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Abstract — To reduce the government's financial pressure for providing guarantee reasonable return for social capital in Public-
Private Partnership (PPP) projects and control the excess profit of the project, it is proposed to use the minimum internal rate of 
return as the profit dynamic adjusting control point. When the project's internal rate of return is lower than the minimum internal 
rate of return, the government doesn't need to provide subsidies, but to convert the government subsidies to the extension of 
operating period. When the project internal rate of return is higher than the minimum internal rate of return, the excess profit 
should be shared by government to finally build the dynamic adjustment model for profit by the above two aspects. And then 
through an actual case, the internal rate of return of the project is calculated and its scope determined. The project profit is 
dynamically adjusted by the model and at the same time regression analysis is applied to data prediction. The model that 
guarantees the rational return of social capital effectively and controls the excess profits of the project provides an important 
reference for the design of the dynamic adjustment model for PPP project profit. 
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I. INTRODUCTION 

The PPP model are widely used in transportation, 
education, defense, medical treatment, housing and other 
public utilities and infrastructure construction fields, it can 
effectively activate social capital, alleviate the government 
debt burden, and can improve the operational efficiency of 
public product and public service quality[1]. At present 
Chinese government began to use for reference experience 
from developed countries, and strongly carries out the PPP 
mode in China's the thirteenth five-year plan, working 
conference of the central city, and 2016 government work 
report, PPP mode as the important measure of China's 
supply-side reform will become the main mode of the 
government to make public sector investment. 

Because of the investment of the PPP project is high and 
the contract period is long that  exists many uncertainty 
factors in the operation such as politics, market, construction 
and operation, so it brought serious challenges for the design 
and management of the concession agreement. How to 
control the income level and set up the dynamic adjustment 
mechanism is one of the core content of the PPP project 
concession agreement[2]. Internationally, the PPP project has 
adopted the concession period dynamic adjustment 
mechanism to control the level of income, such as it is 
stipulated by the British Severn Bridge project, if the project 
company didn't reach the expected income level, can 
dynamically adjust the concession period, if reach the agreed 
income level, it must immediately terminate the concession 
agreement[3]. The Australia M2 highway and Melbourne 
city link projects set the upper limit of the internal rate of 
return, and to set different length of concession period, as 
long as the internal rate of return to reach the upper limit in 
the specified period, it must immediately terminate the 
concession agreement[4][5]; Chile Valparaiso Santiago 
expressway project set to terminate the concession 

agreement when the accumulated income present value of 
the project company reached 381 million dollars or the 
concession period expired 25 years, and then the project is 
transferred to the Chilean government free of charge[6]. 

At present, the research on the dynamic adjustment 
mechanism of PPP model has become a hot issue of social 
concern. If the government according to the actual operating 
conditions of the PPP project to dynamic adjust the 
concession period, can make the project to achieve the 
expected level of profit, and improve the efficiency of the 
project[7]. Song Jinbo etc. built to shorten and lengthen the 
concession period decision model by the upper and lower 
limits of the project net present value [8]. Zheng Xiazhong 
etc. built the linkage adjustment model of concession price 
and concession period by analyzing the different net present 
value rate in order to meet the requirements of government 
and project company on the net present value rate[9]. Under 
the premise of ensuring the public sector and the private 
sector's minimum profit, Carbonara N used the net present 
value method to study the dynamic adjustment model of the 
concession period on the PPP model[10]. Feng Ke etc. with 
31 typical PPP cases in China as the research object, 
summarized and analyzed the government subsidy 
mechanism, income distribution mechanism, concession 
period adjustment mechanism of the PPP project[11]. It is 
proposed to convert government guarantees to concession 
period extension model by Liu Jicai etc. and use the real 
option theory to calculate the government guarantee value, 
and then convert them into extended concession period of 
time[12]. 

In most of the above studies, the net present value or the 
internal rate of return is used as the control point, and the 
upper and lower limits are set to adjust the length of the 
operating period to limit the income level of the project 
company, and these studies provided a certain research 
foundation for building the dynamic regulation mechanism 
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of PPP mode. But at the of the PPP project operating period 
in the domestic, the government began to provide the lowest 
income subsidies to social capital, while at the normal 
operating stage should also to prevent excessive profits. How 
to reduce the financial pressure of the government to pay the 
subsidy in the early stage of operation, at the same time it 
can control the excess profit in the later operating period, 
There is a lack of in-depth research on this issue. To this end, 
the paper proposes to build the PPP project profit dynamic 
adjustment model about convert subsidy funds into the 
equivalent of the operating period of the extension of time 
and set the excess profit distribution of the critical point, in 
order to safeguard the interests of all parties in the PPP 
project, and improve the efficiency and service level of the 
project. 

II. ANALYSIS OF PROFIT DYNAMIC 

ADJUSTMENT MODEL 

In the actual operation of the domestic PPP project, 
government and social capital usually set up PPP project 
company in a certain proportion of joint investment. In 
previous years of operating period, the PPP project is in the 
stage of cultivating, profit are generally not up to the 
expected standards, at the same time the government usually 
need to provide a minimum profit subsidies for the project 
company, and the amount of subsidies expected larger, the 
government will face greater financial pressure, once the 
subsidy funds can not be in place on time, will directly affect 
the profit and loss situation of the project company; 
Meanwhile the government should also consider in the 
normal operating period of the project, how to control the 
excess profits to avoid huge profits of the project company. 
Therefore, it is hoped that there is a method the government 
needn't funding subsidies directly, but also to protect the 
lowest profit of the project company and control of excess 
profits. In the paper the lowest internal rate of return is used 
as the control point, when the project company's internal rate 
of return is less than the lowest internal rate of return, the 
government will need to subsidize the internal rate of return 
to the minimum, at this time the extension of income subsidy 
will be predicted by regression analysis equivalent of the 
operating period of the extension of time, subsidy funds will 
be converted into the extension of the operating period, so 
the government in the early stage of operation shouldn't 
funded subsidies directly, but extended the whole operating 
period; When the project company's internal rate of return is 
more than the lowest internal rate of return, it is shared by 
the government over the proceeds; when the project 
company's internal rate of return is less than the lowest 
internal rate of return, the excess returns should be shared by 
the government. The profit dynamic adjustment model not 
only reduces the financial pressure of the government in the 
future, but also provides guarantee for the reasonable 
investment return of social capital, and at the same time 

control the excess profit. The construction idea of this model 
is shown in Figure 1.In Figure1, T is the project concession 
period, T2 is the extended operating period. 

III. CONSTRUCTION OF PROFIT DYNAMIC 

ADJUSTMENT MODEL 

Assuming that T0 is the project construction period, T1 is 
the operating period, T is the concession period (including 
construction period and operating period), and T2 is the 
extension of the operation period, CIt and COt are the t years 
of cash inflows and cash outflows, NCFt is the t years of net 
cash flow. IRR is the internal rate of return of the project 
company in the concession period T, IRRmin is the dynamic 
profit adjustment control point, which is stipulated by the 
government and the social capital in the negotiations. NPVα 
is the project net present value after the government provide 
subsidies to the project company. NPVβ is the net present 
value while IRR>IRRmin. F is the annual government 
subsidies to the project company, subsidy time is the first n 
years of the operating period. By formula (1) to calculate the 
project's internal rate of return, then compare with IRRmin 
which is the dynamic profit control point, and determine the 
adjustment method of the dynamic profit. 
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A. When IRR<IRRmin, the Subsidy Provided by 
Government Equivalently Converts to Extended 
Concession Period 

When IRR<IRRmin, the project company's profit is not 
up to the expected standard, at this time the government will 
provide subsidies for project company until its internal rate 
of return reached IRRmin. IRRmin as benchmark rate of 
return, government subsidies F can be calculated by formula 
(3). at this time the NPVα is equal to zero, there is no excess 
profit in the project, the project profit rate just reached the 
expected earnings targets. Use formula (4) to make the total 
amount of subsidies and the profit during the extended 
concession period equivalent, so as to calculate the extended 
concession period T2. 
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Figure 1. The profit dynamic adjustment model of PPP project 

Table 1. Net cash flow in concession period 
Units: ten thousand RMB 

Operation year 2016 2017 2018 2019 2020 2021 2022 2023 

Net cash flow -72263 -39958 -49730 -65761 -20889 -17743 -14203 -10287 

Operation year 2024 2025 2026 2027 2028 2029 2030 2031 

Net cash flow -5944 -5849 -1051 3680 8870 -2190 24840 27073 

Operation year 2032 2033 2034 2035 2036 2037 2038 2039 

Net cash flow 28697 31962 35422 39088 42974 47092 51457 40765 

Operation year 2040 2041 2042 2043 2044 2045 2046 2047 

Net cash flow 58690 61395 64203 67117 56107 120240 122906 125659 

Operation year 2048 2049       

Net cash flow 128502 112764       
 

B. When IRR>IRRmin, Government Shares Excess Profit 

When IRR>IRRmin, the project company's profit rate 
exceeds the expected profit rate to generate excess profit. At 
this point need to calculate the excess profit shared by the 
government. IRRmin as benchmark rate of return, NPVβ can 
be calculated by formula (6). at this time, the value of NPVβ 
is greater than zero, the value of NPVβ is the excess profit 
after the project achieves the lowest internal rate of return。 
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IV. CASE ANALYSIS 

A. Project Background 

A highway PPP projects, the project total investment is 
15 billion RMB, the government and social investment 
company jointly funded the PPP project. Project concession 
period is 34 years ( construction period of 4 years, operating 
period of 30 years), the minimum internal rate of return is 
8%, minimum internal rate of return in the franchise 
agreement was agreed to 8%, if the project profit can't reach 
the expected standard, then the government should provide 
the same subsidies every year during the first 10 years of the 
operating period. In combination with the traffic flow 
forecast, the net cash flow of the concession period of the 
project is as shown in table 1. 

B. Judging the Way of Dynamic Profit Adjustment 

According to the construction thinking of dynamic profit 
model, the project‘s IRR is needed to determine the way of 
dynamic profit adjustment. The IRRmin is 8% in the project 
agreement, and the project IRR is 7% which is calculated by 
the table 1 data. At this time IRR<IRRmin, the project 
company's profit is not up to the expected standard, it needs 
to calculate the financial subsidies provided by the 
government, and to convert the capital subsidies into the 
operating period of the extension, so that the project 
company's IRR can reach  8% of the expected standard. 

C. Extended Operating Period Calculation 

Using the data of Table 1 and formula (3), the subsidies F 
to the project company provided by government every year 
can be calculated by the following calculation formula. 
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It can be concluded that the government subsidies F for 
every year is equal to ¥119.35 million yuan, so in the first 10 
years of the operating period the total amount of subsidies to 
the project company was ¥1.1935 billion yuan. According to 
the construction thinking of dynamic profit model, in order 
to alleviate the financial pressure on the government, the 
government subsidies should be converted into equivalent of 
an extended period of time, after conversion the government 
does not need to provide annual financial subsidies to the 
project company, but to extend the operating period directly. 

Because of the net cash flow after project concession 
period is unknown, so according to the annual traffic income 
and operating costs during the period of 30 years, and the net 
cash flow of 9 years after the end of the concession period is 
predicted by the binary linear regression model. In addition, 
the project will pay off loans in 2044, from the beginning of 
2045 until the end of the operating period of the extension 
does not need to repay the loan, In order to make the net cash 
flow forecast of the extended operating period is more 
accurate, so it considers the net cash flow for regression 
analysis without deducting the amount of the repay loan. The 
net cash flow, annual traffic income and operating costs 
during the concession period are shown in table 2. 

Table 2. Net cash flow, annual traffic income and operating costs  
in concession period 

Units: ten thousand RMB 

Operation 
year 

Net cash flow 
(without deducting the 

amount of the repay loan) 

Operating 
costs 

Traffic 
income 

2016 -72263 0 0 

2017 -39958 0 0 

2018 -49730 0 0 

2019 -65761 0 0 

2020 24361 3066 47272 

2021 27035 3127 52266 

2022 30376 3190 57853 

2023 33895 3253 64028 

2024 37797 3318 70866 

2025 42125 3385 78440 

2026 46924 3453 86827 

2027 51654 3522 95100 

2028 56845 3592 104167 

2029 45784 20415 114104 

2030 72814 3737 131941 

2031 75047 3812 144544 

2032 76671 3888 152585 

2033 79936 3966 160963 

2034 83396 4045 169827 

2035 87063 4126 179209 

2036 90948 4209 189139 

2037 95066 4293 199648 

2038 99431 4379 210772 

2039 88740 24886 222548 

2040 106664 4556 229736 

2041 109370 4647 237206 

2042 112177 4740 244969 

2043 115091 4834 253036 

2044 118027 4931 261422 

2045 120240 5030 267528 

2046 122906 5131 273830 

2047 125659 5233 280333 

2048 128502 5338 287045 

2049 112764 30335 293973 
According to the data of table 2, the net cash flow of 9 

years after the end of the 30 years operation period is 
predicted by using the binary linear regression model. Set the 
annual operating cost as the independent variable X1, annual 
traffic income as the independent variable X2, and annual net 
cash flow as the dependent variable Y. The regression 
analysis parameters are shown in table 3. 
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Table 3. Regression parameter table 

 Coefficients Standard error t Stat P-value Lower 95% Upper 95% 

Intercept 11777.96547 1236.0954 9.5284 3.96171E-10 9241.71 14314.22 

X Variable 1 -0.773330487 0.083231 -9.2913 6.70784E-10 -0.9441 -0.6026 

X Variable 2 0.427837667 0.006801 62.9102 7.97442E-31 0.4139 0.4418 
 
The regression equation can be got from the table 3: 
Y=11777.96547-0.773330487X1+0.427837667X2 
Assuming that between 2050-2058, annual growth rate of 

the annual operating is 2%, annual growth rate of annual 
traffic income is 2.4%. The net cash flow of the project in the 
next 9 years after the end of operating period is predicted by 
testing the regression equation and regression coefficient, the 
predicted results are shown in table 4. 

Table 4. Net cash flow after operating period 
Units: ten thousand RMB 

Operation 
year 

Net cash flow 
forecast value 

Operating 
costs 

Traffic 
income

2050 136275 5553 301028 

2051 139280 5664 308253 

2052 142357 5778 315651 

2053 145509 5893 323227 

2054 148737 6011 330984 

2055 152042 6131 338928 

2057 155428 6254 347062 

2058 158895 6379 355391 

2059 162445 6507 363921 
According to the formula (4), it can be calculated when 

T2 is equal to 8 years, the present value of net cash flow in 
the extended operating period is just equal to the present 
value of the government subsidies, and at this time the 
internal rate of return of the project company also reached 
expected level of 8%.Therefore, the government can extend 
the concession period of 8 years, so that the profit of the 
project company can achieve the expected standard, and also 
can reduce the financial pressure of providing subsidies. 

V. CONCLUSION 

Dynamic adjustment model of profit is proposed in this 
paper, with minimum internal rate of return as the control 
point, and the model is divided into two parts which are 
extended concession period and share excess profit, and this 
model provides a new idea for the government to provide the 
lowest profit guarantee and control excess profits for the PPP 
project. On this basis,  the feasibility of the model is verified 
by the analysis of the specific case. The results showed that, 
in the paper the profit dynamic adjustment model can 
effectively solve the financial burden of the government in 
the PPP projects, control excess profits, and at the same time 
provide income security for the social capital, and has certain 

guiding significance in both theory and practice. However, 
due to China's "infrastructure and public utility franchise 
management approach" provisions of the concession period 
of PPP project is not more than 30 years, so in the use of this 
model need to pay attention to the relevant laws and 
regulations. 

REFERENCES 
[1] LiYaning, Tang, Qiping Shen, Eddie W. L. Cheng. A review of 

studies on Public–Private Partnership projects in the construction 
industry[J]. International Journal of Project Management, (2010), 
28(7): 683- 694 

[2] Nasirzadeh F, Khanzadi M, Alipour M. Determination of Concession 
Period in Build-Operate-Transfer Projects Using Fuzzy Logic[J]. 
IranianJournal of Management Studies, (2014), 7(2): 437-456 

[3] Engel E. Fischer R, Galetovic A. Privatizing highways in the United 
States[J]. Review of Industrial Organization, (2006), 29(1-2):27-53 

[4] Minnessota Transportation Institute. Policy issues in U.S. 
transportation public private partnerships: lessons from Australia[R]. 
Washington: San Jose State University, (2010). 

[5]  Arndt R H. Risk allocation in the Melbourne city link project[J]. The 
Journal of Structured Finance, (1998), 4( 3) : 11-24 

[6] Vasallo J. Traffic risk mitigation in highway concession projects[J]. 
Journal of Transport Economics and Policy, (2006), 40(3): 359-381 

[7] Albalate D, Bel G. Regulating concessions of toll motorways:An 
empirical study on fixed vs. variable term contracts[J]. Transportation 
Research Part A: Policy and Practice, (2009), 43(2): 219-229 

[8] Song Jinbo, Song Danrong, Fu Yiwen, Dai Dashuang. Concession 
period adjustment model for  infrastructure BOT projects based on 
risk allocation[J]. Systems Engineering -Theory & Practice,  (2012), 
32(6): 1270-1277 

[9] Song Jinbo, Dang Wei, Sun Yan. Decision modes for flexible 
concession term in public infrastructure BOT projects——A multi-
case study on foreign typical projects [J]. China Civil Engineering 
Journal, (2013), 46(4): 142-150 

[10] Carbonara N, Costantino N, Pellegrino R. Concession period for 
PPPs: A win-win model for a fair risk sharing [J]. International 
Journal of Project Management, (2014), 32(7):1223-1232. 

[11] Feng Ke, Wang Shouqing, Wu Di, Zhao Likun. Analysis of Dynamic 
Adjusting Measures for China’s PPP Projects Based on Case 
Studies[J]. Journal of Engineering Management, (2015), 29(3): 88-93 

[12] Liu Jicai, Luo Jian, Song Jinlong. Research on PPP Project 
Government Guarantee's Conversion Mode [J]. Science and 
Technology Management Research, (2015), (3): 159-162 

[13] Liu, Y., Yang, J., Meng, Q., Lv, Z., Song, Z., & Gao, Z. (2016). 
Stereoscopic image quality assessment method based on binocular 
combination saliency model. Signal Processing, 125, 237-248. 

[14] Yang, J., Xu, R., Lv, Z., & Song, H. (2016). Analysis of Camera 
Arrays Applicable to the Internet of Things. Sensors, 16(3), 421. 

[15] Lv, Z., Penades, V., Blasco, S., Chirivella, J., & Gagliardo, P. (2016). 
Evaluation of Kinect2 based balance measurement. Neurocomputing. 

.

 


