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Abstract

Green public procurement (GPP) is a key policy instrument for promoting sustainable
production and consumption, yet its implementation performance as a multidimensional
public-sector decision process remains insufficiently assessed. Existing studies often focus
on selected dimensions or limited cases, lacking both a framework that captures GPP’s
multiple core components and large-scale evidence from procurement texts. Without
such an assessment, GPP may remain at the level of policy rhetoric. To address this
gap, this study develops a six-dimensional evaluation framework covering environmental
friendliness, green labels, circular economy, green innovation, green supply chains, and life
cycle costing (LCC), and applies automated text-mining methods to 80,494 central-level and
407,955 local-level public tender documents in China from 2015 to 2022. The results show
that GPP has entered procurement practice at scale: 55.1% of documents contain at least
one green requirement. However, implementation is highly uneven. Among documents
containing at least one GPP requirement, environmental friendliness (95.7%) and green
labels (58.9%) form the core of current practice, green innovation occupies an intermediate
position (35.1%), while green supply chains (16.4%) and LCC (16.3%) remain much less
developed. A clear central–local gap is also observed, with implementation rates of 75.2%
and 51.1%, respectively. Further analysis shows that green requirements appear in multiple
combinations and vary across time, award methods, and contract types. More importantly,
although green supply chains and LCC are not yet fully specified in national institutions,
they have already entered some tender documents. These findings confirm the importance
of assessing the implementation outcomes of GPP’s multiple core components and provide
new evidence on implementation gaps and practice-led policy boundary expansion under
multilevel governance. The text-mining framework offers a transferable tool for evaluating
sustainable public procurement in other emerging economies.

Keywords: green public procurement; multidimensional evaluation framework; policy
implementation gaps; practice-led policy boundary expansion; text mining

1. Introduction
Globally, green public procurement (GPP) has been widely recognized as an important

policy instrument for promoting sustainable production and consumption [1–3]. By em-
bedding environmental objectives into public procurement processes, governments can not
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only reduce the environmental impacts of their own purchasing activities, but also shape
firms’ technological choices, product supply, and supply chain organization through their
large-scale demand, thereby driving broader green transformation [4–6]. GPP has therefore
become an important policy instrument through which countries pursue environmental
governance and sustainable development goals.

However, discussions of GPP remain insufficient if they are confined to policy ob-
jectives and institutional design. As with other areas of public policy, the key issue is
not merely whether GPP has been written into formal rules, but whether and how it is
implemented in practice. Policy commitments do not automatically translate into imple-
mentation outcomes [7]. Once formal rules enter the implementation stage, their realization
often varies according to operational feasibility, implementation capacity, incentive struc-
tures, and market conditions [8]. An analytically important question is therefore whether
and how GPP is actually implemented, in particular with respect to those theoretically
important dimensions that are not yet fully specified in national institutions.

Answering this question first requires overcoming a fundamental measurement chal-
lenge. This challenge has two aspects. First, the actual implementation of GPP is difficult
to observe directly on a national scale. Determining whether each procurement project
ultimately fulfilled green requirements would require project-level evidence on contract
performance, supplier delivery, acceptance records, and environmental outcomes, which is
difficult to obtain consistently for a large number of projects. Therefore, this study uses iden-
tifiable GPP-related requirements in tender documents as an approximate proxy for actual
implementation. This choice is consistent with the attention-based view of organizations,
which suggests that organizational action depends on which issues receive decision-makers’
attention [9]. In public procurement, a green dimension is more likely to appear in ten-
der documents when it has been recognized and incorporated into procurement design,
such as procurement requirements, technical specifications, evaluation criteria, or contract
clauses. Thus, the appearance of a green requirement provides an observable basis for
approximating whether and how different GPP dimensions have entered procurement
practice. Second, GPP is not a single requirement but a composite policy concept that
encompasses multiple environmental goals and governance instruments. Because different
GPP dimensions vary in their degree of institutionalization, implementation costs, and
market readiness, GPP is unlikely to advance evenly in practice. Without an evaluation
framework capable of capturing the core components of GPP, it is difficult to identify how
GPP actually manifests itself in procurement practice, let alone examine the mechanisms
that underlie implementation differences and their implications.

Although the existing literature has recognized GPP as an important topic in environ-
mental governance and sustainable public procurement, its actual implementation remains
insufficiently understood. Three gaps are particularly relevant to this study. First, existing
evaluation frameworks are generally fragmented and often focus on selected visible di-
mensions, making it difficult to capture GPP as a multidimensional policy bundle. Second,
existing empirical studies largely rely on case studies, small-sample surveys, or observa-
tions from limited local contexts, and therefore lack large-scale text-based evidence on the
overall level, dimensional structure, and differentiated distribution of GPP implementa-
tion [10]. Third, existing research pays insufficient attention to frontier yet theoretically
important dimensions, particularly green supply chain management and LCC [11,12]. Com-
pared with more mature dimensions such as environmental friendliness and green labels,
these dimensions remain less fully specified in formal institutions, which raises an impor-
tant question: when certain GPP dimensions have not yet been adequately institutionalized,
have exploratory practices already emerged at the procurement level? Addressing this
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question can help clarify not only the actual boundaries of GPP implementation, but also
how environmental policy may evolve incrementally through implementation.

China provides an empirically informative setting in which to examine these issues.
Since the Government Procurement Law incorporated “environmental protection” into
policy objectives in 2002, China has gradually developed a relatively comprehensive GPP
regime built around energy-efficient products, environmental labeling, and circular use,
reflecting a strong pattern of top-down institutional provision. At the same time, govern-
ment procurement activities in China are distributed across both central and local levels,
involving a large number of procuring entities and marked regional variation [13]. This
setting makes it possible not only to observe how GPP moves from formal institutions
into procurement practice, but also to compare implementation across central and local
governments. Such a comparison helps identify whether a unified institutional frame-
work generates implementation gaps under multilevel governance and how such gaps
are reflected in differential implementation across dimensions and procurement settings.
Particularly noteworthy is whether procuring entities at various levels have already begun
to explore areas such as green supply chain management and LCC that have not yet been
covered in an integrated way by China’s national-level institutional framework. Answering
this question would not only help assess the actual boundaries of GPP implementation
in China, but also provide micro-level evidence on how procurement practice can inform
institutional refinement, while offering comparative insights for improving GPP systems in
other countries. The relevance of these questions has been further heightened by recent
legal developments in China, notably the adoption of the Ecological and Environmental
Code and ongoing efforts to strengthen circular-economy legislation, both of which in-
crease the need to understand how green procurement requirements are operationalized
in practice.

Building on these considerations, this study focuses on the process through which
GPP moves from policy commitment to practical implementation and addresses three
interrelated questions:

(1) How can a relatively complete implementation evaluation framework be constructed
on the basis of the core concepts and policy content of GPP in order to overcome the
fragmented dimensional focus of existing research?

(2) Using such a framework, what structural characteristics does GPP implementation
exhibit in procurement practice in China? Does it advance in an integrated manner, or
does it display marked selectivity and imbalance across different dimensions? How is
this structural pattern distributed between the central and local levels, and how does it
manifest itself in differentiated implementation patterns across procurement settings?

(3) In dimensions not yet covered in an integrated way by national formal institutions,
have procuring entities already undertaken exploratory practices that indicate practice-
led policy boundary expansion, and how are such practices distributed across GPP
dimensions, government levels, and procurement settings?

To answer these questions, this study develops a comprehensive evaluation frame-
work covering six dimensions: environmental friendliness, circular economy, green in-
novation, green supply chains, green labels, and LCC. Drawing on this framework, we
apply text-mining methods to analyze 80,494 central-level public tender documents and
407,955 local-level public tender documents published on the China Government Procure-
ment Network between 2015 and 2022. This design allows us to identify, at the national
scale, the level and patterns of GPP implementation in China as well as their distribution
across central and local governments.

This study makes three main contributions. First, at the evaluation level, it advances
research on GPP implementation from the identification of individual indicators to inte-
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grated assessment. Second, at the empirical level, drawing on large-scale procurement
texts from China, it shows that GPP implementation does not proceed evenly, but instead
varies substantially across dimensions; it further demonstrates how these differences are
distributed between the central and local levels and across procurement settings. Third,
at the theoretical level, the study introduces practice-led policy boundary expansion as
an analytical concept grounded in policy implementation, gradual institutional evolution,
experimental governance, and policy diffusion. Rather than proposing a fully independent
theory of policy change, this concept helps explain how institutionally under-specified GPP
dimensions may begin to enter procurement practice before they are fully standardized in
formal rules. These findings contribute more broadly to understanding the incremental
evolution of environmental policy through implementation and offer lessons from China
for improving GPP systems elsewhere. By developing a comprehensive multidimensional
framework grounded in the core components of GPP, this study advances existing research
from the identification of individual green requirements to the assessment of implementa-
tion structures and practice-led policy boundary expansion, thereby offering new insights
into institutional evolution through implementation.

The remainder of the study is organized as follows. Section 2 reviews the literature.
Section 3 presents the research design, indicator construction, and data sources. Section 4
reports the empirical results and discusses the findings. Section 5 concludes the study.
Section 6 discusses policy implications and future research.

2. Literature Review
2.1. The Multidimensional Nature of GPP Implementation Assessment and the Limitations of
Existing Frameworks

The meaning of GPP has evolved alongside the sustainable development agenda.
While traditional public procurement primarily emphasized fiscal efficiency and the lowest-
price criterion, GPP requires environmental considerations to be integrated into procure-
ment decisions. Accordingly, the concept of “value for money” has expanded beyond initial
purchasing costs to include environmental performance, resource efficiency, and long-term
economic benefits [2,4–6]. Consequently, GPP is no longer limited to prioritizing the pur-
chase of a limited set of green products; it has gradually evolved into a composite policy
instrument encompassing the setting of procurement standards, supplier selection, contract
performance requirements, and cost evaluation approaches. The European Commission
captures this shift in its definition of GPP as “a process whereby public authorities seek
to procure goods, services and works with a reduced environmental impact throughout
their life cycle compared to goods, services and works with the same primary function that
would otherwise be procured” [14].

The theoretical literature consistently recognizes the inherently multidimensional
character of GPP. Beyond readily visible direct requirements like environmental friendli-
ness and green labels, scholars emphasize the circular economy, green innovation, green
supply chain management, and LCC as essential to deepening GPP’s governance effects.
Environmental friendliness and green labels capture direct stipulations regarding the envi-
ronmental attributes of procured items [15,16]. The circular economy moves toward more
systemic environmental goals, including resource reduction, reuse, and recycling [17,18].
Green innovation examines how public procurement can stimulate green technologies,
production processes, and organizational forms through demand-side pull [19–21]. Green
supply chain management extends environmental requirements beyond the procured item
to encompass the entire supply chain process [22,23]. LCC further reorients the evalua-
tive logic of procurement decision-making by replacing one-off price comparisons with a
broader assessment of long-term economic and environmental benefits [11,24]. Together,
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these dimensions show that GPP is best understood not as a single policy requirement, but
as a policy bundle with multiple objectives and multiple implementation dimensions.

Compared with this multidimensional theoretical understanding, however, existing
frameworks for evaluating GPP implementation remain underdeveloped. Most studies
concentrate on the more visible dimensions of environmental friendliness and green labels,
largely because these requirements are easier to identify in procurement texts and more
readily translated into quantifiable indicators [25]. This approach has clear limitations. On
the one hand, it tends to reduce GPP to a set of directly observable environmental clauses,
making it difficult to capture more process-oriented and indirect dimensions such as the
circular economy and green innovation. On the other hand, it typically treats the procure-
ment process as a bilateral relationship between procuring entities and suppliers, while
overlooking the broader stages involved in green supply chain management, including
upstream raw materials, production and logistics, and end-of-life recovery and treatment.
This omission makes it difficult to assess the effects of GPP on the overall environmental
performance of the supply chain. Similarly, although LCC is widely regarded as an impor-
tant tool in GPP theory and international practice [11], it has received only limited attention
in existing implementation assessment research. This gap is especially pronounced in
contexts where lowest-price award rules remain prevalent and where no clear analytical
framework yet exists for identifying whether procurement practice has genuinely moved
beyond a singular reliance on initial price.

The central problem in the existing literature, then, is not that it has failed to recognize
the multidimensional nature of GPP, but that it has not yet developed an implementation
assessment framework capable of integrating these dimensions into a coherent analytical
structure. As a result, although it may be possible to identify whether certain individual
green requirements have been adopted, a more critical question remains difficult to answer:
Is GPP being advanced in practice as a relatively integrated policy bundle, or is it largely
confined to a small number of more operational and more highly institutionalized dimen-
sions? This issue is particularly salient for frontier dimensions such as green supply chain
management and LCC, which may either be marginalized in practice due to their technical
complexity and higher implementation costs, or they may emerge early through the ex-
ploratory efforts of particular actors. Without incorporating these dimensions into a unified
framework, it is difficult to capture both the actual boundaries of GPP implementation and
the structural differences within it.

These considerations point to the need for a more complete multidimensional frame-
work for assessing GPP implementation, one grounded in the core concepts and policy
content of GPP and capable of integrating environmental friendliness, the circular economy,
green innovation, green supply chain management, green labels, and LCC within a single
analytical scheme. Only on this basis is it possible to identify the overall level of GPP
implementation, its dimensional structure, and differences across dimensions, while also
providing a reliable analytical starting point for subsequent discussion of its hierarchical
distribution and institutional evolution.

2.2. Implementation Gaps and Hierarchical Differences in GPP Implementation

In public policy research, the divergence between policy objectives and actual imple-
mentation outcomes is a well-established phenomenon. Studies by Knill et al. (2024) [26]
and Xiao et al. (2025) [27] show that policies pass through multiple stages of translation
from formulation to implementation, during which varying degrees of “implementation
gaps” can emerge from organizational structures, resource constraints, strategic interac-
tions, and cognitive differences. Even when policy design specifies clear objectives and
regulatory requirements, their realization in practice may still diverge significantly [28].
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This issue is likely to be especially pronounced in public procurement, a field char-
acterized by the involvement of multiple actors. GPP depends not only on the setting of
formal rules, but also on how those rules are interpreted, prioritized, and operationalized
by implementing actors throughout the procurement process [6]. The attention-based view
of organizations helps explain this process [9]. Procuring entities usually face multiple
objectives at the same time, including cost control, legal compliance, procurement efficiency,
project quality, and environmental considerations. Because their attention and administra-
tive capacity are limited, different GPP dimensions are unlikely to receive equal attention in
procurement practice. A green dimension that is recognized and considered important by
procuring entities is more likely to be translated into tender documents, while a dimension
that receives limited attention is less likely to appear in procurement requirements. This
helps explain why GPP may advance unevenly across dimensions even under a unified
policy framework. In addition, existing studies also show that GPP implementation is
often shaped by budget constraints, market supply, technical standards, and implementers’
preferences, leading to uneven patterns of advancement across procuring entities [28–30].
Relying solely on formal policy texts therefore often fails to capture how GPP is actually
operationalized in procurement practice.

In a multilevel governance system, implementation gaps may further appear as sys-
tematic differences across levels of government. Previous research suggests that when a
unified policy is transmitted from the central government to lower levels, differences in
objective functions, incentive structures, and resource endowments may lead to selective
adoption and differentiated implementation [31]. Local governments, for example, must
balance economic development pressures against environmental governance objectives
and may therefore assign different priorities to different policy instruments, affecting the
extent to which GPP-related requirements are adopted [32]. At the same time, the discre-
tion available to street-level implementers in specific operational contexts may cause the
same policy to take different forms in the design of tender documents, the weighting of
evaluation criteria, and other implementation details [33,34]. Differences in fiscal capacity,
technical conditions, and market environments may further amplify uneven implementa-
tion, producing differentiated outcomes across levels and regions under a formally unified
policy framework [35–37].

Although this literature provides an important theoretical basis for understanding
implementation gaps, it has rarely been directly applied to the assessment of GPP imple-
mentation. Most existing studies focus on individual regions or specific cases, making it
difficult to compare implementation differences across actors at different levels on a broader
scale. Even when regional variation is considered, analysis tends to remain at the level of
aggregate indicators and lacks a more fine-grained account of central–local implementation
behavior drawn from procurement texts. We therefore know surprisingly little about the
actual differences that emerge in procurement practice among governments at different
levels under a unified GPP framework, about whether such differences are widespread
or context-specific, and, more importantly, whether they are connected to the structural
imbalance observed across different dimensions of GPP.

These considerations suggest that hierarchical differences should be incorporated
explicitly into the analytical framework for assessing GPP implementation. Comparing the
concrete procurement practices of central and local governments makes it possible not only
to identify more accurately the spatial distribution of GPP implementation, but also to better
understand how different actors adapt during the policy process and how such adaptation
shapes implementation outcomes. This perspective provides a crucial foundation for the
subsequent analysis of the structure of GPP implementation and its variation.
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2.3. Practice in Institutionally Under-Specified Areas and Its Policy Implications

Although implementation gaps are widespread, policy processes do not simply follow
a one-way trajectory from stated goals to observed deviations. Tummers and Bekkers
(2014) [38] show that, during implementation, policy actors are not merely passive recipi-
ents of institutional requirements; they may also reinterpret and reshape policy content
through concrete practice, thereby influencing the actual boundaries and developmental
trajectory of policy. This dynamic is particularly salient in complex policy domains such
as environmental governance, where policies often involve substantial uncertainty and
technical dependence, making it difficult for institutional design to specify all implemen-
tation details exhaustively at the outset [39,40]. In this sense, implementation should not
be understood only as the execution of already fixed rules, but also as a process through
which policy content may be clarified, adjusted, and gradually extended in practice.

This understanding is consistent with several established strands of policy process
theory. First, policy implementation and street-level bureaucracy studies suggest that front-
line and implementing actors interpret, adapt, and operationalize formal rules in concrete
settings, meaning that policy content may be reshaped during implementation rather than
simply transmitted from the top down [33]. Second, theories of gradual institutional change
show that institutions may evolve through incremental adjustment, layering, and practical
adaptation, especially when formal rules remain incomplete, ambiguous, or difficult to
operationalize [41,42]. Third, research on experimental governance, policy learning, and
policy diffusion highlights how local or project-level practices can generate information,
test feasibility, and provide experience for later institutional refinement [43–45]. Taken
together, these studies suggest that the implementation stage is not only a site where policy
gaps appear, but also a site where policy boundaries may be gradually clarified, tested, and
extended through practice.

This theoretical perspective is particularly relevant to GPP because GPP is not a
single and fully standardized requirement, but a multidimensional policy field in which
different components vary greatly in their degree of institutionalization. As discussed
above, GPP consists of multiple dimensions. Some, such as environmental friendliness
and green labels, have already developed into relatively mature institutional arrangements
in many countries’ policy systems. Others, such as green supply chain management and
LCC, remain comparatively under-specified in many contexts because of their technical
complexity, uncertain implementation costs, and the absence of unified standards [46,47].
This variation creates an important space for observing whether implementation practice
simply follows existing rules, or whether it begins to introduce requirements that have
not yet been fully specified in formal institutions. This raises an important question that
has not yet been sufficiently answered: when formal institutions do not yet impose clearly
defined requirements on these dimensions, might procurement practice nonetheless begin
to incorporate them among some actors, thereby contributing to an expansion of existing
policy boundaries?

Building on this question, this study uses the concept of practice-led policy boundary
expansion to describe the process through which implementation practices in institutionally
under-specified GPP dimensions begin to move beyond existing formal rules and provide
practical references for subsequent policy adjustment. This concept is not intended to pro-
pose a fully independent theory of policy change. Rather, it serves as an analytical concept
that connects the empirical observation of emerging GPP practices with broader theories of
policy implementation, gradual institutional evolution, and experimental governance.

Existing GPP research has paid limited attention to this issue. Most studies understand
implementation primarily in terms of compliance with existing policy requirements and
therefore focus on whether predetermined standards have been met, while paying much
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less attention to whether practice has moved beyond formally specified requirements.
At the same time, because of the lack of both a multidimensional evaluation framework
and large-scale empirical evidence, existing studies have found it difficult to identify
exploratory practices dispersed across individual procurement projects, especially in areas
such as green supply chain management and LCC that are not yet fully covered by unified
institutional rules. Consequently, one important aspect of the GPP implementation process
remains underexplored: whether the actual operation of policy is confined to the boundaries
set by formal institutions, or whether those boundaries are gradually extended through
implementation itself. This question is important because it connects GPP implementation
with broader theories of policy evolution: under-specified rules may create room for
implementing actors to test new requirements, and these practices may later become
evidence for more formal institutional refinement.

From a policy process perspective, this issue is of considerable importance. Prior
research suggests that in areas where institutions remain under-specified or uncertainty
persists, practical experimentation by local or frontline actors often provides an important
source of information for policy learning and institutional adjustment. Through tentative
application in concrete settings, such practices may reveal both the feasibility and the
limitations of particular policy instruments, while also generating experiential foundations
for broader institutional refinement [48,49]. If early practices concerning dimensions such
as green supply chain management or LCC can be identified in GPP implementation,
this would imply that policy does not advance solely in a top-down manner; its actual
boundaries may also be gradually extended in the course of implementation.

For this reason, institutionally under-specified dimensions of GPP provide an im-
portant window for observing policy evolution. This study examines whether relevant
practices have already emerged in large-scale procurement texts and how they are dis-
tributed across GPP dimensions, government levels, and procurement settings. Such an
analysis allows us to ask more directly whether GPP implementation is strictly confined to
the existing institutional framework, or whether it displays a certain degree of outward ex-
tension in practice, thereby providing new empirical evidence to illuminate the relationship
between policy implementation and institutional evolution.

2.4. The Evolution of Methods for Assessing GPP Implementation and the Shift Toward
Data-Driven Approaches

Research on how to identify GPP implementation has undergone a gradual method-
ological evolution, moving from subjective perception-based measures to objective text
analysis and, more recently, to large-scale data-driven assessment. This development re-
flects sustained efforts to address problems of data availability and measurement bias, while
also revealing the limitations of different methods in capturing the actual implementation
of GPP.

Early studies relied primarily on surveys and interviews to examine the extent of
GPP adoption and its determinants from the subjective perspectives of individuals or
organizations. These studies often drew on social responsibility or sustainable procurement
scales to analyze how institutional environments, organizational culture, and managerial
perceptions shape GPP-related behavior [50–52]. Yet such approaches have clear limitations
in identifying actual implementation. For one, respondents’ answers are susceptible to
social desirability bias, which may lead them to overstate the extent of their green behavior.
For another, subjective perceptions often diverge from concrete procurement behavior,
making it difficult to capture how policy is implemented at the micro level [53].

To reduce these subjectivity-related biases, researchers have increasingly turned to
more objective data sources, particularly procurement documents, and developed as-
sessment approaches based on manual content analysis. By reading and coding tender
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documents line by line, these studies have measured more directly the extent to which
environmental standards are incorporated into procurement practice in particular countries
or sectors [54–56]. Compared with survey-based methods, this approach substantially
improves data objectivity and brings analysis closer to procurement practice itself. Never-
theless, it remains highly labor-intensive. Sample sizes are typically limited to dozens or
hundreds of projects and often concentrated in a single sector or specific region, making
cross-regional or cross-level comparison difficult and limiting the ability to capture the
overall structure of GPP implementation.

More recently, advances in text-mining techniques have made large-scale, data-driven
analysis of procurement texts an emerging direction in the literature. By automatically
processing unstructured tender documents, this approach substantially expands the scale
of analysis while retaining the objectivity of documentary data, thereby allowing research
to move from isolated cases to broader assessments [57]. It enables scholars to identify
implementation differences across regions, time periods, and procuring entities, and thus
provides a new technical pathway for examining the overall level and temporal evolution
of GPP. In the Chinese context, some recent studies have begun to apply similar methods to
government procurement documents or public–private partnership project texts, offering
preliminary evidence on certain features of GPP implementation [10,25].

Despite these advances, large-scale data-based research still suffers from clear limita-
tions in terms of theoretical integration and analytical depth. First, most studies continue
to rely on a relatively narrow set of evaluation dimensions and fail to incorporate key
but more complex frontier dimensions—such as green supply chain management and
LCC—into a unified analytical framework, which prevents a comprehensive capture of
GPP’s multidimensional nature. Second, much of this research remains at the level of im-
plementation rates or simple frequency descriptions, with limited attention to the structural
relationships among dimensions and to hierarchical differences between the central and
local levels within a unified perspective. Third, for areas where formal institutions remain
under-specified, existing studies lack targeted identification strategies and are therefore
unable to determine whether exploratory practices have already emerged in implemen-
tation. In other words, although methodological tools have improved substantially, we
still lack an integrated analytical approach that can, within a single framework, identify
the multidimensional structure of GPP implementation, its hierarchical variation, and its
potential extension beyond formally specified institutional boundaries.

These limitations point to the need for an integrated approach that combines a multi-
dimensional GPP assessment framework with large-scale text mining. Such an approach
can move beyond isolated indicators and limited cases, while also allowing GPP implemen-
tation to be examined across dimensions, government levels, procurement settings, and
institutionally under-specified areas.

3. Methodology
3.1. Research Strategy

To address the three sequential research questions posed in this study, we adopt an
integrated research design that proceeds through five steps (see Figure 1).

First, drawing on the preceding literature review of the core dimensions of GPP, we
construct a multilayered evaluation framework covering six dimensions: environmental
friendliness, circular economy, green innovation, green supply chains, green labels, and
LCC. Second, we develop a keyword dictionary and coding rules based on this framework,
and calibrate them using policy documents, technical standards, relevant literature, and ex-
pert consultation. The expert consultation involved five experts with academic or practical
backgrounds in public finance, government procurement, and law. Their comments were
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used to refine keyword expressions and improve the consistency between the conceptual
framework and the textual identification rules. Third, we collect public tender documents
published on the China Government Procurement Network between 2015 and 2022, thereby
building a large-scale text database for analysis. Fourth, we apply text-mining methods
to identify and code the full sample in batches, generating classification results for each
document across the six GPP dimensions. Fifth, based on the coding results, we compare
the overall level of GPP implementation, its dimensional structure, implementation pat-
terns, and central–local differences, while also identifying the distribution of practices in
dimensions that remain institutionally under-specified.

Figure 1. Research strategy.

3.2. A Multidimensional Assessment Framework

Building on the review of the core components of GPP in the previous section, and
with reference to major international and domestic sustainable procurement frameworks,
this study develops a six-dimensional integrated assessment framework. The framework is
designed to address the fragmented dimensional selection found in existing research so
that GPP is not reduced to a small set of visible green clauses but can instead be identified
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as a policy bundle encompassing multiple objectives. Its construction follows four main
principles. First, theoretical completeness: the framework seeks to cover, as fully as possible,
the core dimensions repeatedly emphasized in the literature, with particular attention to
frontier areas such as green supply chain management and LCC. Second, continuity and
comparability: it retains and extends commonly used dimensions in existing studies—such
as environmental friendliness, green labels, the circular economy, and green innovation—so
that the findings can be meaningfully connected to prior research. Third, textual operability:
each dimension must be observable through specific requirements, standards, conditions,
or evaluative expressions contained in tender documents. Fourth, hierarchical structuring:
abstract concepts are translated into identifiable textual indicators through a tree structure
of “main categories (first-level indicators)–subcategories (second-level indicators)–sub-
subcategories (third-level indicators)–keywords.”

The selection of these six dimensions was not made independently of existing GPP
frameworks. Rather, it was developed by starting from the conceptual content of GPP and
by integrating insights from the academic literature, China’s green procurement policy sys-
tem, and major international sustainable procurement frameworks. Frameworks developed
by the EU, OECD, ISO, and other international organizations provide important references
for understanding sustainable procurement, but they differ in their purposes and emphases.
The EU GPP framework places greater emphasis on developing procurement criteria for
specific product and service groups; OECD work on green and sustainable public pro-
curement highlights the strategic role of public procurement in advancing environmental
objectives, innovation, and sustainable development; and ISO 20400 [58] provides general
guidance on integrating sustainability into organizational procurement processes. These
frameworks are therefore valuable references, but they do not, taken together, constitute a
complete assessment framework by starting from the conceptual content of GPP and sys-
tematically defining the core dimensions that GPP implementation should contain. For this
reason, this study first returns to the conceptual meaning of GPP and identifies the major
components implied by green procurement as a policy instrument. It then synthesizes and
reorganizes the recurring elements emphasized in international frameworks and domestic
policy practice, including direct environmental performance, circular and resource-efficient
use, green innovation, supply-chain management, certification and labeling tools, and
life cycle considerations. On this basis, these elements are translated into six textually
identifiable dimensions for large-scale tender-document analysis.

Accordingly, GPP is divided into six main categories: environmental friendliness,
circular economy, green innovation, green supply chains, green labels, and LCC. Each main
category is further divided into several clearly defined subcategories, each of which is de-
composed into more specific sub-subcategories and operationalized through corresponding
keywords. When at least one keyword associated with a sub-subcategory is identified in a
tender document, that sub-subcategory is coded as “present.” A subcategory is coded as
“present” if at least one of its sub-subcategories is identified, and a main category is coded
as “present” if at least one of its subcategories is identified.

(1) Environmental friendliness. Environmental friendliness is the most basic and earliest
institutionalized dimension of GPP. It captures whether procurement activities explic-
itly incorporate core environmental objectives such as pollution reduction, resource
conservation, lower energy consumption, and ecological protection. The keywords
cover areas such as energy saving, water saving, emissions reduction, pollution con-
trol, and ecological protection, drawing on the relevant language used in China’s
Government Procurement Law and its implementing regulations.

(2) Circular economy. This dimension identifies whether procurement reflects resource-
circulation principles such as reduction, reuse, and recycling. Rather than adopting a
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narrow understanding limited to waste recovery, the study extends this dimension
to include green design, the use of renewable or recyclable materials, product life
extension, resource circulation, and waste-to-resource management. The keywords
are derived primarily from major Chinese policy documents, including the Circular
Economy Promotion Law of the People’s Republic of China and the 14th Five-Year
Plan for Circular Economy Development.

(3) Green innovation. This dimension captures whether procurement uses demand-
side requirements to promote the innovative application of environmentally related
technologies, products, or solutions. Its identification draws on the World Intellectual
Property Organization (WIPO) classification of green patents and includes keywords
related to technological innovation in areas such as clean energy, pollution control,
resource circulation, and green buildings.

(4) Green supply chains. This dimension identifies whether procurement requirements
extend beyond the procured object itself to the broader supply chain process. Drawing
on the theory and mechanisms of green supply chain management, it is defined as
environmental management requirements in tender documents concerning suppliers’
upstream sourcing, production processes, logistics and transportation, packaging
methods, recovery and disposal, or environmental information disclosure.

(5) Green labels. This dimension reflects whether procurement relies on third-party envi-
ronmental certification as a tool for identifying and screening green products or ser-
vices. The analysis focuses on references to and requirements for China Environmental
Labeling, energy-saving product certification, and other third-party certification labels
with clearly defined environmental attributes.

(6) LCC. To assess whether procurement decisions take long-term environmental cost-
effectiveness into account, this dimension captures whether tender documents include
the application of LCC or related requirements. The keywords relating to “life cycle”
are primarily based on the Chinese national standard Environmental Management–
Life Cycle Assessment–Principles and Frameworks (GB/T 24040-2008 [59]), supple-
mented by relevant international terms drawn from Directive 2014/24/EU [60] on
public procurement.

This framework (Table A1) is designed not only to measure whether GPP requirements
appear in procurement documents, but also to reveal which dimensions and subcategories
become operational earlier than others. This is important for identifying areas where
procurement practice may precede formal institutional specification and thus provide
evidence of practice-led policy boundary expansion.

3.3. Data Collection and Processing

To ensure nationwide coverage while maintaining temporal comparability, this study
defines the sample window as 2015–2022. This period was selected because the Regulations
on the Implementation of the Government Procurement Law of the People’s Republic of
China, which came into effect in 2015, further clarified the requirements for disclosing
tender documents, thereby providing an institutional basis for large-scale empirical research
using procurement texts.

The study uses the China Government Procurement Network (www.ccgp.gov.cn) as
its sole data source. As the official unified platform for publishing procurement information
from both central and local governments, the website provides a relatively consistent basis
for identifying GPP requirements in procurement practice across levels of government.
Using automated web-scraping techniques, we first collected all public tender notices
published between 2015 and 2022, obtaining a total of 3,404,835 notices.
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Public tender projects were selected as the unit of analysis for three main reasons.
First, public tendering is the principal mode of government procurement in China and
is highly representative in terms of both project volume and procurement scale. Second,
public tender documents usually contain relatively complete information on technical
specifications, qualification requirements, evaluation criteria, and contract clauses, making
them the key textual source for identifying substantive GPP requirements. Third, compared
with other procurement methods, public tender documents are generally more accessible
and more standardized in format, making them better suited to large-scale text analysis.

Using the information contained in the tender notices, we further collected the ten-
der document attachments associated with each project, most of which were in PDF
format. Because some projects had no uploaded attachments, contained encrypted files,
had invalid links, or involved formats that could not be parsed, the final dataset consists
of 488,449 valid tender documents available for analysis, including 80,494 central-level
projects and 407,955 local-level projects. Valid documents therefore account for 14.35% of
all public tender notices. Although this acquisition rate is relatively low, the final dataset
still contains nearly 490,000 valid tender documents, providing a large empirical basis for
national-scale text-based analysis. More importantly, from the perspective of missing-data
research, a low acquisition rate does not necessarily imply biased inference; the key issue is
whether the missingness mechanism is systematically related to the variable of interest [61].
In this study, missing documents mainly resulted from technical or platform-management
factors, such as missing file uploads, access restrictions, encrypted files, invalid links,
or attachments unsuitable for text analysis. These factors are unrelated to whether the
documents contain GPP-related requirements. Therefore, the missing data are unlikely
to generate selection bias around GPP content or substantially affect the main findings
of this study. The final dataset thus provides a stable basis for identifying the overall
implementation pattern, dimensional differences, and central–local distribution of GPP.

3.4. Text Processing and Automated Identification

Given a corpus of nearly 500,000 tender documents, manual document-by-document
coding is not feasible. We therefore adopt a computer-assisted text-processing and auto-
mated identification approach. First, PDF files are converted into plain text using tools
such as pdfplumber. Character encoding, whitespace, and abnormal formatting are then
standardized to improve the reliability of Chinese text recognition.

After preprocessing the texts, we wrote scripts in Python 3.12 based on the multi-
layered keyword dictionary developed in Section 3.2 to batch-scan the full corpus. The
identification procedure is not based on simple keyword counts; instead, content is classi-
fied according to the hierarchical structure of the dictionary. For example, for the circular
economy dimension, the program searches simultaneously for keyword groups under
multiple sub-subcategories, such as reuse, recycled materials, and waste-to-resource uti-
lization. When at least one corresponding keyword is identified in a tender document, the
relevant sub-subcategory is coded as present. A subcategory is then coded as present if at
least one of its sub-subcategories is identified, and a first-level GPP category is coded as
present if at least one of its subcategories is identified. Repeated occurrences of the same
keyword do not increase the category score, because the purpose of the coding is to identify
the presence or absence of GPP requirements rather than to measure word frequency. A
single tender document may therefore be assigned to multiple GPP categories when it
contains keyword groups belonging to different dimensions. The program thus first identi-
fies keyword matches and then aggregates the results successively to the sub-subcategory,
subcategory, and main-category levels, generating binary (1/0) coding results at all three
indicator levels.
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4. Results and Discussion
4.1. Overall Implementation of GPP

A review of 488,449 public tender documents shows that 269,099 documents contain
at least one identifiable GPP requirement, yielding an overall implementation rate of 55.1%
(Table 1). This result indicates that GPP is no longer confined to policy advocacy, but has
entered a substantial share of concrete procurement practice. In other words, GPP in China
has achieved considerable practical coverage, with green requirements explicitly embedded
in a large number of tender documents. In this sense, policy efforts to promote GPP in
China have produced substantive progress at scale.

Table 1. Overall implementation in documents.

With GPP a Without GPP Total

Central level 60,569 (75.2%) 19,925 (24.8%) 80,494
Local level 208,530 (51.1%) 199,425 (48.9%) 407,955
Overall 269,099 (55.1%) 219,350 (44.9%) 488,449

Note: a Number of GPP documents in which there is consideration for one or more (sub-) subcategories of the
relevant main category.

At the same time, this finding also shows that GPP has not yet become a general
requirement across all procurement projects. A total of 44.9% of tender documents con-
tain no identifiable GPP content, suggesting that the incorporation of GPP into China’s
government procurement system remains incomplete and has not reached full coverage.
China’s current GPP landscape is therefore neither one in which implementation has yet
to begin nor one in which GPP has become universal. Rather, it is better understood as
an intermediate state: GPP has entered procurement practice on a broad scale, but it has
not yet deepened evenly. Further analysis suggests that this unevenness is not accidental,
but reflects a structural pattern of implementation across levels of government, policy
dimensions, and specific subcategories.

First, at the level of government hierarchy, there is a pronounced implementation
gap between the central and local levels. As shown in Table 1, the proportion of tender
documents containing identifiable GPP requirements is 75.2% at the central level, compared
with 51.1% at the local level—a difference of 24.1 percentage points. Put differently, central
government procurement documents are substantially more likely than local documents
to incorporate green requirements. This finding suggests that, under a unified policy
framework, GPP has not advanced evenly across levels of government, but instead exhibits
a marked hierarchical divide between the central and local levels.

This hierarchical difference is not merely a statistical pattern; it carries clear institu-
tional implications. Central government agencies are both policy makers and institutional
exemplars. Their procurement activities tend to be more standardized and often benefit
from stronger resource conditions, greater policy sensitivity, and tighter implementation
constraints, making it easier to embed green requirements in procurement documents in
a structured manner [62]. Local governments, by contrast, face a more complex objective
function: they must respond to higher-level policy directives while also coping with fiscal
constraints, development pressures, professional capacity limitations, and local imple-
mentation conditions [34,63]. Under these multiple constraints, GPP has entered local
procurement practice, but its coverage remains significantly lower than at the central level.
This suggests that incomplete implementation, selective adoption, and uneven advance-
ment across localities are more likely to occur at the local level. At a minimum, the results
reported here indicate that the implementation gap generated as GPP moves from formal
institutions to concrete procurement requirements is real rather than merely theoretical.
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From a spatial perspective, GPP implementation rates also vary markedly across
provinces (Figure 2). Overall, the distribution is far from uniform and displays clear regional
differentiation: some provinces show relatively high implementation rates, whereas others
remain much lower, indicating that the advancement of GPP at the local level is likewise
not synchronized. More specifically, provinces with higher implementation rates are
concentrated mainly in parts of central-western China and the eastern coastal region,
whereas lower implementation rates are more common in several northwestern and central
provinces. This pattern suggests that, in addition to the hierarchical difference between
the central and local levels, there is substantial spatial heterogeneity within the local level
itself. The actual implementation of GPP is therefore characterized not only by an overall
pattern in which the central level outperforms the local level, but also by pronounced
variation among localities in the extent of advancement. This further confirms that GPP in
China is being implemented through a structural process marked by both hierarchical and
regional disparities.

Figure 2. GPP implementation rates across regions in China.

Second, the distribution across the main categories reveals a strikingly tiered structure
in GPP implementation in China (Table 2). Among all procurement documents in which
GPP requirements are identified, the environmental friendliness dimension has a coverage
rate of 95.7%, making it the foundational component of current GPP practice. Green labels
rank second, with an implementation rate of 58.9%, while green innovation occupies an
intermediate position at 35.1%. By contrast, the circular economy (20.5%), green supply
chains (16.4%), and LCC (16.3%)—dimensions associated with more advanced and more
complex governance requirements—remain much less prevalent. This pattern indicates
that GPP in China is not being implemented evenly as an integrated six-dimensional policy
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bundle. Instead, it displays a clear structural gradient, with implementation declining from
more basic dimensions to more complex ones.

Table 2. Main category implementation.

GPP Main Category Number a Percent

Environmental friendliness 257,514 95.7%
Green labels 158,551 58.9%
Green innovation 94,500 35.1%
Circular economy 55,042 20.5%
Green supply chains 44,001 16.4%
LCC 43,739 16.3%

Note: a Number = Number of GPP documents in which there is consideration for one or more (sub-) subcategories
of the relevant main category.

This tiered distribution has a clear internal logic. The environmental friendliness di-
mension records the highest implementation rate because it is more institutionally mature,
its policy objectives are clearer, its social recognition is broader, and its textual expressions
are more standardized. Requirements related to energy saving, water saving, emissions
reduction, and pollution control have long been common elements in China’s environmen-
tal governance and government procurement policies. Procuring entities therefore face
relatively low barriers in understanding and applying such clauses, making it easier to
translate them into explicit requirements in tender documents. The high implementation
rate of green labels is closely related to their signaling function in practice. Certification
labels and government procurement catalogs provide procurers with relatively convenient
tools for identifying and screening products or services with environmental attributes
without substantially increasing the burden of implementation; for this reason, they are
more readily adopted in procurement practice [64].

By contrast, the much slower uptake of the circular economy, green supply chains,
and LCC reflects a structural bottleneck in the deepening of GPP. The circular economy
requires procurement to move beyond end-of-pipe governance and into more systemic
areas such as product design, material selection, resource reuse, and waste valorization.
This means that procuring entities must not only formulate relevant requirements, but
also possess the capacity to identify, evaluate, and monitor them [17]. Green supply chain
management extends environmental requirements beyond the procured object itself to
the supply chain as a whole, involving raw material sourcing, production organization,
logistics and transportation, packaging, and environmental information disclosure. This
implies a longer regulatory chain, higher implementation costs, and greater dependence
on the maturity of supplier systems [65]. LCC, meanwhile, goes directly to the logic of
procurement decision-making. It requires procurers to move beyond an exclusive focus
on initial price and to take into account long-term costs such as maintenance, operation,
disposal, and even environmental externalities, which sits in clear tension with the long-
standing practice of prioritizing the lowest bid [11]. In other words, these dimensions are
not less important because their implementation rates are low. On the contrary, it is precisely
because they are more systemic, more complex, and more challenging to conventional
procurement logic that they are less readily adopted in practice.

At the same time, one finding deserves particular attention. In the two frontier areas
of green supply chains and LCC, roughly 16% of GPP documents still include relevant
requirements, even though no clear, unified, and mandatory operational rules have yet been
established at the national level. This result suggests that institutional under-specification
does not necessarily imply a practical vacuum. If the frequent appearance of environmental
friendliness and green labels mainly reflects a pathway of institutional maturity followed
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by widespread implementation, the appearance of green supply chains and LCC points to
another pathway: even before formal institutions are fully in place, some procuring entities
have already begun to incorporate these requirements into concrete projects. Based on the
evidence presented here, this phenomenon should not be understood simply as weak or
incomplete implementation. Rather, it suggests that the actual boundaries of GPP may not
be fixed once and for all by existing central-level institutions, but may instead be extended
tentatively in practice by some actors.

This feature—practice emerging before institutional rules are fully settled—is one of
the most noteworthy findings of this study. It suggests that the development of GPP in
China is not limited to passive compliance with existing institutional requirements, but
may also involve a degree of practice-led advancement and policy boundary extension.
The fact that some local governments or procuring entities have begun to incorporate green
supply chain and LCC requirements may be related to growing concern over supply chain
risks, long-term operating costs, or broader environmental performance. Although the text
data used here do not allow us to reconstruct the full decision-making chain behind such
initiatives, the results themselves establish an important point: these frontier dimensions
are no longer confined to policy or theoretical discussion, but have already entered concrete
procurement texts to a meaningful extent, thereby providing a practical basis for future
institutional refinement.

Viewed together with the central–local implementation gap reported above, this
finding suggests that uneven implementation and practice-led boundary expansion are
not necessarily contradictory. They reflect different aspects of GPP implementation under
multilevel governance. In relatively institutionalized dimensions, local governments may
lag behind the central level because implementation depends more on administrative
capacity, compliance pressure, and standardized tools. In institutionally under-specified
dimensions, however, the absence of fully settled rules may leave more room for local
adaptation and project-level exploration. Thus, some GPP dimensions reveal the difficulty
of translating established rules into local practice, while others show how procurement
practice may move ahead of formal institutional specification.

Third, when the analysis moves to the subcategory level (Table 3), this structural
pattern becomes even clearer. The most frequently implemented subcategories are “gen-
eral requirements,” “consumption,” “government procurement catalogs,” “energy-saving
product labels,” and “environmental management systems.” Among them, “general re-
quirements” and “consumption” appear in more than 210,000 procurement documents
and constitute the main basis for environmental friendliness being the most widely im-
plemented main category. Likewise, “government procurement catalogs,” “China energy-
saving product labels,” and “environmental management systems” jointly explain the
relatively high implementation rate of the green labels dimension. These high-frequency
subcategories share an important common feature: they either consist of relatively general
and highly standardized environment-oriented requirements, or can be identified and
implemented through existing catalogs and certification systems. As a result, they are
more readily adopted in procurement practice. This suggests that the elements of GPP that
diffuse most easily at present are primarily those green requirements that involve lower
complexity, lower additional identification costs, more mature textual expressions, and
simpler verification.

By contrast, less frequent subcategories reveal more clearly the limited institutional
penetration of certain green issues. Although the environmental friendliness dimension
has a very high overall implementation rate, its internal development is far from even.
Subcategories such as environmental pollution, water, and energy production show a
certain degree of coverage, whereas energy, transportation, forests, food, material con-
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sumption, sustainable raw materials, soil, and hazardous substances appear much less
frequently, with some approaching near absence. This pattern deserves particular attention
because energy and transportation are highly carbon-intensive sectors and major targets of
policy concern [66,67], yet their penetration into procurement documents remains limited.
Current GPP practice is therefore still concentrated more on general and broadly applicable
environmental clauses, while coverage of more specialized, more specific, but equally
important environmental issues remains insufficient, especially those involving greater
technical complexity or narrower application boundaries.

Table 3. Main category and subcategory implementation.

GPP Main Category GPP Subcategory Number a

EF General requirements 218,773
EF Consumption 210,037
GL Government procurement list 127,011
GI Energy saving category 55,498
GL China energy conservation product label 42,563
GSC Green logistics 40,074
GL Environmental management system 34,986
CE Recycling of Waste Materials 26,896
EF Environmental pollution 26,741
GI Waste management category 26,488
LCC Maintenance and Repair Cost 26,231
GL General green standards 24,556
LCC Operating cost 16,663
GI Alternative energy production category 15,740
CE Green design 14,385
EF Water 12,456
GL China environmental label 12,294
CE Comprehensive resource utilization 12,098
GI Design category 10,344
EF Energy generation 9715
EF Forests 9569
EF Food 8732
EF Waste 8443
GI Transportation category 7074
GI Agriculture and Forestry Category 6892
CE Renewable resources 6135
LCC Acquisition cost 5335
CE Remanufacturing industry 5225
GL Green product label 5002
CE Plastic pollution control 4544
CE Circular development 4443
EF Green energy 4101
EF Gases 3726
EF Transport 3353
GSC Green packaging 2479
GSC Green production 2200
GI Nuclear power category 1564
EF Material consumption 1336
EF Sustainable raw materials 1061
LCC Disposal cost 700
GSC Green supplier management 440
GL China energy efficiency label 382
LCC Environmental externality cost 202
EF Soil 127
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Table 3. Cont.

GPP Main Category GPP Subcategory Number a

GL Green building label 89
GL Green food label 10
LCC Life cycle assessment (LCA) 7
GL Green building material evaluation label 7
EF Hazardous substances 1
GSC Green information management 0
GL China organic product label 0
GL China low-carbon product label 0

Note: EF = environmental friendliness; CE = circular economy; GI = green innovation; GSC = green supply
chains; GL = green labels; LCC = life cycle costing. a Number = Number of GPP documents in which there is
consideration for one or more (sub-) subcategories of the relevant main category.

A similar logic of stratified advancement can be observed in the internal composition
of green labels, green innovation, and the circular economy. The relatively high implementa-
tion rate of green labels is driven mainly by subcategories such as government procurement
catalogs, energy-saving product labels, and environmental management systems, indicat-
ing that current GPP practice in China still relies heavily on existing certification systems
and policy catalogs to achieve environmental objectives. This is an implementation path-
way characterized by low identification costs and low execution barriers. By comparison,
green building labels, green food labels, green building materials evaluation labels, China
organic product labels, and China low-carbon product labels are rarely implemented, indi-
cating very limited institutional penetration into procurement practice. Within the green
innovation dimension, subcategories related to energy saving, waste management, and
alternative energy production appear more frequently, possibly because these areas are
widely applicable to high-frequency procurement settings such as construction, equipment,
and day-to-day operations, and are therefore more easily incorporated into tender docu-
ments. Within the circular economy dimension, waste material recycling, green design, and
comprehensive resource utilization are implemented more often, whereas subcategories
such as circular development appear much less frequently. Circular economy principles in
procurement are therefore still reflected mainly through localized elements that are easier
to express and operationalize, rather than through a full shift toward a systemic logic of
resource-flow restructuring.

Finally, the distribution of subcategories within the frontier dimensions further shows
that, although GPP in China has begun to touch upon green supply chain management
and LCC, it remains at a relatively “shallow” stage overall. Within the green supply chain
dimension, green logistics is by far the dominant source of implementation: 40,074 docu-
ments include this subcategory, making it the primary driver of the dimension’s overall
implementation rate of 16.4%. By contrast, green production and green packaging appear
only to a limited extent, while green supplier management and green information man-
agement are extremely rare or entirely absent. Current procurement practice has therefore
begun to introduce green requirements in relatively manageable areas such as logistics
and packaging, but has not yet established a genuine green supply chain governance logic
centered on supplier screening, whole-process information disclosure, and structured envi-
ronmental management. A similar pattern appears in the LCC dimension. Maintenance and
repair costs, together with operating costs, account for a relatively large share and are the
main reason why this dimension reaches an implementation rate of 16.3%. Disposal costs,
environmental externality costs, and life cycle assessment, however, appear only rarely.
What is currently captured as “life cycle costing” in practice therefore remains focused
largely on use-phase and maintenance costs, rather than reflecting a full LCC framework in

https://doi.org/10.3390/su18136661

https://doi.org/10.3390/su18136661


Sustainability 2026, 18, 6661 20 of 38

the stricter sense—one that incorporates life cycle assessment and the internalization of
environmental externalities.

4.2. Implementation Patterns of GPP

The previous section documented pronounced differences in GPP implementation
in China in terms of overall implementation level, government hierarchy, and policy
dimensions. This section turns to how these differences take shape within procurement
practice. Specifically, it examines how different green requirements co-occur within the
same tender document, how they change over time, and how they are distributed across
award methods, project sizes, and contract types. The following analysis therefore examines
GPP implementation patterns in China from five perspectives.

4.2.1. Number of Categories and Co-Occurrence Patterns in GPP Implementation

In procurement documents containing GPP requirements, green provisions do not
typically appear as isolated single dimensions; rather, they display a clear composite char-
acter. As shown in Table 4, 44.91% of the 488,449 tender documents contain no identifiable
GPP sub-subcategory, while most of the remaining documents include multiple green
sub-subcategories. On average, each procurement document containing GPP requirements
involves 3.93 different sub-subcategories.

Table 4. Number of sub-subcategories in GPP documents.

From Until Number

0 0 219,350
1 5 214,346
6 10 50,505
11 15 3971
16 20 252
21 25 21
26 30 4

This result suggests that procuring entities tend to incorporate multiple green require-
ments with different but mutually reinforcing functions into the same tender document,
thereby forming a composite structure of green provisions. Figure 3 further shows that
such co-occurrence is not random, but follows relatively clear patterns of association. En-
vironmental friendliness and green labels show the strongest co-occurrence relationship
(correlation coefficient = 0.98), while environmental friendliness and green innovation
also exhibit a relatively high degree of co-occurrence (correlation coefficient = 0.84). This
indicates that the most stable core configuration in current GPP practice in China consists
of environmental friendliness as the overarching goal orientation, green labels as the main
instrument for identification and implementation, and, in some projects, an additional layer
of green innovation requirements. In interpreting these correlations, it should be noted that
each main category in this study is identified through its own subcategories and keyword
groups. Therefore, the high correlation between environmental friendliness and green
labels should be understood as the frequent co-occurrence of two different types of GPP
requirements in the same tender documents, rather than as mechanical overlap in coding.

This co-occurrence structure also reveals a basic feature of GPP implementation in
China: environmental objectives are not translated into procurement practice through
general principles alone, but through the combined use of catalogs, labels, and technical re-
quirements. The close pairing of environmental friendliness and green labels suggests that
the most mature implementation pathway in current practice still follows a chain of “en-
vironmental objectives–certification and identification–procurement execution.” Through
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government procurement catalogs, energy-saving product certification, environmental man-
agement systems, and similar mechanisms, green labels provide a verifiable and operational
vehicle for otherwise abstract environmental objectives. The relatively strong co-occurrence
between environmental friendliness and green innovation further suggests that some
procurement documents no longer confine environmental requirements to conventional
energy-saving and emissions-reduction concerns, but instead connect environmental objec-
tives with technological upgrading through innovation-oriented provisions. By contrast,
the circular economy, green supply chains, and LCC show much weaker co-occurrence
with other dimensions, indicating that these frontier dimensions remain concentrated in
more limited and specific procurement settings.

Figure 3. Co-occurrences of main categories. Note: EF = environmental friendliness; CE = circu-
lar economy; GI = green innovation; GSC = green supply chains; GL = green labels; LCC = life
cycle costing.

Taken together, the co-occurrence patterns suggest that the implementation of different
GPP dimensions in China does not unfold evenly, but follows a relatively clear order
of priority.

4.2.2. GPP and Time Trend

From a temporal perspective, the overall implementation rate of GPP in China in-
creased steadily between 2015 and 2022, but the trajectories of individual dimensions were
far from uniform (Figure 4; Table 5). This pattern indicates that GPP has not expanded
as a coherent whole at a single pace; instead, different dimensions have advanced along
distinct pathways.

First, the environmental friendliness dimension remained consistently above 93%
throughout the observation period, indicating a high degree of continuity and stability.
This suggests that environmental friendliness is no longer an exploratory requirement,
but has become a foundational green dimension in China’s government procurement
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system, with a level of institutionalization and practical diffusion far exceeding that of
other dimensions. By contrast, green labels recorded the most pronounced growth, rising
from 43% to 72%. This increase suggests that the recent expansion of GPP in China has
relied less on the addition of new abstract principles than on the diffusion of operational
instruments such as green labels, certification systems, and procurement catalogs. The
continued development of the green labeling system has therefore strengthened procurers’
capacity to identify and implement green requirements in practice, making green labels
one of the fastest-growing and most mature institutional supports for GPP in China.

Figure 4. Main categories in % per year.

Second, green innovation also shows a clear upward trend, increasing from 33% to
43%. This growth, however, is not driven primarily by the central level; it is more strongly
reflected in local-level increases. As shown in Table 5, from 2015 to 2022, the growth rate
for green innovation reaches 61% among local governments, whereas the corresponding
rate at the central level is negative. This is an important finding. Although the central
level outperforms the local level in overall implementation and in most well-established
dimensions, green innovation follows a different hierarchical pattern. Growth momentum
in this dimension is clearly stronger at the local level, indicating that in domains requiring
contextual adaptation, technological experimentation, and administrative discretion, local
governments are not merely passive followers but may act as active drivers of practical
change. The evolution of GPP in China therefore does not uniformly follow a “central
lead–local follow” trajectory. In more flexible and open-ended dimensions such as green
innovation, local actors may play a stronger role in diffusion and experimentation. This
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pattern is consistent with the logic of policy experimentation: when a GPP dimension is less
fully standardized and requires contextual adaptation, local procuring entities may have
more room to test and incorporate green innovation requirements in specific procurement
projects. These local experiments may accumulate practical experience and provide a
possible basis for subsequent policy learning, rule refinement, and upward absorption into
more formal institutional arrangements.

Table 5. Main category in % by growth rate in central and local government.

EF CE GI GSC GL LCC

Central level 6.1 −9.7 −2.3 229.4 36 −12.1
Local level 3.7 8.7 61 217.9 116.5 −6.3

Note: EF = environmental friendliness; CE = circular economy; GI = green innovation; GSC = green supply
chains; GL = green labels; LCC = life cycle costing. Growth rates are calculated as the percentage change in
implementation rates from 2015 to 2022.

Third, the circular economy, LCC, and green supply chains display three distinct
trajectories. The circular economy dimension tends to level off after 2019 and even shows
negative growth at the central level. Although the circular economy has long occupied
an important place in policy discourse, its translation from principled statements into
concrete procurement requirements has been unstable; institutional principles have not
automatically become stable procurement practice. The limited progress of the circular
economy therefore appears to stem less from a lack of policy principles than from the
absence of procurement tools that are operational, identifiable, and assessable [68]. LCC
follows a different pattern: after a modest increase in the early years, it remains persistently
low, with negative growth rates at both the central and local levels. Despite its strong
theoretical appeal, this dimension continues to face major practical constraints, including
the enduring dominance of lowest-price award logic and insufficient methodological tools,
data support, and implementation standards. As a result, it has been unable to sustain
continued expansion.

Green supply chains, by contrast, exhibit a pronounced surge, with growth rates
reaching 229.4% at the central level and 217.9% at the local level. This result does not imply
that China has already established a mature green supply chain governance system. Rather,
it more likely reflects the rapid incorporation of certain more manageable supply chain
components into procurement practice. In light of the subcategory analysis in Section 4.1,
this increase appears to be driven mainly by subcategories such as green logistics. The
rise of green supply chains therefore does not signal the maturation of the supply chain
management system as a whole; it more closely resembles a gradual expansion driven by
specific problems and localized procurement settings. This pathway is important because
it suggests that the expansion of frontier dimensions does not depend on fully developed
institutions emerging all at once, but can proceed incrementally through early incorporation
in selected subcomponents.

4.2.3. GPP and the Award Method

Award method is one of the key institutional conditions shaping patterns of GPP
implementation. As shown in Table 6, among GPP projects for which the award method
could be identified, approximately 97% used the Most Economically Advantageous Tender
(MEAT) approach. This indicates that the dominant mode of GPP implementation in China
relies heavily on the institutional space provided by MEAT. Compared with the Lowest
Price Tender (LPT) approach, MEAT allows procuring entities to introduce multiple criteria
beyond price, including technical specifications, performance, certification, and environ-
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mental performance. It is therefore better suited to accommodating the multidimensional,
composite, and non-price requirements associated with GPP.

Table 6. Main category in % by awarding method.

EF CE GI GSC GL LCC Number

MEAT
Central level 96.2 17.4 31.9 10.7 67.3 15.6 53,602
Local level 96.7 20.2 35.8 20.6 65.5 16.5 171,942
Overall 96.5 19.6 35 18.4 66.3 16.4 225,544

LPT
Central level 83.4 9.2 28.5 2.2 58 35.2 1925
Local level 76.4 10.7 26.6 5.6 34.7 43.9 4224
Overall 78.7 10.2 27.3 4.5 42.1 41.3 6,149

Note: EF = environmental friendliness; CE = circular economy; GI = green innovation; GSC = green supply chains;
GL = green labels; LCC = life cycle costing. MEAT = the most economically advantageous tender; LPT = lowest
price tender.

This pattern is clearly reflected in the distribution of different dimensions. In MEAT
projects, implementation rates are generally high for environmental friendliness, green la-
bels, and green innovation. At the central level in particular, environmental friendliness and
green labels reach 96.2% and 67.3%, respectively, indicating that GPP enters procurement
practice primarily through MEAT as an institutional vehicle.

Under LPT, by contrast, implementation rates for most green dimensions are markedly
lower, especially for green supply chains and green labels. This pattern is consistent
with the institutional logic of the lowest-price rule, which tends to narrow the space
available for non-price requirements. Within an LPT framework, procuring entities face
greater difficulty in introducing green requirements that are complex, multidimensional,
and require additional judgment, making this award method less conducive overall to a
multidimensional pattern of GPP implementation.

One finding, however, deserves particular attention. In LPT projects, the implemen-
tation rate of LCC is significantly higher than in MEAT projects: 41.3% overall under
LPT, compared with only 16.4% under MEAT. At the local level, the LCC implementation
rate in LPT projects even reaches 43.9%. This counterintuitive result suggests that LPT
does not necessarily exclude long-term cost considerations. On the contrary, in some
projects, procuring entities may be using more easily specified and calculated long-term
cost elements—such as maintenance and operating costs—precisely under rigid price con-
straints to correct, at least to some extent, for the quality risks or downstream expenditure
risks associated with an exclusive focus on low price. In this sense, what appears here as
LCC is more likely to reflect a partial and limited form of long-term cost rationality than
the full application of a strict LCC methodology.

4.2.4. GPP and Tender Price

In terms of project scale, the relationship between GPP implementation and procure-
ment value is complex rather than unidirectional (Table 7). Overall, projects containing
green requirements have a higher average tender value than those without such require-
ments (RMB 23.1 million vs. RMB 20.7 million). This suggests that, at the aggregate level,
larger projects are more likely to incorporate green requirements. The finding is consistent
with previous studies showing that GPP is more likely to appear in projects with stronger
resource conditions.

When the analysis distinguishes between the central and local levels, however, this
relationship no longer appears uniform. At the central level, projects containing green
requirements have a higher average value than those without them (RMB 42.9 million
vs. RMB 37.0 million), indicating that larger central-level projects are more likely to
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embed green requirements. At the local level, by contrast, the pattern is reversed: projects
containing green requirements have a markedly lower average value than those without
such requirements (RMB 4.8 million vs. RMB 12.5 million). In local practice, GPP therefore
appears more often in procurement projects of relatively smaller value, rather than being
concentrated in high-value, large-scale projects.

Table 7. Main category by average tender price × million CNY.

Overall Central Level Local Level

GPP No GPP GPP No GPP GPP No GPP

EF 23.0 18.9 43.1 27.2 5.0 16.4
CE 33.1 20 52.9 36.6 12.6 10.9
GI 22.4 20.9 38.9 38.7 7.1 11.8
GSC 6.2 22.5 12.7 41 2.2 11.8
GL 27.6 17.6 52.7 24.9 2.1 14.6
LCC 11.1 22.3 18.6 41.6 4.2 11.6
Average price 23.1 20.7 42.9 37.0 4.8 12.5

Note: EF = environmental friendliness; CE = circular economy; GI = green innovation; GSC = green supply chains;
GL = green labels; LCC = life cycle costing.

This contrast indicates that the relationship between project scale and GPP is not
linear, but varies across levels of government. At the central level, higher-value projects are
likely to involve more complex technical schemes, more complete evaluation structures,
and more standardized tender documents, making them better able to accommodate
multidimensional green requirements. Project scale and GPP implementation therefore
show a relatively consistent positive association. At the local level, the situation is more
complex. High-value projects often imply greater budgetary pressure, higher procurement
risk, and stricter cost-control requirements. Under such conditions, procuring entities may
prioritize the smooth completion of the project and take a more cautious approach toward
green requirements that could increase visible costs, raise the complexity of evaluation,
or introduce implementation uncertainty. As a result, local-level GPP may appear first in
smaller projects that involve lower risk and are easier to manage, rather than being evenly
embedded across all high-value projects.

Across specific dimensions, the relationship between project scale and GPP is also
uneven. The circular economy and green labels appear more often in high-value projects
at both the aggregate and central levels, whereas green supply chains and LCC are more
common in relatively low-value projects, especially at the local level. This suggests that
different dimensions depend on different conditions for entry into procurement practice.
Dimensions such as green labels, which are more highly institutionalized and involve
relatively low identification and implementation costs, are more easily incorporated into the
formal evaluation structures of large projects. By contrast, dimensions such as green supply
chains and LCC, where institutional requirements remain less stable and implementation is
more complex, do not necessarily enter high-value projects first; instead, they may appear
earlier in smaller projects where the costs of experimentation are lower and the room for
adjustment is greater. Project value therefore affects not only whether GPP is implemented,
but also which types of green requirements are more likely to be adopted first.

These results should be interpreted as correlational distributions between project
value and GPP implementation rather than causal effects. Green requirements may raise
the visible costs of some projects, while larger and better-resourced projects may also
be better positioned to absorb such requirements. Project value may therefore be both
an outcome of GPP implementation and a prior condition facilitating it. The point here
is not to establish causality, but to show that the relationship between project scale and
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GPP varies substantially across levels of government and across dimensions, and that this
heterogeneity is itself an important part of the implementation pattern of GPP in China.

4.2.5. GPP and the Type of Contract

Across contract types, GPP implementation displays a clear pattern of contextual
adaptation (Table 8). The environmental friendliness dimension maintains a high imple-
mentation rate across goods, services, and works contracts, suggesting that it has become a
foundational green requirement shared across procurement types. Beyond this dimension,
however, implementation rates vary substantially by contract type. Different procurement
settings therefore do not accommodate all GPP requirements equally, but instead filter and
support different dimensions in distinct ways.

Table 8. Main category in % by type of contract.

EF CE GI GSC GL LCC Number

Goods
Central level 97.0 14.2 37.7 10.7 75.3 15.6 33,166
Local level 95.4 16.5 40.9 17.5 65.5 15.3 95,610
Overall 96.1 16 40.1 15.8 68.1 15.4 128,776

Service
Central level 94.1 17.7 20.2 8.1 54.5 13.9 21,676
Local level 94.0 21.8 26.5 15.2 52.7 15 50,711
Overall 94.0 20.7 24.8 13.1 53.6 14.8 72,387

Works
Central level 97.5 56.3 48.8 25.6 50.5 35.2 2367
Local level 95.8 37.5 34.5 26.4 32.6 22.4 31,231
Overall 95.9 38.9 35.5 26.3 33.8 23.3 33,598

Note: EF = environmental friendliness; CE = circular economy; GI = green innovation; GSC = green supply chains;
GL = green labels; LCC = life cycle costing.

In goods contracts, green labels and green innovation show relatively high implemen-
tation rates. Overall, the implementation rate of green labels in goods contracts is 68.1%,
while that of green innovation is 40.1%, both clearly higher than in service projects. This
suggests that goods procurement is more likely to serve as a major entry point for certain
green requirements. A plausible reason is that goods procurement can more readily rely on
product catalogs, certification labels, energy-saving standards, and technical parameters
for identification, comparison, and acceptance, making it better suited to the incorporation
of environmental friendliness, green labels, and some green innovation requirements.

Service contracts occupy an intermediate position overall. With the exception of envi-
ronmental friendliness, implementation rates for the other dimensions are generally lower
than those observed in goods and works projects. This indicates that the environmental
attributes of services are often more difficult to describe in standardized terms, and green
requirements are therefore harder to incorporate consistently into tender documents. As
a result, GPP in service procurement tends to take the form of general environmental
orientation requirements, rather than catalog-based, certification-based, or more complex
and systemic green governance arrangements. Services therefore do not currently appear
to be the main setting in which GPP is being deepened.

Works contracts, by contrast, display the clearest deepening pattern. Although the
implementation rate of green labels in works contracts is lower than in goods projects, the
three more complex dimensions—circular economy, green supply chains, and LCC—are
all significantly more prevalent in works than in goods or services. Overall, the implemen-
tation rates of these three dimensions in works projects reach 38.9%, 26.3%, and 23.3%,
respectively; in central-level works projects, they rise further to 56.3%, 25.6%, and 35.2%.
This pattern is highly consistent with the characteristics of works projects, which typically
involve longer life cycles, greater resource consumption, more extended supply chains, and
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a larger share of maintenance and operating costs. In this sense, works procurement may
be one of the most important settings in which GPP in China is moving from general green
requirements toward more systemic green governance instruments. This project-based
logic also helps explain why the local-level implementation rate of green supply chain re-
quirements in works contracts is slightly higher than the central-level rate (26.4% vs. 25.6%).
Although the difference is small, it suggests that less institutionalized GPP dimensions may
first enter practice where concrete project needs make them more operationally relevant.
Such localized experimentation may also provide a possible basis for later policy learning,
rule refinement, and upward absorption into formal institutions.

5. Conclusions
Drawing on a six-dimensional assessment framework covering environmental friend-

liness, circular economy, green innovation, green supply chains, green labels, and LCC,
this study uses text-mining methods to analyze more than 480,000 central- and local-level
government procurement tender documents from 2015 to 2022. It examines the level of GPP
implementation in China, its implementation patterns, and their institutional implications.
The central conclusion is that GPP in China has moved from policy advocacy into large-
scale practice, but this process has not unfolded in a synchronized manner. Instead, it is
characterized by hierarchical differences, dimensional differentiation, contextual variation,
and partial expansion of policy boundaries.

First, the study develops and applies a six-dimensional integrated evaluation frame-
work that captures the multiple components of GPP, thereby addressing the fragmented
dimensional focus of existing research. The findings show that only by incorporating
environmental friendliness, green labels, circular economy, green innovation, green supply
chains, and LCC into a unified framework can the actual form of GPP in procurement prac-
tice be identified with reasonable completeness. Existing studies based on a small number
of visible indicators or single dimensions may reveal the implementation of some green
requirements, but they are less able to capture the overall structure of GPP as a composite
policy system, or to identify stratification, combinations, and boundary extension across
dimensions. The framework developed here therefore represents not only a methodological
contribution, but also a necessary foundation for understanding the internal structure of
GPP implementation, its contextual variation, and its institutional reach.

Second, the findings indicate that GPP in China has achieved a meaningful degree
of practical implementation, but that this process is clearly structured rather than evenly
expansive. Overall, 55.1% of procurement documents contain at least one GPP dimension,
suggesting that green principles have entered a substantial share of government procure-
ment practice. Yet implementation is uneven, taking the form of a pronounced tiered
distribution: environmental friendliness and green labels constitute the core of current prac-
tice, green innovation occupies an intermediate position, and the circular economy, green
supply chains, and LCC remain comparatively weak. This pattern suggests that, in practice,
GPP in China advances more readily through dimensions that are easier to identify, stan-
dardize, and implement, whereas dimensions that are more systemic and more demanding
remain only partially developed. Understanding GPP implementation therefore requires
more than asking whether green requirements have entered procurement documents; it
also requires attention to the stable and substantial stratification across dimensions.

Third, this structured implementation is also reflected in clear hierarchical differences.
The implementation rate at the central level is markedly higher than that at the local level,
indicating a substantial implementation gap as unified institutions are transmitted down-
ward, and showing that GPP does not advance evenly across levels of governance. Further
analysis reveals that this differentiation is not random or disorderly, but instead takes

https://doi.org/10.3390/su18136661

https://doi.org/10.3390/su18136661


Sustainability 2026, 18, 6661 28 of 38

the form of relatively stable implementation patterns. GPP typically enters procurement
documents not as isolated single requirements, but as combinations of multiple dimensions,
with environmental friendliness and green labels forming the most common pairing. Over
time, environmental friendliness remains consistently high, while green labels and green
innovation continue to grow, with green innovation increasing more rapidly at the local
level. By contrast, the circular economy and LCC advance more slowly, whereas green sup-
ply chains expand mainly through more operational subcategories such as green logistics.
These patterns are further filtered through specific procurement settings. MEAT serves as
the principal institutional vehicle for GPP, while LCC is more prominent in lowest-price
tenders; goods contracts more readily accommodate standardized and certification-based
green requirements, whereas works contracts are better able to carry more complex dimen-
sions such as the circular economy, green supply chains, and LCC. Taken together, these
findings suggest that GPP in China does not unfold in a single, uniform manner. Rather, it
enters procurement practice through combinations of green requirements under conditions
of central–local differentiation, while displaying clear variation across temporal trajectories
and procurement settings.

Fourth, the study identifies early practical developments in areas that are not yet
fully covered by formal institutions. Although green supply chains and LCC have not
yet been governed by mature, clear, and mandatory national-level rules, they are not ab-
sent from procurement practice. Both already appear in a non-negligible share of tender
documents. Particularly noteworthy is that, although these two dimensions both belong
to institutionally under-specified areas, they enter practice in different ways: green sup-
ply chains expand more rapidly and are concentrated mainly in specific, concrete, and
operational subfields such as green logistics, whereas LCC remains limited overall but
appears more strongly under particular institutional conditions, such as lowest-price award
settings. This suggests that practical experimentation does not occur randomly, but is
often linked to concrete governance problems, specific policy opportunities, and particular
implementation conditions.

Fifth, more broadly, the findings suggest that GPP should not be understood as a
simple collection of discrete green clauses. It is better conceptualized as a composite policy
system consisting of multiple objectives, dimensions, and implementation pathways. Cor-
respondingly, policy implementation should not be seen merely as the passive execution of
pre-existing institutional rules. It is more appropriately understood as a differentiated pro-
cess unfolding across dimensions, levels, and procurement settings, which may also involve
the gradual extension of policy boundaries through practice. In more institutionalized
dimensions, the main challenge lies in achieving consistent implementation across govern-
ment levels, whereas less institutionally specified frontier dimensions may leave room for
exploratory practice before formal rules are fully standardized. These two dynamics are not
contradictory. Rather, they coexist within the same policy system: while some dimensions
remain weakly implemented despite formal institutional support, other dimensions begin
to enter practice before formal rules are fully specified. In this sense, GPP development
is shaped not only by top-down institutional design, but also by the interaction between
implementation constraints, operational demands, and practical learning.

Overall, the study reveals a reality more complex than a simple question of whether
policy has been implemented. On the one hand, substantial gaps remain across levels of
government and across dimensions under a unified institutional framework. On the other
hand, areas not yet fully specified by formal institutions are not static, but already show
signs of early practical development. The evolution of GPP in China thus involves both
clear implementation gaps and partial extensions of policy boundaries.
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6. Policy Implications and Future Research
6.1. Policy Implications

The empirical findings on the structure of GPP implementation, hierarchical dif-
ferences, implementation patterns, and practice-led policy boundary expansion suggest
that policy improvement should focus on making GPP easier to implement in actual pro-
curement practice. More specifically, this requires progress in three areas: developing
operational tools for procurement agencies, strengthening implementation mechanisms,
and providing clearer institutional guidance for complex GPP dimensions. These priorities
are particularly timely in the context of China’s recent and ongoing legal developments.
The Ecological and Environmental Code provides a stronger statutory context for life-cycle-
oriented environmental governance, including circular economy, cleaner production, waste
recycling, and green consumption. These areas are closely related to the future develop-
ment of LCC, green supply chain requirements, and circular procurement in public-sector
purchasing. At the same time, the continued strengthening and potential revision of the Cir-
cular Economy Promotion Law highlight the need to translate circular-economy principles
into more operational rules and implementation tools. The evidence presented in this study
suggests that legal codification alone is unlikely to ensure effective implementation unless
it is accompanied by standard procurement clauses, evaluation templates, mechanisms
for identifying qualified green suppliers, and capacity-building support for procuring
entities. Viewed from this perspective, practice-led policy boundary expansion not only
demonstrates that some procuring entities have begun to explore requirements beyond
existing institutional provisions, but also reveals where more concrete policy tools and
institutional support are most needed.

First, procurement agencies need more concrete tools to translate GPP objectives into
tender documents, especially for dimensions such as green supply chains and LCC that
have already appeared in practice but have not yet been incorporated into a coherent
institutional framework. The findings show that these frontier dimensions have already
been included in some procurement documents in various forms, indicating their oper-
ational feasibility. It is therefore necessary to translate currently scattered practices into
replicable and scalable institutional arrangements by developing standardized contract
clauses, clarifying acceptable indicator formulations, and providing simplified assessment
templates. Such measures would improve both the consistency and the operability of the
institutional framework. More specifically, green logistics is the most visible entry point
for green supply chain requirements, while maintenance, repair, and operating costs are
the most operationally identifiable components of LCC. These elements could therefore
serve as initial anchors for standard clause development, tender language, and evaluation
templates. Rather than attempting to institutionalize the full scope of green supply chain
management or LCC at once, policy makers could first codify those components that
procuring entities have already demonstrated an ability to use. This would allow scattered
project-level practices to be transformed into scalable institutional instruments.

Second, institutional improvement is especially needed for complex dimensions such
as the circular economy, where policy principles are already clear, but operational procure-
ment rules remain insufficient. The empirical results show that, although these dimensions
occupy a clear place at the policy level, they are difficult to translate into concrete clauses in
procurement practice, reflecting constraints such as unclear standards, insufficient methods,
and operational complexity. Greater emphasis should therefore be placed on tool provision,
including standardized formulations of technical parameters, cost–benefit assessment tools,
and model texts or case libraries that can be directly referenced in practice. Reducing the
operational costs of identifying, formulating, and evaluating green requirements would
significantly increase the uptake of these more complex dimensions in actual procurement.
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Central authorities could further incorporate these tools into sector-specific guidelines or
recommended procurement standards, so that local procuring entities have clearer institu-
tional references when applying circular-economy requirements. Together, these measures
would help transform broad circular-economy principles into procurement requirements
that procuring entities can directly use.

Third, within a multilevel governance structure, the implementation gap between the
central and local levels indicates that policy outcomes are shaped not only by institutional
design, but also by implementation capacity and incentive structures. Policy adjustment
therefore needs to operate on both incentives and capacity. On the incentive side, key
indicators of GPP implementation could be incorporated into performance evaluation
systems for local governments and linked more explicitly to fiscal support or eligibility
for demonstration projects, thereby strengthening external incentives for implementation.
On the capacity side, local procuring entities should be provided with more operational
support, including standard clause templates, evaluation tools, and technical guidance.
Targeted training could also help strengthen their ability to apply more complex dimensions
such as green supply chains and LCC, thereby reducing uneven implementation arising
from differences in capacity. In addition, procurement platforms could be improved to
record which GPP dimensions are included in each tender document, making it easier for
supervisory authorities to monitor implementation patterns over time. A simple document-
level review or checklist mechanism could also be introduced before tender documents are
released, helping procuring entities check whether relevant green requirements have been
considered without substantially increasing administrative burden.

Finally, the findings show that GPP does not unfold in the same way across all
projects; rather, it is clearly shaped by award method, contract type, and project scale. The
embedding of green requirements therefore needs to be matched to specific procurement
settings. For works contracts, where circular economy, green supply chains, and LCC
requirements appear more frequently, policy tools should focus on life cycle performance,
resource use, construction materials, logistics, and maintenance obligations. For goods
contracts, where green labels and certification-based requirements are more operational,
policy tools should further improve catalogs, certification systems, and product-level
environmental standards. For lowest-price tenders, where LCC appears relatively more
frequently, policy design should clarify how maintenance, repair, and operating costs may
be incorporated without undermining procedural fairness or price comparability. This
differentiated approach would help avoid one-size-fits-all policy language and allow GPP
requirements to be applied in ways that better match actual procurement conditions.

6.2. Limitations and Future Research

This study has several limitations. First, although large-scale tender documents allow
us to identify the presence, distribution, and combinations of GPP requirements, they do
not directly measure final contract performance or environmental outcomes. In other words,
the text-based indicators used in this study provide an approximate measure of GPP imple-
mentation through identifiable requirements in tender documents, but they cannot fully
show whether each project eventually fulfilled those requirements in practice. The current
text-mining approach also does not distinguish the binding strength of green requirements,
such as whether they are mandatory, recommended, encouraged, or scoring-related provi-
sions. Future research could link tender documents with contract implementation records,
acceptance materials, supplier performance data, or field-based case evidence, and could
further combine modal verb analysis, clause-position analysis, and manual annotation to
examine how textual requirements are translated into actual environmental performance.
In addition, tender documents do not directly reveal the subjective motivations or internal
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decision-making processes of procuring entities. Future research could combine tender-
text analysis with interviews, case studies, or process tracing to examine why and how
procuring entities incorporate frontier GPP requirements. Second, the analysis is limited to
Chinese public tender documents from 2015 to 2022. Future studies could extend the time
period to examine whether green supply chains, LCC, and circular-economy requirements
become more standardized after subsequent legal developments, such as the Ecological
and Environmental Code and the further strengthening or possible revision of the Circular
Economy Promotion Law. Comparative research could also apply the framework to other
countries or multilevel governance systems to examine how practice-led policy boundary
expansion appears across different institutional contexts.
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Appendix A

Table A1. GPP indicator system.

Main Category Subcategory Sub-Subcategory

Environmental friendliness

Energy generation

Solar energy

Wind energy

Water energy

CHP

Biomass

Other

Consumption

Energy consumption

Water consumption

Reduce consumption

LED

Green energy
Sustainable energy

Green energy

Material consumption

Waste
Recycling

Waste separation
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Table A1. Cont.

Main Category Subcategory Sub-Subcategory

Environmental friendliness

Waste
Amount of waste

Waste management approaches

Gases CO2

Greenhouse gas

Environmental pollution

Air pollution

Water pollution

Noise pollution

Odor pollution

Light pollution

Environmental Monitoring and Remediation

Food

Animal friendly

Animal living conditions

Vegetarian

Organic food & food production

Sustainable raw materials
Biogas

Secondary raw materials

General

Green

Ecological

Environmentally friendly

Biodiversity

Eco label

Environmentally friendly approaches

Climate change

Green City Planning

Green Policy

Water

Water quality

Water conservation

Rainwater harvesting

Forests
Forests

Sustainable forestry

Transport

Sustainable transportation

Carpooling

Sustainable transportation systems

Hazardous substances Hazardous chemicals

Soil
Soil quality

Desertification
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Table A1. Cont.

Main Category Subcategory Sub-Subcategory

Green labels

China Environmental Label China Environmental Label

Green Product Label Green Product Label

Green Building Label Green Building Label

China Energy Conservation Product
Label China Energy Conservation Product Label

China Organic Product Label China Organic Product Label

Green Food Label Green Food Label

China Low-Carbon Product Label China Low-Carbon Product Label

China Energy Efficiency Label China Energy Efficiency Label

Environmental Management System Environmental Management System

Green Building Material Evaluation
Label Green Building Material Evaluation Label

Government Procurement List Government Procurement List

General Green Standards General Green Standards

Circular economy

Green Design

Energy Saving and Performance Enhancement

Environmentally Friendly Materials and
Design Principles

Modular and Upgradable Design

Durability and Long-Life Design

Circular Development

Circular Economy Model

Resource Recycling

Low-Carbon Recycling

Water Resource Recycling

Comprehensive Resource Utilization

Construction Waste Management and
Recycling

Solid Waste Management and Treatment

Industrial Byproduct Utilization

Resource Utilization Efficiency Improvement

Environmental Protection Technology
Application

Mine Water Resource Utilization

Green Building Material Application

Recycling of Waste Materials

Waste Recycling and Reuse

Waste Classification and Management

Waste Treatment Facilities and Systems

Special Waste Recycling and Treatment

Agricultural Waste Recycling and Utilization

Sewage Collection and Treatment

Waste-to-Energy Utilization

Waste Treatment Technology
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Table A1. Cont.

Main Category Subcategory Sub-Subcategory

Circular economy

Renewable Resources

Household Waste Recycling

Electronic Waste Recycling

Renewable Resource Utilization

Renewable Energy

Remanufacturing Industry

Machine Tool and Construction Machinery
Remanufacturing

Industrial Automation Equipment
Remanufacturing

Transportation Equipment Remanufacturing

Remanufacturing Testing Technology

Plastic Pollution Control

Plastic Waste Management

Single-Use Plastic Control

Green Materials and Packaging Applications

Green Innovation

Transportation Category

Electric and Clean Energy Vehicles

Shared Mobility Services

Charging Infrastructure

Intelligent Transportation Technology

Sustainable Logistics and Transportation
Modes

Energy-Efficient Vehicle Technology

Waste Management Category

Water Treatment Technology

Wastewater and Sewage Treatment

Solid Waste Treatment and Recycling

Intelligent Waste Management Systems

Pollution Control and Monitoring

Energy Saving Category

Energy Management and Control

High-Efficiency Equipment and Technology

Building Energy Conservation Technology

Energy Storage and Utilization

Energy Efficiency Technologies

Resource Recycling

Lightweight Materials and Material Saving

Green Office

Alternative Energy Production
Category

Solar Energy Technology

Wind Energy Technology

Hydropower and Ocean Energy Technology

Geothermal and Biomass Energy Technology

Hydrogen Energy and Fuel Cell Technology

Energy Storage Technology

Thermal Energy Utilization Technology
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Table A1. Cont.

Main Category Subcategory Sub-Subcategory

Green Innovation

Alternative Energy Production
Category

Combined Heat and Power Technology

Alternative Fuels and Gaseous Fuels

Sustainable and Clean Energy

Clean Production Technology

Design Category

Energy Saving and Efficiency Improvement

Environmentally Friendly and Sustainable
Design

Modular and Easy-to-Disassemble Design

Durability Design

Agriculture and Forestry Category

Sustainable Agricultural Practices

Agricultural Technology and Innovation

Environmental Protection and Soil
Management

Biological Control

Organic Recycling in Agriculture

Agricultural Product Quality and Safety

Water Resource Management

Aquaculture

Nuclear Power Category Radiation Safety and Protection

Life cycle costing

Acquisition Cost Acquisition Cost

Operating Cost Operating Cost

Maintenance and Repair Cost Maintenance and Repair Cost

Disposal Cost Disposal Cost

Environmental Externality Cost Environmental Externality Cost

Life Cycle Assessment (LCA) Life Cycle Assessment (LCA)

Green supply chains

Green Supplier Management
Green Supplier Evaluation and Management

Green Procurement Standards and
Requirements

Green Production

Green Energy Application

Clean Production and Process Optimization

Chemical Management and Control

Green Information Management
Supply Chain Information Management and
Platform

Supply Chain Information Disclosure

Green Packaging
Environmentally Friendly Packaging Materials

Packaging Reduction

Green Logistics

Environmentally Friendly Transportation
Modes

Smart Logistics

Transportation Energy-Saving Measures
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