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Abstract: Open bidding is widely used in Sinopec's material procurement due to its advantages of openness, 

transparency, and cost savings. However, there have been many complaints about collusive bidding in recent 

years. Collusive bidding will pose significant challenges to fair competition and increase project costs for 

material procurement. Therefore, there is an urgent need for an analysis model to identify and prevent the 

collusive bidding. In this paper, we propose a statistical model for identifying collusive bidding using the 

coefficient of variation cv, the ratio of high to low average quotation rP and the deviation rate of quotation δ as 

indicators, based on the statistics of the historical quotations for material A. Through a case study of the 

framework agreement bidding for material B, we identified the collusion behavior of bidders effectively, 

thereby verifying the applicability of this statistical model.  

Keywords: collusive bidding; historical quotations; coefficient of variation; deviation rate; statistical 

model 

 

1. Introduction 

The open bidding system can not only standardize the market order, improve the efficiency of 

procurement fund utilization, and reasonably allocate resources, but also enhance the competitive 

and innovative awareness of social enterprises. This will be conducive to select supplier enterprises 

that are scientific and international for bidding. 

Competitive bidding is one of the most common methods for tenders to select suppliers [1,2]. 

Open bidding is an important measure to standardize procurement behavior and improve the 

efficiency of capital use [3]. Since 2015, open bidding has made great progress and achieved an 

outstanding effect in material supply of Sinopec. But there have been a lot of complaints about 

collusive bidding in recent years. Among Sinopec's complaint cases in the past three years, 48.6% 

were complaints about collusive bidding. 

Collusive bidding will pose a serious challenge to the fair competition with suppliers [4,5]. 

Contracts awarded on the basis of collusive bidding by bidders may result in increased costs for 

material procurement projects [6,7]. The essence of collusive bidding is that bidders quote higher or 

lower than the reasonable price of the project [8,9], aiming to gain an advantage over other 

competitors and achieve higher profits [10,11]. As far as the tender is concerned, the collusive bidding 

will damage the interests of the tender [12]. Through the formal bidding process, the tender could 

have obtained high-quality services or products at a lower purchase price, but the collusive bidding 

behavior makes the high-quality bidders unable to win the bid. The result is that the tender has to 

pay a higher price for a relatively inferior service or product [13]. For the society, collusive bidding 

not only disrupts the fair competition in the market, but also interferes with the effective allocation 

of social and economic resources, thus reducing the economic benefits and production efficiency of 

the whole society. 

The phenomenon of collusion bidding has existed for a considerable period of time, but its 

timely detection and identification is a pervasive challenge [14,15]. Therefore, a scientific and effective 

analysis model is needed to identify the collusive bidding behavior of bidders. Taking the framework 

agreement bidding of material A of Sinopec as an example, this paper establishes a statistical model 
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based on historical quotations, which can be widely used in the bidding and procurement of the 

framework agreement of materials to prevent the collusive bidding behavior of bidders. 

2. Materials and Methods 

2.1. The procurement process of material A 

At present, the number of professional manufacturers producing the material A is nearly 100, 

and there are differences in product quality and price among various manufacturers. In general, 

suppliers can be divided into three levels. The first level of manufacturers is less than 10%, and its 

production scale is large, technology research and product series have reached the international 

advanced level. The second level of manufacturers accounted for about 30%, with considerable 

production capacity and research and development capabilities, but in the product series and 

qualification certification is slightly inferior. Other manufacturers are the third level, and their 

product series have a higher degree of general research and development capabilities, and relatively 

low product prices. 

Due to the large demand for material A in petrochemical enterprises, the procurement methods 

are mainly based on framework agreements. First of all, through the centralized open bidding of the 

headquarters to determine the shortlisted suppliers, and sign a unified framework agreement with 

them. Subsequently, each enterprise signed specific orders with suppliers according to the 

framework agreement of the headquarters. 

In the bidding process, business rating is usually calculated by the benchmark price method. 

Among them, the arithmetic average price of each bidder is taken as the price benchmark, and the 

business score of each bidder is calculated according to the difference between the price and the 

benchmark price [16]. This method can avoid the risk of winning bids at low prices and defective 

products, and is the most commonly used business score calculation method for large-scale or 

important material procurement [17]. However, the large interest drives some bidders to form a 

community to raise the benchmark price and win the bid at a high price for illegal profit, thus 

increasing the risk of collusion bidding. 

2.2. Establishment of a statistical model for identifying collusive bidding 

In order to prevent the occurrence of collusion bidding by bidders, this paper aims to determine 

the price rule based on the statistical analysis of the historical quotations for material A, and establish 

a statistical model that can identify the collusion bidding, to be applicable to the bidding and 

procurement under various material frameworks agreements. 

2.2.1. Analysis of historical quotations for material A 

The historical quotations database is the most commonly used tool for purchasing personnel 

[18]. Using the principle of statistics to analyze the historical quotations, we can determine the market 

price rule of this kind of material. The historical quotations of 10 commonly used types of material A 

are shown in Table 1 and Figure 1. 

Table 1. Historical quotations for Material A. 

Material A Historical quotations 

Type I 512 495 440 480 470 507 420 488 398 485 

Type II 526 518 470 515 500 522 420 522 439 498 

Type III 524 523 478 515 500 522 420 525 448 498 

Type IV 640 638 568 660 620 631 530 645 530 625 

Type V 602 590 546 615 530 629 500 580 506 585 

Type VI 770 770 840 805 820 770 690 790 665 775 

Type VII 801 788 800 780 832 812 720 808 730 785 

Type VIII 792 780 875 815 830 791 700 805 698 785 
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Type IX 920 950 940 980 960 925 785 960 785 940 

Type X 875 813 900 850 830 868 745 810 758 820 

 

Figure 1. Distribution of historical quotations for Material A. 

2.2.2. Statistics of historical quotations for material A 

The average quotations 𝑥̅, standard deviation S, coefficient of variation cv and deviation rate δ 
between the maximum and minimum value of the material A are calculated by historical quotations, 

where 𝛿 = P୫ୟ୶  −  P୫୧୬P୫୧୬  (1)

The results are shown in Table 2. Excluding the factors of inflation and rising cost, the price rule 

of material A is found through these statistics as follows: 

Table 2. Statistics of historical quotations for Material A. 

Material A Mean (𝒙) SD (S) CV (cv) DR (δ)  

Type Ⅰ 469.50  36.04  8% 29%  

Type Ⅱ 493.00  35.68  7% 25%  

Type Ⅲ 495.30  34.37  7%  25%  

Type Ⅳ 608.70  45.52  7%  25%  

Type Ⅴ 568.30  42.89  8%  26%  

Type Ⅵ 769.50  51.45  7% 26%  

Type Ⅶ 785.60  33.51  4%  16%  

Type Ⅷ 787.10  51.27  7%  25%  

Type Ⅸ 914.50  66.84  7%  25%  

Type Ⅹ 826.90  46.77  6%  21%  

Abbreviations: SD, standard deviation; CV, coefficient of variation; DR, deviation rate. 

a) The historical quotations are relatively stable, and the coefficient of variation cv is no more 

than 10%;  
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b) The difference between bid quotations is small, and the deviation ratio δ between the 

maximum and the minimum value does not exceed 30%. 

2.2.3. Estimate of the market price for material A 

Then the statistics of historical quotations for the material A are used as the sample to estimate 

the range of the market price of this set of materials. 

The market price distribution of the material A conforms to the normal distribution, 𝑍 = 𝑥̅ − 𝜇𝜎 ∕ √𝑛 ~𝑁(0,1) (2)

Where, the equation for calculating the average quotations 𝑥̅and standard deviation S based on 

historical quotations for material A is 𝑥̅ = ∑ 𝑥𝑛  (3)

 𝑆 = ඨ∑(𝑥 − 𝑥̅)ଶ𝑛 − 1  (4)

According to Equation 2, the population mean of the market price of material A in the confidence 

interval 1- α is 𝜇 = 𝑥̅ ± 𝑍ఈ∕ଶ 𝑠√𝑛   (5)

Considering the increase in raw material and labor costs during the framework agreement 

period, the market price is multiplied by the increase correction coefficient K, and the K of the material 

A is taken as 1.05 per year. The average market price of the material A with 95% confidence interval 

can be calculated, as shown in Table 3. 

Table 3. Limit of market price for Material A. 

Material A Upper limit Lower limit 

Type Ⅰ 491.02 456.48 

Type Ⅱ 510.29 477.55 

Type Ⅲ 511.53 479.97 

Type Ⅳ 632.85 588.31 

Type Ⅴ 594.29 552.87 

Type Ⅵ 796.63 749.20 

Type Ⅶ 803.93 772.90 

Type Ⅷ 812.20 765.46 

Type Ⅸ 953.19 890.14 

Type Ⅹ 854.63 806.87 

2.2.4. Evaluation indicators of statistical model for identifying collusive bidding 

(A) Quotation coefficient of variation cv: The coefficient of variation is a characteristic quantity 

representing the degree of data dispersion, that is, the ratio of the standard deviation of the data to 

its corresponding average, which is mainly used to compare the statistical dispersion of different 

samples [19]. Here, the quotation coefficient of variation is used to test the deviation level of each 

supplier. Due to the similar raw materials and no significant differences in production processes for 

the material A, there is not a significant price difference. Based on the analysis of historical quotations 

as a sample in the previous section, it can be seen that the coefficient of variation of the material A is 

within 10%, and the maximum value of other categories of materials does not exceed 15%. Therefore, 

we presumed that a quotation coefficient of variation cv exceeding 15% is considered a possibility of 

collusive bidding. 
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(B) Ratio of high to low average quotation rP: Collusive bidding will increase the benchmark price, 

resulting in the supplier winning the bid at a high price. How many collusion bidders will result in 

the benchmark price being raised? 

Based on the deviation rate between the maximum and minimum historical quotations 

mentioned above, it was found that collusion suppliers would increase their prices by at least 20% of 

profit, resulting in a deviation in the benchmark price. Excluding the annual increase in labor costs, 

we presume that there is collusion behavior when the benchmark price is raised by 7%. 

The calculation equation for the number of collusion bidders is as follows: (𝑁 − 𝑛)P + 1.2𝑛P = 1.07𝑁P (6)

where N represents the total number of bidding suppliers, n represents collusive bidding suppliers, 

and P represents the average quotation of materials. 

The result calculated by Equation 6 is n = 0.35N 

We found that when about 1/3 of suppliers engage in collusion bidding, it will cause a deviation 

in the benchmark price. 

Therefore, after ranking the quotations of bidders from high to low, we set the ratio of high to 

low average prices as 𝑟௉ =  Pଵ/ଷPଶ/ଷ (7)

where P1/3 is the average high price quoted by the top 1/3 bidders, and P2/3 is the average low price 

quoted by the bottom 2/3 bidders. 

When the rP exceeds 20%, it indicates a deviation in the benchmark price quoted by the bidder, 

and we speculate that there is a possibility of collusion bidding. 

(C) Deviation rate of quotation δ: One of the important characteristics of collusive bidding is that 

the bidding quotations are similar. According to the analysis results above, 1/3 of the bidders 

colluding may lead to an increase in the benchmark price. 

The deviation rate that characterizes the proximity of higher bidders' quotations is: 𝛿 =  P୫ୟ୶ −  Pଵ/ଷPଵ/ଷ  (8)

where Pmax is the highest price, and P1/3 is the average high price quoted by the top 1/3 bidders. 

When δ is less than 5%, it indicates that bidders with high quotations have similar prices and 

there is a possibility of collusion bidding. 

2.2.5. Analysis results of statistical model for identifying collusive bidding 

By combining the three important parameters of cv, rP and δ, the statistical model can be 

established to identify collusive bidding. The analysis results are shown in Table 4. 

Table 4. List of bid analysis based on cv, rP and δ. 

CV (cv) RP (rP)  DR (δ) Result  

cv ≧ 15%   Collusion 

10% ≦ cv < 15% 

rP ≧ 20% δ < 5%  Collusion 

rP ≧ 20% δ ≧ 5%  Suspicious  

rP < 20%  Cost difference  

cv < 10% rP ≧ 20% δ ≧ 5%  Suspicious 

Other cases   No collusion  
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Case 1: When cv ≧ 15%, the coefficient of variation has exceeded the statistical dispersion of the 

market price. The benchmark price can no longer represent the market price and it is considered a 

collusive bidding. 

Case 2: When 10% ≦ cv < 15%, the dispersion of bidding quotations is relatively high, which may 

be due to collusive bidding or cost differences caused by factors such as materials and raw materials. 

This case requires further analysis of other indicators. 

When rP ≧ 20% and δ < 5%, it indicates that the quotations are similar and can be considered as 

collusive bidding. When rP ≧ 20% and δ ≧ 5%, it indicates that the benchmark price quoted by the 

bidder is relatively high and can be considered as suspicious. 

When rP < 20%, it indicates that there is no deviation in the benchmark price although the 

quotations are discrete and may be caused by cost differences. 

Case 3: When cv < 10%, the bidding quotations are stable and concentrated, indicating a low 

possibility of collusion bidding.  

However, when rP ≧ 20% and δ ≧ 5%, there is a possibility that the statistical dispersion does 

not deviate significantly due to a small number of collusive suppliers, which requires special 

attention. 

Other cases: Except for the three cases mentioned above, the bidding quotations conform to the 

market price rule and there is no collusion. 

2.3. Statistical analyses 

All data were analyzed by GraphPad Prism 8.0 software (GraphPad Software Inc., USA). 

3. Results and discussion 

3.1. Statistics of quotations for material B 

It is necessary to verify the validity of the statistical model for identifying collusive bidding. We 

take the framework agreement bidding for material B as a case study, and the quotations of 12 

suppliers are shown in Table 5. 

Table 5. Bid quotations for Material B. 

Material B Bid quotations 

Type Ⅰ 600 525 509 466 590 509 498 585 445 580 422 514 

Type Ⅱ 580 520 515 490 530 520 590 610 430 620 460 528 

Type Ⅲ 590 520 515 490 580 520 560 620 430 625 460 528 

Type Ⅳ 760 650 615 602 640 635 740 755 562 750 562 663 

Type Ⅴ 750 650 615 602 640 635 755 740 562 760 562 663 

Type Ⅵ 900 800 825 810 848 820 880 890 700 910 700 810 

Type Ⅶ 900 750 720 790 770 800 900 880 610 900 700 810 

Type Ⅷ 950 825 830 840 830 750 950 970 636 960 700 820 

Type Ⅸ 960 890 850 845 950 990 850 890 730 965 830 880 

Type Ⅹ 990 862 848 954 954 901 950 970 684 970 803 869 

According to Figure 2 and Table 5, the characteristics of the quotations can be analyzed as 

follows: 
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Figure 2. Distribution of bid quotations for Material B. 

a) The standard deviation of bid quotations was large, and 10% ≦ cv < 15% indicates that these 

quotations are discrete. 

b) There was a price gap in bid quotations. For example, bidders 1, 5, 8, and 10 quoted 40% 

higher for type Ⅷ than other suppliers, and rP ≧ 20%. 

c) Some bidders have quoted high and similar prices. For example, the prices quoted by bidders 

1, 5, 8, and 10 are significantly higher than the average price, and δ < 5%. 

3.2. Analysis results of statistical model in material B 

The statistical model for identifying collusive bidding was used to analyze the quotations of 

material B. The results in Table 6 indicate that there is a possibility of collusion bidding for types I, V, 

VII, VIII, and IX of material B. Further analysis revealed that the abnormal bidding quotations were 

from bidders 1, 5, 8, and 10. After investigation and evidence collection, it was found that there were 

indeed four suppliers colluding in this bidding. Therefore, the statistical model for identifying 

collusive bidding has been verified in practice. 

Table 6. Analysis results of bid quotations for Material B based on statistical model. 

Material B CV (cv) RP (rP) DR (δ) Result 

Type Ⅰ 11% 21.14% 3.45% Collusion 

Type Ⅱ 11% 20.21% 6.90% Suspicious 

Type Ⅲ 11% 20.97% 7.76% Suspicious 

Type Ⅳ 11% 21.96% 2.70% Suspicious 

Type Ⅴ 11% 21.96% 2.70% Collusion 

Type Ⅵ 8% 13.42% 3.41% No collusion 

Type Ⅶ 12% 20.34% 2.27% Collusion 

Type Ⅷ 13% 22.93% 2.11% Collusion 

Type Ⅸ 24% 54.49% 15.38% Collusion 

Type Ⅹ 10% 13.05% 3.77% No collusion 

4. Conclusions 

Based on the statistical analysis of the historical quotations for the material A, we proposed a 

statistical model for identifying collusive bidding using the coefficient of variation cv, the ratio of high 

to low average quotation rP and deviation rate of quotation δ as indicators. The validity and 
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applicability of this statistical model were further verified through a case study of the framework 

agreement bidding for material B. 

This statistical model could be used in multiple large-scale framework agreement bidding by 

Sinopec in the future. This will help the tender quickly and effectively identify the possibility of 

collusive bidding without conducting market analysis or investigating historical prices, thereby 

improving the quality of bidding. Furthermore, this is also beneficial for preventing the collusive 

bidding. 
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