]



(5)




in which [image: ] is the project life span.



From the perspective of both the private investors and the government, we can get a comprehensive model, which is shown as Formulas (6) and (7):
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(6)






[image: ]



(7)








2.2. The Model of the Value and Risk Distribution


The real option method used for determining the PPP project concession period is an advanced method based on traditional methods. With this method, various options for the project are closely related to the value evaluation of the project, and different project options continue to interact with each other, thus affecting the value of the project. However, the method cannot identify all the options of the project. Meanwhile, due to the interaction between various options, it is impossible to calculate the universal option value by simple accumulation of different options. Therefore, applying the option theory to the analysis and decision of project concession period only demonstrates that the project option value acts as a vital role in practice, and it is still necessary to examine the scope and form of this value according to the reality.



Based on the discussion above, this paper establishes a model used for determining the project concession period with real option method, which is shown as Formulas (8) and (9):
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(8)
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(9)




where [image: ] is a single option value and is possessed by the private investors.



In general, the option value is occupied by the holder. However, in some perspectives, investors will distribute the option to the endorser with certain rules. Such a distribution should not be regarded as a concession made by the holder and the investor for holding the option, including compromise and payments. Considering the existence of this distribution, investors can only share a part and not all of the option value, so it is unwise for investors to adopt all the option value to evaluate the project. Aiming for a more reasonable calculation model, this paper establishes a new computing model with the option value allocation coefficient:
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(10)
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(11)




where [image: ] is the option proportion of the private investor, and [image: ] is the option proportion of the government.




2.3. The Model of the Value and Risk Distribution under Government Guarantee


To increase the confidence and interest of the investors, the government may provide a guarantee such as a product guarantee, price guarantee, tax incentives , etc. However, all these guarantees bring a burden to the government, increasing the option value of the project. In other words, the product, price, and policy are also seen as risks, which are all taken by government without division of incomes. To solve the problem, a new model is established considering the effect of encouraging the investors and the fair to the government at the same time.



To simply the model, several parameters are defined:


[image: ]



(12)




where [image: ] is the value of the actual products without government guarantee, and [image: ] is the output value of the investor when the government does not refer guarantee during the concession period.
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(13)







[image: ] is the value of the government from the end of the concession period to the end of the project.


[image: ]



(14)




where [image: ] is the uncertain part of the profit which excess the baseline that is appointed by the two sided. [image: ] is the upper limit income of the products. [image: ] is the upper limit cost corresponding to the upper limit of the product.



The value of the investor is as following:


[image: ]



(15)




where [image: ] is the value guarantied by government.



Its decision-making model can be expressed as:
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(16)
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(17)




where [image: ] is the total profits of the government.



Solving by Lagrange multiplier method,
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(18)
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(19)




gets the result:
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(20)







The value of the government is as follows:
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(21)







Its decision-making model can be expressed as:
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(22)
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(23)







Solving it by Lagrange multiplier method,
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(24)
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(25)




gets the result:
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(26)







Combining minimum limit of investor and the government, obtains the following two conditions:
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(27)
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(28)







Solving the equations,


[image: ]



(29)







From the analysis, the government and the investor should reach an agreement on the value of [image: ], [image: ], and [image: ]. Based on the principle of matching risk with profits, at the period of [image: ], [image: ] should be at least equal to [image: ], which may be offered by the government before the negotiation. In other words, if the government has more anti-risk ability, it give guarantee to the investor, which means it takes on the risks, thus it should get some value in another way, while at the same not reducing the confidence of the investor.



If a project is feasible, its value of the whole life must at least meet the expected profit of the investor. However, in practice, the government and the investor may have conflict on the value of [image: ] before they reach an agreement.



As for the value of [image: ] and [image: ], the two sides may have different points. [image: ] is the average rate of the return of the same industry. [image: ] is the return rate above the maximum rate of return when investing in other projects. Thus, only when [image: ], the investor would agree to reach an agreement. The two sides can get the optimum solution by game theory.



In principle, it can be an indefinite game between the two sides. Assume that:

	(1)

	
both sided are willing to reach an agreement;




	(2)

	
both [image: ] and [image: ] are all result after carefully thinking; and




	(3)

	
the two side are equals during the negotiation, that is neither side has an advantage against the other, e.g. the government may consider other investors while the investors have other projects.



Through a game between the two parts, the equalitarianism solution is obtained:


[image: ]



(30)















3. Case Study: Changping Sewage Treatment Plant (STP) Project


3.1. Background of the Project


Changping district is located in the northwest of Beijing city, shown in Figure 1, with eight streets, four regions, 14 towns and a total population of 1,908,00 in 2016, according to national economic and social development statistical bulletin of Changping District 2016. Considering rapid economic development has negative influence on the environment, more emphasis has been gradually put to the environmental protection of Changping New City. Changping sewage treatment plant is responsible for sewage treatment of the older neighborhoods of Changping. Due to the adjusted Changping District planning, the expansion area lying at the east coast of Dongsha River is planned to be transformed into sewage treatment plant watershed area. The rapid development of the east expansion area has attracted a group of productive corporations and residents resulting in a growth of domestic and industrial sewage and population increase. Since the government aims to improve the old pipe network and build new pipes in the east area, more sewage in the Changping sewage treatment plant is predicted. Therefore, it is necessary to improve the existing processing capability of Changping sewage treatment plant.


Figure 1. The map of Changping city.



[image: Sustainability 10 00706 g001]






According to the request of bidding, the investors selected by tendering should set up the project company in Changping District, and should be authorized by the Water Authority and the project company in a way of signing a Concession Agreement with district government, which grants the project concession to the project company. During the concession period, the project company has exclusive rights to invest, construct, operate and manage the Phase II project of Changping Reclaimed Waterworks using the BOT (Build–Operate–Transfer) financing mode and bear the costs, responsibilities and risks by itself as well. Once the concession expires, the project company should transfer the whole Changping Reclaimed Water Plant Phase II project to the District Water Authority or its designated institutions for free. During the concession period, the District Water Authority has rights to supervise the construction, operation and maintenance of the project, as well as responsibility to supply sewage water and afford the service fee for the reclaimed water treatment.



According to the Annuaire Statistique of Changping, the sewage information from 2009 to 2015 are shown as Table 1 and Figure 2, Figure 3 and Figure 4. From the table and pictures, the sewage quantity and the total amount of centralized sewage (part of the whole sewage that disposed by factories) of Changping city have been increasing annually, as has the link relative ratio of centralized sewage. Because the government pays high attention to environmental pollution and has put strict limitations on sewage discharge and disposal, the increasing trend of relative ratio of centralized sewage in 2009, 2010, and 2011 were relatively high, and then relatively gentler in the later years, but still with growing speed.


Figure 2. The total amount of sewage of Changping city from 2008 to 2015.



[image: Sustainability 10 00706 g002]





Figure 3. The total amount of centralized sewage of Changping city from 2008 to 2015.
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Figure 4. The link relative ratio of centralized sewage of Changping city from 2008 to 2015.



[image: Sustainability 10 00706 g004]





Table 1. The sewage of Changping city from 2008 to 2015.













	Year
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015





	Sewage quantity (cube)
	24,340,000
	31,597,000
	37,741,900
	41,620,600
	48,407,000
	50,836,000
	60,210,000
	70,780,000



	Dispose capacity (%)
	31
	35
	38
	41.81
	48
	49.7
	61
	76



	Centralized treatment rate (%)
	17
	20
	38
	67.57
	73
	72.7
	77
	74



	Total amount of sewage (cube)
	78,790,000
	90,481,000
	99,428,000
	99,544,000
	100,786,000
	102,280,000
	98,555,000
	93,100,000



	Total amount of centralized sewage (cube)
	4,138,000
	6,319,000
	14,342,000
	28,123,000
	35,337,000
	36,958,000
	46,362,000
	52,377,000



	Link relative ratio of the total amount of sewage (%)
	
	14.8%
	9.9%
	0.1%
	1.2%
	1.5%
	−3.6%
	−5.5%



	Link relative ratio of the centralized amount of sewage (%)
	
	52.7%
	127.0%
	96.1%
	25.7%
	4.6%
	25.4%
	13.0%










3.2. The Key Risk Factor and Option Value of the Project


According to the statistics of city’s sewage treatment capacity over the years, the future sewage treatment capacity can be predicted to some extent. However, with the fast development of society and rapid increase of urbanization, historical data cannot meet the need of future sewage treatment capacity. To relieve the bidders’ concerns caused by the uncertainty of the sewage treatment capacity, the Urban Development Office chooses to sign the contract in the form of “Take-or-Pay”, which is originally an act on the international conventions and rules for the supply of natural gas. When used in the sewage treatment industry, “Take-or-Pay” can be understood like this: if the actual sewage treatment capacity is lower than the guaranteed amount, the government departments will pay sewage treatment costs to the project company according to the guaranteed amount and the standard price of sewage treatment; however, if the actual sewage treatment capacity is too high and even higher than upper control limit set by the government, the government will pay sewage treatment costs to the project company partly according to the actual sewage treatment capacity and the standard price of sewage treatment. In fact, the subsidy is a security option for the company. Because the value of the security option is mainly from the sewage flows, government subsidies will finally increase the value of the project during the concession period.



Assume that [image: ] is the project’s charge price, [image: ] is defined as the actual value of sewage treatment capacity for one year, and the lowest amount of sewage treatment of government guaranteed in that year is [image: ]. In this case, there are two different possible solutions. If [image: ], the project actual income is [image: ], and the actual sewage treatment capacity is not less than the minimum value of the government guarantee; that is, the guarantee option is not activated and the option value is zero. If [image: ], the government will subsidize private investors in accordance with the guaranteed sewage treatment capacity and the private investors can be regarded as the implementation of the guarantee option because the actual sewage treatment capacity is less than the minimum amount of government guarantees; in this situation, the project actual income is [image: ] and security option value is [image: ]. Hence, [image: ] is defined as the guarantee provided by the government in the i years of the project and [image: ] is defined as the uncertain value in the i year of the project; they can be expressed as:


[image: ]



(31)
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(32)







The value of the guarantee option uncertain part can be obtained by discounting and adding the option income at each year of the operation period, which can be written as:


[image: ]



(33)






[image: ]



(34)




where [image: ] is the risk-free interest rate.




3.3. Related Parameters


The total private investment of the project is ¥147.89 million, of which 30% is capital and the remaining 70% is bank loan. The project depreciates in straight-line depreciation method, with the depreciation period of 25 years, and the asset surplus of 5%. The depreciation and the net margin could be used for the bank loan.



The preliminary project life cycle is determined as 30 years; the project construction period is one year; and, after completion of the project, there is a one-year trial operation, which is included in the concession period. The production of the trial period should achieve 60% of its full capacity and reach its full capacity the following year. The government starts to carry out guarantee option when it reaches its full capacity, which is the third year.



The private investors expect a return rate of 12.5% after careful calculations that consider a series of factors such as the industry and company income level, corporate performance and qualification, the competitors, etc. The average rate of the return of the same industry is 8.3%, as estimated by the government, so the optimal return rate is 10.4%, according to Formula (2.30). The bank loan interest rate is 5.7% and the risk-free interest rate is the ten-year bond interest rate in 2015, 4.4%, the discount rate of the investor is 7.4%, and the income tax rate for the project is 25%, regulated by the law of tax.



(1) Sewage treatment price



According to the agreement reached by the project winning unit and the Beijing Municipal Water Affairs Bureau, the project sewage treatment unit price is 2.79 Yuan/m3. The design capacity of the waste treatment is 50,000 m3 per day. The cost of the sewage disposal is shown in Table 2 with an estimated production 13.64 million m3 per year.


Table 2. The components of the sewage disposal cost.







	Components of the Cost
	Total Cost in a Year (¥)
	Per Cost in 1 m3 (¥)





	medicine
	3,089,000
	0.23



	electric quantity
	5,411,000
	0.40



	sludge change
	3,796,000
	0.28



	major repairs
	2,400,000
	0.18



	routine maintenance
	1,260,000
	0.09



	depreciation
	4,433,333
	0.32



	financial fee
	400,000
	0.03



	amortization fee
	350,000
	0.03



	other fee
	400,000
	0.03



	total cost
	
	1.58







Note: All the money in this paper is expressed in Renminbi (RMB), the average exchange Rate between US Dollar and RMB is 6.6423 in 2016.








(2) The estimation of the production per year



Pichayapan [25], Garvin and Cheah [26], and Iyer and Sagheer [27] used geometric Brownian motion in their respective papers to describe the probability distribution of traffic for the following reasons: (1) the data described by geometric Brownian movement are the same as traffic volume, which is independent to each other; (2) geometric Brownian movement only considers positive data, which is similar to the real traffic volume; and (3) geometric Brownian motion is relatively simple to calculate with the starting point of time data and data fluctuations in the expectations and variance, and the future value can be predicted. Besides, the above data are relatively easy to acquire in the description of the probability distribution of traffic volume, so geometric Brownian motion can be used to describe the probability distribution of traffic volume. Geometric Brownian motion can also be used in describing the probability distribution of the amount of sewage treatment. Assuming that the current sewage treatment capacity is [image: ], according to geometric Brownian movement, the sewage treatment capacity of the next phase can be expressed as:


[image: ]



(35)




where [image: ] is the expectation of rate of change in the amount of sewage treatment; [image: ] is the standard deviation of the rate of change of sewage treatment capacity; and [image: ] obeys [image: ] distribution. According to the statistics of sewage treatment capacity in Changping District included in the Beijing Statistical Yearbook, as shown in Table 1 and Figure 1, Figure 2 and Figure 3, [image: ] is 2.6%, and [image: ] is 6.7%. [image: ] is 8,760,000 m3, and its average amount is 13,645,500 m3 after 100 times simulation.




3.4. Calculation Results


From the model built above, important factors of the project’s concession period include NPV, option value, the distribution coefficient between government and private investors, the concession period, and the price. The calculating process is shown in Figure 5.

	(1)

	
From the analysis above, the average quantity of the sewage is 13,645,500 m3, thus the whole life span needs to meet the income rate in 29.35 years. Thus, the whole life span is preliminarily decided as at least 30 years.




	(2)

	
According to the set of dates in Table 3, the result of the Monte Carlo simulation with the principle that, when the simulation result is more than its capacity, its capacity should be taken as the actual amount, its full capacity is 18,250,000 m3.


Table 3. The sewage quantity each year based on Monte Carlo simulation of one time.


	Year
	Qt (m3)
	U (q)
	σ
	ε (0, 1)
	Δt
	Qt + 1 (m3)





	1
	8,760,000
	2.6%
	6.7%
	1.35
	1
	9,802,000



	2
	9,802,000
	2.6%
	6.7%
	−2.04
	1
	8,732,500



	3
	8,732,500
	2.6%
	6.7%
	1.04
	1
	9,574,000



	4
	9,574,000
	2.6%
	6.7%
	−0.45
	1
	9,489,900



	5
	9,489,900
	2.6%
	6.7%
	−0.21
	1
	9,560,600



	6
	9,560,600
	2.6%
	6.7%
	−0.48
	1
	9,459,300



	7
	9,459,300
	2.6%
	6.7%
	−0.31
	1
	9,470,200



	8
	9,470,200
	2.6%
	6.7%
	0.16
	1
	9,780,100



	9
	9,780,100
	2.6%
	6.7%
	−0.36
	1
	9,755,100



	10
	9,755,100
	2.6%
	6.7%
	2.39
	1
	11,707,900



	11
	11,707,900
	2.6%
	6.7%
	−0.33
	1
	11,706,300



	12
	11,706,300
	2.6%
	6.7%
	0.57
	1
	12,429,200



	13
	12,429,200
	2.6%
	6.7%
	0.59
	1
	13,218,700



	14
	13,218,700
	2.6%
	6.7%
	−0.05
	1
	13,459,400



	15
	13,459,400
	2.6%
	6.7%
	0.36
	1
	14,095,100



	16
	14,095,100
	2.6%
	6.7%
	−0.17
	1
	14,241,900



	17
	14,241,900
	2.6%
	6.7%
	0.24
	1
	14,792,700



	18
	14,792,700
	2.6%
	6.7%
	0.15
	1
	15,268,100



	19
	15,268,100
	2.6%
	6.7%
	0.64
	1
	16,288,300



	20
	16,288,300
	2.6%
	6.7%
	0.27
	1
	16,956,100



	21
	16,956,100
	2.6%
	6.7%
	0.06
	1
	17,395,600



	22
	17,395,600
	2.6%
	6.7%
	−1.32
	1
	16,270,000



	23
	16,270,000
	2.6%
	6.7%
	0.99
	1
	17,776,400



	24
	17,776,400
	2.6%
	6.7%
	0.88
	1
	18,250,000



	25
	19,275,400
	2.6%
	6.7%
	0.56
	1
	18,250,000



	26
	20,460,100
	2.6%
	6.7%
	0.27
	1
	18,250,000



	27
	21,293,800
	2.6%
	6.7%
	−0.41
	1
	18,250,000



	28
	21,164,000
	2.6%
	6.7%
	0.89
	1
	18,250,000



	29
	22,967,100
	2.6%
	6.7%
	−1.93
	1
	18,250,000



	30
	20,618,200
	2.6%
	6.7%
	1.55
	1
	18,250,000










	(3)

	
Calculation of concession period using the traditional NPV method: Using the data of sewage quantity in Table 3, the concession period calculated through the traditional NPV is demonstrated in Table 4.


Table 4. Concession period using the traditional NPV.


	Serial Number
	Qt (m3)
	Annual Value of the Project (¥)
	Annual Present Value of the Project (¥)
	Cumulative Present Value of the Project (¥)





	1
	9,802,000
	11,860,400
	11,043,200
	11,043,200



	2
	8,732,500
	10,566,300
	9,160,400
	20,203,700



	3
	9,574,000
	11,584,500
	9,351,200
	29,554,800



	4
	9,489,900
	11,482,800
	8,630,400
	38,185,200



	5
	9,560,600
	11,568,300
	8,095,600
	46,280,800



	6
	9,459,300
	11,445,700
	7,457,900
	53,738,700



	7
	9,470,200
	11,458,900
	6,952,100
	60,690,800



	8
	9,780,100
	11,833,900
	6,684,900
	67,375,700



	9
	9,755,100
	11,803,700
	6,208,400
	73,584,100



	10
	11,707,900
	14,166,600
	6,937,800
	80,521,900



	11
	11,706,300
	14,164,700
	6,458,900
	86,980,800



	12
	12,429,200
	15,039,400
	6,385,300
	93,366,100



	13
	13,218,700
	15,994,600
	6,322,900
	99,689,000



	14
	13,459,400
	16,285,900
	5,994,500
	105,683,500



	15
	14,095,100
	17,055,100
	5,845,100
	111,528,600



	16
	14,241,900
	17,232,700
	5,499,000
	117,027,600



	17
	14,792,700
	17,899,200
	5,318,100
	122,345,700



	18
	15,268,100
	18,474,400
	5,110,800
	127,456,500



	19
	16,288,300
	19,708,800
	5,076,700
	132,533,200



	20
	16,956,100
	20,516,900
	4,920,700
	137,453,900



	21
	17,395,600
	21,048,600
	4,700,400
	142,154,300



	22
	16,270,000
	19,686,700
	4,093,300
	146,247,700



	23
	17,776,400
	21,509,500
	4,164,200
	150,411,800



	24
	18,250,000
	22,082,500
	3,980,600
	154,392,400



	25
	18,250,000
	22,082,500
	3,706,300
	158,098,700



	26
	18,250,000
	22,082,500
	3,450,900
	161,549,700



	27
	18,250,000
	22,082,500
	3,213,200
	164,762,800



	28
	18,250,000
	22,082,500
	2,991,800
	167,754,600



	29
	18,250,000
	22,082,500
	2,785,600
	170,540,200



	30
	18,250,000
	22,082,500
	2,593,700
	173,133,900














Figure 5. The procedure of the case study.
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Consequently, the concession period of this project calculated by interpolation method is:


[image: ]











	(4)

	
Taking the option value and distribution coefficient into consideration, the concession period is calculated based on the sewage data in Table 3, Based on the concession period resulting from the traditional method (26.55 years), the annual present value of the government guarantee and the annual present value of the project above the limit value are shown in Table 5.


Table 5. Concession period calculation on option value and distribution coefficient.












	Serial Number
	Q (m3)t
	Annual Present Value of Government Guarantee (¥)
	Annual Present Value of the Project (¥)
	Cumulative Present Value of the Project (¥)
	Annual Present Value of the Project above the Limit Value (¥)
	Annual Present Value of the Investor (¥)
	Annual Present Value of the Government (¥)





	1
	9,802,000
	1,293,400
	11,043,200
	11,043,200
	
	12,336,600
	−1,293,400



	2
	8,732,500
	2,326,200
	9,160,400
	20,203,700
	
	23,823,200
	−2,326,200



	3
	9,574,000
	1,344,000
	9,351,200
	29,554,800
	
	34,518,300
	−1,344,000



	4
	9,489,900
	1,327,900
	8,630,400
	38,185,200
	
	44,476,600
	−1,327,900



	5
	9,560,600
	1,176,500
	8,095,600
	46,280,800
	
	53,748,700
	−1,176,500



	6
	9,459,300
	1,175,300
	7,457,900
	53,738,700
	
	62,381,900
	−1,175,300



	7
	9,470,200
	1,086,300
	6,952,100
	60,690,800
	
	70,420,300
	−1,086,300



	8
	9,780,100
	799,700
	6,684,900
	67,375,700
	
	77,904,800
	−799,700



	9
	9,755,100
	760,400
	6,208,400
	73,584,100
	
	84,873,700
	−760,400



	10
	11,707,900
	
	6,937,800
	80,521,900
	449,100
	91,601,500
	210,000



	11
	11,706,300
	
	6,458,900
	86,980,800
	417,300
	97,865,300
	195,100



	12
	12,429,200
	
	6,385,300
	93,366,100
	759,900
	103,895,200
	355,300



	13
	13,218,700
	
	6,322,900
	99,689,000
	2,745,100
	108,934,700
	1,283,500



	14
	13,459,400
	
	5,994,500
	105,683,500
	1,117,600
	114,406,600
	522,600



	15
	14,095,100
	
	5,845,100
	111,528,600
	1,304,200
	119,641,800
	609,800



	16
	14,241,900
	
	5,499,000
	117,027,600
	1,271,000
	124,546,600
	594,300



	17
	14,792,700
	
	5,318,100
	122,345,700
	1,381,500
	129,218,800
	645,900



	18
	15,268,100
	
	5,110,800
	127,456,500
	1,445,400
	133,653,800
	675,800



	19
	16,288,300
	
	5,076,700
	132,533,200
	1,663,800
	137,952,500
	777,900



	20
	16,956,100
	
	4,920,700
	137,453,900
	1,743,000
	142,058,300
	815,000



	21
	17,395,600
	
	4,700,400
	142,154,300
	1,741,600
	145,944,300
	814,300



	22
	16,270,000
	
	4,093,300
	146,247,700
	1,338,400
	149,411,900
	625,800



	23
	17,776,400
	
	4,164,200
	150,411,800
	1,599,100
	152,828,400
	747,700



	24
	18,250,000
	
	3,980,600
	154,392,400
	1,592,200
	156,064,500
	744,500



	25
	18,250,000
	
	3,706,300
	158,098,700
	1,482,500
	159,077,600
	693,200



	26
	18,250,000
	
	3,450,900
	161,549,700
	1,380,400
	161,883,100
	645,400



	26.55
	
	
	1,783,100
	174,474,100
	713,200
	163,332,800
	333,500



	sum
	
	11,289,600
	163,332,800
	163,332,800
	24,145,700
	163,332,800
	0













The value of [image: ] using Formula (26) is [image: ]. That is to say, when the production is above the limit number, the government and the investor will share the excess part with the government: investor ratio of 0.47:0.53.



	(5)

	
The concession period with only the government guarantee and no option value share is calculated. The concession period only with the government guarantee is shown as Table 6.


Table 6. Concession period calculation only considering the government guarantee.


	Serial Number
	Qt (m3)
	Annual Present Value of the Investor (¥)
	Annual Present Value of the Investor (¥)





	1
	980,200
	1,233,660
	1,233,659



	2
	873,250
	1,148,660
	2,382,320



	3
	957,400
	1,069,510
	3,451,830



	4
	948,990
	995,820
	4,447,660



	5
	956,060
	927,210
	5,374,870



	6
	945,930
	863,320
	6,238,190



	7
	947,020
	803,840
	7,042,030



	8
	978,010
	748,450
	7,790,480



	9
	975,510
	696,880
	8,487,370



	10
	1,170,790
	693,780
	9,181,150



	11
	1,170,630
	645,890
	9,827,040



	12
	1,242,920
	638,530
	10,465,570



	13
	1,321,870
	632,290
	11,097,860



	14
	1,345,940
	599,450
	11,697,310



	15
	1,409,510
	584,510
	12,281,820



	16
	1,424,190
	549,900
	12,831,720



	17
	1,479,270
	531,810
	13,363,530



	18
	1,526,810
	511,080
	13,874,610



	19
	1,628,830
	507,670
	14,382,280



	20
	1,695,610
	492,070
	14,874,350



	21
	1,739,560
	470,040
	15,344,390



	22
	1,627,000
	409,330
	15,753,720



	23
	1,777,640
	416,420
	16,170,140



	24
	1,825,000
	398,060
	16,568,200



	25
	1,825,000
	370,630
	16,938,830



	26
	1,825,000
	345,090
	17,283,930













Consequently, the concession period of this project calculated by interpolation method is:


[image: ]










[image: ]











The concession period will have a time gap of 3.14 year between considering the share value above the limit amount and not considering that part. Thus, if the government wants to take back the project, it can use the method without considering the share value, but it will bring financial burden to itself. Otherwise, if it does not want to take the financial burden, it can use the method considering the share value.



	(6)

	
The price with fixed concession period is calculated.







In some cases, the concession period of the PPP project is determined by the government before the bids. The calculation model can give the government a guide to decide the price of sewage treatment either considering the government guarantee and the share value or considering the government guarantee only.



Thus, suppose that the concession period is determined by the government, and its sewage treatment price is 2.83 Yuan per m3 using trial method, the details are shown in Table 7.


Table 7. Profit details under government guarantee and the share option value.













	Series Number
	Qt (m3)
	Annual Present Value of Government Guarantee (¥)
	Annual Present Value of the Project (¥)
	Cumulative Present Value of The Project (¥)
	Annual Present Value of the Project Above the Limit Value (¥)
	Annual Value of the Investor (¥)
	Annual Present Value of the Investor (¥)
	Annual Present Value of the Government (¥)





	1
	9,802,000
	1,336,200
	11,408,700
	11,408,700
	
	12,744,800
	12,744,800
	−1,336,200



	2
	8,732,500
	2,403,100
	9,463,500
	20,872,200
	
	11,866,700
	24,611,500
	−2,403,100



	3
	9,574,000
	1,388,500
	9,660,600
	30,532,800
	
	11,049,000
	35,660,500
	−1,388,500



	4
	9,489,900
	1,371,800
	8,915,900
	39,448,700
	
	10,287,800
	45,948,300
	−1,371,800



	5
	9,560,600
	1,215,400
	8,363,500
	47,812,200
	
	9,578,900
	55,527,200
	−1,215,400



	6
	9,459,300
	1,214,200
	7,704,700
	55,516,900
	
	8,918,900
	64,446,100
	−1,214,200



	7
	9,470,200
	1,122,300
	7,182,100
	62,699,100
	
	8,304,400
	72,750,500
	−1,122,300



	8
	9,780,100
	826,100
	6,906,100
	69,605,100
	
	7,732,200
	80,482,700
	−826,100



	9
	9,755,100
	785,600
	6,413,900
	76,019,000
	
	7,199,400
	87,682,200
	−785,600



	10
	11,707,900
	
	7,167,400
	83,186,400
	464,000
	6,929,900
	94,612,000
	237,500



	11
	11,706,300
	
	6,672,600
	89,859,000
	431,100
	6,451,900
	101,064,000
	220,700



	12
	12,429,200
	
	6,596,500
	96,455,600
	785,100
	6,194,600
	107,258,600
	401,900



	13
	13,218,700
	
	6,532,100
	102,987,700
	2,835,900
	5,080,300
	112,339,000
	1,451,800



	14
	13,459,400
	
	6,192,800
	109,180,600
	1,154,600
	5,601,800
	117,940,700
	591,100



	15
	14,095,100
	
	6,038,500
	115,219,000
	1,347,400
	5,348,700
	123,289,400
	689,800



	16
	14,241,900
	
	5,681,000
	120,900,000
	1,313,100
	5,008,800
	128,298,200
	672,200



	17
	14,792,700
	
	5,494,100
	126,394,100
	1,427,200
	4,763,500
	133,061,700
	730,600



	18
	15,268,100
	
	5,280,000
	131,674,100
	1,493,300
	4,515,500
	137,577,200
	764,400



	19
	16,288,300
	
	5,244,700
	136,918,800
	1,718,900
	4,364,700
	141,941,900
	879,900



	20
	16,956,100
	
	5,083,500
	142,002,300
	1,800,700
	4,161,700
	146,103,600
	921,800



	21
	17,395,600
	
	4,855,900
	146,858,200
	1,799,300
	3,934,800
	150,038,400
	921,100



	22
	16,270,000
	
	4,228,800
	151,087,000
	1,382,700
	3,520,900
	153,559,400
	707,900



	23
	17,776,400
	
	4,302,000
	155,389,000
	1,652,000
	3,456,300
	157,015,600
	845,700



	24
	18,250,000
	
	4,112,300
	159,501,300
	1,644,900
	3,270,200
	160,285,900
	842,100



	25
	18,250,000
	
	3,828,900
	163,330,200
	1,531,600
	3,044,900
	163,330,700
	784,100



	sum
	
	11,663,200
	
	
	22,781,800
	11,663,200
	
	







Note:If the income to the investor or the government is above 0,then the data is positive, otherwise, is negative.Such as the first year of the annual present value of the government is negative, meaning that the government has to pay additionally for the investor as guarantee value.








The total the present worth of government guarantee is 11,663,200 Yuan. The total present worth of the project above the limit value is 22,781,800 Yuan. The value of [image: ]. Its sewage treatment price is 2.75 Yuan per m3 if only considering the government guarantee, but the cumulative present worth of the project is 152,445,300 Yuan, less than the expected project incomes, meaning that it needs more years, 28.59 years, in this simulation to meet the expected revenue. The details are shown in Table 8.


Table 8. Profit details under government guarantee only.











	Serial Number
	Qt (m3)
	Annual Present Value of Government Guarantee (¥)
	Annual Present Value of the Project (¥)
	Cumulative Present Value of the Project (¥)
	Annual Value of the Investor (¥)
	Annual Present Value of the Investor (¥)





	1
	980,200
	124,710
	1,064,830
	1,064,830
	1,189,550
	1,189,550



	2
	873,250
	224,300
	883,290
	1,948,120
	1,107,580
	2,297,130



	3
	957,400
	129,590
	901,680
	2,849,800
	1,031,270
	3,328,400



	4
	948,990
	128,040
	832,180
	3,681,970
	960,210
	4,288,610



	5
	956,060
	113,440
	780,610
	4,462,590
	894,050
	5,182,670



	6
	945,930
	113,330
	719,120
	5,181,710
	832,450
	6,015,120



	7
	947,020
	104,750
	670,350
	5,852,060
	775,100
	6,790,220



	8
	978,010
	77,110
	644,580
	6,496,640
	721,690
	7,511,910



	9
	975,510
	73,320
	598,640
	7,095,280
	671,970
	8,183,870



	10
	1,170,790
	
	668,970
	7,764,260
	668,970
	8,852,840



	11
	1,170,630
	
	622,800
	8,387,050
	622,800
	9,475,640



	12
	1,242,920
	
	615,690
	9,002,740
	615,690
	10,091,330



	13
	1,321,870
	
	609,680
	9,612,420
	609,680
	10,701,010



	14
	1,345,940
	
	578,010
	10,190,440
	578,010
	11,279,030



	15
	1,409,510
	
	563,610
	10,754,040
	563,610
	11,842,630



	16
	1,424,190
	
	530,240
	11,284,280
	530,240
	12,372,870



	17
	1,479,270
	
	512,800
	11,797,080
	512,800
	12,885,670



	18
	1,526,810
	
	492,810
	12,289,890
	492,810
	13,378,480



	19
	1,628,830
	
	489,510
	12,779,400
	489,510
	13,867,990



	20
	1,695,610
	
	474,470
	13,253,870
	474,470
	14,342,460



	21
	1,739,560
	
	453,230
	13,707,110
	453,230
	14,795,700



	22
	1,627,000
	
	394,700
	14,101,800
	394,700
	15,190,390



	23
	1,777,640
	
	401,530
	14,503,330
	401,530
	15,591,920



	24
	1,825,000
	
	383,820
	14,887,150
	383,820
	15,975,740



	25
	1,825,000
	
	357,380
	15,244,530
	357,380
	16,333,120



	26
	1,825,000
	
	332,750
	15,577,290
	264,610
	16,597,730



	27
	1,825,000
	
	309,830
	15,887,110
	246,380
	16,844,110



	28
	1,825,000
	
	288,480
	16,175,590
	229,400
	17,073,520



	29
	1,825,000
	
	268,600
	16,444,190
	213,600
	17,287,120



	30
	1,825,000
	
	250,100
	16,694,290
	198,880
	17,486,000










3.5. Comparison of the Results under Different Application Environments


From analyses above, several decisions can be made under different situations, as shown in Table 9 and Table 10.



Table 9. The results of concession period with fixed sewage treatment price.



	
Situation

	
Fixed Price of Sewage Treatment




	
Government Guarantee and Share Option Value

	
Government Guarantee






	
Concession period (year)

	
26.55

	
23.41










Table 10. The results of sewage treatment price under fixed concession period.



	
Situation

	
Fixed Concession Period of the Project




	
Government Guarantee and Share Option Value

	
Government Guarantee






	
The price of sewage treatment (¥)

	
2.83

	
2.75










If the sewage treatment price is fixed, this decision model can give the two sides a reference on deciding the concession period. If they choose the government guarantee and the option value, the concession will be longer, but the burden of the government will be less; otherwise, if they choose the government guarantee only, the concession period will be shorter, the government can get control right of the project, and the investor can recoup the costs and the expected return in advance, but the government will have some financial burden.



If the concession period if fixed, this decision model can give the two sides a reference on deciding the sewage treatment price. If they choose the government guarantee and share option value, the price will be higher, but the burden of the government will be less; otherwise, if they choose government guarantee only, the sewage treatment price is lower and the social benefits will increase but the government will have some financial burden.



Even though the calculation example demonstrates the usefulness of the model, there are some concerns. The specific performances are: (1) the real volatility of sewage treatment capacity is constantly changing but the volatility is invariable in geometric Brownian motion; (2) the real volatility of sewage treatment capacity may not necessarily be subject to normal distribution, its distribution might present greater kurtosis so that it might have more sewage treatment volatility; and (3) tn this case, the data are obtained from Monte Carlo simulation, which has a lot of randomness and has much effect on the results. In the future, scholars can take advantage of other distribution functions in statistics to describe the change of sewage treatment capacity to make the simulation results more realistic and calculate the concession period more accurately. In reality, concession contracts also contain some other warranty conditions and the project might have many options at the same time. Its impact on value of PPP projects can also be the emphasis of future research.





4. Discussion and Conclusions


Concession period and the price of sewage treatment are some of the most important content in concession contracts of PPP project and they can determine whether the project is successful and profitable. This paper constructed a new model for calculating the concession period and price based on real options and risk allocation. On the one hand, this method makes the model more reasonable. On the other hand, it provides reference for other benefit distribution issues between private investors and government.



This paper applies the model to a sewage treatment plant in Beijing for empirical test and simulates the sewage quantity of this project through Monte Carlo Simulation. The result shows that the project’s concession period and price are different when real option and risk sharing are considered simultaneously or respectively, thus providing greater negotiating space for government’s decision with investing companies. As a result, it reduces the project risk carried by the investors and increases the government’s controlling power of the project. On the other hand, the sewage treatment project has a great impact on daily life of local residents, so whether it can operate successfully not only concerns the company and the government but also the quality of life of the city. The sewage treatment industry could also promote the development of other industries such as pipeline engineering river regulation projects, etc., and it also bring much benefit on environment improvement, called for by the government of China and all over the world. Because the PPP model in China is still immature, this method and model could not only be used in sewage treatment industry but also in other PPP projects, such as roads, railways airports and so on.



The model proposed in this paper presents several calculation methods under different situation: (1) calculation of concession period taking the option value and distribution coefficient into consideration when sewage treatment price is fixed; (2) calculation of the concession period only with the government guarantee without the option value share when fixed sewage treatment price is fixed; (3) calculation of the sewage treatment price taking the option value and distribution coefficient into consideration when the concession period is fixed; and (4) calculation of the sewage treatment price only with the government guarantee without the option value share when the concession period is fixed. If the government wants to take authority of the project, that is, shorten the concession period, then it should either give the private investors a relatively higher sewage treatment price or guarantee the private investors a low quantity of sewage treatment. At the same time, the government should take some risks, such as the sewage treatment quantity, policy, and external environment change after the concession period, and the government should have its own management team that is at least as efficient as the private company, which may be a big problem for the government after transfer, as private companies generally have an advantage over the government on the level of management and sewage treatment. Under this situation, the private company may have a short concession period, less risks and recover the investment in advance, but lose some opportunity to earn much more overall. When the concession period is long, the private company should take more risks and have a relatively low sewage treatment price, but have the opportunity to earn more.



Even though the model presented in this paper brings a reference and much benefits to the government and private companies during their negotiation, it still has some deficiencies. First, the model mainly considers price and concession period , but there are many other factors that should also be considered such as the rise in labor price and raw material cost, new technology which may reduce the material cost, inflation, the government policy, global economic turmoil, etc., which may also have an important influence on the operation of the project, so further study should be taken on the negotiation among the operation period, as the life of the PPP project is generally 20–30 years or even longer. Secondly, the model is very flexible; the two sides may have conflicts on which situation to use, so many other factors should be taken into account in practical engineering. Third, the case takes a set of simulation as an example to illustrate the application of the model, but the production of sewage treatment plays an important role on prediction results and a big influence on operation during the execution of the contract, so further studies are still needed on more precise prediction methods of simulation in future.
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