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Abstract 

Public-Private-Partnership (PPP) mode has been greatly recommended by Chinese 

government as a new financing mode; however, some other dimension should be explored 

on its efficiency of financing which is a critical significance in PPP application. This 

study aims to provide an avenue to research and evaluate the relative efficiency of 

financing of PPP projects empirically.  A VRS model is established for computing the 

relative efficiency of financing in PPP projects which incorporates qualitative 

information and quantitative analysis. The specific model is adopted to analyze the 

application of PPP mode in China from two aspects (a) does PPP mode plays a positive 

role in financing of projects in China, and (b) where China stands in application of PPP 

mode all over the world. The results show that (a) the application of PPP model 

commendably improves the efficiency of Chinese construction projects, and (b) at present 

the efficiency of financing in Chinese PPP projects is at a relatively higher level as 

compared to the other countries in the world. This model helps to provide measurable 

basis to have a deeper understanding of PPP and gives empirical evidence for 

stakeholders in PPP project to choose an optimal scheme and knowing their relative level 

better. 

 

Keywords: public-private-partnership (PPP); VRS model; efficiency of financing; 
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1. Introduction 

Around the world, public-private partnership (PPP) has become an increasingly 

popular means for procuring public services and infrastructure [1]. Therefore, a deeper 

understanding and more efficient application of PPP is of particular importance. The 

public-private partnership (PPP) is a type of new model for project financing, which 

establishes cooperation between the public sector (essentially the government) and the 

private sector in a certain way to complete construction, operation, and management of 

municipal infrastructure. IMF outlines PPP as an arrangement in which the private sector 

participates in the supply of assets and services traditionally provided by the government 

[2]. In the definition from United Nation, Public-Private Partnerships (PPP) aim at 

financing, designing, implementing and operating public sector facilities and services, 

which include three key characteristics: long-term (sometimes up to 30 years) service 

provisions, the transfer of risk to the private sector and  different forms of long-term 

contracts drawn up between legal entities and public authorities [3]. It is a win-win option 

that enables the government to secure infrastructure without immediately and largely 

raising funds meanwhile private sector benefits from investment. This is a central 

intention for the ongoing growth of PPP, in another word, known as ‗project finance‘, 

which contribute to construction as a financing technique.  
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PPP activities are highly reliant on project finance–related contract structures [4]. 

Project finance plays an essential role in life cycle management of PPP projects, which 

means a method of raising long-term debt financing for major projects. It is a form of 

‗financial engineering‘, based on lending against the cash flow generated by the project, 

and depends on a detailed evaluation of a project‘s construction, operating and revenue 

risks, and their allocation between investors, lenders, and other parties through contractual 

and other arrangements [5]. According to Finnerty (2007) project finance is ―the raising 

of funds on a limited-recourse or non-recourse basis to finance an economically separable 

capital investment project in which the providers of the funds look primarily to the cash 

flow from the project as the source of funds to service their equity invested in the project‖ 

[6]. Some other definitions have been put forward. Gatti (2013) further detailed the types 

of financial instruments for stakeholders to employ in a transaction [7]. In this specific 

financing technique, the participation of private sector achieves a better efficiency of 

investment and finance in PPP projects; it makes for the value of money basis. Finance is 

a key part of projects, especially for PPP projects, while the efficiency of financing is an 

even more vital indicator and target in finance which run out the whole life circle. Under 

such consideration, the study of the efficiency of financing in PPP projects is particularly 

necessary. As Rogério Studart states in his study, efficiency is closely related to a more 

liberalized, deregulated financial system [8].  

Advantages of PPP are always described in literatures, particularly its effect on 

efficient utilization of money. G.W.E.B. van Herpen summarizes it in seven main points; 

they are the value of money, cost efficiencies, time-to-delivery savings, reduction on the 

public treasury, improved response to market forces, broad support and improved cost 

calculations [9]. The ministry of Singapore sort benefits into 3 categories: for the public 

sector (private sector expertise and competitive advantage, cost efficiency through 

lifecycle optimization, optimal sharing of risks), for the private sector (offers more 

business opportunities, designing and delivering innovative solutions, opportunity to spur 

their development in), and for members of the public (meet their needs effectively and 

efficiently, meet needs at the best value for money) [10].  The value of money and the 

cost efficiency are commonly addressed by its referrers and users. However, most of these 

conclusions are subjective judgments, but lack of objective and measurable 

demonstrations and reality-based researches to support these items. For this purpose, 

efforts need to be paid for making a comparison between PPP projects and non-PPP 

projects all around to explore the effects and visualized improvement. 

Considering all mentioned positive impacts of PPP in financing and construction, in the 

late 20th century, the Chinese government launched pilot programs and extended PPP 

mode to several industries, many of them went successfully. In 2015, PPP mode was 

greatly recommended by Chinese government whereby 1043 PPP projects with a total 

investment of 1.97 trillion Chinese Yuan were officially issued. While PPP is a pattern 

espoused from abroad, whether it is applicable to a socialist market economy like China 

or not remains a question. Does the financing in PPP projects perform efficiently as 

compared to financing in non-PPP projects? Where does China stand in terms of 

efficiency of financing in PPP mode when compared with the other countries? All these 

questions are worth exploring while broadening the scopes of PPP applications. 

In order to seek a solution to all above concerns, the current study aims to provide an 

approach to explore the relative efficiency of financing in PPP projects. In order to learn 

the effectiveness of financing running in PPP application, the main influential factors for 

the relative efficiency of financing in PPP mode should be discussed, which should be  

probed from the perspective of projects itself, and then establish a proper model to 

quantify the results. Further, the model can be applied in studying the application and 

effectiveness of PPP mode in China. This study is able to extend a measurable 

methodology to explore relative efficiency of financing of objective PPP project by 

comparing it with the others. Additionally, the impact of PPP model exerts to the 
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efficiency of financing in projects can be evaluated, and offers a glimpse to know the 

relative effectiveness of PPP mode application. Since the study of financing in PPP 

projects itself, a multidisciplinary undertaking, it is hoped that the specific efficiency of 

financing evaluation model of PPP projects in this study will provide a practical point of 

reference toward the decision making and assessment of PPP projects. 

 
2. Literature Review 

"Efficiency of financing" was put forward for the first time in the end of 20th century 

by Zeng Kanglin (1993), he raised seven impact factors (restrict of interest mechanism, 

risk of investment, sensitivity and validity of information, development of market 

economics, effect of monetary policy, stability of object and selection of field) that should 

be covered in efficiency of financing. [11]. The importance of efficiency of finance is still 

proposed and investigated by a number of contemporary scholars. Farrah Wahieda 

Kasiran (2016) states briefly that working capital management is one of the most vital 

segments in firm‘s financing decisions as an important stimulus towards firm‘s 

performance, and analyzes the efficiency of working capital management in the selected 

small medium enterprise companies in Malaysia [12]. The inefficiency of the working 

capital management has a negative impact on the stockholders' value [13].   

Meanwhile, the importance of combination between theoretical research of efficiency 

of financing and practical operational assessment had been ever more recognized. 

According to the Liu Lichang (2004), Gao Shan (2010) and Nikolaus Ederer (2015), they 

are experts in the efficiency of financing field, they apply different empirical 

methodologies to evaluate and analyze. Liu Lichang (2004) studied the relative efficiency 

of financing of 47 companies which had their initial public offering in 1998 in Shanghai 

[14]. The CRS model of data envelopment analysis (DEA) helped to give a 

comprehensive evaluation, research results showed that the overall efficiency of financing 

of Chinese listed companies was relatively low. DEA also played a part in Gao Shan‘s 

study (2010) who researched the relative efficiency of financing of 65 listed small 

technology-based business in China. In this study, a variant model of DEA i.e. VRS 

model that caters to the real situation better, was used. The study clarified that the relative 

efficiency of financing of listed small technology-based business in China is relatively 

inefficient [15]. Nikolaus Ederer (2015) evaluated capital and operating cost efficiency of 

offshore wind farms by adopted DEA model as well [16]. 

In recent years, with the pilot application and generalization of PPP mode, this 

promising mechanism has been widely employed which leads to the popularity of 

financing of efficiency in this new project financing model among scholars in PPP field. 

Sun Fengxuan (2006) presented a comprehensive index system to evaluate the efficiency 

of financing of urban rail transit projects in China with grey fuzzy theory. By utilizing this 

system, he made a comparison among three financing schemes: government investment, 

BOT, and PPP. The result shows that PPP mode is the most efficient mode in financing 

[17]. Liu Quanzhi (2012) adopted CRS model of DEA method in her study and 

systematically calculated the relative efficiency of financing of a crural water conservancy 

facility. It illustrated that the construction of rural water conservancy facility in Liaoning 

province before the application of PPP mode is relatively backward [18]. Peter F. Wanke 

(2015) employee two-stage DEA analysis to explore scale efficiency in Brazilian PPP 

ports projects. Results indicate a strong positive impact of PPP mode on port scale 

efficiency, corroborating their impacts in relation to the most productive scale size [19]. 

On the basis of all the above-mentioned scholars, we catch a point that data 

envelopment analysis method (DEA) is widely applicable in the evaluation of the relative 

efficiency of financing. Due to its multiple indexes system, availability of results without 

defining the computing formula of all the impact factors, and automatically weight 

assigned on the aspect of optimal decision-making unit. Although earlier studies include 

various methodologies to evaluate the relative efficiency of financing, only a few have 
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considered choosing the more practical model-VRS model in DEA method to study the 

relative effectiveness of PPP mode in the efficiency of financing field. In addition, while 

evaluating the relative efficiency of financing of PPP projects, the previous calculation 

index for the efficiency of financing of companies have not gone through corresponding 

changes, therefore a tailored model which is in line with the actual situation and the 

characteristics of PPP projects is  absent. In view of the above, this paper aims to study 

from the angle of PPP projects itself and to design and establish a more realistic model to 

evaluate the efficiency of finance in PPP projects. VRS model in DEA method can play 

an important role to achieve this goal.  

 
3. Research Methodology 

 

3.1 Research Methodology for Relative Efficiency of Financing in PPP Projects 

Data Envelopment Analysis (DEA) method is a quantitative analysis method which is 

available for analyzing the devotion and outputs with multi-input and multi-output 

indexes. It evaluates the relative efficiency of a comparable decision-making unit by using 

the method of linear programming [20]. 

The famous operations researcher-Charnes first proposed CRS model of DEA in 1978. 

It is designed on the basis of constant returns to scale (CRS) hypothesis for evaluating the 

production efficiency. In the operational procedure of DEA, some of the decision-making 

units generate the production frontier whose constitution of input and output is most 

efficient. These units make up an effective decision-making unit set with relative 

efficiency which equals 1; the relative efficiency of the other decision-making units with 

values from 0 to 1(without including 0 and 1). This system well fit the practical need of 

relative effectiveness evaluation for different units when they share the same input and 

output index. Toshiyuki Sueyoshi (2015) make a comparison among U.S. energy industry 

sectors by adopting DEA method [21], Bing Wu (2015) use DEA to assess the 

effectiveness of maritime safety control in different navigation zones in Yangtze River 

[22]. While the constant returns to scale hypothesis signifies that the scale of output 

should be expanded in the same proportion with the input increase for every decision-

making unit. In reality, it is very hard to match the actual production situation with this 

restrictive assumption because some restraints such as market competitions and the law of 

diminishing marginal returns always exist. This contradiction neglects the influence of the 

scale factor, as well as bears a negative effect on the efficiency evaluation. To address this 

problem, scholars like Banker proposed an improved model for Data Envelopment 

Analysis method in 1984, which allows for the evaluation of efficiency in variable returns 

to scale (VRS) circumstance [23]. By adopting the improved VRS model, it is possible to 

evaluate the technical efficiency separately, without the influence of scale efficiency. 

Combined with CRS model, a separate evaluation of scale efficiency is available as well. 

Ravi Kumar Jain (2015) employees VRS model to calculate technical and scale 

efficiencies of all airlines across service type, size and ownership structures operating in 

India during 2006–2010 [24]. This model has been employed in this research. 

 

3.2 The Economic Significance of the Efficiency of Financing in VRS Model 

The efficiency of financing made by improved VRS model is a pure technical 

efficiency without scale influence; we note it as . The efficiency of financing made by 

CRS model is a technical efficiency which involves the influence of scale; we note it as . 

When we use the VRS model in combination with the CRS model, we can resolve a scale 

efficiency index; going on similarly trends we note it as . According to Farrell‘s 

research (1957) in relative efficiency, there is a relationship among pure technical 

efficiency, technical efficiency, and scale efficiency as follow [25]: 
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(1) 

All of these three efficiency indexes are used to evaluate the relative effectiveness. 

In the efficiency of financing evaluation model, when and  equals 1 at the same 

time, it means that among this decision making units set, the pure technical efficiency of 

financing and scale efficiency of financing in the evaluated decision making unit achieve 

the optimal state; the closer to 1 is the value of and , the more effective is the pure 

technical efficiency of financing and scale efficiency of financing in the evaluated 

decision making unit; meanwhile, if  or , it respectively expresses that 

compared with the other units, the pure technical efficiency of financing or the scale 

efficiency of financing in the evaluated decision making unit is ineffective. It is necessary 

to point out that the ineffective of scale efficiency of financing may result from the 

oversize or undersize of financing scale, and we should judge it by the model results. 

In summary, pure technical efficiency of financing in VRS model shows the 

allocation, management, and utilization level of funds in the process of financing, which 

is mainly determined by financing form and management system. Scale efficiency of 

financing indicates the reasonableness of financing scale and it is decided by construction 

scale and financial size. 

 

3.3 The Applicability of VRS in Proposed Model  

According to the Peter F. Wanke (2015), Liu Quanzhi (2012) and Gao Shan (2010) 

DEA method has been extensively applied for the efficiency of financing evaluation. In 

this study, the improved model (VRS model) of DEA method is selected to study the 

relative efficiency of financing in PPP projects for the following reasons and advantages. 

DEA method is available for relative efficiency evaluation with multi-input and multi-

output index in PPP projects. PPP means the project involves multi-partners‘ corporation; 

multiple partners devote and participate in, at the same time and each of partners pursues 

their own interests, which decides the evaluation process is necessary to be a multi-input 

and multi-output system. Therefore, if we want to establish a comprehensive system 

involves multiple indexes for making a relative comparison and evaluation of the 

efficiency of financing among different PPP projects, DEA method provides a distinct 

advantage here.  

By adopting DEA method, indexes can process automatically without dimensionless 

processing, and obtain the weight value of indexes without a subjective assignment. In 

DEA method, the optimal efficiency of decision-making unit is dimension-independent. 

Because DEA method does not synthesize data straight, the definition of function 

expression among different indexes is not necessary as well. The optimal weights will be 

calculated according to actual input and output in the model. Firstly, it avoids the 

subjective impact caused by artificial weight assignment; secondly, it averts the deviation 

resulted from the application of different non-dimensional ways. 

The assumption of VRS model coincides with the practical construction status in PPP 

projects. During the implementation of PPP or the other construction projects restricted by 

factors like technique, market competition, and the environment limitation, it is almost 

impossible to achieve the constant returns to scale hypothesis. So the VRS model, which 

is built on the basis of variable returns to scale hypothesis, shows a better accordance with 

the study background of the relative efficiency of financing in PPP projects. It, therefore, 

helps in getting objective and scientific evaluation results. 

We can make optimization analysis for the evaluated PPP projects according to the 

VRS model results. In the calculation process of DEA method, an efficient frontier 

hyperplane will be formed by the efficient decision-making unit, and it will be taken as a 

criterion to evaluate the relative effectiveness of the other decision-making unit. Thus, 
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when we compare the inefficient decision-making unit with the efficient frontier 

hyperplane and obtain the slack variable, we can capture the specific indexes that need to 

be improved, as well as its adjusting extent. It offers a reasonable and operable 

optimization direction and goals for PPP projects. 

 

4. Establishing the model  
 

4.1 Selection of Evaluation Indexes in VRS Model  

To have a correct use of the DEA method, it is a key step to select input and output 

indexes properly in the process of relative effectiveness evaluation [9]. According to the 

definition of PPP project financing in this study, the efficiency of financing involves two 

major areas: raising funds at low cost and using funds efficiently. In addition, considering 

franchise and public service of public infrastructure are two characteristics in PPP project, 

in this paper, we design the ratio of capital funds, the construction time and the franchise 

as input indexes; select the social influence and turnover ratio of total capital as output 

indexes. 

a. Ratio of capital funds( ): 

The ratio of capital funds in PPP projects is refered to the percentage of the capital 

amount contributed by partners in the total investment. To some extent, it represents 

funding status in PPP projects, as well as the financing ability with limited capital. The 

formula is given in < Engineering Economics > as follow [26]: 

 

 
 

(2) 

b. Construction time ( ): 

The time value of money is an important factor that affects the efficiency of financing. 

Therefore, considering the relation between construction time and efficiency of PPP 

projects, and in addition, fully take the financing cost caused by the time value of money 

into account, we select the time value of money as an input index for evaluating the 

relative effectiveness of efficiency of financing in PPP projects. 

c. Franchise rights ( ): 

In PPP financing model, the public sector always privileges the franchise of public 

infrastructure to co-enterprises for a certain length of time, in order to attract social 

enterprises to participate in constructing public infrastructure together. The public 

infrastructure is then financed, constructed, operated and managed by a special purpose 

company consist of the public sector and the social enterprise. Thus, the franchise is a 

characteristic input for PPP projects [12]. The present value method which is commonly 

used in intangible assets appraisal in enterprises can be applicable to the value assessment 

of franchise in PPP projects [13]. The general calculation formula is as follows: 

 

 
 

(3) 

: asset valuation of evaluated franchise rights, 

: the excess earnings of the asset in the th year, 

: authorized operating period of franchise rights, 

: appropriate discount rates. 

d. Social influence ( ): 



International Journal of u- and e- Service, Science and Technology 

Vol. 10, No. 2 (2017) 

 

 

Copyright ⓒ 2017 SERSC                                                                                                                29 

Public infrastructure includes all the facilities that provide basic public service to social 

production and people‘s livelihood. Thus the social influence is an important criterion to 

appraise the output value of public infrastructure constructed by PPP mode. In this study, 

the number of service users ( ) and social concern ( ) these two aspects are combined 

to quantitatively analyze the social influence caused by PPP projects. The number of 

service users means visitors or the people been served every year of each decision while 

making unit project; social concern index is quantitated according to the related news 

website, both in English and Chinese. The maximum method is adopted to non-

dimensionalize these two indexes, for solving the unanimous measurement of different 

dimensions of people and website. Their summation is the value of social influence for 

each decision-making unit project. 

 

 
 

(4) 

: social influence of the th decision-making unit project, 

: service users of the th decision-making unit project, 

: related news website both in English and Chinese of the th decision-making unit 

project, 

: the number of decision-making unit projects. 

e. Turnover ratio of total capital ( ): 

Turnover ratio of total capital can be used in the evaluation of management quality and 

utilization efficiency of total capital in projects. The bigger is the value of turnover ratio, 

the faster is the total capital turnover. It reflects operational ability and capital utilization 

in each project and is given by the following equation 5: 

 

 
 

(5) 

According to the selected indicators, a DEA model for evaluating the relative 

effectiveness of efficiency of financing in PPP projects is formed as showed in Figure 1. 

 

Figure 1. DEA Model for the Relative Efficiency of Financing in PPP Projects 

4.2 The VRS Model for Evaluating the Relative Efficiency of Financing in PPP 

Projects 

In DEA method, the improved VRS model changes the hypothesis condition of 

constant returns to scale in former model, which is hard to meet, into variable returns to 

scale; its concrete manifestations is the addition of a  limitation to  model on 

the basis of former dual programming. The calculating model for estimating the relative 

effectiveness of efficiency of financing in PPP projects is as equation 6: 
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(6) 

After we put all the indexes involved in the efficiency of financing of PPP projects, 

software DEAP2.1 helps to solve numerical calculation. Dan Qi (2012) employee the 

same software to solve the linear programming of efficiency assessment model which is 

built based on DEA method [27]. The value of  that we obtain in VRS model is the pure 

technical efficiency , which shows the relative efficiency in fundraising scheme and 

financing technique for each specific PPP project. The value of  and  we get from the 

model are the slack variable and the residual variable respectively. By analyzing them, we 

can see the redundancy status in each project and design optimized and quantitative 

scheme for concrete indexes. 

 

5. Relative Efficiency of Financing of PPP Projects in China- a Case 
Study  

 

5.1 Relative Efficiency of Financing Evaluation for PPP Projects in China 

Compared with Non-PPP Project 

This study offers a model to study PPP mode which is introduced as a new financing 

mode in China. Here we combine cases for discussing whether PPP mode makes a 

substantial increase in efficiency of financing in China. Based on the important rule of 

thumb put forward by Banker: the number of decision-making units should not be less 

than twice number of input and output indicators, otherwise the ability to distinguish 

efficiency will decline [10], this case study choose four typical PPP projects and six non-

PPP projects from large Chinese constructions of 21st century which share the similar 

scale and similar age to make up decision-making unit set. After collecting all the related 

data for input and output indexes in each decision-making unit project, we solve linear 

programming problem in VSR model by using Deap2.1 software, and thus pure technical 

efficiency of financing , scale efficiency of financing , technical efficiency of 

financing and redundancy of input and output is obtained. The evaluation results are 

listed in table 1. 
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Table 1. The Relative Efficiency of Financing Status of Projects in China 

project name 

pure 

technical 

efficiency of 

financing 

scale 

efficiency 

of 

financing 

technical 

efficiency 

of 

financing 

PPP 

project 

Bird Nest 1.000 0.801 drs 0.801 

QingDao Sewage Treatment Works 1.000 1.000 1.000 

Beijing no. 4 subway 1.000 1.000 1.000 

Hong Kong Disneyland 1.000 1.000 1.000 

Non-PPP 

project 

National Grand Theatre 0.444 0.434 irs 0.193 

China National Film Museum 0.667 0.740 irs 0.494 

T3 terminal of Beijing Capital Airport 0.694 0.961 irs 0.667 

Wukesong Indoor Stadium 0.96 0.753 irs 0.723 

Shanghai Tower 0.329 0.380 irs 0.125 

China Central Place 0.462 0.687 irs 0.317 

* drs means decreasing returns to scale; irs means increasing returns to scale 

As showed in table 1, in this decision-making unit the pure technical efficiency of 

financing of four PPP projects is equal to 1, while in six non-PPP projects, it doesn‘t 

achieve 1. It obviously illustrates that the four PPP projects compose the efficient frontier 

hyperplane, reach the pure technical financing efficient point without input redundant and 

output redundant. By contrast, the pure technical efficiency of financing and the scale 

efficiency of financing do not achieve the optimal situation in non-PPP projects.  

According to the results measured from VRS model, we can see that the relative 

efficiency of financing of PPP projects is significantly superior to non-PPP projects. It 

reveals the practical application of the PPP model effectively improves the efficiency of 

financing in Chinese projects to a certain extent. In addition, it is worth noting that the 

scale efficiency of financing for the Bird Nest is 0.801 drs, that means the financing scale 

of the Bird Nest is in a decreasing returns to scale status, namely because of its oversize; 

the input and output of the Bird Nest does not match its financing scale. 

It indicates that the Chinese government should further popularize the application and 

integration of PPP mode in various projects, for it makes considerable improvement in the 

performance of pure technical efficiency, scale efficiency and technical efficiency of 

financing in PPP projects. Whilst how does PPP mode impact the financing efficiency and 

in which input and output it makes the most significant improvement? An understanding 

of this fact can enable us to know and apply PPP mode better, as well as targetedly 

increase the efficiency in non-PPP projects. Values of the slack variable and the residual 

variable derived from VRS model are available to explore this aspect. 

For projects which are not up to relatively effective, a quantitatively optimal 

improvement program can be gained by analyzing the specific VRS model in which the 

values of the slack variable and the residual variable are decided by the distance between 

every unit and its projection in the efficient frontier hyperplane. It discloses the input 

redundancy and the output deficiency of each indicator in every single project. We 

organize their improve proportion into the following figure 2. From the distribution of all 

the indicators, we can intuitively learn the gap between PPP and non-PPP projects. 
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Figure 2. Input Redundancy and Output Deficiency Proportion of Each 
Index  

Figure 2 clearly shows that compared with PPP projects, input redundancy of capital 

funds ratio and output deficiency of total capital turnover ratio are two major and 

common problems affecting the efficiency of financing of non-PPP projects. At the same 

time, it indicates that the application of the PPP model in China makes a remarkable 

improvement both in the ratio of capital fund and the turnover ratio of total capital. 

Hence, the ratio of capital fund and the turnover ratio of total capital are two superiorities 

of PPP mode, in the future construction of infrastructures, PPP mode is able to offer great 

help especially in those lack of capital or have stress in cash flow. From another point of 

view, the ratio of capital fund and the turnover ratio of total capital are two aspects that 

need improving and perfecting particularly in non-PPP projects.  

 

5.2 Relative Efficiency of Financing Evaluation for PPP Projects in China 

Compared with PPP Projects in other Country 

The above case study shows the use of PPP mode improves the efficiency of financing 

in Chinese projects‘ construction effectively. While another concern appears, compared 

with PPP projects in other countries, did its application in China attain the maximum 

efficiency? In order to study it and guarantee the efficiency distinction ability, four 

Chinese PPP projects are still used here. Besides, six representative international PPP 

projects have been selected to compose the new decision-making unit set. Deap2.1 is 

adopted again to solve the linear programming problem in the VSR model. Similar 

indicators are obtained here to show the efficiency in three dimensionalities. We arrange 

the results in the following table 2 
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Table 2. The Relative Efficiency of Financing Status of part PPP Projects in 
China and Other Counties 

project name 

pure 

technical 

efficiency 

of financing 

scale 

efficiency 

of 

financing 

technical 

efficiency 

of 

financing 

Chinese 

PPP project 

Bird Nest 1.000 1.000 1.000 

QingDao Sewage Treatment Works 1.000 1.000 1.000 

Beijing no. 4 subway 1.000 1.000 1.000 

Hong Kong Disneyland 1.000 1.000 1.000 

International 

PPP project 

South Africa Ekurhuleni high speed railway 1.000 0.894 irs 0.894 

Perpignan-Figueras rail link 1.000 1.000 1.000 

Sidney Harbour Tunnel 1.000 1.000 1.000 

Kamchay Hydropower Station 0.725 0.993 irs 0.721 

Sidney Olympic Stadium 1.000 0.969 irs 0.969 

Australia Sewage Treatment Plants. 0.667 0.454 irs 0.303 

* drs means decreasing returns to scale; irs means increasing returns to scale 

Judging from all the results presented in table 5.1, we can see in this decision making 

units set, most of the efficiency of financing of PPP projects have reached relatively 

effective level, both in China and other countries; in general, the efficiency of financing 

of PPP projects in China is in a relative higher level, for all the Chinese PPP projects 

reach pure technical efficiency of financing effective and scale efficiency of financing 

effective.  

Thus, on a global scale, the application of PPP mode in China stands in a relatively 

efficient position. At the same time, several abroad PPP projects reached the relatively 

effective level, which warns China that only keep on learning from other countries can it 

hold on in a favorable position. 

 

6. Conclusion and Discussions 

This study was motivated to explore the relative efficiency of financing in the 

application of PPP mode in China. To achieve this goal, a specific VRS model was 

established to evaluate the relative efficiency of financing in PPP projects, and further 

applied to study and quantitatively estimate the relative efficiency of financing of PPP 

projects in China from two perspectives: a) study the effectiveness of PPP mode by 

comparing PPP projects with non-PPP projects in China, and b) judge the relative 

application level of PPP mode in China by comparing with PPP projects all over the 

world.  

The study results resolve the puzzle about the relative efficiency of financing from PPP 

project itself and the relative efficiency of financing of PPP mode application in China. 

Firstly, in the decision-making unit composed of Chinese PPP projects and non-PPP 

projects, all PPP projects are relative financing efficient, while all non-PPP projects are 

relative financing inefficient. This illustrates that the application of PPP mode 

significantly improves the relative effectiveness of efficiency of financing in Chinese 

projects‘ construction. Sun Fengxuan (2006) draws the same conclusion when he 

compares PPP with some other financing scheme [17]. While this study further shows that 

PPP projects have a superior performs especially in the ratio of capital funds and the 

turnover ratio of total capital.  

Secondly, in the decision-making unit composed by Chinese PPP projects and PPP 

projects in other countries, the pure technical efficiency of financing and scale efficiency 

of financing of Chinese PPP projects all reach efficient status. It indicates that the 

applicability and utilization of PPP mode in China are at a relative higher level 
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internationally. At the same time, most of the PPP projects in other countries achieve pure 

technical financing efficient. Such conclusions warn Chinese constructors to keep 

learning from foreign countries while trying to hold their existing dominance. The same 

analysis approach can be applied in the efficiency assessment of other countries. 

To summarize, this study provide an avenue to explore the relative efficiency of 

financing in PPP projects, its application in Chinese PPP cases reveals that PPP mode 

significantly improves the efficiency of financing in infrastructure, especially in in ratio of 

capital funds and turnover ratio of total capital; and the application of PPP mode in China 

stands in a relatively effective and superior position all over the world. While this 

approach is not limited to the study of Chinese cases, it is equally applicable to the study 

of other countries and regions. It is hoped that this methodology can be helpful in learning 

the effectiveness of PPP mode and how it effects, further, having a deeper understanding 

of PPP mode itself and its application objection. This study is potential in supporting 

quantitative analysis for project design in the project feasibility study stage and summary 

of projects in the post-project evaluation. 

 

7. Practical Implication 

In addition to the theoretical implication, this study has some significant practical 

implications. The approach established in this study is applicable and instrumental to PPP 

projects itself, stakeholders in PPP projects and government who is the main promoter of 

PPP. To PPP projects itself, this study offers an avenue to assess its relative efficiency 

before practical construction and then adjusting the scheme to a better one. To 

stakeholders in PPP projects, an optimal efficiency of financing plays an important role in 

running of capital and confirming their future profit. The model of this study helps them 

to make a better financing plan. From the government perspectives this study assist in 

having a deeper understanding of PPP, attracting promising investments and knowing 

their relative level in applying PPP mode. 

In order of achieve the more efficient infrastructure constructions in china the current 

study suggest threefold: Firstly, promotes the application of PPP mode meanwhile 

establishes standardized mechanism. Secondly, learn from the successful experience of 

other countries while upholding own superiorities. Last but not least, fully adopt the 

model given in this study to assess the relative efficiency of financing of PPP projects in 

the project setting stage and post project evaluation. 

 

 8. Limitation and Future Direction 

Every study has some limitations that can hypothetically affect generalization of the 

findings. Firstly, this study has geographical limitation associated with just Chinese based 

PPP projects, future study involves more international projects can generate a more 

comprehensive and persuasive data of the improvement brought by PPP mode. Secondly, 

this study has theoretical limitation contained five indicators (ratio of capital funds, time, 

franchise, social influence and ratio of turnover) in conducting on VRS model, if more 

indicators can be taken into consideration e.g. (running of capital and risk in raising 

funds)  the result may be a little different.  

In the next step of this study, more effort will be devoted to extend this model to study 

PPP projects in other regions and embracing more international projects to learn the 

effectiveness of PPP mode. Besides, more dimension of financing efficiency will be 

deliberated to add in the model, for getting a more comprehensive and exact result. This 

study provides a base and adds literature for researchers to targets this issue more deeply 

in the future on other projects. 
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