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Abstract: The long-term characteristic of PPP contracts and various internal and 

external factors lead to the inevitable changes of financial problems in the 

performance of PPP projects. Therefore, the excess costs should be shared in the 

performance of PPP contracts by the main stakeholders, and renegotiation is even 

more essential, including the sharing of social capital, government parties and users 

in terms of contract extension and annual subsidies. However, the problem of excess 

cost sharing in the operation period of PPP projects is the key to the successful 

stakeholders of PPP contracts. Few methods involve this problem and coordinate it 

with social capital, government and users at the same time. For fair allocation to of 

excess cost find solution, based on the nucleus, nucleolus, the shapley value on fair 

allocation mechanism lead-in clique solution concepts to meet "collective rationality" 

and "individual rationality", perfecting the PPP rules in the process of renegotiation of 

the contract, social capital and government to honors an agreements, the third body 

and comprehensive regulation by the user. Finally, the proposed sharing mechanism 

is proved to be fair and practical, and the solution is feasible. 
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1. Introduction 

In order to promote social development and the creation of social welfare, 

infrastructure projects and public-service projects is indispensable. However, due to a 

wide range of infrastructure and public-service projects, a large amount of investment, 

a long service cycle, and an uncertain risk in the operating environment during the 

operation-service cycle, the government expenditure pressure is sharply increased. 
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However, the introduction of PPP (Public-Private Partnership) makes use of 

technological innovation, investment scale and technical skills [1] of social capital to 

commercialize most urban infrastructure projects and public-service projects. The 

operation of infrastructure projects and public-service projects through market 

mechanism can well alleviate the pressure of fiscal expenditure and the supply 

efficiency of public products. Some materials show that the introduction of PPP can 

save 17% of the cost of government departments [2]. The government has changed 

from the role of the provider of infrastructure and public-service projects in the past 

to the role of the regulator to ensure the quality of the project and reduce the pressure 

of government expenditure. 

According to the HM Treasury, PPP is a long-term partnership between government 

departments and social capital departments [3]. PPP projects operation is social capital 

in the authorized concession period financing, design, construction, operation and 

making profits, concession period over the ownership of the project is handed over to 

the government. Mainly includes the project feasibility determination, construction, 

operation and handed over to the four phases. The Internal rate of return in the 

second, third and fourth phase of these projects is shown in figure 1. 

Figure1. Major Phases of PPP Projects with a Concession Period in Terms of Internal 

rate of return chart 
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In the operation phase, external stakeholders of PPP project users use the projects 

and obtain the expected benefits, while internal stakeholders social capital recovers 

the investment and achieves the expected profits. Because of the PPP project long-

term operation phase,environmental variability, contract conditions change, project 

scope changes, projects risk sharing and other factors lead to the PPP project success 

more difficult [4]. In order to improve social capital involved in the PPP project market, 

governments and social capitals through set up the elastic clause in the contract, such 

as elastic concession period, the minimum income guarantee dynamic share risks, 



Volume 6 Issue 7 2019 

   54 

ensure project smoothly operation [5]. Phase of long-term operation of the PPP project 

environment change, the adjustment of risk sharing, whether social capital party or 

government party motivated a renegotiation [6]. 

Because of franchise operation period long and social capitals should be in the 

operational phase of the recovery of investment and profit, a large number of 

literatures shows that the PPP projects renegotiation is bound to happen again and 

inevitable [7]. According to the study of Guasch et al [8], renegotiation is frequently 

repeated in the operation of PPP projects, with an incidence of nearly 45% during the 

concession agreement period. Bounded rationality, the external environment of 

uncertainty and incomplete information. It is impossible for both parties to agree on 

all future risks and establish the principle of sharing [9]. Through literature text 

analysis, 38 typical PPP renegotiation projects in China were selected for the reasons 

of renegotiation: market demand risk, government credit problem, and excessive 

government guarantee problem [5]. The root of both social capitals and the 

governments launched a renegotiation is contract both sides economic problems. 

Specifically, a large number of PPP projects are undergoing huge changes in operating 

income or operating cost, making the project difficult to operate or the operating cost 

of the company too high or the government payment too large for the government to 

bear or the user payment too high, making the PPP projects unsustainable. 

The goal of the renegotiation of PPP project operation period is the reasonable 

distribution of interests in public-private cooperation among the governments, social 

capitals and users. There are two conditions for rational distribution: the first is 

collective rationality, and the overall utility of stakeholders is optimal. the second is 

individual rationality, and the allocation of each member of the stakeholder is his 

optimal utility in the whole. Although the collective rationality and individual rationality 

of stakeholders are a group of irreconcilable contradictions, they must perform the 

contract with the cooperative relationship of partnership, risk sharing and benefit 

sharing. 

Although the reasonable distribution of the cooperative interests of PPP stakeholders 

is the core element for the successful implementation of PPP projects. so far, few 

studies have addressed this problem, and few involve the three stakeholders of PPP 

projects, namely the government, social capital and users. Research literature about 

economic problem entanglements and renegotiation are shown in table 1. most of 

these studies relate only to the government and social capital in the whole life cycle 

of the PPP project feasibility study and construction stages of behavior. Only Xie J, Ng 

ST[10] and Xiong W, Zhang X[11] took into account the interests of end users when 

solving economic problems by using Multi-objective Bayesian model and Time series 

model. Sharafi et al [12] applied artificial intelligence Multi-objective fuzzy method to 
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estimate the cash flow of PPP projects during the operation period, providing the 

optimal choice for solving economic problems. Cooperation profit distribution in one 

of the important theory of cooperative game theory, the Von Neumannn and 

Morgenstern [13] founded centered distributio static solution, such as stability, nuclear, 

shapley value, and splitting sets, bargaining set to a certain extent, solve the problem 

of the cooperation profit distribution, but almost all cannot balance the collective 

rationality and individual rationality and existence these three aspects. 

Table 1. The main studies on renegotiation in PPP project a brief review 

Author(s) Objectives 
Project life 

period 

The parties 

involved 

in renegotiations 

Methods 

Xing and Wu 
Determine the type and 

capacity of power plant 

Operation 

period 

Private and the 

government 

Stackelberg game 

theory 

Ho 
Decision about bankruptcy or 

help contractor 

Construction 

period 

Privates and the 

government 

Dynamic game with 

complete information 

Shen et al 
Concession period 

determination 

Feasibility 

study period 

Privates and the 

government 

Game theory and 

bargaining 

Nikolaidis 

and 

Roumboutsos 

Identifying the potential 

renegotiation outcomes 

Operation 

period 

Privates and the 

government 

Power theory and 

stakeholder payoffs 

Xie and Ng 

Derive s set of noninferior 

solutions based on the 

expectations of stakeholders 

Feasibility 

study period 

Privates and the 

government and 

users 

Multiobjective 

Bayesian 

Xiong and 

zhang 

Analysis and prediction of 

future cash flow 

Operation 

period 

Privates and the 

government and 

users 

Time series models 

Song et al 
Concession period 

determination 

Feasibility 

period 

Privates and the 

government 

Dynamic 

programming and 

fuzzy 

Xiong and 

zhang 

Providing a flexible model for 

PPP contracts 

Feasibility 

study period 

Privates and the 

government 

Real option model 

using game theory 

Sharafi et al 
Cash flow forecasting and 

choosing the best solution 

Operation 

period 

Privates and the 

government and 

users 

Artificial intelligence 

and fuzzy 

multiobjective 

Based on the analysis of relevant literature, there is no systematic method for the 

distribution of cooperative interests among PPP project stakeholders during the 

operation period. Therefore, this paper based on the Alireza Sharaf et al [14] research 

of PPP project stakeholders cooperation interests using cooperative game theory 

shapley value, nuclear and nucleolus scheme, then using the cooperative game " clique 

"[15] solution concepts, find satisfied cooperative game "collective rationality" and 

"individual rationality" criterion solution. 

 

2. PPP Renegotiation the Operation Period 

To encourage social capitals to participate in the PPP market to invest in infrastructure 
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projects and public-service projects, government departments or project ownership 

departments will provide a flexible guarantee. The present value of minimum income 

and minimum income are some indexes of government financial guarantee [16]. In 

general, the disputed cooperative interests are defined as formula 1: 𝑁𝑃𝑉0  is the 

minimum net present value guaranteed by finance. 𝑁𝑃𝑉1 is the net present value 

calculated from the actual performance of PPP project to the current operating time. 

∆𝑁𝑃𝑉 = 𝑁𝑃𝑉0 − 𝑁𝑃𝑉1                                        (1)  

According to actual project statistics and literature analysis, the main results of PPP 

project renegotiation include withdrawal of social capital and adjustment of investment 

reporting mechanism. The adjustment of investment reporting mechanism is mainly 

discussed here, that is the distribution of cooperative interests under the conditions of 

PPP project stakeholder risk sharing and benefit sharing cooperation. 

 

2.1  Summary of Shapley Value and Defects 

The main idea of shapley value is based on the marginal contribution of players to the 

alliance, and weighted distribution of all alliances in the game. Solve shapley value is 

in a transferable payment 𝑛 people in cooperative game 𝐺𝑁, for a given argument can 

determine the distribution of the specific characteristics of the function. There are two 

main components: marginal contribution (ν(𝑆) − ν(𝑆\𝑖))and alliances weight (ω|S|), 

namely the benefit of 𝑖 having an actor participate in each alliance is the sum of the 

marginal contribution of the participation multiplied by the weight of the alliance. 

Although shapley value is widely applied to the solution of cooperative game, it cannot 

satisfy individual rationality. In other words, shapley value is not really used to solve 

the cooperative interest distribution problem of PPP project stakeholders. 

case 1.Suppose there is a cooperative game𝑁 = {1,2,3}. ν(1)=4, ν(2)=0, ν(3)=0. 

ν(1,2)=5,ν(2,3) = 6, ν(1,3)=7.ν(𝑁)=1.Try to find the Core of the game Core（ν)and 

the shapley value (𝜑1 , 𝜑2 , 𝜑3)[17]: 

(1) An alliance containing 1 of the players:{1},{1,2},{1,3},{1,2,3} 

(2) An alliance containing 1 player minus 1:{∅},{2},{3},{2,3} 

(3) Player 1's marginal contribution to the alliance: ν(1) - ν(∅) =4, ν(1,2) - 

ν(2)=5, ν(1,3)-ν(3)=7,ν(1,2,3)-ν(2,3)=4 

(4) The weight containing the marginal contribution of 1 player to the alliance 

is:(1 3⁄ , 1 6⁄ , 1 6⁄ , 1 3⁄ ) 

(5) So the shapley of the 3 players:(𝑥1, 𝑥2, 𝑥3)=(4.66,2.17,3.17) 

Figure 2 shows the shapley value at point C," Core " is Core(𝑣)= {(4, 𝑡, 6 − 𝑡): 0 ≤ 𝑡 ≤

3} using graphics AB, The shapley value deviates from the rational distribution to 

satisfy individual rationality。 

Figure 2．shapley value deviates from the core value 
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2.2  Solution Modification of Shapley Value 

Contribution margin namely the basis of cooperative game solution combined with 

dominant [18] and egalitarianism[19] concept method by pareto improvement path 

finding will not only satisfy the collective rationality, but also meet the individual 

rationality, at the same time for all the general solution of the existence of transferable 

utility cooperative game, make up for the shapley value, nuclear, such as split sets and 

other defects. 

Selten [20] egalitarianism method is put forward in the cooperative game equally 

distributed core (EDC) concept, and then based on egalitarian approach to cooperative 

game Branzei [21] put forward Equal Split-Off Set, way of thinking is alliances average 

for each alliance first, and then from the biggest alliance start. First, the union with 

the largest average value is allocated, and then the distributed alliance is divided, and 

the remaining alliance is carried out according to this. The equal split set solves the 

cooperative game distribution problem with super-additive transferable payment. The 

principle of average distribution indicates that in the absence of other games, if no 

small group can bring greater average benefits to other members, the average 

distribution of the major league to any member will not be less than the average 

distribution of any other alliance to each person. It is in line with collective rationality 

to distribute the benefits of the grand coalition according to the principle of everyone 

is equal. 

 

2.3 Clique Solution Related Concepts 

Each player for cooperative games 𝐺𝑁 is some of the union league average players, 

based on the principles of average distribution can get maximum gain, the alliance is 

a players don't want to leave the alliance called the alliance effectively. In addition, 

those alliances whose players cannot obtain the maximum value according to the 

principle of equal distribution are called invalid alliances and are dominated by 

effective alliances. In cooperative game, these effective alliances are the clique. 
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In case 1, the maximum alliance values of the three players are respectively: a1
max =

4(implemented in alliance {1,2,3})；a2
max = 3.3（implemented in alliance {1,2,3})；

a3
max = 3.5（implemented in alliance {1,3}). Alliance {1} is the clique of its member 1, 

Alliance {1,2,3} is the clique of its member 2, Alliance {1,3} is the clique of its member 

3. Players 1, 3 are interlineal and players 2 are native. Alliances {1}, {1,3}, {1,2,3} 

are valid alliances. Alliances {1,2}, {2}, {3}, {2,3} are invalid alliances.  

Definition (pure clique): effective cooperative game in the alliance, if a coalition is the 

clique of all its members, the alliance as pure clique. 

Definition (mixed clique): effective cooperative game in the alliance, if a coalition 

member is a part of clique, for another part of the members, the alliance is not the 

same system, such an alliance is called the mixed clique. 

Definition (reserve-clique): when a pure clique or mixed clique disintegrates, the 

cooperation among the members of the clique also disintegrates, and some members 

of the clique have to cooperate with other members in the invalid alliance containing 

them. To the extent 𝑖 that the alliance includes the largest mean of the alliance of the 

parties involved in the null union. The null alliance is called the Reserve-Clique of the 

members, provided that the alliance is the alliance in which the mean of the alliance 

is the largest among all its members in the null alliance. 

The effective alliance made up of pure and mixed clique is the target of negotiation 

among players, and the invalid alliance is dominated by the effective alliance on the 

average value. In the effective alliance, because of the instability of mixed clique, the 

benefits of the cross-lineages of mixed clique in their own clique are definitely higher 

than the benefits of the cross-lineages in the alliance of mixed clique. Across a series 

of mixed clique, you will be subject to his clique, negotiate with the department of 

mixed clique, to force the department of concession, not according to the average 

distribution principle of mixed ancestry yields in the league, and the department of 

mixed ancestry, must meet the cross department on the condition of certain people, 

or their mixture of union will collapse. So what is the concession condition of our 

department? Obviously, the genealogists need to consider the maximum benefit they 

can obtain from other alliances after the collapse of mixed genealogy, that is, to find 

alliances similar to pure genealogy in invalid alliances. 

Therefore, alliance {1} is pure clique, alliance {1, 3}, {1, 2, 3} is mixed clique. After 

the collapse of mixed clique {1,2,3}, players 1 can retreat to their pure clique, and 

players 2,3 need to look for reserve clique in the total invalid alliance, which is 

obviously alliance {2,3}. 

 

 

2.4  Clique Core 
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Case 2. There is a cooperative game 𝐺𝑁,  

N={1,2,3,4} , ν(1)=0,ν(2)=0 ,ν(3)=0,ν(4)=0,ν(1,2)=0,ν(1,3)=0,ν(1,4)=0,ν(2,3)=0,

ν(2,4)=0,ν(3,4)=0,ν(1,2,3)=90,ν(1,2,4)=90,ν(1,3,4)=90,ν(2,3,4)=90, ν(1,2,3,4)=100；

How are the players distributed in the game? 

The game has four pure clique alliances, which are expressed as (a), (b), (c) and (d) 

in the form of figure 3. Take figure a as an example: in figure a players 1,2 and 3 form 

a pure clique alliance, and each of them gains 30 benefits according to the principle 

of average distribution. 4 is restricted outside the league and the yield is 0. The total 

benefit for 4 people is 90. If 4 people join the alliance and form a major alliance, the 

total return of 4 people is 100, which belongs to the pareto improvement. But players 

who form coalitions of 1,2, and 3 don't want the 4 to come in again, because the 

average big-league return for the 4 is 30 less than 25. 

Figure 3．Case 2 four pure genealogical alliances in a cooperative game 

· ·

··

·

··

·

·

· ·

·

a b c d

2(30)

1(30) 1(30)1(30)

3(30)2(30)2(30) 3(30)3(30)

4(30)4(30) 4(30)

·

·

·

·4(0)

3(0) 2(0)

1(0)

 

Figure 4．Case 2 alliance distribution of pareto improvement 
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How to solve this problem? If four players recognize the benefits of 1,2,3 in their clique, 

and then negotiate with the alliance {1,2,3} by bargaining strategy to ensure 

cooperation based on their existing interests and form a grand alliance, the four 

players share the marginal contribution brought by the four players as shown in figure 

e. 

To form a major alliance, the marginal contribution of 4 players is 10. Suppose that 

player 1,2, and 3 each increase θ their own benefits, then player 4's benefits is 10-

3θ|θ∈ (0,3.3), and this cooperation forms and reaches pareto optimality. The 

distribution of players (𝑥1, 𝑥2, 𝑥3, 𝑥4 )=(30+θ , 30+θ , 30+θ ,10-3θ|θ ∈(0,3.3)), the 

allocation based on game clique to solve so called "clique nuclear ". 
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case 1: the middle clique nuclear is (4,3,3), which is point B in the figure 2. so which 

is more reasonable: nuclear, shapley value or clique nuclear? The shapley value 

deviated from the reasonable distribution. The cooperative game nucleus takes the 

point A (4,1,5) of line segment AB as an example. How can a player get 4 units of 

benefits for 1 player and 5 units of benefits for 3 players? Thus the distribution of 6 

units of benefits in cooperation between players 2 and 3 is the key problem. Player 2 

and player 3 both have zero independent income, and player 3 distributes 5 units of 

benefits, which is difficult for player 2 to accept. Starting from the clique nuclear, 

player 1 gains 4 units to ensure that player 2 and player 3 have the same status in 

the alliance {2,3}, so the alliance gains are equally distributed. 

From the solution of the clique nuclear in case 2, the clique nuclear is a set value 

solution. How do you reduce a set valued solution to a point solution? Introduce 

genealogical values. In the 4 pure clique of case 2, when there is no external condition 

determining the weight ratio, the probability of each pure patriarchal system can be 

considered to be the same, so the mathematical expectation of the clique, that is the 

clique value namely the point solution of the cooperative game can be obtained. The 

clique nuclear and clique value are further collectively referred to as clique solution. 

The clique solution is divided into the clique nuclear and the clique value, which just 

shows that the cooperation in practical problems is not consistent with the cooperation 

in the ideal, and the two kinds of explanations just explain these two aspects of 

cooperation. In case 1 clique nuclear and clique value overlap to 

( 𝑥1, 𝑥2, 𝑥3 )=(4+ θ ,3+ θ ,3-2 θ | θ ∈ (0,1.5)). Case 2 clique value 

β=Eα=(𝐸𝑥1
, 𝐸𝑥2

, 𝐸𝑥3
, 𝐸𝑥4

)=(25,25,25,25). clique value is only the result of distribution 

in theory, but in practice the distribution only occurs in the clique nuclear. 

 

3. Computational and Results 

3.1 Item Database 

To test the hypothesis model, this part uses a project data [11,14] and other relevant 

data. The project is a BOT contract, which has been in operation for 18 years, with a 

cumulative NPV=-4573. According to relevant financial indicators, the annual rate of 

return is 10% during the franchise period. At the end of the franchise period, NPV=266 

is far lower than the minimum guarantee 𝑁𝑃𝑉0. Therefore, key stakeholders should 

bear the excess part ∆𝑁𝑃𝑉=3302, and the relevant indicator data is shown in table 3. 

Table 2. The Major project data and related indicators 

Project indicator Amount Indicator 

Project construction time 5 years (from 1993 to 1998) 
𝑈𝐺=2451 

Cost of construction 7000 million 
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Period of concession 
30 years (from 1993 to 

2023) 𝑈𝐶=970 

Guaranteed min NPV 3320 million 

Interest rate 10% annual 
𝑈𝑈=947 

Economic life 40 years (until 2033) 

 

3.2 Shapley Value And Nucleus  

Due to 𝑈𝐺 + 𝑈𝐶 + 𝑈𝑈 =4368> ∆𝑁𝑃𝑉 =3302,then the excess value distribution has 

feasibility solution. Hence the cooperative game 𝐺𝑁 , N={𝐺, 𝐶, 𝑈}. V(G)=0,V(C)=0, 

V(U)=0.V(GC)=119, V(GU)=96, V(CU)= 0.V(GCU) =1066. 

Figure 5．Shapley values and nucleolus distribution in 3d coordinates 

·
UG

UC

UU

·

·

·

·

355.3

355.3

355.3

Nucleolus=(355.3,355.3,355.3  )
Shapley=(391.17,343.17,331.66)

·
·

 

First, the alliance that contains the player G has {𝐺} , {𝐺, 𝐶} ,{𝐺, 𝑈} , {𝐺, 𝐶, 𝑈} .After 

removing player G from these alliance, the remaining alliance have {𝜙},{𝐶},{𝑈},{𝐶, 𝑈}. 

Then G's marginal contribution to each alliance is:V(G)- V(𝜙)=0, V(GC)- V(C)=119, 

V(GU)- V(U)=96, V(GCU) -V(CU)=1066. There are 1 - player, 2 - player and 3 - player 

alliances in which player G participates,Then the marginal contribution weights of the 

four alliances are respectively (1 3⁄ , 1 6⁄ , 1 6⁄ , 1 3⁄ ).The weight is multiplied by the 

corresponding marginal contribution and summed1⁄3 0+1⁄6 × 119+ 1⁄6 × 96+ 

1⁄3×1066=391.17, Similarly, C and U are 343.17 and 331.66. 

 

3.3 Clique Core and Clique Value 

The pure clique alliance of the cooperative game: {G,C,U}, no mixed clique alliance. 

The reserve clique alliances are: {G, C}, {G, U}. The pure clique alliance formed by 

players G,C and U, according to the principle of average distribution, each gains 355.3 

(the alliance average value of any true subset of alliance {G, C, U} is less than 355.3). 

Steps to solve the clique core :(1) calculate the average value of all non-empty 

suballiances. a(S)=v(S)/|S|. (2) the largest alliance of each player i mean a𝑖
max(S), S 

clique for the i. (3) list the alliance sets of all clique and divide them into pure cliques 
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and mixed cliques. (4) for each player in the clique alliance, further seeking the reserve 

clique alliances. (5) the players in the disintegrated clique alliances negotiate with the 

players in other patriarchal systems based on their pure or reserve clique alliance, find 

the alliance cooperation that can obtain the maximum pareto improvement, and divide 

the surplus brought by the cooperation, thus forming the clique core. 

Taking {G, C} alliance as an example, the cooperation between G and C is 

2451+790=3421>3302, each of which gets a profit of 59.5, while U is excluded from 

the alliance and the profit is 0. If U joins the league {G,C} to form a major alliance, 

the total revenue is 1066, which is the pareto improvement. But how to allocate the 

marginal contribution of the player U to 947(1066-119)? 

Supposing form a big alliance the players G and C have added σ returns, and the 

players U has added 947-2σ as long as the σ∈ (0437), which can form of cooperation, 

achieve pareto optimality, get the distribution of players: (𝑥1, 𝑥2, 𝑥3)=(59.5+𝜎, 59.5+𝜎, 

1066-2𝜎|𝜎 ∈(0,473.5)), based on the solution of the game is a solution to it as 

"nuclear". 

Because many cooperative games do not exist, the "empty nuclear" games often make 

the negotiations in a dynamic changing state. Based on clique bargaining breaks 

through the limitation of empty nuclear power and solves the problem of empty 

nuclear game. In short, the clique core and clique values are not like shapley values 

with a perfect formula, but more like the Auman-Marschler bargaining set, providing 

an algorithm. 

Table 3. The results of in different mechanisms the share allocated and proportion 

for each stakeholder 

- Government Private Users Sums 

Weighed 
Share 1852.8 733.3 715.9 3302 

Proportion 56.1% 22.2% 21.7% 100% 

Nucleolus 
Share 2095.7 614.7 591.7 3302 

Proportion 63.5% 18.6% 17.9% 100% 

Shapley 
Share 2059.8 626.8 615.4 3302 

Proportion 62.4% 19% 18.6% 100% 

Clique 

𝜎=355.3 

Share 2036.2 555.2 712.4 3302 

Proportion 61.67% 16.81% 21.52% 100% 

Table 3 shows four allocation results according to different distributive mechanisms. 

The results of nuclear, shapley value and nuclear solution are obviously different from 

the weighted average method. the weighted average method is easy to understand 

and calculate, but it may be unfair [22]. In the actual negotiation process of PPP 

projects, the importance of different participants is different. The weighted average 

method ignores the importance of participants, so social capital and end users bear 

more. But the clan solution describes the distribution of cooperative game from both 

practical and theoretical aspects.  
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4. Conclusion 

The reason why PPP mode is so popular is that it has the advantages of low cost, 

transferring risk, saving time, solving the budget constraint, improving the quality and 

efficiency of public service and so on. Government departments can improve the 

marketization degree of social capital participation in PPP projects by providing 

different financial guarantees. Due to the long operation period of PPP projects, it is 

impossible to predict the future operation status of the whole project, and there is 

often a deviation between the fund flow in the operation stage and the initial stage 

estimation. Therefore, in order to prevent the failure of PPP project that renegotiation 

needs to be carried out among internal stakeholders and external stakeholders, and 

the excess cost should be shared by annual subsidy provided by the government, 

extension of social capital operation contract, and tax adjustment by users. Although 

this situation is common in the actual operation environment of the project, but there 

is a lack of quantitative framework about the distribution model in the relevant 

literature, and it is difficult to obtain relevant distribution standards through social 

science surveys. 

The purpose of this paper is to study the sharing mechanism to fill the gap based on 

the concept of cooperative game, such as clique nuclear, clique value, nucleolus and 

shapley value, on the basis of split sets and scale games proposed by Selten and 

Branzei. The pareto improvement can only be calculated by using the clique solution, 

alliances that do not occur can only be null and void. But the shapley value analysis 

requires the existence of all suballiances. Since there are some cost allocation 

problems, the suballiance will not exist in the actual problems. If the characteristic 

values of these suballiances are brought into the shapley value by 0, the shapley value 

will be seriously deviated. This allows the clique solution to be fully applied in practical 

project negotiations. Finally, an example with nucleolus, shapley value, clique solution 

gives the distribution, clique solution will result with simple weighted average method, 

nucleolus, shapley value method comparison found. clique solution results vary widely 

with the simple weighted average method, Investigate the reason for this simple 

weighted average method without thinking of the important participants in the 

negotiations again; The results were similar to those of nucleolus method and shapley 

value method. 

The core of PPP contract renegotiation or other project management modes, such as 

EPC (Engineering Procurement Construction) renegotiation, is mainly around excess 

value distribution. Therefore, concise renegotiation rules should be designed to help 

decision-makers better manage renegotiation and satisfy both "individual rationality" 

and "collective rationality". 
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