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In recent years, increasing attention has been paid worldwide to the sustainable development of the economy and society. Because of its size and prevalence, public procurement has always been a powerful policy tool used to tackle issues related to the sustainability of society, economy, and environment. China has attached high priority to sustainable development, and many aspects of sustainable public procurement (SPP) have been implemented though no official documents have referred to the concept of SPP. Therefore, little is known about the actual implementation and patterns of SPP in practice. The purpose of the study is to assess the actual implementation and patterns of SPP in China. We obtained 42,369 public procurement documents for 2015–2020 using the web crawler technique and the actual implementation of SPP was assessed through the text-mining technique. The research shows that SPP is implemented in more than 82% of the documents and appears in an upward trend in the past 6 years. Several patterns of SPP implementation are also identified. First, most documents implement more than one category of SPP. Second, small and medium-sized enterprise-oriented procurement is the most implemented SPP main category, overtaking environmentally friendly procurement only by a small margin, and the procurement for the circular economy is the least implemented. Third, there seem to be some relationships between the level of SPP implementation and the award method, tender price, and contract type. Finally, there is a substantial transformation of China’s SPP toward social aspects of SPP in recent years. Policy implications, limitations, and issues for future studies are also discussed.
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INTRODUCTION
In recent years, countries around the world have increasingly focused on the sustainable development of the economy and society (UN, 2022). Because of its size and prevalence, public procurement often played an important role during this process, not only as an essential tool to purchase public goods and services but also as an effective way of implementing policy (Cao, 1998; Uyarra and Flanagan, 2010; Brammer and Walker, 2011; Kiiver and Kodym, 2015; Cao and Zhou, 2018). Based on the concept of sustainable production and consumption, the United Nations Open Group on Sustainable Development Goals (SDGs) officially announced the launch of the Sustainable Public Procurement (SPP) program in 2014 (UN, 2014). Subsequently, SPP has become the focus of sustainable production and consumption and an important practical field in which to promote sustainable development in the world.
As a strong supporter of the United Nations Millennium Development Agenda and an active advocate of addressing climate change issues (UN, 2015; Jiang et al., 2022), China has many favorable policies for sustainable development. In 2020, the scale of public procurement in China accounted for about 3.6% of GDP and reached more than 3,697 billion RMB (Ministry of Finance, 2021). Because of the benign policy environment and sheer size, public procurement has become a powerful policy tool in environmental, economic, and social development in China, such as strengthening ecological protection, fostering the development of minority areas, and promoting innovation of enterprises all over the nation (Cao, 2014; Ouyang et al., 2020; Jahanger et al., 2022). Many Chinese laws provide legal grounds for implementing certain aspects of SPP. For example, the “Government Procurement Law (GPL)” establishes policy goals that aim for national, economic, and social development (UNEP, 2015). Other laws also provide a strong linkage between public procurement and many aspects of SPP such as energy conservation, innovation, circular economy, and development of small and medium-sized enterprises (SME) and disabled-related enterprises (Cao, 2013; Shen et al., 2017; Wang et al., 2018).
However, it is quite generally accepted that having a policy does not equate with implementation as implementation is always complex. Theoretically, the deviation in the formulation and implementation of public policies has long attracted the attention of academic research (Pressman and Wildavsky, 1973). As Kristensen (2021, p.1) recently pointed out, “the difference between practices and policies is noticeable in public procurement.” Specifically, it has been recognized that having an SPP policy does not guarantee its successful implementation in practice, as several barriers have been identified that prevent public procurers from fully implementing SPP in their procurement such as financial strains and lack of knowledge or motivation (e.g., Sourani and Sohai, 2011; Grandia, 2015; Grandia and Voncken, 2019). Thus, certain established aspects of SPP policy under Chinese laws may require an assessment to determine their actual implementation in practice. Furthermore, the need for assessing the actual implementation of SPP in China may be even more pressing, as SPP is not a well-established policy concept in China (Yang, 2016; Qian and Cao, 2017), in the sense that there is no reference to the term of SPP in any official documents, and without an established SPP policy, the actual implementation of SPP may be misinterpreted and certain key aspects of SPP may be neglected. It may further queer the pitch for China to measure its SPP experiences with those of the developed and developing economies, to enhance international dialog and collaborations, in the context of global sustainable development and climate change mitigation.
The study, thus, seeks to investigate the implementation of sustainable public procurement in China, addressing an interesting, timely, and important research area. The current literature on SPP in China is insufficient to address the issue in terms of both research scope and methodology. First, in terms of the research scope, extant studies are mostly confined to the environmental aspect of SPP (Ma and Cheng, 2007; Yan and Cao, 2010; Cao and Zhou, 2014; Gui et al., 2021), and therefore, broader aspects of SPP deserve studies encompassing not only environmental but economic and social sustainability as well. Second, in terms of methodology, while some studies do cover a broader aspect of SPP (Zhang et al., 2012; Schwerin and Prier, 2013; You and Lei, 2020), they are mostly qualitative in terms of the research method. Even in the limited number of quantitative studies, the research data are collected through interviews or questionnaires (Zhu et al., 2013; Liu et al., 2019), which could cause “self-selection” and a “low response rate” to the research findings to a certain extent (Walker et al., 2012).
We improve current research in terms of both scopes of study and methodology. We first establish a recognized SPP concept reflecting the most recent developments of sustainability in the context of public procurement. We then develop a more objective and quantitative assessment method based on that established full concept of SPP. Meanwhile, we obtained 42,369 procurement documents using web crawler technology and discovered the implementation status and patterns of SPP in China using text-mining techniques. This research method can avoid some disadvantages through interviews or questionnaires and is suggested to be used by Grandia and Kruyen (2020).
To sum it up, the primary goals of this study lie in three folds: one, to fill in the scholarship gap and assess the practical implementations of SPP in China based on the recognized SPP concept by using big data and computer technology, i.e., a quantitative text-mining method. Two, to further benchmark our findings with other studies to identify convergences and divergences of SPP implementation. Three, to a lesser extent, we explore the complex connection between policies and implementation. Specifically, this study raises four research questions:
1) How to establish a comprehensive assessment system in China that is based on the internationally recognized concept of SPP?
2) What is the actual implementation of SPP in China in practice?
3) What kind of patterns can we identify therein in China?
4) What convergences and divergences and strengths and weaknesses of SPP implementation (and policy) of SPP can be found comparing the Chinese experience with certain global experiences?
Our research has three main contributions: first, we are the first to use large-scale tender documents from China and the text-mining method to analyze the implementation of the full aspects of SPP in China. In doing so, we directly respond to the call from a prior study (Grandia and Kruyen, 2020) which suggests further research into similar issues by using a more quantitative method in different countries or regions, to offer a more fine-grained understanding of the actual implementation of SPP. Second, we compare our results and conclusions drawn from China with the extant research on China and globally, especially in Belgium, on the implementation of SPP. We find both convergence and divergence, strength and weakness, and certain neglected aspects of SPP, the reasons for which require further inquiries. Third, we further explore the theoretical and practical complex connection between policies and implementation. We find cases where strong political commitments and clear rules play an important role in promoting sustainable procurement, indicating a positive connection between clear legal policy requirement and robust implementation; we also find cases where certain aspects or areas of SPP implementation are neglected or missing even in a strong positive policy environment, suggesting further themes of future research including the study of the need for more linkage between sustainable policy and procurement.
Our research may also have certain policy implications for policymakers and procurement managers, to help raise the policy awareness of SPP and with the potential development of a detailed assessment system of SPP. The research is particularly relevant to jurisdictions where the recognized policy concepts of SPP have not yet been established. Additionally, endorsement of the SPP policy and assessment of its appropriate implementation not only contribute to the improvement of the public procurement system but also promote the overall sustainable development goals.
The study is structured as follows: the Sustainable Public Procurement section explores the internationally recognized concept based on which we could develop our assessment system and review and compare the current assessment methods of SPP toward building an objective and quantitative assessment method of our own. The Methodology section expounds on the assessment system and research strategies established in this study, including data collection and analysis. The Results and Discussion section contains the results and analysis of the actual implementation and patterns of SPP in China. The Conclusion, Policy Implications, and Limitations section concludes with the implications and limitations of the study and possible issues for future research.
SUSTAINABLE PUBLIC PROCUREMENT
The concept of SPP
As said earlier, although there are laws mentioning certain aspects of SPP, there is no reference to the concept of SPP in any official documents in China. It is, therefore, imperative that we explore the internationally recognized concept of SPP in the first place based on which we develop an objective and quantitative assessment method.
A comprehensive understanding of the concept of SPP can be derived from policy, literature, and practice. At present, many countries and regions around the world have adopted a formal and standardized policy concept of SPP (see Supplementary Appendix Table SA1). A generalization of the SPP concepts from international organizations and countries reveals that in addition to the prevalence of environmental aspects, SPP is particularly concerned with emphasis on the economic and social impacts of public procurement activities, often referred to as the three Ps (people, planet, and profit).
Prior studies present different definitions and concepts when discussing sustainable procurement developments in the private and public sectors. These studies use terms such as green procurement (Bolton, 2008), sustainable supply chain management (SSCM) (Carter and Rogers, 2008; Amann et al., 2014; Grosvold et al., 2014), environmentally responsible public procurement (Li and Geiser, 2005), and sustainable procurement (Walker and Brammer, 2009). Due to the large number of definitions and terms, it is not always clear what they mean in practice or even in academia, which could result in confusion and make it difficult to paint an overall picture of sustainability in the context of procurement (Gandia and Kruyen, 2020; Sönnichsen and Clement, 2020). Therefore, the first thing we will do in the study is to find a recognized and specific definition of SPP to better understand the implementation of SPP and ensure a clear operationalization.
Most literature describes SPP from three dimensions: procurement activities should embody the development of the environment, economy, and society at the same time (Prier et al., 2016; Stoffel et al., 2019; Grandia and Kruyen, 2020; Raj et al., 2020; Etse et al., 2021). In the early days, the definition of SPP varied slightly among scholars. Preuss (2009, p.214) and Walker and Brammer (2009, p.128) argued that “sustainable procurement refers to the act of integrating a concern for broader social and environmental impacts within procurement undertaken by government or public sector bodies.” Meehan and Bryde (2011, p. 97) (DEFRE, 2011, p.97) regarded SPP as “the acquisition of goods and services in a way that ensures that there is the least impact on society and the environment throughout the full life cycle of the product.” Amann et al. (2014) used a general concept in SPP, which divided SPP into green public procurement (GPP) and socially responsible public procurement (SRPP). Over time, the definition of SPP in the literature gradually unified. Many scholars define SPP as the integration concerns of environmental, social, and economic issues when public procurement practitioners purchase goods, works, and services (Uttam and Le Lann Roos, 2015). They recommend carrying out the process of purchasing in a socially, economically, and environmentally responsible manner, with the ultimate goal of achieving sustainable development results (Walker, 2015; Witjes and Lozano, 2016; Leal Filho et al., 2019). In addition, to have a more standardized and recognized interpretation of SPP, many scholars have directly quoted the definition of SPP from the UN or EU as the starting point for their research content (Dupka et al., 2020; Mélon, 2020; Sönnichsen and Clement, 2020).
Through a review and clustering of the existing definitions of SPP, we can see that the main connotation and scope of SPP do not differ significantly although the explanations of SPP in research reports and academic literature are not entirely the same. This study adopts the 2017 definition of SPP by the UNEP as the conceptual basis for the design of indicators and subsequent assessment of SPP in China. According to the UNEP (2017, p.1), sustainable public procurement refers to a process whereby public organizations meet their needs for goods, services, works, and utilities in a way that achieves value for money on a whole life-cycle basis in terms of generating benefits not only to the organization but also to society and the economy, whilst significantly reducing negative impacts on the environment. The UNEP’s definition encompasses the three dimensions of SPP in its entirety and additionally embodies a comprehensive opinion of procurement practitioners and sustainability policymakers worldwide. So far, by combing and reviewing the definitions of SPP in practice and literature, we have established a recognized concept of SPP in this study. Meanwhile, we also recorded the classification and related keywords of SPP encapsulated in the definitions, which served as the basis for our subsequent assessment system design.
The assessment of SPP
It is quite generally accepted that having a policy does not equate with implementation (Pressman and Wildavsky, 1973; Kristensen et al., 2021). An assessment system should be designed to learn how much SPP has actually been implemented in public procurement. Researchers have indeed worked toward this direction and established relevant assessment indicators or systems to assess SPP. Especially in recent years, government data are more available with increased government transparency (Boeger, 2017), which makes it possible to assess sustainable development in the public sector.
One of the main research focuses of SPP is the measurement of SSCM, though some public sectors have not yet attended to these important aspects of SPP, possibly due to the very narrow public procurement function (without the awareness of SSCM). Many researchers endeavor to explore the assessment of a sustainable supply chain (Seuring and Müller, 2008; Schöggl et al., 2016), and the assessment methods include fuzzy logic (Erol et al., 2011; Wang and Chan, 2013), life cycle assessment (Cucchiella et al., 2013), analytical network process (Tseng and Geng, 2012; Zhou et al., 2012), interviews (Hoejmose et al., 2014), and empirical or case studies (Vlachos and Malindretos, 2012; Yang et al., 2013). As Grosvold et al. (2014) suggested, the relationship between management, measurement, and performance of sustainability in the supply chain should be evaluated across different countries. The importance of social and environmental management and measurement within public procurement processes should also not be neglected (Walker and Brammer, 2009).
The current research method used to analyze SPP implementation mostly adopts questionnaires and manual or expert reviews. The purchasing social responsibility (PSR) scale has long been employed for SPP investigation and framework surveys by using questionnaires (Carter and Jennings, 2004; Carter, 2005). The PSR scale identifies five dimensions of sustainable procurement—environment, human rights, safety, philanthropy, and diversity—and 14 items under different dimensions. Considering different countries’ actual situations and different evaluation items, many scholars have adopted a PSR scale. Along the line of the PSR scale, researchers explore the relevant dimensions of human rights and philanthropy (Etse et al., 2021) and procurement from SMEs and local suppliers (Walker and Brammer, 2012; McMurray et al., 2014; Islam et al., 2017a, 2017b). Although much of the extant literature has confirmed that the PSR scale is a reliable evaluation tool, a relatively limited number of items is covered by the scale itself, resulting in an incomplete assessment. In addition, given the expression of its evaluation items, it is usually necessary to introduce or train the interviewer in advance. Therefore, it is not applicable to studies that use procurement documents as a data source. Moreover, this method could also cause “self-selection” and a “low response rate” to the research findings to a certain extent (Walker et al., 2012). In addition, using interviews and surveys means that the data are perceived and not actual and one only measures how much SPP the respondent thinks there is, not how much there actually is.
In the literature that uses procurement documents as the data source, SPP assessment is mostly designed by expert groups or peer reviewers. These assessment items are based on the country’s reality or the research project (Mansi, 2015; Popovic et al., 2018; Bernal et al., 2019). When compared with the PSR scale, the evaluation indicators established this way have been greatly improved in quantity and classified in more detail. However, when assessing the implementation of SPP in procurement documents, manual or expert review is mostly adopted in the procurement document literature. Some authors have also identified limitations and problems with their studies (Mansi, 2015; Montalbán-Domingo et al., 2018; Braulio-Gonzalo and Bovea, 2020a). These research methods may constrain the scale of research samples to a certain extent, thus affecting the reliability of the study results. In addition, some authors established corresponding assessment systems for SPP within a particular industry or sector, such as the education and health sectors (Etse et al., 2021), the furniture sector (Parikka-Alhola, 2008; Braulio-Gonzalo and Bovea, 2020a), and the construction industry (Montalbán-Domingo et al., 2018). However, these indicators may be specific to a certain sector and may not necessarily be in line with the assessment of overall public procurement projects.
To compensate for the limitations of the extant literature and understand the actual implementation of SPP in practice, Grandia and Kruyen (2020) conducted a study on large-scale procurement notices in Belgium. Their research work established the full concept, ascertained the detailed operation of SPP, and quantitatively analyzed the implementation of SPP in the Belgium public sector by using text-mining techniques. They classified the operationalization of SPP in Belgium into seven categories and expanded it further into subcategories and sub-subcategories. These were verified by experts and focus groups to obtain a more comprehensive and complete assessment system. In the review and comparison of the literature we made in Table 1, we can see that this research strategy avoids the disadvantages of the research method and the limitation of the number of assessing items and samples. The SPP assessment system proposed by Grandia and Kruyen (2020) provides a valuable reference to subsequent research on this topic using big data and computer technology.
TABLE 1 | Methods and scopes compared of the SPP studies.
[image: Table 1]We respond to Grandia and Kruyen (2020) and refer to the assessment system of SPP therein. The reasons result from three folds: theoretically, this assessment framework is rich in content and in accord with the UNEP’s three-dimension SPP definition. Operationally, their research method has been proven to be appropriate for our research with a large-scale procurement document. Lastly, the research strategy can avoid the pitfalls of measuring the implementation of SPP via surveys or interviews, allowing researchers to search for specific categories and to identify patterns in the data. As it does not depend on the memory or availability of actors, it also enables the assessment of the implementation of SPP even in older procurement documents, and is, therefore, able to present reliable assessments of the implementation of SPP and patterns therein.
METHODOLOGY
Assessment system in China
In the absence of a recognized Chinese policy concept and assessment system for SPP, this study adopts the UNEP’s SPP definition as the starting point toward defining and assessing SPP in China as this definition is the most recognized and accepted interpretation of SPP in both academia and practice.
The study also refers to the assessment system of SPP proposed by Grandia and Kruyen (2020). However, given the different policy backgrounds and semantic environments between the two countries, we adjusted the Grandia and Kruyen (2020) SPP assessment system. First, China was found to operate the list management of energy-saving and environmental-labeling products for public procurement. The products included in the lists of energy-saving and environmental-labeling are preferentially and compulsorily purchased (Ministry of Finance, 2004, 2006). Therefore, for example, in the main category—sustainable label—the original subcategories of “eco label,” “ethical trade label,” and “local brand” are substituted for two other subcategories: “product labeling” and “government procurement lists” to reflect the identification of the tenderer on whether the goods or services meet specific sustainability standards. Second, we add one more subcategory of poverty reduction under the main category of ethical trade to reflect the much more comprehensive poverty reduction practice in China (State Council of the PRC, 2018), including social and economic infrastructure development, industrial development in the targeted poverty regions, and labor participation for the targeted poverty population. Finally, considering the social and linguistic differences between the two countries, we also removed related expressions, such as “wrong labor” and “right labor” that do not exist in the Chinese context. The expressions of synonymity and different words in the two countries ensure correspondence and accuracy in subsequent assessments.
To better understand and improve the assessment systems of SPP, we also consistently reviewed SPP definitions from other international organizations and countries. We systematically clustered SPP assessment systems from development reports and academic pieces of literature. We also identified 19 national laws and 51 policies related to SPP in China and finally summarized all the keywords related to the connotation of SPP. At the same time, public procurement notices and documents on the website of Chinese Government Procurement (http://www.ccgp.gov.cn/) were reviewed. This was done to identify related synonyms (e.g., waste management and garbage management), abbreviations (e.g., environmental protection and EP), substitutions (e.g., VOCs and volatile organic compounds), and related actual expressions. The relevant concepts and terms of SPP are covered as comprehensively and accurately as possible. To increase the robustness of the systems, the study obtained some experts’ opinions in the field of public procurement in China (all of them have rich teaching and research or working experience in public procurement and sustainable development). These opinions have been incorporated into the design of the assessment systems of this study.
To sum it up, we classify SPP into seven main categories: environmentally friendly procurement, a circular economy, social returns on investment, ethical trade, SME-oriented public procurement, innovation-oriented public procurement, and a sustainable label. “Environmentally friendly public procurement,” also known as green public procurement, refers to procurement considering the environmental impact of works, goods, and services on production, consumption, and disposal. “Circular economy” means an economy that is restorative and regenerative by design and which aims to keep products, components, and materials at their highest utility and value at all times, distinguishing between technical and biological cycles (ISO 20400, 2017). “Social return on investment” means creating more employment opportunities for people who are disadvantaged within the labor market. When issuing purchase orders, public procurers can encourage or require contractors to employ vulnerable groups when implementing the contract (PIANOo, 2022). This study involves creating employment opportunities for the underprivileged, long-term unemployed, or disabled citizens through public procurement. “Ethical trade” is about having confidence that the products and services we buy have not been made at the expense of workers in global supply chains enjoying their rights (Ethical Trading Initiative, 2022). This study involves topics such as human rights, fair trade, poverty reduction, and labor conditions. “SME-oriented public procurement” refers to procurement in such a way that small and medium-sized entrepreneurs can supply them and aims to create more opportunities and profits for small and medium-sized entrepreneurs. “Innovation-oriented public procurement” refers to using sustainable procurement to stimulate innovation from the supply chains to gain greater shared value and generate new markets (ISO 20400, 2017). “Sustainable label” encompasses a wide range of sustainable labels and standards that may be specified when purchasing goods, services, or works. In the Chinese context, it mainly refers to the list of energy-saving and environmental-labeling required by the Chinese (Ministry of Finance, 2006). We also further develop 26 subcategories and 57 sub-subcategories corresponding to the main categories. A detailed overview of the main categories, subcategories, and sub-subcategories of SPP in China can be found in Supplementary Appendix Table SB1.
Data collection
We used a web crawler technique and collected all the publicly available tender documents by the central government in China during 2015–2020 as the research sample. The sample covers central government procurement by state organs such as the legislative, executive, and judicial branches of government and public institutions such as hospitals, universities, and schools, as defined by the Chinese Government Procurement Law (Cao, 2017). Considering the availability of samples, we collected the tender projects as the research sample. From a statistical point of view, the sample of tender projects can reflect the overall situation of government procurement because it is the most prevalent procurement method in Chinese government procurement in terms of both project value and number. The tender documents are the most appropriate sample for the purpose of the study as rules concerning major (sustainable) procurement decisions such as technical specification and its compliance, supplier qualification and selection, and awarding criteria are only provided in detail in tender documents rather than in the procurement notice, tenderer’s submission documents, or contract. Lastly, the government requirement in tender documents (what the public organization wants) can generally represent what is actually implemented (what governments are getting) as the bidder’s submission documents must be responsive to the tender documents, specifically to the SPP terms and conditions. Therefore, it is also feasible to use tender documents as a proxy variable for assessing the actual implementation of SPP. The timespan for the data coverage of the research is set to be 6 years (2015–2020) as tender documents were only required to be made publicly accessible online since 2015, due to a new regulation (State Council of the PRC, 2015), and in early 2021, we started to conceptualize the research and collect data and build up the data bank. The timespan is also coincidentally consistent with that of Grandia and Kruyen (2020), making a subsequent exact benchmarking exercise viable.
We first used the web crawler technique to obtain 80,911 central-level public tender notices published on the Chinese Government Procurement Network (http://www.ccgp.gov.cn/) during 2015–2020. Next, we continued to use Python software to obtain the procurement notice attachments and stored them in a MySQL database. All the attached links were downloaded in batches; we tried to increase the number of samples in various ways, and the maximum proportion of the procurement documents finally obtained was 52% of all items. The problems in the download mainly result from four unavoidable and objective situations: 1) in actuality, some projects are not attached to procurement documents at all. 2) Some procurement documents are only accessible to a registered procurer or supplier. 3) Some procurement documents are encrypted. 4) The uploaded attachments are not the required procurement documents, but rather other documents such as the “award of contract,” “procurement list,” “tender invitation,” or “tender data sheet.” We finally obtained 42,369 tender documents over the 6 years.
Data analysis
The sheer volume of procurement documents makes it not feasible to use the conventional and manual coding technique. Grandia and Kruyen (2020) pointed out a similar problem with their tender data and, therefore, opted to use a computer-assisted text-mining strategy to identify SPP in the procurement notices. Text-mining is an objective research method (Kobayashi et al., 2018) that can intelligently identify textual components in documents including articles, books, journals, and reports (Han et al., 2012). The authors, therefore, suggest further research into SPP implementation to use this research method to determine the actual implementation of SPP. Against this background, our current study also employs text-mining techniques with some adjustments.
In view of the need to search related SPP terms in the assessment system, we choose Pdfplumber to search for SPP items other than Elasticsearch used in the former research. Given that all the tender documents in China were written in Chinese, the built-in word segmentation in Elasticsearch is especially good at processing English words and numbers. Therefore, after converting all the obtained tender documents to pdf format, we directly used Pdfplumber in the Python software to search for SPP terms in the documents. Pdfplumber can convert the text in the pdf files and the relevant contents in the tables into strings and then use the search function to record the number of each term in the corresponding pdf file.
RESULTS AND DISCUSSION
Overall implementation of SPP
In 81.6% of all 42,369 procurement documents, at least one sub-subcategory of SPP was implemented (Table 2). This means that in most procurement documents, reference is made at least once to one or more sub-subcategories of sustainable procurement. The result is better than the level of implementation in terms of GPP found through interviews with Chinese government officials (Zhu et al., 2013) and could indicate that the social desirability bias caused by self-reported data in China may lead to the underestimation of the implementation of procurement sustainability.
TABLE 2 | SPP implementation in documents.
[image: Table 2]SME-oriented procurement is the most frequently implemented main category of SPP (Table 3) with 32,342 procurement documents implementing it, and a close runner-up is an environmentally friendly procurement. The lowest ranking is the circular economy with only 9,727 procurement documents implementing it. The second least implemented main category of SPP is innovation-oriented procurement.
TABLE 3 | SPP main category implementation (n = 42,369).
[image: Table 3]If we zoom in at the level of the SPP subcategory (Table 4), SME-oriented procurement maintains its champion ranking as in the case of the main category. Environmentally friendly procurement in consumption and general are the two runners up with almost identical counts, indicating that there is a prevalence of environmental subcategories and its procurement is still at the core of SPP implementation. However, it is notable that some environmental subcategories vary sharply with some much less often implemented, such as sustainable energy (e.g., solar, water, and wind energy generation and consumption), transportation, and waste. This is remarkable as energy and transportation are among the top sectors that produce the most carbon emission and are often at the heart of the discussion of sustainability and climate change policy (Dahlmann and Roehrich, 2019; The Climate Group, 2021; IEA, 2022; Sinha et al., 2022; Usman and Balsalobre-Lorente, 2022). It is also interesting to note that the subcategories of energy, transport, and waste are implemented less often than social subcategories such as distance to the labor market, labor conditions, and poverty reduction. Both the Chinese and Belgian cases indicate the requirement for a stronger linkage between procurement and energy and transport policy (and waste sector in the Chinese case) in the future. The case of these neglected or missing sectors might also indicate a negative connection between policy and implementation, the reason of which requires further exploration. Finally, in the main category of ethical trade, such as acceptable wages and rights, some subcategories score so remarkably low that it appears that they are hardly implemented in practice.
TABLE 4 | SPP main- and subcategory implementation (n = 42,369).
[image: Table 4]The finding on the overall implementation in China confirms the prevalence of environmentally friendly procurement in practice in China and other jurisdictions where environmentally friendly procurement is most implemented, such as in France (Oruezabala and Rico, 2012), Saudi Arabia (Islam et al., 2017b), and Belgium (Grandia and Kruyen, 2020). But on the other hand, China seems to implement SME-oriented procurement most rigorously compared with other jurisdictions where a pro-SME procurement policy is also implemented, e.g., India (Mansi, 2015), Canada (Brammer and Walker, 2011), US (Stoffel et al., 2019), and Belgium (Grandia and Kruyen, 2020). For example, while SME-oriented procurement is the most frequently implemented main category and subcategory of SPP in China, the ranking of SME-oriented procurement in Belgium is substantially low at the level of both the main category (5th of the total 7) and subcategory (10th of the total 31) of SPP (Grandia and Kruyen, 2020).
The findings on the overall implementation in terms of the social dimension of SPP in China may also be benchmarked with those of Belgium by Grandia and Kruyen (2020). The two countries converge in certain aspects but diverge in others. Social SPP achieves a relatively high ranking at the main category level in both countries. It is also interesting to note that some social subcategories are even more often implemented than some important environmental indicators in both countries. But the two countries diverge in the priority of certain aspects of social policy. While Belgium pays much attention to the discussion of working conditions, China is more concerned with the distance to the labor market, such as promoting employment for the disabled and other disadvantaged groups and poverty reduction.
It is also interesting to note that in both China and Belgium, circular economy and innovation-oriented procurement rank the lowest. In China, circular economy is the least implemented main category of SPP. It is notable that innovation-oriented procurement is least implemented in Belgium, while in China it is implemented the second to the least.
Last but not least, the aforementioned comparison must be qualified as the time span of the research samples collected are not entirely overlapped, as in the case of the studies in China and Belgium, and different methodologies are employed as in the case of other studies.
Implementation patterns of SPP
Category number in each document
As indicated earlier, 81.6% of documents implement at least one category of SPP. As seen from Table 5, of those documents that do implement SPP, each document implements on average 7.68 different sub-subcategories of SPP with a majority (63%) including 6–15 different sub-subcategories of SPP. It shows that in most cases, once a procurement implements SPP, it involves a wider variety of sub-subcategories of SPP. No document implemented more than 45 different sub-subcategories. However, more categories in a procurement project do not necessarily mean that it is more sustainable; fewer categories might signify that these projects have chosen to focus on one category of SPP and implement that in a more challenging and stricter manner.
TABLE 5 | Number of SPP sub-subcategories per procurement document.
[image: Table 5]Co-occurrences of the SPP category
Given the dichotomous nature of our data—that is, 1 represents attention for an element of SPP and 0 represents the absence of attention—tetrachoric correlations were used to investigate the co-occurrence elements of SPP. On average, there is a correlation of about 0.31 between references to the elements of SPP at the level of sub-subcategories (SD = 0.024); a correlation of about 0.37 at the level of subcategories (SD = 0.056); and a correlation of about 0.65 at the level of the main categories (SD = 0.05). This means that procurers, once they implement sustainability in their projects, do not focus on one particular subcategory only but simultaneously implement different subcategories from the main category.
It is also found in Table 6 that the two most relevant main categories are environmentally friendly procurement and sustainable label (a correlation of 0.96), which indicates that most projects implementing environmentally friendly procurement involve the implementation of sustainable labeling as well and the two main categories may be reinforcing each other to a certain extent. Social return on investment and SME-oriented procurement (a correlation of 0.95) also tend to be implemented jointly. In addition, we also found that the correlation between environmentally friendly procurement and SME-oriented procurement is above 0.9 as well. China has long implemented these two categories, and it appears that the implementation of one main category has also motivated the implementation of another main category to a certain extent. The cases seem to suggest that strong political commitments and clear operational rules play an important role in promoting sustainable procurement, indicating a positive connection between clear legal policy requirements and robust implementation.
TABLE 6 | Co-occurrences of SPP main category.
[image: Table 6]SPP and time trend
Though the Chinese GPL implemented a broad socio-economic procurement policy, the actual implementation of different categories of SPP has not been achieved all at one time but rather developed over time. For example, environmentally friendly and SME-oriented procurement has been implemented more than a decade but procurement for the benefit of the disabled group has been the most recent one (Ministry of Finance, 2017). We, therefore, wondered if the implementation of the different main categories had changed over time and what may contribute to the change.
We found in Figure 1 that the overall SPP implementation indicates a steady upward trend over the years. Among the main SPP categories, both SME-oriented procurement and environmentally friendly procurement start high from around 50% and rise remarkably to a higher and stable level of above 80% implementation.
[image: Figure 1]FIGURE 1 | SPP main category in % per year (n = 42,369).
We do see two major increases. The most impressive one is with social return on investment rising sharply from the lowest implementation level of 2% to a stable high level of almost 80% over the most recent three years. The remarkable growth of social return on investment can be attributed to the greater policy attention paid to development for the disabled and other disadvantaged groups (Ministry of Finance, 2017). Another major increase is with ethical trade rising from a relatively lower level of 17% to a higher and stable level of about 60% over the most recent 3 years, resulting from the attention of the recent poverty reduction policy (State Council of the PRC, 2018). The two major increases strongly indicate a substantial transformation of China’s SPP toward social aspects of SPP in recent years, confirming the rigorous implementation of the highly-prioritized political philosophy and policy action of people-oriented development in China in the recent decade. The cases also seem to indicate a positive connection between clear legal policy requirements and robust implementation.
The main category with the lowest growth rate is the circular economy. After a relatively small increase in 2015 and 2016, it has become stable since 2014. All categories of SPP peak in 2018 and 2019 and seem to have a slight decline in 2020. The only notable exception is innovation-oriented procurement, which peaked and decreased earlier in 2017. However, it is encouraging to see that innovation-oriented procurement may be better implemented than expected in China as it maintains a relatively high level of implementation (between 30 and 38% implementation over most of the years) even at a time when the Chinese government still insisted on a decoupling policy between government procurement and innovation (State council of the PRC, 2016).
SPP and the award method
A total of 32,856 documents specified the award method: either the lowest price tender or the most advantageous tender (MAT—which is equivalent to the European concept of most economically advantageous tender, MEAT) (Cao, 2002). The results show that an overwhelmingly dominant share of documents (96.8%) is identified as implementing SPP by the award method of MAT (Table 7). This conforms to the common perception that MAT can accommodate more assessment criteria about sustainability than price and, thus, more prone to SPP. However, it is also interesting to note that even in the ones with the lowest price award method, there is a lot of attention paid to SPP.
TABLE 7 | SPP main category in % by award method (n = 32,856).
[image: Table 7]This relationship between SPP and the award method is in sharp contrast with the finding in Belgium, which shows that more SPP were identified in notices with the lowest price as the award method than in notices with MEAT as the award method across almost all main categories of SPP (precisely 45% documents by MEAT and 55% documents by lowest price) (Grandia and Kruyen, 2020). In explaining the Belgian case, the authors think that it might be the case that opting for the lowest price award method is a way of dealing with the risk of higher prices for sustainable alternatives (Grandia and Kruyen, 2020). However, there might also be the case that with the increasing use of life cycle cost (LCC) and the widely available LCC tools in Europe, procurers are more likely to use the lowest price to award contracts in Belgium. If this is the case, there is a strong case for China to follow suit. However, more in-depth research is necessary to examine and explain why the implementation of SPP per award method differs so sharply between China and Belgium. Despite the difference, a similar observation can be made with regard to the relationship between the award method and SPP, i.e., both cases show that MAT/MEAT might not be a precondition for the implementation of SPP.
SPP and tender price
We wonder whether the size of procurement matters in terms of SPP. A total of 34,977 documents reported procurement prices. We calculated the average price if a document implemented a specific SPP category and the average price if it did not (Table 8). Some salient differences are found between the price of documents with and without SPP implementation. In general, the documents that implemented SPP have a much higher price than documents without SPP categories, except for the case of ethical trade and innovation-oriented procurement.
TABLE 8 | SPP main category by average tender price × million CNY (n = 34,977).
[image: Table 8]It is interesting to see that the conclusions of China and Belgium are basically the same. The SPP category with the highest tender price is the circular economy and the lowest is innovation-oriented procurement (Grandia and Kruyen, 2020), which seems to suggest that the circular economy may be more applicable to larger procurement projects and innovation to smaller procurement projects. Specifically, the circular economy is not a frequently implemented category, but when it is implemented, it is in large (in terms of price) projects, meaning that its impact on procurement could still be quite big. The relationship may indicate that certain types of SPP might be considered more applicable or relevant for smaller or larger projects; however, it might also be the case that SPP projects are large because it is more expensive to implement SPP projects. The issue requires further enquiry.
SPP and the type of contract
We are also curious about the actual implementation of SPP in different types of contracts (Table 9), notably, in works. On the one hand, public works projects tend to be large in value and, therefore, may exert more impact on the development of SPP; on the other hand, there was an ambiguity in the application of the GPL to works procurement, and with more coordination effort in 2015, there is a clear requirement for the application of policies under the GPL to government works procurement. However, the actual implementation of the policies under the GPL is not known.
TABLE 9 | SPP main category in % by type of contract (n = 33,926).
[image: Table 9]A total of 33,926 projects contained information on the type of contract, with the majority of the SPP categories being implemented in the services and goods types. It is worth noting that a very high percentage of SPP in the ethical trade category was implemented for projects in works procurement. Therefore, implementing more SPP in works procurement projects in the future is a challenge and task for Chinese government procurers.
CONCLUSION, POLICY IMPLICATIONS, AND LIMITATIONS
Conclusion
Referring to the research questions raised earlier in this study, we can have the following conclusions and answers.
First, the UNEP’s definition of SPP can be established as a recognized concept of SPP and operationalized with adaptation from Grandia and Kruyen (2020) to cover the full concept of SPP for the research of this study. This is particularly relevant to China where a clear and established SPP policy is not yet in place and has proved to be very valuable in accomplishing the detailed and precise benchmarking exercise in this research. Just as Stoffel et al. (2019, p.1) found, although there is no sign of comprehensive integration of all dimensions in SPP, there are developments toward the integration of the “missing” dimension in the respective. The adoption of the full concept of SPP can certainly help identify the “missing” dimension and improve the overall SPP policy and implementation.
Second, the actual implementation percentage of SPP is 82% in China. SME-oriented procurement is the most frequently implemented main category and subcategory of SPP and a close runner-up is environmentally friendly procurement. The lowest ranking is the circular economy and the second least implemented main category of SPP is innovation-oriented procurement. Some important environmental aspects of SPP are less often implemented than others, e.g., in the energy and transport sectors. This is especially the case where the subcategory environmental indicators of energy generation and consumption, gas, waste, and transport are implemented quite nominally relative to those best implemented environmental indicators. Social SPP achieves a relatively high ranking at the main category level, especially in the distance to the labor market, such as promoting employment for the disabled and other disadvantaged groups and poverty reduction. It is also interesting to note that some social subcategories such as distance to the labor market, labor conditions, and poverty reduction are even more often implemented than some important environmental indicators such as energy, transport, and waste.
Third, we also conclude that five patterns of SPP implementation can be identified. First, in most cases in China, once a procurement implements SPP, it involves a wider variety of sub-subcategories of SPP. Once procurers implement sustainability in their projects, they not only focus on one particular subcategory but also simultaneously implement different subcategories from the main category. Second, in China, the time trend indicates a steady upward trend over the years of the overall SPP implementation, especially in the case of SME-oriented procurement and environmentally friendly procurement. However, two main categories of social SPP, i.e., social return on investment and ethical trade, have risen outstandingly over the most recent years, strongly indicating a substantial transformation of China’s SPP toward a more balanced SPP policy implementation in recent years. Third, there appears to be a relationship between the contract price and the implementation of specific categories of SPP, notably, for example, a circular economy may be more applicable to larger procurement projects and innovation to smaller procurement projects. Fourth, a dominant share of documents (96.8%) was identified as implementing SPP by the award method of MAT in China, which is in sharp contrast with that of Belgium and other EU countries (Renda et al., 2013; ICLEI, 2016; Grandia and Kruyen, 2020) where more SPP is implemented by the award method of the lowest price. Fifth, the majority of the SPP categories were implemented in the services and goods rather than works in China.
Fourth, we observe convergence and divergences and strengths and weaknesses of SPP implementation when we compare our findings with previous research results worldwide, especially those from Belgium. The particular design of this research enables precise and meaningful comparison between the level of actual SPP implementation in China and Belgium. An exact and detailed comparison between China and Belgium is given in Supplementary Appendix Table SC1.
In terms of environmental sustainability, our finding on the overall implementation in China confirms the prevalence of environmentally friendly procurement in practice in China and other jurisdictions. Environmentally friendly procurement ranks a champion position in the Belgium case and a very close runner-up to the champion position in China. The result is also consistent with findings from other countries, especially some member states in the EU, such as the Green-7 countries, which are global leaders in the environmental aspects of SPP (Oruezabala and Rico, 2012; Amann et al., 2014; UNEP, 2017). However, it is notable that both our study and that of Grandia and Kruyen (2020) found that some environmental subcategories vary sharply with some much less often implemented, such as sustainable energy (e.g., solar, water, and wind energy generation and consumption), transportation, and waste. This is remarkable as energy and transportation are among the top sectors that produce the most carbon emission and are often at the heart of the discussion of sustainability and climate change policy.
In terms of the social dimension of SPP, China and Belgium converge in certain aspects but diverge in others. Social SPP achieves a relatively high ranking at the main category level in both countries. But the two countries diverge in the priority of certain aspects of social policy. While Belgium pays much attention to the discussion of working conditions, China is more concerned with the distance to the labor market, such as promoting employment for the disabled and other disadvantaged groups and poverty reduction. The Belgian case seems to be in line with other studies on developed countries (Islam et al., 2016; UNEP, 2017; Stoffel et al., 2019), which also emphasize working conditions and social security in social SPP. Findings from other developing countries seem to indicate a varied orientation. Although no literature specifically discusses SPP by category, we can find that most of these countries focus on human rights and security and hope to use public procurement to promote the fair and stable development of society (Etse, 2020; Stoffel et al., 2019).
In the economic dimension, one striking contrast between China and Belgium is the position of SME-oriented procurement. While SME-oriented procurement is the most frequently implemented main category and subcategory of SPP in China, the ranking of SME-oriented procurement in Belgium is substantially low at the level of both the main category (5th of the total 7) and subcategory (10th of the total 31) of SPP. The time trend again confirms the striking divergence between the two countries. However, interestingly, China and Belgium converge in circular economy and innovation-oriented procurement: both are the least implemented main category of SPP.
Some interesting convergence and divergence implementation patterns of SPP are also observed. For example, studies in both China and Belgium show a high correlation between environmentally friendly procurement and sustainable label, indicating that most projects implementing environmentally friendly procurement involve the implementation of the sustainable label as well, and the two main categories may reinforce each other to a certain extent. In terms of the relationship between the tender price and SPP implication, both studies seem to indicate that certain types of SPP might be considered more applicable or relevant for smaller or larger projects; for example, a circular economy may be more applicable to larger procurement projects. Interestingly, another study of ours (on completion) with the same methodology on public–private partnership (PPP) procurement (usually large investment projects) finds that a circular economy performs substantially well in terms of SPP implementation. But China and Belgium diverge sharply in terms of the relationship between SPP and the award method. While in China, most SPP is implemented by the award method of MAT, in Belgium, more SPP is implemented with the lowest price as the award method.
Fifth, we also explore the theoretical and practical complex connection between policies and implementation, though this is not the main purpose of the current research. We find that strong political commitments and clear rules play an important role in promoting sustainable procurement, for example, in the case of environmental-friendly procurement and sustainable label, SME-oriented procurement and certain aspects of social procurement in China, indicating a positive connection between clear legal policy requirements and robust implementation. However, we also find neglected areas/aspects of SPP implementation in a positive policy environment, for example, the energy, transport, waste, circular economy, etc., which have a strong stake in carbon mitigation policy, indicating an obvious deviation of implementation from policy.
Policy implications
The conclusion of this study also provides some valuable implications and useful suggestions for procurement practitioners and sustainability policymakers.
First, there is a need to establish a clear and comprehensive SPP policy. Just as Bratt et al. (2013) concluded, “if sustainability is not defined, strategic progress toward sustainability would be impossible.” The case of China might indicate that a higher level of actual SPP implementation may be achieved independent of a clear and established SPP policy. However, this does not diminish the value of such a policy but rather necessitates the establishment of a comprehensive and clear SPP policy. Though it is not intended to conduct a comprehensive study here on the contributing factors (and barriers) to the actual implementation of SPP, a clear correlation can be observed, indeed, between the long-established SME-oriented and environmentally friendly procurement policy and their higher level of actual implementation in China. The recent outstanding increase of certain social aspects of SPP is also attributable to the recent political emphasis on and regulatory requirement for the linkage between procurement and extraordinary poverty reduction efforts and support to disadvantaged groups such as the disabled. A clear and established SPP policy can help legitimize SPP (Wang et al., 2018; Jiménez et al., 2019) and enhance knowledge and raise awareness of SPP, which are identified as the main barriers to SPP implementation (Ruparathna and Hewage, 2014; Rosell, 2021). A clear policy framework can also help identify key sectors and aspects of SPP that might be overlooked and least implemented, so that SPP can realize its huge potential in mitigating climate change issues (UNEP, 2015; Vejaratnam et al., 2020). Therefore, it is strongly advisable that China, and perhaps other developing countries as well, establish a more comprehensive and clearer SPP policy supporting the UN’s SDGs.
Two, the value of assessing the actual implementation of SPP and benchmarking exercise is recognized. It is well-recognized that policy is one thing and implementation is another (Kristensen et al., 2021). In the absence of a clear established SPP policy, the requirement for such assessment may be more pressing as certain aspects of SPP may be implemented but others neglected. By further benchmarking with other experiences, we can further identify convergence and divergence and strengths and weaknesses and motivate further policy development and research, without which the actual level of implementation might be underestimated and some important aspects of SPP might be overlooked.
Third, policymakers, practitioners, and academic researchers are strongly advised to attend to some of the coincidental common SPP “loopholes” found in China and other jurisdiction, i.e., some important sectors or aspects of SPP are much less implemented in practice (Grandia and Kruyen, 2020), such as energy and transport (also waste in China), circular economy, and innovation. It is imperative to have a stronger procurement linkage with these sectors in the context of climate change as they are at the core of discussion and policy development in mitigating carbon emissions (Doğan et al., 2022; Balsalobre-Lorente et al., 2022). It is also advisable that China motivates a clear and rigorous public procurement linkage with labor policies, such as workers’ basic rights, workplace safety and conditions that are protected by the Chinese Constitution Laws and Labor Laws, and forced labor which is a crime under the Chinese Criminal Law.
Fourth, the case of circular economy and SPP may deserve special policy attention as findings about both China and Belgium (Grandia and Kruyen, 2020) refer to the same conclusion that a circular economy may be more appropriately implemented in large projects. Interestingly, another of our recent (unpublished) studies on the Chinese PPP projects (which are generally large projects) shows that a circular economy has a much better performance in SPP implementation than conventional public procurement.
Fifth, the striking divergence of SPP implementation between China and Belgium in terms of the award method may be of great policy implication for China. It might be the case that a clear requirement for the LCC approach, plus, the availability of LCC tools has motivated more use of the lowest prices. Procurers may enjoy a better competitive edge in a price-only auction provided that they can easily convert SPP considerations to a price. Further enquiry into this issue seems to be imperative and has important policy implications, especially for China.
Lastly, Chinese policymakers should be mindful that SPP is strikingly less implemented in works than in goods and services. Works procurement has proved to be the key area to implement SPP, e.g., the construction industry (Fuentes-Bargues et al., 2017; Braulio-Gonzalo and Bovea, 2020b). The marginal level of SPP implementation in works in China requires further enquiry, but there seems to be a strong case that different laws governing government procurement be better coordinated.
Limitations and future research
Although the design and research of this study were conducted systematically and rigorously, our study still has its limitations that provide directions and ideas for future research.
First, we only use the procurement documents by the central governments in this study. Future research could be extended to analyze public procurement projects at the regional/local level and the patterns of procurement implementation in different regions and sectors. In addition, the current research on Chinese SPP is also confined to data statistics of key works. Future research could focus more on assessing the degree of SPP integration (Da Ponte et al., 2020) to better understand how SPP is implemented throughout the procurement cycle. The current research only covers data from convectional procurement, and as PPP procurement is regulated separately in China and China has already developed into the world’s leading PPP market (World Bank, 2018), further research is required to assess the actual implementation of SPP in PPP projects, using the multi-dimensional concept of public-private partnership (Roehrich et al., 2014), and possibly, the same methodology to provide precise benchmarking exercises with the current study.
Second, in this study, we analyzed SPP as a whole to understand the actual implementation and development of SPP in China. Future research could focus on a certain dimension or a specific pattern of sustainable development by using the categories established in this study. For example, why does the relationship between SPP and the award method between China and Belgium, and possibly among other jurisdictions, diverge sharply and what we can learn from this for effective SPP implementation? Can we draw a principle that certain types or categories of SPP might be considered more applicable or relevant for certain types of projects (smaller/larger, or product/service etc.)? We have interesting preliminary findings but more evidence is certainly needed. In addition, the complex connection between policy and its implementation requires further exploration, especially for those neglected sectors or aspects of SPP found by Grandia and Kruyen (2020) and our study. Last but not least, the impact of different tender values and the companies successfully tendering for it (e.g. large vs. small companies) on SPP is also a valuable future research question, as this seems to make a difference in terms of realizing sustainable procurement in practice.
Last but not least, the particular design of this research enables a precise and detailed comparison between China and Belgium. Through our experience in this study, we would like to join Grandia and Kruyen (2020) to suggest similar research approaches used in our research for future research in other jurisdictions. With more research along the same line, the findings and observations found in our studies and in Grandia and Kruyen (2020) could be confirmed or tested, such as the impact of the award method, tender price, and contract type on SPP and the co-relations of different categories of SPP to better inform policymakers and managers to more effectively implement SPP.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
Conceptualization, FC; methodology, FC and RL; software, RL; validation, XC; formal analysis, FC; supervision, FC; funding acquisition, XC. All authors have read and agreed to the published version of the manuscript.
FUNDING
This study was supported by the National Social Science Foundation of China (Grant No. 15ZDB174).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fenvs.2022.947962/full#supplementary-material
REFERENCES
 Amann, M., Roehrich, J. K., Eßig, M., and Harland, C. (2014). Driving sustainable supply chain management in the public sector: The importance of public procurement in the European Union. Supply Chain Manag. 19, 351–366. doi:10.1108/SCM-12-2013-0447
 Balsalobre-Lorente, D., Ibáñez-Luzón, L., Usman, M., and Shahbaz, M. (2022). The environmental Kuznets curve, based on the economic complexity, and the pollution haven hypothesis in PIIGS countries. Renew. Energy 185, 1441–1455. doi:10.1016/j.renene.2021.10.059
 Bernal, R., San-Jose, L., and Retolaza, J. L. (2019). Improvement actions for a more social and sustainable public procurement: A delphi analysis. Sustainability 11, 4069. doi:10.3390/su11154069
 Boeger, N. (2017). Reappraising the UK social value legislation. Public Money & Manag. 37 (2), 113–120. doi:10.1080/09540962.2016.1266159
 Bolton, P. (2008). Protecting the environment through public procurement: The case of South Africa. Nat. Resour. Forum 32 (1), 1–10. doi:10.1111/j.1477-8947.2008.00171.x
 Brammer, S., and Walker, H. (2011). Sustainable procurement in the public sector: An international comparative study. Int. J. Oper. Prod. Manag. 31, 452–476. doi:10.1108/01443571111119551
 Bratt, C., Hallstedt, S., Robèrt, K. H., Broman, G., and Oldmark, J. (2013). Assessment of criteria development for public procurement from a strategic sustainability perspective. J. Clean. Prod. 52, 309–316. doi:10.1016/j.jclepro.2013.02.007
 Braulio-Gonzalo, M., and Bovea, M. D. (2020a). Criteria analysis of green public procurement in the Spanish furniture sector. J. Clean. Prod. 258, 120704. doi:10.1016/j.jclepro.2020.120704
 Braulio-Gonzalo, M., and Bovea, M. D. (2020b). Relationship between green public procurement criteria and sustainability assessment tools applied to office buildings. Environ. Impact Assess. Rev. 81, 106310. doi:10.1016/j.eiar.2019.106310
 Cao, F. G. (2017). in China’s government procurement policy and institutional framework: History, structure and operation ed . Editor K. V. Thai (London: Francis and Taylor Group), 323–356. 
 Cao, F. G. (2013). Building up SME programmes in government procurement in China: Legal structure, recent developments and the way forward towards the WTO-GPA. Public Procure. Law Rev. 6, 211–224. 
 Cao, F. G. (2002). Construction of the government procurement law of people’s Republic of China. Beijing: China Machine Press. 
 Cao, F. G. (2014). Government procurement and innovation in China: A review of recent developments. Public Procure. Law Rev. 06, 163–166. 
 Cao, F. G. (1998). Research on government procurement system - government procurement and government procurement system, 05. Beijing: China State Finance. 
 Cao, F. G., and Zhou, F. (2018). Policy suggestions on establishing the strategy of government procurement to promote innovation and development. Qiushi Intern. Ref. 35, 1. doi:10.1016/j.techfore.2013.09.018
 Cao, F. G., and Zhou, F. (2014). Towards sustainable public procurement in China: Policy and regulatory framework, currents developments and the case for a consolidated green public procurement code. J. Malays. Comp. Law 15, 43–68. 
 Carter, C. R., and Jennings, M. M. (2004). The role of purchasing in corporate social responsibility: A structural equation analysis. J. Bus. Logist. 25, 145–186. doi:10.1002/j.2158-1592.2004.tb00173.x
 Carter, C. R. (2005). Purchasing social responsibility and firm performance. Int. J. Phys. Distrib. Logist. Manag. 35, 177–194. doi:10.1108/09600030510594567
 Carter, C. R., and Rogers, D. S. (2008). A framework of sustainable supply chain management: Moving toward new theory. Int. Jnl. Phys. Dist. Log. Manage. 38 (5), 360–387. doi:10.1108/09600030810882816
 Cucchiella, F., Dadamo, I., Gastaldi, M., and Koh, S. C. L. (2014). Implementation of a real option in a sustainable supply chain: An empirical study of alkaline battery recycling. Int. J. Syst. Sci. 45 (6), 1268–1282. doi:10.1080/00207721.2012.761458
 Da Ponte, M., Foley, M., and Cho, C. H. (2020). Assessing the degree of sustainability integration in Canadian public sector procurement. Sustainability 12, 5550. doi:10.3390/su12145550
 Dahlmann, F., and Roehrich, J. (2019). Sustainable supply chain management and partner engagement to manage climate change information. Bus. Strategy Environ. 28 (8), 1632–1647. doi:10.1002/bse.2392
 DEFRE (2011). Sustainable procurement: The government buying standards (GBS). Available at: https://www.gov.uk/government/collections/sustainable-procurement-the-government-buying-standards-gbs (Accessed April 19, 2022). 
 Doğan, B., Chu, L. K., Ghosh, S., Diep Truong, H. H., and Balsalobre-Lorente, D. (2022). How environmental taxes and carbon emissions are related in the G7 economies?Renew. Energy 187, 645–656. doi:10.1016/j.renene.2022.01.077
 Dupka, P., Kubák, M., and Nemec, P. (2020). Sustainable public procurement in central European countries. Can it also bring savings?Sustainability 12, 9241. doi:10.3390/su12219241
 Erol, I., Sencer, S., and Sari, R. (2011). A new fuzzy multi-criteria framework for measuring sustainability performance of a supply chain. Ecol. Econ. 70 (6), 1088–1100. doi:10.1016/j.ecolecon.2011.01.001
 Ethical Trading Initiative (2022). What is ethical trade?Available at: https://www.ethicaltrade.org/faq/what-ethical-trade (Accessed April 19, 2022). 
 Etse, D., McMurray, A., and Muenjohn, N. (2021). Comparing sustainable public procurement in the education and health sectors. J. Clean. Prod. 279, 123959. doi:10.1016/j.jclepro.2020.123959
 EU (2022). Green and sustainable public procurement. Available at: https://ec.europa.eu/environment/gpp/versus_en.htm (Accessed April 19, 2022). 
 Fuentes-Bargues, J. L., González-Cruz, M. C., and González-Gaya, C. (2017). Environmental criteria in the Spanish public works procurement process. Int. J. Environ. Res. Public Health 14, 204. doi:10.3390/ijerph14020204
 Grandia, J., and Kruyen, P. M. (2020). Assessing the implementation of sustainable public procurement using quantitative text-analysis tools: A large-scale analysis of Belgian public procurement notices. J. Purch. Supply Manag. 26, 100627. doi:10.1016/j.pursup.2020.100627
 Grandia, J. (2015). The role of change agents in sustainable public procurement projects. Public Money & Manag. 35, 119–126. doi:10.1080/09540962.2015.1007706
 Grandia, J., and Voncken, D. (2019). Sustainable public procurement: The impact of ability, motivation, and opportunity on the implementation of different types of sustainable public procurement. Sustainability 11, 5215. doi:10.3390/su11195215
 Grosvold, J., Hoejmose, S. U., and Roehrich, J. K. (2014). Squaring the circle: Management, measurement and performance of sustainability in supply chains. Supply Chain Manag. 19 (3), 292–305. doi:10.1108/SCM-12-2013-0440
 Gui, H. B., Hu, Z., Sun, P., and Liu, Q. Q. (2021). Has Chinese public procurement policy promoted regional environmental quality improvement? - an empirical evaluation based on spatial econometrics. Manag. Rev. 02. 
 Han, J., Kamber, M., and Pei, J. (2012). Data mining: Concepts and techniques. New York: Morgan Kaufmann publications. 
 Hoejmose, S. U., Roehrich, J. K., and Grosvold, J. (2014). Is doing more, doing better? The relationship between responsible supply chain management and corporate reputation. Ind. Mark. Manag. 43 (1), 77–90. doi:10.1016/j.indmarman.2013.10.002
 ICLEI (2016). The procura + manual: A guide to implementing sustainable procurement. Available at: https://procuraplus.org/fileadmin/user_upload/Manual/ManualProcura_online_version_new_logo.pdf (Accessed April 19, 2022). 
 IEA (2022). World energy balances. Available at: https://iea.blob.core.windows.net/assets/20a89a1b-634c-41f1-87d1-d218f07769fb/WORLDBAL_Documentation.pdf (Accessed April 19, 2022). 
 Islam, M. M., Murad, M. W., McMurray, A. J., and Abalala, T. S. (2017a). Aspects of sustainable procurement practices by public and private organisations in Saudi Arabia: An empirical study. Int. J. Sustain. Dev. World Ecol. 24, 289–303. doi:10.1080/13504509.2016.1209794
 Islam, M. M., Turki, A., Murad, M. W., and Karim, A. (2017b). Do sustainable procurement practices improve organizational performance?Sustainability 9, 2281. doi:10.3390/su9122281
 ISO (2017). Sustainable procurement guidance. ISO 20400Available at: https://www.iso.org/standard/63026.html (Accessed April 19, 2022). 
 Jahanger, A., Usman, M., Murshed, M., Mahmood, H., and Balsalobre-Lorente, D. (2022). The linkages between natural resources, human capital, globalization, economic growth, financial development, and ecological footprint: The moderating role of technological innovations. Resour. Policy 76, 102569. doi:10.1016/j.resourpol.2022.102569
 Jiang, T., Yu, Y., Jahanger, A., and Balsalobre-Lorente, D. (2022). Structural emissions reduction of China’s power and heating industry under the goal of “double carbon”: A perspective from input-output analysis. Sustain. Prod. Consum. 31, 346–356. doi:10.1016/j.spc.2022.03.003
 Jiménez, J. M., López, M. H., and Escobar, S. E. F. (2019). Sustainable public procurement: From law to practice. Sustainability 11, 6388. doi:10.3390/su11226388
 Kiiver, P., and Kodym, J. (2015). The practice of public procurement: Tendering, selection and award. Cambridge: Intersentia Ltd. 
 Kobayashi, V. B., Mol, S. T., Berkers, H. A., Kismihók, G., and Den Hartog, D. N. (2018). Text mining in organizational research. Organ. Res. Methods 21, 733–765. doi:10.1177/1094428117722619
 Kristensen, H. S., Mosgaard, M. A., and Remmen, A. (2021). Circular public procurement practices in Danish municipalities. J. Clean. Prod. 281, 124962. doi:10.1016/j.jclepro.2020.124962
 Leal Filho, W., Skouloudis, A., Brandli, L. L., Salvia, A. L., Avila, L. V., and Rayman-Bacchus, L. (2019). Sustainability and procurement practices in higher education institutions: Barriers and drivers. J. Clean. Prod. 231, 1267–1280. doi:10.1016/j.jclepro.2019.05.202
 Li, L., and Geiser, K. (2005). Environmentally responsible public procurement (ERPP) and its implications for integrated product policy (IPP). J. Clean. Prod. 13 (7), 705–715. doi:10.1016/j.jclepro.2004.01.007
 Liu, J., Shi, B., Xue, J., and Wang, Q. (2019). Improving the green public procurement performance of Chinese local governments: From the perspective of officials’ knowledge. J. Purch. Supply Manag. 25, 100501. doi:10.1016/j.pursup.2018.05.002
 Ma, H. T., and Cheng, L. (2007). Thoughts on constructing and perfecting green government procurement system in China, 09. China: China Government Procurement. 
 Mansi, M. (2015). Sustainable procurement disclosure practices in central public sector enterprises: Evidence from India. J. Purch. Supply Manag. 21, 125–137. doi:10.1016/j.pursup.2014.12.002
 McMurray, A. J., Islam, M. M., Siwar, C., and Fien, J. (2014). Sustainable procurement in Malaysian organizations: Practices, barriers and opportunities. J. Purch. Supply Manag. 20, 195–207. doi:10.1016/j.pursup.2014.02.005
 Meehan, J., and Bryde, D. (2011). Sustainable procurement practice. Bus. Strategy Environ. 20, 94–106. doi:10.1002/bse.678
 Mélon, L. (2020). Sustainable public procurement best practices at sub-national level:. Eur. Procure. Public Private Partnersh. Law Rev. 15, 138–161. doi:10.21552/epppl/2020/2/7
 Ministry of Finance (2006). Notice of the ministry of finance and the national development and reform commission on printing and distributing the implementation opinions on government procurement of energy-saving products. Available at: http://www.gov.cn/zwgk/2006-11/17/content_445320.htm (Accessed April 19, 2022). 
 Ministry of Finance (2004). Opinions of the ministry of finance and the state environmental protection administration on the implementation of government procurement of environmental labeling products. Available at: http://www.ccgp.gov.cn/zcwj/201310/t20131029_3590332.htm (Accessed April 19, 2022). 
 Ministry of Finance (2021). Summary of national government procurement in 2020. Available at: http://www.gov.cn/xinwen/2021-09/04/content_5635396.htm (Accessed April 19, 2022). 
 Ministry of Finance (2017). The three departments jointly issued a notice on the government procurement policy to promote the employment of the disabled. Available at: http://www.ccgp.gov.cn/zcfg/mof/201709/t20170904_8787205.shtml (Accessed April 19, 2022). 
 Montalbán-Domingo, L., García-Segura, T., Sanz, M. A., and Pellicer, E. (2018). Social sustainability criteria in public-work procurement: An international perspective. J. Clean. Prod. 198, 1355–1371. doi:10.1016/j.jclepro.2018.07.083
 NIGP (2022). Dictionary of procurement terms. Available at: https://www.nigp.org/dictionary-of-terms?search=sustainable&page=1 (Accessed April 19, 2022). 
 OECD (2022). Public procurement toolbox. Available at: http://www.oecd.org/governance/procurement/toolbox/about/terminology/(accessed on April 19, 2022). 
 Oruezabala, G., and Rico, J. C. (2012). The impact of sustainable public procurement on supplier management - the case of French public hospitals. Ind. Mark. Manag. 41, 573–580. doi:10.1016/j.indmarman.2012.04.004
 Ouyang, J., Zhang, J. K., and Zhang, K. Z. (2020). A research on the fiscal and tax policies for promoting ecological innovation. Taxation research. 09.doi:10.1080/1331677X.2022.2108100
 Parikka-Alhola, K. (2008). Promoting environmentally sound furniture by green public procurement. Ecol. Econ. 68, 472–485. doi:10.1016/j.ecolecon.2008.05.004
 PIANOo, (2022). Social return on investment. Available at: https://www.pianoo.nl/en/sustainable-public-procurement/spp-themes/social-return-investment-sroi (Accessed April 19, 2022). 
 PIANOo, (2022). Sustainable public procurement (SPP). Available at: https://www.pianoo.nl/en/public-procurement-in-the-netherlands/sustainable-public-procurement-spp (Accessed April 19, 2022). 
 Popovic, T., Barbosa-Póvoa, A., Kraslawski, A., and Carvalho, A. (2018). Quantitative indicators for social sustainability assessment of supply chains. J. Clean. Prod. 180, 748–768. doi:10.1016/j.jclepro.2018.01.142
 Pressman, J. L., and Wildavsky, A. B. (1973). Implementation: How great expectations in Washington are dashed in oakland. Berkley: University of California Press. 
 Preuss, L. (2009). Addressing sustainable development through public procurement: The case of local government. Supply Chain Manag. 14, 213–223. doi:10.1108/13598540910954557
 Prier, E., Schwerin, E., and McCue, C. P. (2016). Implementation of sustainable public procurement practices and policies: A sorting framework. J. Public Procure. 16, 312–346. doi:10.1108/jopp-16-03-2016-b004
 Publicprocurement.be (2014). Omzendbrief 16 mei 2014. Available at: https://www.publicprocurement.be/nl/documenten/omzendbrief-16-mei-2014 (Accessed April 19, 2022). 
 Qian, J. L., and Cao, F. G. (2017). System construction of sustainable public procurement, 04. China: China Government Procurement. 
 Raj, A., Agrahari, A., and Srivastava, S. K. (2020). Do pressures foster sustainable public procurement? An empirical investigation comparing developed and developing economies. J. Clean. Prod. 266, 122055. doi:10.1016/j.jclepro.2020.122055
 Renda, A., Pelkmans, J., Egenhofer, C., Schrefler, L., Luchetta, G., Selçuki, C., et al. (2013). The uptake of green public procurement in the EU27. Brussels. No: European Union. Study - Fwc B4/ENTR/08/006. 
 Roehrich, J. K., Lewis, M. A., and George, G. (2014). Are public-private partnerships a healthy option? A systematic literature review. Soc. Sci. Med. 113, 110–119. doi:10.1016/j.socscimed.2014.03.037
 Rosell, J. (2021). Getting the green light on green public procurement: Macro and meso determinants. J. Clean. Prod. 279, 123710. doi:10.1016/j.jclepro.2020.123710
 Ruparathna, R., and Hewage, K. (2014). Sustainable procurement in the Canadian construction industry: Challenges and benefits. Can. J. Civ. Eng. 42, 417–426. doi:10.1139/cjce-2014-0376
 Schöggl, J. P., Fritz, M. M. C., and Baumgartner, R. J. (2016). Toward supply chain-wide sustainability assessment: A conceptual framework and an aggregation method to assess supply chain performance. J. Clean. Prod. 131, 822–835. doi:10.1016/j.jclepro.2016.04.035
 Schwerin, E., and Prier, E. (2013). Research articles: Rent-seeking obstacles to changing environmental practices and sustainable public procurement in China. Environ. Pract. 15, 240–252. doi:10.1017/S1466046613000288
 Seuring, S., and Müller, M. (2008). From a literature review to a conceptual framework for sustainable supply chain management. J. Clean. Prod. 16 (15), 1699–1710. doi:10.1016/j.jclepro.2008.04.020
 Shen, L., Zhang, Z., and Zhang, X. (2017). Key factors affecting green procurement in real estate development: A China study. J. Clean. Prod. 153, 372–383. doi:10.1016/j.jclepro.2016.02.021
 Sinha, A., Balsalobre-Lorente, D., Zafar, M. W., and Saleem, M. M. (2022). Analyzing global inequality in access to energy: Developing policy framework by inequality decomposition. J. Environ. Manag. 304, 114299. doi:10.1016/j.jenvman.2021.114299
 Sönnichsen, S. D., and Clement, J. (2020). Review of green and sustainable public procurement: Towards circular public procurement. J. Clean. Prod. 245, 118901. doi:10.1016/j.jclepro.2019.118901
 Sourani, A., and Sohail, M. (2011). Barriers to addressing sustainable construction in public procurement strategies. Proc. Institution Civ. Eng. - Eng. Sustain. 164 (4), 229–237. doi:10.1680/ensu.2011.164.4.229
 State Council of the PRC (2015). Article 43 of the regulations for the implementation of the government procurement law of the people’s republic of China. Available at: http://www.gov.cn/zhengce/content/2015-02/27/content_9504.htm/(Accessed April 19, 2022). 
 State Council of the PRC (2018). Guiding opinions of the general office of the State Council on deepening consumption poverty alleviation to help win the fight against poverty. Available at: http://www.gov.cn/zhengce/content/2019-01/14/content_5357723.htm (Accessed April 19, 2022). 
 State Council of the PRC (2016). Notice of the general office of the state council on further cleaning up relevant documents linked to the innovation policy and the provision of government procurement preferences. Available at: http://www.gov.cn/zhengce/content/2016-11/28/content_5138811.htm (Accessed April 19, 2022). 
 Stoffel, T., Cravero, C., La Chimia, A., and Quinot, G. (2019). Multidimensionality of sustainable public procurement (SPP)-exploring concepts and effects in Sub-Saharan Africa and Europe. Sustainability 11, 6352. doi:10.3390/su11226352
 The climate group (2021). Activating states and regions for a green recovery of heavy industry. Available at: https://www.theclimategroup.org/media/11761/download (Accessed April 19, 2022). 
 Tseng, M. L., and Geng, Y. (2012). Evaluating the green supply chain management using life cycle assessment approach in uncertainty. WSEAS Trans. Environ. Dev. 8 (4), 133–157. 
 UN (2022). 2nd ed. Geneva: United Nations Publications.Conference of European statisticians’ road map on statistics for sustainable development goals
 UN (2015). Millennium development goals report. Available at: https://www.un.org/zh/millenniumgoals/pdf/MDG%202015-C-Summary_Chinese.pdf (Accessed April 19, 2022). 
 UN (2014). The united nations officially launched the “sustainable government procurement” programme. Available at: https://news.un.org/zh/story/2014/04/212122/(Accessed April 19, 2022). 
 UNEP (2017). Global review of sustainable public procurement. Available at: http://www.scpclearinghouse.org/resource/2017-globalreview-sustainable-public-procurement (Accessed April 19, 2022). 
 UNEP (2015). Sustainable consumption and production: A handbook for policymakers. Available at: https://sdgs.un.org/sites/default/files/publications/1951Sustainable%20Consumption.pdf United Nations Environment Programme (Accessed April 19, 2022).Global Edition
 Usman, M., and Balsalobre-Lorente, D. (2022). Environmental concern in the era of industrialization: Can financial development, renewable energy and natural resources alleviate some load?Energy Policy 162, 112780. doi:10.1016/j.enpol.2022.112780
 Uttam, K., and Le Lann Roos, C. (2015). Competitive dialogue procedure for sustainable public procurement. J. Clean. Prod. 86, 403–416. doi:10.1016/j.jclepro.2014.08.031
 Uyarra, E., and Flanagan, K. (2010). Understanding the innovation impacts of public procurement. Eur. Plan. Stud. 18, 123–143. doi:10.1080/09654310903343567
 Vejaratnam, N., Mohamad, Z. F., and Chenayah, S. (2020). A systematic review of barriers impeding the implementation of government green procurement. J. Public Procure. 20, 451–471. doi:10.1108/JOPP-02-2020-0013
 Vlachos, I. P., and Malindretos, G. P. (2012). Farm smes sustainability assessment based on bellagio principles. The case of Messinian Region, Greece. Regional Sci. Inq. 4 (3), 137–153. 
 Walker, H., and Brammer, S. (2009). Sustainable procurement in the United Kingdom public sector. Supply Chain Manag. 14, 128–137. doi:10.1108/13598540910941993
 Walker, H., and Brammer, S. (2012). The relationship between sustainable procurement and e-procurement in the public sector. Int. J. Prod. Econ. 140, 256–268. doi:10.1016/j.ijpe.2012.01.008
 Walker, H., Miemczyk, J., Johnsen, T., and Spencer, R. (2012). Sustainable procurement: Past, present and future. J. Purch. Supply Manag. 18, 201–206. doi:10.1016/j.pursup.2012.11.003
 Walker, H. (2015). New development: Public procurement research at IPSERA - aligning research and practice, and future trends. Public Money & Manag. 35, 141–144. doi:10.1080/09540962.2015.1007710
 Wang, X., and Chan, H. K. (2013). A hierarchical fuzzy TOPSIS approach to assess improvement areas when implementing green supply chain initiatives. Int. J. Prod. Res. 51 (10), 3117–3130. doi:10.1080/00207543.2012.754553
 Wang, X., Liu, Y., and Ju, Y. (2018). Sustainable public procurement policies on promoting scientific and technological innovation in China: Comparisons with the U.S., the UK, Japan, Germany, France, and South Korea. Sustainability 10, 2134. doi:10.3390/su10072134
 Witjes, S., and Lozano, R. (2016). Towards a more Circular Economy: Proposing a framework linking sustainable public procurement and sustainable business models. Resour. Conserv. Recycl. 112, 37–44. doi:10.1016/j.resconrec.2016.04.015
 World Bank (2018). Procuring infrastructure public-private partnerships report 2018. Available at: https://openknowledge.worldbank.org/bitstream/handle/10986/29605/PIPPP_2018.pdf?sequence=1&isAllowed=y (Accessed April 19, 2022). 
 Yan, Y. Y., and Cao, F. G. (2010). Public procurement assists in the implementation of national sustainable development strategy - enlightenment from British experience, 10. China: China Government Procurement. 
 Yang, C. S., Lu, C. S., Haider, J. J., and Marlow, P. B. (2013). The effect of green supply chain management on green performance and firm competitiveness in the context of container shipping in Taiwan. Transp. Res. Part E Logist. Transp. Rev. 55, 55–73. doi:10.1016/j.tre.2013.03.005
 Yang, Q. F. (2016). On the impact of government procurement on sustainable development-A comment on the EU agreement on government procurement (GPA). Prod. Res. 11, 110–114. doi:10.19374/j.cnki.14-1145/f.2016.11.029
 You, X. Y., and Lei, X. H. (2020). Research on Evaluation Criteria of Sustainable Suppliers for Government Procurement. Shanghai Management Science , 02, 1–8. 
 Zhang, L., Ji, Y. J., and Chen, Y. P. (2012). Discussion on procedure of sustainable public procurement in China. Ecol. Econ. 10, 89–92. 
 Zhou, R., Ma, X., Li, S., and Li, J. (2012). The green supplier selection method for chemical industry with analytic network process and radial basis function neural network. Adv. Inf. Sci. Serv. Sci. 4 (4), 147–158. doi:10.4156/AISS.vol4.issue4.18
 Zhu, Q., Geng, Y., and Sarkis, J. (2013). Motivating green public procurement in China: An individual level perspective. J. Environ. Manage. 126, 85–95. doi:10.1016/j.jenvman.2013.04.009
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Cao, Li and Cao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fenvs-10-947962-t004.jpg
SPP main category

SME-oriented procurement
Environmentally friendly procurement
Environmentally friendly procurement
Social return on investment
Sustainable label

Innovation-oriented procurement
Ethical trade

Circular economy

Ethical trade

Sustainable label

Ethical trade

Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Social return on investment
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
Environmentally friendly procurement
SME-oriented procurement

Social return on investment
Environmentally friendly procurement
Ethical trade

Ethical trade

SPP subcategory

SMEs
Consumption
General

Distance to the labor market

Government procurement
Innovation-oriented procurement
Fair trade

Circular economy

Labor conditions
Product labeling

Poverty reduction
Environmental pollution
‘Water

Energy generation

Food

Waste

Gasses

Labor participation
Forests

Sustainable raw materials
Green energy

Transport

Material consumption
Local enterprises
General social

Soil

Acceptable wages

Rights

Number®

32,333
28,672
28,436
22,545
18,620
14,785
14,594
9,727
9,259
6,130
4,855
1,433
1,272
1,173
888
855
685
645
439
369
314
263
213
86

39

37

10

mber

ambler-of aenmerits o, whilili heve i condificruiion s oneor-move: sdb-etibicsfegoriis i the-rlevart sdbestagury:





OPS/images/fenvs-10-947962-t005.jpg
From Until Number®

0 0 7,810
1 5 5713
6 10 15,756
11 15 10,874
16 20 1,968
21 25 223

26 30 19

31 35 4

36 40 1

41 45 1

*Number = number of documents in which there s consideration for one or more (sub-)
subcategories of the relevant main category.





OPS/images/fenvs-10-947962-t002.jpg
Number®

spP 34,561 (81.6%)
No SPP 7,808 (18.4%)

*Number = number of documents in which there is consideration for one or more (sub-)
subcategories of the relevant main category.





OPS/images/fenvs-10-947962-t003.jpg
SPP main category Number”

SME-oriented procurement 32,342
Environmentally friendly procurement 31,164
Social return on investment 2,762
Ethical trade 20,480
Sustainable label 19,694
Innovation-oriented procurement 14,785
Circular economy 9727
Total 150,954

*Number = number of documents in which there s consideration for one or more (sub-)
subcategories of the relevant main category.





OPS/images/fenvs-10-947962-t008.jpg
S E SME 1

SPP 5130 14428 6208 1123 49.77 9.44 73.47
No SPP 4.65 7.90 83 7695 545 6123 822

Note: EF = Environmentally friendly procurement; CE = Circular Economy; § = Social
Return on Investment; E = Ethical Trade; SME = SME-oriented procurement;

= Innovation-oriented procurement; SL = Sustainable label. Documents = Number of
public procurement documents.






OPS/images/fenvs-10-947962-t006.jpg
S E SME 1
EF 1.00 — — — — — —
CE 0.53 1.00 - - - - -
S 0.78 023 1.00 bd i L =
E 0.67 020 0.63 1.00 — — —
SME 092 0.46 095 0.65 1.00 — —
I 051 031 028 027 0.59 1.00 —
SL 0.96 027 059 026 0.89 0.23 1.00

Note: EF = Environmentally friendly procurement; CE = Circular Economy; § = Social

Return on Investment; E = Ethical Trades SM!
[nnovation-oriented procurement; SL = Sustainable label.

= SME-oriented procurement;





OPS/images/fenvs-10-947962-t007.jpg
CeE 5 E SME 1 SL  Documents

MAT 90 28 67 59 95 43 57 31816
Lowest price 81 23 49 68 75 38 63 1,040

Note: EF = Environmentally friendly procurement; CE = Circular Economy; § = Social
Return on Investment; E = Ethical Trade; SME = SME-oriented procurement;

= Innovation-oriented procurement; SL = Sustainable label. Documents = Number of
public procurement documents.






OPS/xhtml/nav.xhtml
Contents

		Cover

		Implementation of sustainable public procurement in China: An assessment using quantitative text analysis in large-scale tender documents		Introduction

		Sustainable public procurement		The concept of SPP

		The assessment of SPP





		Methodology		Assessment system in China

		Data collection

		Data analysis





		Results and discussion		Overall implementation of SPP

		Implementation patterns of SPP





		Conclusion, policy implications, and limitations		Conclusion

		Policy implications

		Limitations and future research





		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Environmental Science

Implementation of sustainable
public procurement in China: An
assessment using quantitative
text analysis in large-scale
tender documents





OPS/images/fenvs-10-947962-g001.gif





OPS/images/fenvs-10-947962-t001.jpg
Este et al., 2021

Walker and Brammer, 2012
McMurray et al,, 2014

Islam et al,, 20172

Islam et al,, 2017b

Mansi, 2015

Popovic et al., 2018
Montalban-Domingo et al., 2018
Braulio-Gonzalo and Bovea, 2020a
Parikka-Alhola, 2008

Grandia and Kruyen, 2020

Method

Questionnaire
Questionnaire
Questionnaire
Questionnaire
Questionnaire
Manual or expert review
Manual or expert review
Manual or expert review
Manual or expert review
Manual or expert review

Text-mining

Assessing items

16
16
16
16
16
67
31
2
28
44

89 sub-subcategories

Sample number

76
280

127

202

200

50 reports

141 reports

451 tender documents
43 tender documents
31 tender documents

28,452 procurement documents

Research scope

Ghana, education sector and health sector
20 countries

Malaysia

Saudi Arabia

Saudi Arabia

India

Global

10 countries, construction industry

Spain, furniture sector

Finnish and Swedish, furniture sector

Belgium, all sectors





OPS/images/fenvs-10-947962-t009.jpg
> kB OSME 1 SL  Documents

Works 82 25 38 80 50 29 29 1577
Services 80 21 67 63 89 43 41 14267
Goods 86 30 66 49 87 37 65 18,082

Note: EF = Environmentally friendly procurement; CE = Circular Economy; § = Social
Return on Investment; E = Ethical Trade; SME = SME-oriented procurement;

= Innovation-oriented procurement; SL = Sustainable label. Documents = Number of
public procurement documents.










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





