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Abstract  27 

Purpose – With the increasing complexity of public-private partnership (PPP) projects, the 28 

amount of data generated during the construction process is massive. This paper develops a new 29 

information management method to cope with the risk problems involved in dealing with such data, 30 
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based on domain ontologies of the construction industry, to help manage PPP risks, share, and 31 

reuse risk knowledge. 32 

Design/methodology/approach – Risk knowledge concepts are acquired and summarized 33 

through PPP failure cases and an extensive literature review to establish a domain framework 34 

for risk knowledge using ontology technology to help manage PPP risks. 35 

Findings – The results indicate that the risk ontology is capable of capturing key concepts and 36 

relationships involved in managing PPP risks and can be used to facilitate knowledge reuse and 37 

storage beneficial to risk management. 38 

Practical implications – The ontology provides a basis for turning PPP risk information into 39 

risk knowledge to allow the effective sharing and communication of project risks between different 40 

project stakeholders. It can also have the potential to help reduce the dependence on subjectivity by 41 

mining, utilizing, and storing tacit knowledge in the risk management process 42 

Limitation – The classes in the risk knowledge ontology model constructed in this research do 43 

not yet cover all the information in PPP project risks and need to be further extended. Moreover, 44 

only the framework and basic methods needed are developed, while the construction of a 45 

working ontology model and the relationship between implicit and explicit knowledge is a 46 

complicated process that requires repeated modifications and evaluations before it can be 47 

implemented. 48 

Originality/value – The apparent suitability of the nine classes of PPP risk knowledge (project 49 

model, risk type, risk occurrence stage, risk source, risk consequence, risk likelihood, risk 50 

carrier, risk management measures, and risk case) is identified, and the proposed construction 51 

method and steps for a complete domain ontology for PPP risk management is unique. A 52 

combination of criteria-based evaluation and task-based evaluation is also developed for 53 

assessing the PPP risk ontology for the first time. 54 

 55 

Keywords 56 

Public-private partnership; project management; Risk management; domain ontology; Risk knowledge; 57 

Rule-based reasoning. 58 
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Introduction 59 

The public-private partnership (PPP) project delivery method has become widely used for a 60 

variety of infrastructure construction projects, including roads, railways, medical facilities, and 61 

sewage treatment plants (e.g., An et al. 2018; Kim et al. 2019; Wang et al. 2019). These projects 62 

are characterized by an increasing complexity (Leander 2018), large scale investments, many 63 

participants, long concession periods, and complex technologies (Cui et al. 2019), and 64 

encounter many risks in their implementation and operation (e.g., Heravi and Hajihosseini 65 

2011). Many studies have focused on the risk factors involved in risk allocation (e.g., Jin et al. 66 

2019), risk assessment (e.g., Li and Wang 2019), and risk taxonomies (e.g., Le et al. 2019;) 67 

Studies from the perspective of PPP risk knowledge ― a term is coined by McCann (2011) 68 

to denote knowing the risks involved in a particular Local Authority Capital Project ― have 69 

been less frequent, however. In addition, PPP risk knowledge in practice is mainly obtained 70 

from unstructured information (e.g., specialist experience, risk case bases, construction 71 

organization plans, and other project documentation) that can lead to heterogeneous risk 72 

descriptions and the inconsistency of semantics as well as restricting the acquisition and 73 

transmission of project risk information (Xing et al. 2019). Hence, it is difficult to summarize 74 

the risk information and its accuracy and completeness, which makes it difficult for 75 

stakeholders to identify and classify the risks involved and quickly and accurately find similar 76 

historical experiences for quantifying their likelihood. Although risk knowledge sharing and 77 

reuse between PPP stakeholders is often problematic due to their various conflicting interests, 78 

the situation is exacerbated by the lack of a unified description and expression of risk 79 

knowledge as a base for the identification and management of PPP risks. Moreover, as Cui et 80 
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al.’s (2018:790) comprehensive review of studies of PPPs for infrastructure projects concluded, 81 

“research on how to manage knowledge and fill the apparent knowledge gaps in PPP projects 82 

remains relatively underdeveloped”. 83 

One approach to addressing this issue is through ontology, in this case, the connotation 84 

from computer and information science rather than general philosophy. As a knowledge 85 

management method, it is known to have the advantage over of the expression, sharing, 86 

reasoning, diagnosis, and acquisition of domain knowledge (Wang et al. 2017) and developing 87 

a domain ontology is often considered to be the starting point for homogenizing domain 88 

knowledge in different information systems. In risk management, studies based on ontology 89 

have been rapidly evolving in recent years (e.g., Abioye et al. 2020). Although most of those 90 

concerned with construction work focused on safety risk analysis (e.g., Jiang et al. 2020; Zhang 91 

et al. 2015), many also recognized that knowledge management is very important for projects, 92 

including PPP (e.g., Cui et al. 2018).  93 

This paper therefore develops a domain ontology-based method for risk management over 94 

the simple collection of risk registers to help support the management of PPP risks and sharing 95 

and reusing knowledge. In doing this, the knowledge gap is first identified through a literature 96 

review of PPP risk management and domain ontology applications to project management. Next, 97 

a detailed description is provided of the proposed domain ontology method for PPP risk 98 

knowledge. The risk knowledge and domain ontology construction process are then described 99 

before finally demonstrating and evaluating the application of the proposed method through a 100 

case study. 101 
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The domain ontology-based PPP risk management method constructed in this study can 102 

draw on existing research to mine, utilize, and store tacit knowledge in the risk management 103 

process, which is helpful in reducing the level of dependence on subjectivity. 104 

Literature Review 105 

PPP risk management 106 

Risks exist throughout the life cycle of PPP projects and are constantly changing, making their 107 

management an important, if difficult, task. Consequently, risk management has continued to 108 

be the main focus of PPP research (Song et al. 2019). Risk management is critical to the 109 

successful implementation of PPP projects (e.g., Zhang et al. 2019). It has been covered in a 110 

multitude of studies and reports in its generic form (e.g., ISI31000 2018) and in project 111 

management (e.g., Edwards et al. 2020). Existing PPP project risk research has mainly focused 112 

on the identification and analysis of risk factors, risk allocation, and risk assessment. For 113 

example, Xu et al. (2010) identified 17 key risk factors and analyzed their intercorrelation; 114 

Ameyaw and Chan (2015) used fuzzy set theory to outline the risk allocation principle, 115 

explained the fuzziness inherent in the human cognitive process, and provided a case study of 116 

risk allocation in a Ghanaian PPP water supply project; Jiang et al. (2019) applied the FISM-117 

MICMAC Approach to the risk assessment of PPP projects; while Thomas et al. (2006) 118 

proposed a risk probability and impact assessment framework for build-operate-transfer (BOT) 119 

roads based on a fuzzy-fault tree and the Delphi method. 120 

The evaluation, learning, and sharing of risk knowledge are important aspects involved in 121 

risk management (e.g., Boyer 2016) – a critical issue being the veracity of the underlying risk 122 
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knowledge (e.g., Tahat 2014). Due to the complexity of PPP project risks, some studies have 123 

used a combination of different methods to manage the risks involved (e.g., Li and Wang 2019). 124 

However, only a few have considered PPP risk management from knowledge perspective. 125 

Therefore, how PPP risk knowledge can be shared and reused needs further exploration. 126 

From the perspective of knowledge classification, PPP project risk knowledge can be 127 

divided into explicit and tacit knowledge (e.g., Yuan et al. 2018): explicit knowledge is that 128 

which can be recorded and physically stored in paper or electronic format (such as technical 129 

theory, documents, drawings, and patents); tacit knowledge is attached to the actions and 130 

experiences of individuals, which is difficult to express directly, obtain, and share. With PPP 131 

projects, there is a large amount of tacit knowledge, much of which comprises the knowledge 132 

and experience of experts, the ontological identification, and classification of which can help 133 

articulate the risks involved and their interrelationships by considering the cumulative effects 134 

of multiple risks occurring at different project stages (e.g., Yuan et al. 2018).  135 

At the same time, Cui et al. (2018) have recommended that research is urgently needed to 136 

enhance knowledge management by developing such methods as knowledge sharing, 137 

knowledge spillover, and knowledge ontology building – a future trend being likely to follow 138 

Haghighi et al. (2013) in the use of intelligent methods to acquire and evaluate the risk 139 

knowledge.  140 

 141 
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Ontology in construction 142 

Domain ontology 143 

Ontologies support a set of modelling primitives to define classes, individuals, their attributes, 144 

and relations (Fonseca et al. 2019). The consensual terminology makes it possible to share and 145 

reuse data and knowledge across different components in a system and across different systems. 146 

Depending on the level of dependence on a particular task or point of view, ontology can be 147 

divided into different types of top-level ontology, domain ontology, task ontology, and applied 148 

ontology (Guarino 1997) (see Table I). 149 

--- Table I here --- 150 

--- Table II here --- 151 

The construction of domain ontology is a formal description of the concept itself and the 152 

relationship between concepts (Wu and Håkansson 2014). There are many ways to construct 153 

domain ontology and the processes involved are different. Most are based on the different 154 

considerations of different disciplines and specific projects. Table II summarizes the advantages 155 

and disadvantages of seven such methods, showing that each method has its own characteristics 156 

and areas of application. As result, there is no unified standard, theory, or method of ontology 157 

construction, which makes it difficult to maintain consistency in ontology construction in 158 

different fields (Pei et al. 2020). It is therefore beneficial to integrate the advantages of multiple 159 

methods according to the actual situation involved, improve, and optimize existing methods, 160 

and develop a method that is the most suited to a specific field.  161 

Fernandez et al.’s (1997) Methontology method, which provides a “well-structured 162 

methodology to build ontologies from scratch”, has proved to be one of most popular 163 
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approaches. This comprises seven stages: Specification, which states why the ontology is being 164 

built and what are its intended uses and who are the end-users; Conceptualization, which 165 

structures the domain knowledge as meaningful models at the knowledge level; Formalization, 166 

which transforms the conceptual model into a formal or semi-computable model; 167 

Implementation, which builds computable models in a computational language; Knowledge 168 

Acquisition, which acquires knowledge of a given domain; Evaluation, which makes a technical 169 

judgment of the ontologies, their associated software environments, and documentation with 170 

respect to a frame of reference during each phase and between phases of their life cycle; 171 

Integration of ontologies, which is required when building a new ontology reusing other 172 

ontologies that are already available; and Documentation, which details, clearly and 173 

exhaustively, each and every one of the phases completed and products generated (Blaxquez et 174 

al. 1998). Another approach has been Noy and McGuinness’s (2001) seven-step method, 175 

comprising: Determining the domain and scope of the ontology, Considering reusing existing 176 

ontologies, Enumerating important terms in the ontology, Defining the classes and the class 177 

hierarchy, Defining the properties of classes, Defining the facets of the properties, and Creating 178 

instances. 179 

 180 

Application of domain ontology in the construction industry 181 

The ontologies involved in the construction industry can represent property information, value 182 

restrictions, disjointness statements, and specification of logical relationships between objects 183 

in a specific domain, which can facilitate information integration, retrieval, and reuse (Zhong 184 

et al. 2019). They have been widely used in different situations; for example, Rezgui (2006) 185 
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introduced ontology to solve specific information management problems, Zhang et al. (2015) 186 

proposed an ontology-based semantic modeling method combining construction safety 187 

knowledge and BIM for automated hazard analysis, and Le et al. (2014) integrated ontology 188 

with a social network to enhance the communication of construction safety knowledge between 189 

the stakeholders of construction projects and organizations. Specifically, ontology-based risk 190 

management has also made some progress. For example, Tserng et al. (2009) proposed an 191 

ontology-based risk management (ORM) framework to enhance the risk management 192 

performance by improving workflow and knowledge reuse, and Yildiz et al. (2014) constructed 193 

a knowledge-based risk mapping tool to identify risk paths and estimate the cost of international 194 

construction projects. Except for two studies of residual value risk in PPPs (e.g., Yuan et al. 195 

2018), no ontology application studies have been published for PPP risk management, where 196 

the special circumstances concerning the relationship between the public and private sector 197 

contains its own unique issues. 198 

Proposed Method 199 

The framework developed for the method is shown in Fig. 1. The four distinct steps involved 200 

are discussed in detail in what follows.  201 

 202 

Step 1. Knowledge acquisition of PPP project risks 203 

PPP project risk information is gathered through an analysis of similar previous PPP projects, 204 

knowledge elicitation from domain experts, and data mining of a PPP project knowledge base 205 

to identify appropriate categories of information to facilitate ontology modeling and reasoning 206 

 207 
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Step 2. Construction of PPP risk ontology 208 

The construction method used for the PPP risk knowledge ontology base is a combination of 209 

the Methontology method and seven-step method to optimize the existing ontology construction 210 

method. The specific steps involved are shown in Fig. 2.  211 

 212 

Step 3. Rule-based reasoning for PPP risk knowledge 213 

Reasoning framework 214 

JenaAPI is a Java Application Programming Interface that can be used to create and manipulate 215 

Resource Description Framework (RDF) graphs (called models): it has object classes to 216 

represent graphs, resources, properties and literals, and with interfaces representing resources, 217 

properties and literals called Resource, Property and Literal, respectively (The Apache Software 218 

Foundation, n.d.). JenaAPI is used to identify the attribute information of classes and the 219 

relationship between classes and classes, and classes and instances, and perform rule-based 220 

reasoning to reveal the semantic relationships implicit in the ontology. Fig. 3 illustrates the 221 

reasoning process. 222 

 223 

Rule establishment 224 

JenaAPI’s reasoning function can carry out some simple rule reasoning, including the inclusive, 225 

mutually exclusive, and sibling relationships between inference concepts. However, these rules 226 

are not applicable to specific professional fields where it is necessary for users to customize 227 

rules to enable complex reasoning. Users in different fields can compile their own custom rules. 228 

In the present study, a PPP project is used as an example to formulate rules, and the 229 

process can be referenced in other construction areas. For example, knowing that an 230 

unexpected situation occurred at a particular project stage and caused adverse consequences, 231 

the following rules can be formulated to quickly identify the kind of risk involved: 232 

[rule1:(?a http://www.owl-ontologies.com/PPP_Risk_Model.owl#Having-phenomenon ?b) 233 
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(?b http://www.owl-ontologies.com/PPP_Risk_Model.owl#Cause ?d)(?c http://www.owl-234 
ontologies.com/PPP_Risk_Model.owl#Having-occasion ?d)→(?a http://www.owl-235 
ontologies.com/PPP_Risk_Model.owl#Happen ?d)] 236 

The meaning of this rule is that had phenomenon b occurred during risk occurrence stage 237 

a, then, if the cause of phenomenon b and currently known adverse consequences c point to the 238 

same risk type d, it can be inferred that a risk type d occurred in stage a. 239 

In addition, some retrieval reasoning rules (e.g., the rules of synonymous relationships and 240 

parent-child relationship) should be constructed to increase efficiency and accuracy. An excerpt 241 

of Jena’s reasoning rules is shown in Table III. 242 

--- Table III here --- 243 

 244 

Implementation of the reasoning process 245 

The reasoning of domain ontology is realized with the help of the general rules provided by 246 

Jena's inference engine and user-defined custom rules. This process is based on the actual 247 

characteristics of the user's input matching the ontology model and inference rules. Using 248 

Eclipse, which is a Java-based extensible development platform, the reasoning processes 249 

analyze the questions, acquire the ontology and rules, then formulate the inference sentences, 250 

and generate the results of the inference. 251 

 252 

Step 4. Evaluation of PPP risk ontology 253 

As with any model or system development, evaluation is essential for the development of 254 

ontologies (Guo and Goh 2017). It represents a “judgement of the ontology content with respect 255 

to a particular frame of reference” (El-Gohary and El-Diraby 2010). Several ontology 256 

evaluation approaches exist, such as gold standard evaluation, data-driven evaluation, criteria-257 

based evaluation, evaluation by humans, and task-based evaluation (Haghighi et al. 2013). 258 

However, it is important to adopt appropriate formal evaluation criteria and approaches since 259 

some may not fit well to the ontology and its application domain. The gold standard evaluation 260 
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approach requires existing benchmark ontology in this application domain; this is not fit for the 261 

domain of PPP risk. In addition, although the data-driven approach is powerful enough to 262 

evaluate the coverage of ontologies, it is not suitable to assess the correctness, clarity, and 263 

applicability of an ontology (Haghighi et al. 2013). As a result, this study adopted a combination 264 

of criteria-based evaluation and task-based evaluation for evaluating the PPP risk ontology. 265 

 266 

Criteria-based evaluation 267 

Criteria-based evaluation is an important ontology evaluation method used to evaluate the 268 

content of ontology through a set of predefined criteria. The current predefined criteria involve 269 

many aspects, such as clarity, consistency, extendibility, minimal ontological commitments, 270 

conciseness, completeness, coverage, and correctness (Haghighi et al. 2013). According to 271 

Xing et al. (2019), the main form of conducting criteria-based evaluation is by “seminar”. 272 

 273 

Task-based evaluation 274 

The task-based evaluation approach evaluates an ontology by using it in tasks to assess the 275 

ontology performance (Guo et al. 2015). It is an effective approach for evaluating the ontology’s 276 

capability of achieving its purposes and objectives (Yu et al. 2007).  277 

Application to the Qingdao Veolia Sewage Treatment Plant 278 

The Qingdao Veolia Sewage Treatment Plant is a large-scale comprehensive water management 279 

project in Shandong province involving the Qingdao government and French Veolia Water 280 

Group. This project operates under the PPP model with a signing ceremony in November 2003. 281 
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The duration of the concession period is 25 years, after which the project will freely transfer all 282 

its assets (including unused depreciation fees) to the Qingdao government. 283 

However, the local government’s understanding of PPP is very limited. After the contract 284 

was signed, the government believed that the price was unfair and unilaterally requested to 285 

renegotiate to lower the water price. After lengthy contract negotiations, a lack of effective 286 

supervision of the project led to the tap water becoming polluted, which naturally aroused 287 

strong public opposition. 288 

The four-step method was applied to building and evaluating the ontology accordingly. 289 

 290 

Step 1. Knowledge acquisition of project risks 291 

The information obtained was grouped into nine project specific categories of project models, 292 

risk occurrence stages, risk types, risk sources, risk likelihood, risk consequences, risk bearers, 293 

risk management measures, and risk case, as follows. 294 

 295 

Project model 296 

There are many PPP operation models, and the risks are different in each. The current widely 297 

used PPP project models are summarized through a comprehensive analysis of PPP project 298 

cases and related literature, such as Build-Operate-Transfer (BOT) (Chang and Chen 2016), 299 

Design-Build-Finance-Operate (DBFO) (Hueskes et al. 2017), Build-Own-Operate-Transfer 300 

(BOOT) (Cui et al. 2018), Design-Build-Operate-Maintain (DBOM) (Wu et al. 2016), Transfer-301 

Operate-Transfer (TOT) (Wang et al. 2019), and Build-Transfer-Operate (BTO) (Osei-Kyei and 302 

Chan 2015). 303 
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 304 

Risk occurrence stages  305 

PPP projects’ risks evolve along with the developmental stage and the progress of a project 306 

(Carrillo de Albornoz et al. 2018). Therefore, it is of great significance for the classification of 307 

information and summary of PPP risks to divide them into a particular project stage or stages. 308 

The collated literature comprises project development, feasibility, procurement (Shrestha et al. 309 

2017), financing, construction, operation, transfer (Carbonara et al. 2015), and life-cycle stages 310 

(Ghorbani 2014). 311 

 312 

Risk types 313 

A comprehensive analysis of a sample of PPP project cases (shown in the Appendix), along 314 

with relevant published articles on PPP projects, identified twelve risk types including Political 315 

risk, Planning and design risk, Legal and contractual risk, Financial risk, Construction risk, 316 

Return risk, Market environment risk, Operational risk, Force majeure risk, Public opposition 317 

risk, Organizational coordination risk, and Natural environmental risk. 318 

 319 

Risk sources 320 

Risk sources refer to potential events that may induce risks in PPP projects. At present, there is 321 

no clear classification of these. Following Fidan et al. (2011), the risk sources are classified 322 

here by risk type, further supplemented by the subclasses of unexpected circumstances and 323 

adverse changes. 324 

 325 
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Risk likelihood 326 

Risk likelihood is used to measure the severity of a PPP risk. According to the probability of 327 

occurrence of risk events, risk loss, and social impact, the risk is divided into five levels of 1 328 

(negligible), 2 (general), 3 (significant), 4 (high), and 5 (extreme), following Weber et al. (2002), 329 

for instance. 330 

 331 

Risk consequences 332 

Risk consequences refer to the consequences of risk events where the actual situation in the 333 

PPP projects deviates from the intended target (e.g., Rostami et al. 2015). The case study 334 

method is used to summarize and analyze the cases. 51 typical Chinese PPP projects were 335 

collected from the World Bank website (The World Bank 2020) and China Public-Private 336 

Partnership Center (China Public-Private Partnerships Center 2020). Details of the cases can 337 

be found in the Appendix. The risk consequences were extracted as five types: the loss of 338 

investment confidence of private investors, increased construction costs, slow progress of the 339 

project, degradation in project quality, and environmental damage. 340 

 341 

Risk bearers 342 

As PPP projects are characterized by many participants, it is important to have a clear 343 

understanding of the parties/organizations involved, mainly: government entities, private 344 

investors, financial institutions, project companies, contractors, and insurers (possibly in the 345 

form of consortia or alliances). 346 
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 347 

Risk management measures 348 

The purpose of PPP risk management is to minimize project risks and/or minimize their impact 349 

while maximizing potential benefits. The measures involved are classified the same as the risk 350 

types, being divided into those concerned with political risk management, construction risk 351 

management, legal and contractual risk management, financial risk management, and market 352 

and operational risk management. 353 

 354 

Risk case 355 

PPP projects are regarded as failing when one of more of the following phenomena occur: 356 

government buyback, project predicament or no operations, severe losses, transfer of 357 

management right, failure to obtain value for money, and canceled contract. Details can be 358 

found in the Appendix. 359 

 360 

Step 2. Construction of the ontology 361 

Fig. 4 shows the hierarchical structure and relationship diagram of the different classes in 362 

Qingdao Veolia using Protégé 5.0: an open-source tool that allows developers to create and to 363 

manage terminologies and ontologies in end-user applications. 364 

 365 
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Step 3. Rule-based reasoning of risk knowledge 366 

Taking political risk as an example, political risk sources and risk management measures can 367 

be inferred by establishing reasoning rules. Fig. 5 shows the retrieval inference statement for 368 

the Qingdao Veolia Sewage Treatment Plant PPP project, with Fig. 6 showing the inference 369 

results. The results indicated that the sources of political risk include adverse changes in the 370 

operation behaviors of the government and adverse changes in the relationships between the 371 

private sector and the government. The management measures to prevent political risks include 372 

investigating whether the government is likely to be reorganized or replaced during the project 373 

period, understanding the government’s work efficiency, whether there is corruption, and timely 374 

communication with the government. The relevant cases include the north road of the 375 

Birmingham project and the Yen Lenh Bridge of Vietnam project. 376 

 377 

Step 4. Evaluation of the ontology 378 

--- Table IV here --- 379 

--- Table V here --- 380 

--- Table VI here --- 381 

Considering the application of the PPP risk ontology, five criteria (i.e., clarity, completeness, 382 

extendibility, correctness, and conciseness) were adopted for the criteria-based evaluation. 383 

Table IV explains the five criteria. Nine participants, including three domain university experts, 384 

three domain government experts, and three domain private company experts, were invited as 385 

seminar members. Before the seminar, documentations of knowledge sources related to the 386 

ontology development were prepared for the seminar members. At the seminar, the research 387 
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team introduced the definition and development of classes, relationships, and attributes in the 388 

PPP risk ontology, and introduced the entire reasoning system and reasoning process. In the 389 

evaluation stage, domain experts were asked to complete the questionnaire regarding the 390 

selected ontology criteria. The items corresponding to each criterion are shown in Table V. In 391 

the questionnaire, the scores of 1-5 points correspond to different degrees of consent to the 392 

investigation items (i.e., higher score means more consent). During the seminar, participants 393 

could ask the research team any questions related to ontology so that any changes needed could 394 

be identified. Table VI summarizes the statistical results of the questionnaire based on prior 395 

research related to ontology evaluation (Haghighi et al. 2013; Gomez-Perez 1996; Guo and Goh 396 

2017) and the researchers’ experience – the criteria-based ontology evaluation acting as the 397 

preliminary estimation of the ontology performance (Xing et al. 2019). According to the 398 

feedback from the seminar, the clarity, completeness, extendibility, correctness, and 399 

conciseness of the PPP risk ontology were satisfactory. 400 

Discussion 401 

This paper explores the application of ontology to PPP risk management and verifies it with an 402 

example. However, there are some difficulties that could be identified with this work, as follows. 403 

 404 

Knowledge acquisition 405 

A domain ontology does not aim to list all concepts in a domain exhaustively, but rather 406 

to build an abstract (yet extendable) philosophical (yet practical) conceptualization of the 407 

essence of knowledge in a domain. Most of the time, the extracted knowledge is not abundant 408 
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and detailed enough for the ontology category. To compensate for the lack of these sub-domains, 409 

an extension of the terms and relationships map is required. Generally, the combination of two 410 

means is adopted for knowledge acquisition: one is acquiring the domain ontology from 411 

existing ontologies, by which the upper hierarchical structure of the proposed ontology is 412 

constructed; the other is by acquiring the domain ontology from such established engineering 413 

knowledge resources as engineering texts, handbooks, literature, and engineering databases. 414 

However, the domain ontology does not have to incorporate all possible terms and 415 

relationships that are relevant in the domain exhaustively, but just a core set (El Diraby et al. 416 

2013). Some studies have revealed that only partial entities are needed out of many different 417 

components in the process of developing a domain ontology (e.g., Kim et al. 2007). Therefore, 418 

it is important that the developed light-weight knowledge representation will enable the user to 419 

interact and retrieve/store/inquire about information and make decisions efficiently. 420 

 421 

Ontology construction 422 

The ontology modeling and semantic representation of the PPP risk relevant knowledge is time-423 

consuming. The limited knowledge resources and the lack of expertise directly influence the 424 

initial building and later updating of the ontology. Considerable initial work needs to be done, 425 

which may hinder the PPP risk ontology application.  426 

There are currently many methods and examples of constructing domain ontology, such 427 

as the Skeleton method, KACTUS method, TOVE method, METHONTOLOGY method, 428 

seven-step method, SENSUS method, and IDEF5 method. But some are only semi-automatic, 429 

and some are hard to model or difficult to understand. In this study, the process of PPP risk 430 
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management was not fully automated and still needed manual input, which lead to some extra 431 

manual work. 432 

When constructing the ontology automatically or semi-automatically, the organizational 433 

structure and domain of the data source should be fully taken into account. The data source 434 

directly affects the selection of the automatic or semi-automatic ontology construction methods, 435 

which can be divided into ontology construction oriented to structured data, ontology 436 

construction oriented to semi-structured data, and ontology construction oriented to 437 

unstructured data (Maedche et al. 2013). 438 

Structured data mainly refers to the relational database, which has obvious structural 439 

characteristics and strong regularity making it easy to transform the ontology. Unstructured data 440 

refers to data without fixed structure: for instance, where there is a large amount of text data in 441 

the literature and web pages (El Idrissi et al. 2013). 442 

Ontology construction for unstructured data can be divided into statistics-based methods 443 

and rule-based methods. These have strong generality and a wide application, but their accuracy 444 

is not very high (Cimiano et al. 2005). Rule-based methods are generally domain-specific. A 445 

set of rules is usually aimed at only one field and the rule construction process is complicated, 446 

but the accuracy is high, which can often meet the actual needs (Abramowicz et al. 2008).  447 

The structuralization degree of semi-structured data is between structured data and 448 

unstructured data. This generally refers to data with a certain structure but not with obvious 449 

structural characteristics, such as HTML, XML, and DTD (Vargas-Vera et al. 2002). 450 

Therefore, appropriate structured or unstructured data construction methods can be 451 

selected according to the structuralization degree involved. 452 
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  453 

Ontology interoperability 454 

Due to different application fields, the ontology research directions are different, which 455 

makes it difficult to interoperate the ontology across various fields. To realize interoperability, 456 

the knowledge representation model can be mapped to an open, global, and ISO (International 457 

Standardization Organization) standardized framework. An ontology-based information 458 

integration framework can effectively connect the data sources (relational databases, including 459 

unstructured audio and video data as well as structured data in a BIM model, such as the IFC 460 

data) and various application softwares (including an ontology editor, logic reasoning engine 461 

and BIM visualization software) (Du et al. 2016). For the inference results, users can choose to 462 

present the results visually or textually, achieving the interaction of massive amounts of 463 

information.  464 

Therefore, the integration of BIM and ontology for fully automatic information extraction 465 

and representation using semantic web technology-like linked data is to be considered next to 466 

build a fully automatic PPP risk management system. Combining ontology with BIM 467 

technology is also one of the follow-up activities involved. 468 

 469 

Ontology sharing and reuse 470 

Although the complex structure of the ontology can accurately describe the actual entities 471 

and their relationships, it also creates some difficulties in maintenance and management, and 472 

even knowledge reuse. 473 

In order to make the ontology easier to understand, context-aware and personalized, and 474 
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conducive to its reuse, an ontology knowledge model based on a distributed network, namely 475 

an ontology cloud, has become an emerging direction (Youseff et al. 2008). 476 

An ontology cloud is the reorganization of distributed ontology in network environment 477 

and provides dynamic and extensible virtual ontology knowledge by constructing virtual 478 

ontology, to improve the sharing and reuse rate of the domain ontology knowledge and realize 479 

the acquisition of ontology knowledge on demand (Ageed et al. 2020). 480 

Furthermore, to make the ontology more flexible and allow its extensibility and reuse, it 481 

is important to modularize it if possible. This modularization can be made through the 482 

conceptual aspects involved. 483 

 484 

Ontology Evaluation  485 

The representation of the domain ontology is to encode and formalize it by using ontology 486 

description language. At present, these are mainly Extensible Markup Language (XML), 487 

Resource Description framework, RDF, and Web Ontology Language (OWL). The formal 488 

domain ontology needs to be checked and evaluated, but there is no standard ontology 489 

evaluation method yet. Generally, in practical application systems, the constructed domain 490 

ontology is examined to see whether it meets the requirements and achieves its intended 491 

purpose, conforms to the ontology construction criteria, and whether it has expansibility and 492 

reusability. 493 

In future studies, researchers need to focus on promoting the sharing and interoperability 494 

between ontologies in different domains and establishing top-level ontology, domain ontology 495 

and application ontology in the construction domain. 496 
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Conclusion 497 

With the increasing complexity of PPP projects, their risk management is increasingly 498 

becoming an important, if difficult, task. The amount of data generated during their construction 499 

process is massive and often subjective, suggesting that ontology-based methods have the 500 

potential to contribute to current decision-making methods or combine with new technologies. 501 

At present, there are many methods to construct domain ontology. This paper summarizes 502 

the previous ontology construction methods used, and analyzes their advantages and 503 

disadvantages, based on which a method for PPP risk knowledge ontology construction is 504 

proposed with specific steps. To evaluate its competency, a real PPP project was selected to 505 

build the risk management domain ontology and used to query the risk sources that caused PPP 506 

risks and infer the risk prevention measures needed. This demonstrated that the PPP risk 507 

ontology is capable of capturing key concepts and relations within PPP risk management, can 508 

be used to facilitate knowledge reuse and storage, and is potentially beneficial to the 509 

implementation of risk management. The method helps to structure the risk knowledge, 510 

enabling risk knowledge based on domain ontology to be shared and exchanged between 511 

different stakeholders/computer systems efficiently without semantic ambiguities. It also has 512 

the potential for constructing a risk ontology in other construction industry delivery methods. 513 

Constructing the PPP risk ontology in this study provides several contributions. First, the 514 

acquisition and identification of risk knowledge in the PPP field helps close the knowledge gap, 515 

so that experience-based PPP risk knowledge can be identified and shared. Second is the 516 

apparent suitability of organizing PPP risk knowledge into the nine unified classes of project 517 

model, risk type, risk occurrence stage, risk source, risk consequence, risk likelihood, risk 518 
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carrier, risk management measures, and risk case. The use of ontology in promoting knowledge 519 

sharing and semantic interoperability is demonstrated through criteria-based evaluation and 520 

task-based evaluation. Third, this paper proposes the construction method and steps of a 521 

complete domain ontology for PPP risk management. These can not only help in PPP risk 522 

management, but also provide a useful reference for the construction of other ontology for 523 

construction work and risk management in other fields. 524 

The study is limited in the risk knowledge ontology model classes not yet covering all the 525 

information concerning PPP project risks and needs to be further extended. Moreover, only the 526 

framework and basic methods needed are developed, while the construction of a working 527 

ontology model and the relationship between implicit and explicit knowledge is a complicated 528 

process that requires repeated modifications and evaluations before it can be implemented. Risk 529 

level is also simply case by case: a further refinement is needed to accommodate the same risk 530 

that has different levels in different projects, even in different stages of the same project. 531 

Additional future research opportunities involve focusing on promoting the sharing and 532 

interoperability in different ontologies, establishing a top-level ontology and domain ontology, 533 

applying ontology in the construction field, and combining ontology technology with BIM and 534 

case-based reasoning. 535 
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Figure 2. Steps of constructing PPP risk knowledge base based on domain ontology 
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Figure 3. Reasoning framework of JenaAPI 
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Figure 4. Visualization of ontological risk for the Qingdao Veolia Sewage Treatment Plant PPP project 
(partial)  
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Figure 5. Screenshots of the development process of the PPP risk knowledge in Protégé 5.0 
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Figure 6. Retrieval inference statement 
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Tables 

Table I. Ontology categories 
 

Ontology 
categories 

Definition Ontology instances  

Top-level 
ontology 

Study common concepts and relationships 
between concepts such as space, time, events, 

etc. 

Time ontology (Cox 2016) 
Suggested upper merged 

ontology (Niles and Pease 
2003) 

Domain ontology 
The relationship between concepts and concepts 

in specific domain 

Gene ontology (Harris et al. 
2004) Economics domain 

ontology (Yoo and No 2014) 

Task ontology 
Study the relationship between concepts and 

concepts in specific tasks from the perspective 
of reasoning and problem solving 

Supply chain planning task 
ontology (Scheuermann and 

Leukel 2014)  
Geographic information 

ontology (Lutz and Klien 
2006) 

Applied ontology 

Describe the relationship between concepts in a 
particular task. These concepts are not 

universally applicable but are only relevant to 
the completion of a particular task and are more 

targeted 

Cell cycle ontology 
(Antezana et al. 2009) 
Semantic web applied 

ontology (Obrst et al. 2014) 
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Table II. Advantages and disadvantages of ontology construction method 
 

Method 
Construction 

method 
Detail Maturity Characteristics 

Skeleton method artificial simple low 
No specific methods and 
techniques for each step, only 
guidelines  

KACTUS method not sure simple low 
Constructing an ontology that 
supports product knowledge reuse 

TOVE method artificial simple  low 
Mainly used to construct the virtual 
enterprise ontology process 

METHODOLOGY 
method 

artificial detailed highest 
Suitable for the development of 
large-scale ontology 

Seven-step method 
semi-

automatic 
detailed high 

Dedicated to construction domain 
ontology, with related technical 
tools 

SENSUS method not sure common low 
Mainly used in the ontology of the 
military field 

IDEF5 method artificial detailed medium 
Obtain the domain ontology in the 
form of a graphic language and a 
detailed description language 
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Table III. Jena’s reasoning rules (excerpt) 
 

Jena rules Rule meaning 

[rule1:(?a Model.owl#Having-phenomenon ?b)(?b 
Model.owl#Cause ?d)(?c Model.owl#Having-occa-
sion ?d)→(?a Model.owl#Happen ?d)] 

A risk source with phenomenon b occurred 
in stage a. If the property of b and 
consequence c point to the same target d, then 
the type of risk that has occurred is 
determined to be d 

[rule2:(?a Model.owl#Control ?b)(?b Model.owl# Cause ?c)→ 
(?a Model.owl#Prevent ?c)] 

If risk management measure a can control 
risk source b, b will lead to risk type c, then 
judgement measure a can prevent risk type c 

[rule3:(?a Model.owl#Respond-to ?b)(?b Model. owl #Caused-
by ?c)(?c Model.owl#Controlled by 
?d)→(?a Model. owl#Adopt ?d)] 

If risk carrier a is responsible for the type of 
risk b in a certain model, b is caused by risk 
source c, and c is controlled by risk 
management measure d, then risk carrier a 
can adopt measures to control the risk 

[rule4:(?a Model.owl#Cause ?b)(?b Model.owl#Having-
consequence ?c)→ (?a Model. owl#Induce ?c)] 

If the risk source a will cause the risk type b 
in a certain mode, and b will have a risk 
consequence c, then it can be determined that 
a may induce c 

[rule5:(?a Model.owl#equivalent ?b)→ (?b Model. owl#ap ?a)] If there is a synonym b for the search term a, 
increase the search for b 

[rule6:(?b Model.owl#subClassOf ?a)→ (?b Model. 
owl#ap ?a)] 

If the search term a has a subclass b in the 
ontology, and no result is returned when the 
search term a is searched, the search for b can 
be increased 
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Table IV. The meaning explanation of five criteria 
 

Criteria Meaning explanation 

Clarity 
Clarity refers to whether an ontology effectively communicates the intended 
meaning of defined terms, whether definitions in the ontology are clearly 
specified without ambiguity (Yu et al. 2007). 

Completeness 
Completeness refers to whether definitions of concepts are complete. 
Incompleteness is a serious problem in ontologies (Gomez-Perez 1996). 

Extendibility 
Extendibility refers to an ontology’s ability to expand itself to “describe specific 
application domains in a way that does not change the current definitions within 
the ontology” (Yu et al. 2007). 

Correctness 
Correctness refers to whether ontology represents the correct modeling of real-
world concepts (Yu et al. 2007). 

Conciseness 
Conciseness refers to whether ontology includes unnecessary concepts or 
redundancies (Xing et al. 2019). 
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Table V. Questionnaire designed for the criteria-based ontology evaluation 
 

Criteria Problem 
1 2 3 4 5 

Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 

Clarity 
Do you think the structure of the 
risk ontology is clear? 

     

Completeness 

Do you think that the risk 
ontology constructed covers the 
concepts of the PPP risk 
knowledge? 

         

Extendibility 
Do you think the proposed PPP 
risk ontology can be extended for 
other specific application areas? 

     

Correctness 
Do you think the real-world 
concept expressed in the ontology 
is correct? 

     

Conciseness 
Do you think the structure of the 
risk ontology is Conciseness? 
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Table VI. The analysis of the statistical results of the questionnaire 
 

Criteria Problem 
Average 

value 

Median 

value 
Variance Conclusion 

Clarity 
Do you think the structure of the risk 

ontology is clear? 
4.5 4.5 0.45 Better clarity 

Completeness 

Do you think that the risk ontology 

constructed covers the concepts of the 

PPP risk knowledge? 

4 4 0.63 
Better 

completeness 

Extendibility 

Do you think the proposed PPP risk 

ontology can be extended for other 

specific application areas? 

4.25 4 0.59 
Better 

extendibility 

Correctness 
Do you think the real-world concept 

expressed in the ontology is correct? 
4.25 4 0.59 

Better 

correctness 

Conciseness 
Do you think the structure of the risk 

ontology is Conciseness? 
4.5 4.5 0.44 

Better 

conciseness 
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Table AI. Comprehensive analysis of PPP project cases sampled 
No. Project Project overview and results Failure or problem description Risk factor extraction 

(1) Changchun Huilu 

sewage treatment 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(2) Qingdao Veolia 

sewage treatment 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(3) Wuhan Townsend 

sewage treatment 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(4) Beijing No.10 water 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(5) Shanghai Dayang 

water plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(6) Lianjiang zhongfa 

water plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(7) Shenyang No.9 water 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(8) Chengdu Veolia No.6 

water plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(9) Quanzhou Donghai 

municipal sewage 

treatment plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(10) Lanzhou Veolia water See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 
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(11) Shanghai Huqingping 

(Huyu) expressway 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(12) Jinzhou municipal 

sewage treatment 

plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(13) Hangzhou Bay sea-

crossing bridge 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(14) Quanzhou 

Wiliongtong bridge 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(15) Changtan west 

expressway 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(16) Wuhan Yangtze river 

three bridges 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(17) Xianyang Weihe river 

No.3 bridge 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(18) Shandong Zhonghua 

power generation 

project 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(19) Nanjing Yangtze river 

three bridges 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(20) Tianjin Shuanggang 

waste incineration 

power plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(21) Shandong Heze 

waste-to-power plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 
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(22) Beijing Liulitun 

waste-to-power plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(23) Shenzhen Nanshan 

waste-to-power plant 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(24) Chaojie highway See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(25) Beijing bird’s nest 

stadium 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(26) Shenzhen Wutong 

mountain tunnel 

See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(27) Chenganyu highway See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(28) Changan highway See Jiang et al (2019) for details See Jiang et al (2019) for details See Jiang et al (2019) for details 

(29) Chengdu Yiwei 

highway project 

It won the bid in 2014 and has not yet 

officially started construction. The project 

is expected to have a total investment of 

CNY 8.2 billion, with a planned 

construction period of 4 years, a fee-

operating period of 29 years and 11 months, 

and a registered capital of CNY 410 

million. 

Chengdu Luqiao said that due to the large investment volume of 

the project, the company faced a large funding gap in starting the 

project. As of now, no substantial construction has yet started, 

and social capital has assumed a guarantee of 5 million breach of 

contract, and this un-started project has directly weighed on the 

performance of Chengdu Luqiao. 

Financing risk, Social capital selection risk. 

(30) Xilin highway Construction started on December 25, 1986, 

and opened to traffic on December 27, 

1990. In 1996, the Shaanxi Provincial 

People’s Government transferred the toll 

rights of the Xilin highway for 20 years to 

Shaanxi Jinxiu Transportation Co., Ltd. 

After the Xibao highway, Linwei highway, and Weichang 

highway were opened to traffic in 1995-1999, the traffic volume 

of Xilin Expressway increased significantly. From 2000 to 2013, 

the toll collection of Xilin highway reached CNY 2.049 billion in 

total. The high toll collection made the Shaanxi Provincial 

People’s Government and Shaanxi Provincial Department of 

Transportation suffer accusations of the loss of state assets. 

Planning and design risk; Lack of government 

experience; Government credit risk. 
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(31) Gaohai highway It was completed and opened to traffic on 

December 28, 2006, with a total investment 

of CNY2.677 billion. Official charges 

began on July 7, 2007, and the charging 

period was 20 years. 

Many users think that tolls should not be charged, and the 

average daily traffic volume is 3,893 vehicles. The auxiliary 

roads along the two lanes next to the Gaohai highway are not 

charged. However, there are 20-30 entrances along the line, the 

vehicle speed limit is 40 km, the speed is slow, the safety risks 

are high, and the road surface is damaged in many places. 

Planning and design risk; Project return risk. 

(32) Cenxi-Shuiwen 

highway 

Construction started on December 29, 2009, 

and opened to traffic on January 5, 2017, 

with a total investment of CNY 2.54 billion. 

The construction was particularly difficult, which delayed the 

project. In September 2013, a severe flooding disaster occurred. 

Later, there were a series of new problems, such as surface roof 

fall, recurrent flooding after resumption of work, and collapse of 

the palm surface. Some villagers have resisted the government’s 

actions for disaster treatment on the grounds of loss of interest 

claims, thus hindering the progress of tunnel construction. 

Technical risk; Survey and design risk; Public 

opposition risk; Force majeure risk. 

(33) East Yan'an road 

tunnel BOT project 

Construction started in 1988 and was 

completed in 1996 with a total investment 

of CNY 1.8 billion and a franchise period 

of 30 years; later, the government 

repurchased. 

The construction company’s urban construction surcharge, which 

accounts for 3% of the toll revenue, was imposed on the project 

company, causing an excessive financial burden on the project 

company. Franchise contract stipulates fixed rate of return for 

investment companies; projects forced to renegotiate. 

Tax adjustment; Policy change; Government credit 

risk. 

(34) Xinyuan Minjiang 

fourth bridge 

Construction started in 1997, foreign 

investment was introduced, and a 

commitment was made to ensure a return 

on investment. Hong Kong businessmen 

invested CNY 840 million to occupy 70% 

of the shares, and the two parties agreed to 

jointly invest CNY 1.2 billion to establish 

The government promises that all vehicles in this direction will 

pass through the toll station within 9 years to ensure that the 

Hong Kong side has sufficient income. If the toll collection 

cannot be guaranteed due to special circumstances, the 

government will pay for the investment of the Hong Kong 

businessmen. After opening to traffic, the number of vehicles 

taking toll stations dropped sharply. As the government 

accelerated the implementation of the city’s development 

Government credit risk; Urban planning changes; 

Parallel project competition risks. 
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Xinyuan Company with a business period 

of 28 years. 

strategy of “expanding east, south, and west”, and began to build 

the third phase of the city’s second ring road in advance, Hong 

Kong companies did not recover investment costs through toll 

stations and bear the responsibility of returning the loan. 

(35) Nanjing Yangtze river 

tunnel 

Construction started in September 2005, 

and the whole line opened to traffic in May 

2010. The company’s registered capital is 

CNY 1.004 billion, with a total investment 

of CNY 3 billion, and the management 

period is 30 years. 

Overcharging and insufficient design tolls. The government 

bought back all the shares to benefit the people. 

Planning and design risk; Government credit risk. 

(36) TOT project of 

Shanghai Nanpu 

Bridge 

Construction started in December 1988 and 

was officially opened to traffic in 

December 1991, with a total investment of 

CNY 820 million. 

There is a fixed income clause in the contract. After the project is 

completed, the traffic volume exceeds expectations, the toll 

increases, and the enterprise obtains excess profits. After 

renegotiation, the state-owned enterprise buys back the project. 

Planning and design risk; Contract completeness risk. 

(37) Chongqing Ziwei 

highway 

(Zhongzhong section) 

BOT project 

In December 1997, Chongqing Luqiao and 

Zizhong County Government signed an 

agreement with a total investment of CNY 

83.73 million and a 25-year operating right. 

The traffic volume of the vehicle was seriously inconsistent with 

expectations, and the project company was unable to make ends 

meet due to the charge, and the project suffered serious losses. 

The road section was damaged by illegal acts and the 

government was negligent in exercising administrative duties. 

Planning and design risks; Government supervision 

risks; Insufficient income risks. 

(38) Beijing Jingtong 

highway 

Completed and opened to traffic in 

December 1995, with a total length of 18.6 

km and a 30-year operating period. 

Adjacent paving is free of charge and constitutes competition for 

Jingtong highway. 

Risk of insufficient returns; Project uniqueness risk. 

(39) Yi county Ruhe 

bridge 

Construction started in 2014, with an 

estimated investment of CNY 50 million. 

The general rise in prices, manpower, material resources, and 

land requisition has caused the cost of bridge construction to rise; 

the company’s awareness of cost management was weak during 

the construction process, and vertical organizational management 

Poor choice of social capital; Construction cost 

overrun risk; Organizational management risk; 

Financial risk. 
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responsibilities were used, and power and benefits were unclear; 

the project management system was defective. 

(40) Kunming Wuhua 

waste incineration 

power plant 

Signed a contract in 2003, and construction 

was not started after the foundation was laid 

in December 2005. The US side withdrew 

its capital in 2006. 

The US technology introduced in the project does not match the 

composition characteristics of local domestic waste. After the 

project is in operation, it is difficult to collect waste disposal 

fees. The government and the project company have not reached 

agreement on adjustments to waste disposal fees, collection, and 

access to electricity. 

Technical risk; Return risk; Policy and regulatory 

risk; Change risk; Weak government contract 

performance. 

(41) Jiangsu Wujiang 

Pingwang waste 

incineration power 

plant 

Construction started in May 2008 (BOO); 

construction stopped in 2009; the project 

has invested CNY 320 million (of which 

more than CNY 200 million in loans). 

It is located near the Taihu Lake and is located in the upper 

reaches of the Yangtze River. It is about 1 km from Pingwang 

Town. The environmental protection of the project has been 

questioned by the public, which may cause pollution to the 

ecological environment of the Taihu Lake Basin. 

Public opposition risk; Government decision risk; 

Operational risk. 

(42) West Qinhuangdao 

waste incineration 

power plant 

Signed the contract in November 2008, 

planned completion in August 2011, and 

stopped construction in 2011. 

The public objected and reported that the public participation 

part of the project environmental impact assessment was 

suspected of fraud. The project company did not reorganize the 

public participation investigation of the environmental impact 

assessment. The project environmental impact assessment 

approval was revoked by the provincial environmental protection 

department. 

Violation of laws and regulations by the project 

company; Public opposition risk. 

(43) Shandong Zaozhuang 

waste incineration 

power generation 

project 

Construction started in 2011 with a total 

investment of CNY 350 million. 

The coal incinerator was transformed into a waste incinerator; 

due to the low calorific value of the waste, 1 ton of high-quality 

coal was needed to assist the combustion of 1 ton of waste, and 

the cost of waste incineration was too high. The company has not 

conducted waste incineration and has become a small coal-fired 

power plant. 

Technical risk; Project return risk; Change risk. 
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(44) Ningbo Fenglin 

waste-to-energy 

project 

Construction started in December 2001, 

with a total investment of CNY 400 million 

in the first phase, which caused 

environmental pollution during operation. 

The waste water accumulated in the pool cannot be transported 

to the sewage treatment plant in a timely manner, and the odor 

affects the surrounding environment. There are dripping and 

leaking phenomena during the transportation of the garbage 

truck, which causes the road surface to be polluted and the odor 

along the road is serious. Domestic waste has a high moisture 

content, which needs to be stored for 3 days before being 

incinerated. 

Operational risk; Waste supply risk. 

(45) Shenzhen Pinghu 

waste incineration 

power generation 

project 

Completed in September 2005; 

environmental problems occurred during 

the operation period. 

 

The neighborhood is so smelly and noisy. Excluded wastewater, 

waste gas, dust, etc., pollute the nearby library. The actual 

investment of the project company is quite different from the 

previous design, and some projects fail to meet the design 

standards. 

Operational risk; Change risk. 

(46) Shenzhen Yantian 

waste incineration 

power generation 

project 

The total investment of Yantian Waste-to-

energy Plant is about CNY 2.7 billion. 

Construction began on August 8, 2002, and 

was completed and put into operation in 

December 2003. The annual power 

generation is 50 million kWh, and the 

annual treatment of domestic waste is 

170,000 tons. 

The project’s designed processing capacity is 450 tons/day, but 

the daily waste collection volume in Yantian District is only 200 

tons/day, and normal production and operation are seriously 

affected. After being put into operation, the waste disposal fee 

and sales electricity price have been slow to reach an agreement 

with relevant government departments, and the payment of fees 

has been delayed. 

Supply risk; Policy and regulatory risk; Expense 

payment risk. 

(47) Guangzhou Panyu 

waste incineration 

power generation 

project 

On February 4, 2009, the Guangzhou 

Municipal Government decided to establish 

a domestic waste incineration power plant 

in Panyu District. It was planned to be 

After the project site selection, the surrounding communities 

have been built one after another. Due to the contradiction 

between garbage disposal and the safety of residents’ life, the 

surrounding residents strongly opposed it. The project was 

suspended, and site selection and construction were postponed. It 

Government decision risk; Operational risk. 
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completed and put into operation before the 

2010 Asian Games. 

emits a strong irritating odor, and the accumulated slag and dust 

from the garbage seriously affect the surrounding environment. 

(48) Guangzhou Likeng 

waste incineration 

power generation 

project 

It was completed and put into production in 

2004 with a total investment of CNY 726 

million. In 1995, funding and loan 

problems occurred. 

The waste incineration equipment is corroded by the acidic 

materials after burning garbage such as plastic bags. The water-

cooling wall pipes of the incinerator have been ruptured many 

times. Water vapor and boiler water are ejected from the slag 

tunnel, causing burns to workers. 

Operational risk. 

(49) Zhongshan Center 

Group waste 

incineration power 

generation project 

The total investment is CNY 390 million, 

with an average daily treatment of 1,050 

tons of waste, and an annual power 

generation of nearly 100 million kWh. 

From 2004 to June 30, 2006, laid the 

foundation stone on April 28 officially 

generation and waste disposal, setting the 

shortest time record of similar project 

construction period in china. 

Large pieces of construction waste, as well as large branches, 

iron pieces, etc., often jam the incinerator. Garbage contains 

inorganic impurities such as ash, construction waste, and the like, 

which reduce the heating value generated during incineration. 

The heat value generated during waste incineration is only about 

four-fifths of the design standard. 

Waste supply risk; Technical risk. 

(50) Zhengzhou Rongjin 

waste incineration 

power generation 

project 

It covers an area of 4,200 square meters, 

with a total investment of CNY 245 

million. 1,000 tons of garbage are 

processed daily. The first unit was formally 

put into operation in September 2000, and 

the third unit was connected to the grid for 

power generation in October 2004. 

Zhengzhou’s garbage transportation personnel and vehicles are 

limited and cannot meet the needs of domestic garbage 

transportation. Toll stations were added during the transportation 

of garbage. Although the government invested 7 million to build 

a new green channel for garbage after negotiations, 

transportation costs were increased due to bypass. 

Waste supply risk; Risk of changes in benefits and 

costs. 

(51) Xuchang Tianjian 

waste incineration 

Completed in May 2004, the processing 

scale is 1000t/d, the total investment is 

CNY 48 million, and the environmental 

The price of blended coal has risen sharply, but the electricity 

price has not been adjusted accordingly; the unstable and 

Technical risks; Risks of changes in benefits and 

costs. 
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power generation 

project 

protection investment is CNY 11.1 million. 

It was relocated to Wangtian in June 2015 

for comprehensive rectification. 

susceptible nature of garbage components has led to shortened 

equipment life and increased operating costs. 
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