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Abstract: Higher Education Institutions (HEIs) play an increasingly significant role in the practice
of sustainability. For HEIs in their early stages of sustainability, they are still in need of sustainable
assessment tools (SATs) that are suitable for their local context and also lead international sustainable
development. The purpose of this paper is to develop a two-hierarchy sustainability assessment
tool (THSus) for Chinese higher education institutions, including a quick analysis tool (QAT) and an
in-depth benchmarking tool (IBT). The QAT provided a general overview of campus sustainability
for HEISs to initiate initial actions and screen cases for the IBT. The IBT then provides more targeted
analysis to plan long-term strategic changes. Based on the analysis of HEI cases, a 34-person Chinese
research team was enlisted to discuss and select characteristics to formulate THSus. Indicators
and weightings were developed according to the tool’s purpose and applied to 15 cases to test its
effectiveness. Results showed that THSus is suitable for systematically analyzing campus issues,
particularly in research areas. It offers a regional solution for Chinese campuses that is adaptable and
considers the comprehensive core of sustainability.

Keywords: campus sustainability; green campuses; higher education institution; sustainable
assessment tools; two-hierarchy tools

1. Introduction

The global commitment to sustainability is attracting increasing attention [1], and
strong commitments are needed for countries to take action to create a shared sustainable
future. In the context of education, sustainability in education refers to programs that aim
to protect the environment and promote the responsible use of natural resources [2,3]. The
40th UNESCO World Conference outlines the framework to achieve the 17 Sustainable
Development Goals (SDGs) by 2023 through sustainability education [4]. Therefore, HEIs
play a crucial role in achieving a sustainable future [5].

HEIs are mini-cities [6] for promoting and practicing sustainable development (SD)
strategies [7,8]. They also have a positive impact on students” knowledge and attitudes
towards SDGs through sustainability-oriented education and activities [9]. A sustainable
HEI campus not only represents the implementation of environmental science but also
shows the interaction between the environmental, social, and economic factors [10,11],
engaging a broad range of stakeholders [12].

Sustainable assessment is one of the initial steps for HEIs to take action toward
sustainability [13]. A number of SATs have been developed for HEI campuses in regional
and international contexts, but few regional tools exist for campuses in the early stages

Sustainability 2023, 15, 11551. https:/ /doi.org/10.3390/5u151511551

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su151511551
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-6673-9479
https://orcid.org/0000-0001-5373-8875
https://orcid.org/0000-0001-9848-6886
https://doi.org/10.3390/su151511551
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su151511551?type=check_update&version=1

Sustainability 2023, 15, 11551

20f22

of sustainability [14]. On the one hand, it is of great importance for the proposal of the
international SATs to explore the common guiding goals in the sustainability of HEIs. On
the other hand, it is of practical importance to develop regional SATs to adapt to the local
context and bridge the gaps between HEIs in different stages [15].

By May 2022, there were 2759 regular HEIs in China and 272 HEIs in Beijing-Tianjin—
Hebei, accounting for about 10% of the total number. Chinese campuses have evolved from
energy efficacy campuses in the 1990s to more comprehensive green campuses today [16].
The green campus is similar to the sustainable campus [17]. To encourage the construction
of the green campus, the Ministry of Housing and Urban-Rural Development (MOHURD)
and the Ministry of Education (MoE) have funded more than 300 HEIs [18] as demonstration
campuses for the application of the Campus Energy Management Systems (CEMS) [19].

Previous studies have compared international SATs with Chinese campuses and have
found that modifications are necessary to consider the actual status of campus sustainable
development in China [17,20]. Additionally, regional case studies have been conducted
to propose more appropriate SATs for Chinese HEIs [21,22]. In general, Chinese HEIs are
still in their early stage of sustainability and in need of regional SATs. The MOHURD has
supported to release the Evaluation Standards for Green Campus 2013 CSUS/GBC 04-2013
and the updated version of the Assessment Standard for Green Campus 2019 GBT 51356-
2019 (ASGC) [23,24] to lead Chinese campus towards sustainability [25]. But no official
campus assessment report has been published. It is challenging for campuses in their initial
stages to adopt the ASGC because of the lack of data for assessment. Much effort is still
needed for HEIs to enroll in assessments and take action toward more comprehensive
green campuses [22].

This paper aims to propose a sustainable campus framework and two-hierarchy tool
(THSus) for China, especially for the HEIs in Beijing-Tianjin-Hebei. The two-hierarchy tools
included a quick analysis (30 indicators) tool and an in-depth (70 indicators) benchmarking
tool. The quick SAT offered a general picture of the HEIs” sustainable performance and
was developed for HEIs at all stages of sustainability, while the in-depth SAT aims to offer
a systematic benchmarking and applies to the campuses with a certain basis for SD. To
develop the two-hierarchy tools, 15 HEI cases in Beijing-Tianjin—-Hebei were selected for
analysis. And combined with the current situation of the HEIs and the characteristics of the
existing SATs, with the assistance of a 34-person expert team, the framework, indicators,
and weightings were proposed to formulate the tools. Then, the tools were applied to the
15 HEI cases to see their assessment results.

This research contributes to enrolling Chinese HEIs in sustainable assessment and
could be helpful for HEIs at the early stage of SD to learn from the process of the assessment
and potentially improve the sustainability by enrolling or developing more applicable
regional SATs. The 15 cases and their assessment results also provided valuable empirical
data to draw a more in-depth picture of HEI SD in Beijing-Tianjin and Hebei.

2. Research Area
2.1. The Beijing-Tianjin—Hebei

Beijing—Tianjin—Hebei, one of the most important city clusters in China, faced with
common challenges towards sustainability, is selected as the research area. There were 272
regular HEIs in the research area, with 2.0943 million students and a total building area of
94.52 million square meters [26].

2.2. The HEI Cases

In order to select representative HEI cases in Beijing-Tianjin—-Hebei, first a brief analysis
of Chinese higher education was made to learn the basic characteristics of the campuses.
Since the foundation of the People’s Republic of China, higher education has experienced a
development process of more than 70 years, and campuses have been exploring planning
and designing methods for sustainability [27].
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The SD periods of the HEI green campuses and basic characteristics of campuses
(Table 1) were considered to select the cases of the HEIs [28,29]. And both green campus
demonstration campuses that applied Campus Energy Management Systems (CEMS) and
non-demonstration campuses have been included. Finally, based on the comprehensive
consideration of the accessibility and adequacy of data, 15 cases were selected for further
analysis (Table 2).

Table 1. Characteristics of the Chinese HEIs.

Characteristics Types Description
. . Historical campuses faced with problems such as old infrastructure,
The Exploration Period . . o . . .
- disrepair of buildings, mismatch between original functions and current
(campuses built before 1949)
development, etc.
Sustainable The Enhghtgnment Period The concept of green development is not clearly defined, and campuses
development (campuses built between 1949 . . .
. had been influenced by various planning ideas to explored the SD.
periods and 2006)
The Developing Period After the release of Evaluation Standards for Green Campus 2013

(campuses built after 2006)

(CSUS/GBC 04-2013), some new built green campuses based on systematic
planning and construction have emerged.

XS 0<S<25
S 25<S <50
50 <S <100
Campus area
(hectares) 1 L 100 < S < 200
XL 200 <S <500
XXL S > 500
C Central urban area
Location
S Suburban area
On the basis of no obvious changes in the original site and boundary, the
redevelopment (R)
campuses have been transformed and renewed.
Development . On the basis of the original site, the surrounding land is absorbed to
Expansion (E)
mode expand the campuses boundary.
. . There are two or more campuses in different locations that share the daily
Multi-campus operation (M) . S
teaching and research activities.
1 A total of 189 out of 271 HEIs with accessible official data were considered according to the hectare. And the
biggest campus has been included.
Table 2. Basic information of the selected HEIs cases in Beijing, Tianjin, and Hebei.
. Cases CEMS s e 1 Campus Area and Development
Period Abbreviation ! Demonstration Discipline Type Location Mode
The Exploration 1THU Y Comprehensive XL (C) E
Period 2NKUU Comprehensive L(C) Rand M
3TJUU Y Technology L(C) Rand M
4CUMT Y Technology S(©) Rand M
The Enlightenment 5MUC Y Nationalities 5(0) Rand M
Period (In construction)
6HEBUT Y Science and L(C) Rand M

Technology
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Table 2. Cont.

Period Cases CEMS Discipline Tvpe Campus Area and Development
Abbreviation ! Demonstration P yp Location Mode
7BUA N Agriculture M (C) R
8TFSU N Language S () Rand M
9TJCM N Art S(Q) R
10TJICM Y Finance S(O) R
11HSU1 N Sports S(S) Rand M
12CUGGW N Science and S(S) R
Technology
13LTU1 N Normal S(C) M
Science and
The Development 14TJU2 Y Technology XL (8) M
Period :
15NKU2 Y Comprehensive XL (S) M
! The number after the HEIs abbreviations represent the branch campuses.
3. Methodology
The construction, transformation, application, and update of the SATs can be summa-
rized in a systematic manner, considering the specific context [22,30,31]. Initially, it is crucial
to review and compare existing SATs as a basis for either applying or constructing new
SATs. Alternatively, if the existing SATs are only partially relevant, SATs could be modified
or developed based on the characteristics of the existing SATs and the requirements of the
local HEIs.
In order to create a sustainable assessment framework that was both leading campuses
toward sustainability and more adaptable to the Beijing—Tianjin—-Hebei local context, a
mixed method was used. The design process was developed based on the review of SATs
and considering the local contexts. The process goes as follows (Figure 1).
a pmgre%i\'e assessment process
Review Select I_h“ mc!hud Apply to all the 15
existing of and assign \\'elghts___- cases and show
SATs _ _ results
Select ) | [ Define purposes |  [Select the method Uy —
Characteristics for and structure and assign weights | Quick analysis tool |
Chinese HEIs | * aframework ™ I T feedback
h .' Y i\ )\ : celect the method ly to the 11
alvsis of ! (e o Select the method Apply
A:;]:Ctled f 0. Purpose | 1. Framework 2. Weighting nd sesign weights applicable cases
S A and show results
HEIs cases |
| | Benchmarking tool 1
¥ feedback
T B ST £ ck
| feedback 3. Tools ' 4 Application

Figure 1. Process for developing the thus for the HEIs in Beijing, Tianjin, and Hebei.

In our previous study, 15 existing SATs have been selected and reviewed to make
comparison of their purpose and stages, weightings, and assessment content in the level of
indicators. This comparison helped us identify guidelines and assessment purposes that
could be used to formulate the Chinese SATs [15].

Based on general guidelines and components of the Chinese SAT, according to the
analysis of the HEIs cases, through the enrollment of a 34-person Chinese research team,
this study developed the two-hierarchy tools in four steps: framework construction, weight-
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ing, tool development, and application. In each step, the main problems faced by HEIs
in achieving sustainability have been identified and analyzed. Possible solutions were
proposed, taking inspiration from existing SATs. These solutions were further improved by
involving the research team or validating them through HEI cases. These solutions aim to
find more practical and effective approaches for the assessment of the researched area.

The Chinese research team was involved in discussing and selecting characteristics
to formulate the new framework and develop tools for the research area. The research
team invited targeted experts from our network and those who have published papers
related to campus sustainability between 2018 and 2020. A total of 34 experts were selected,
including researchers, designers, engineers, senior managers, faculty leaders, and govern-
ment officers from 14 institutes (eight HEIS, four research and design institutes, and two
planning bureaus).

3.1. Framework

First, the proposed guidelines for Chinese SATs were studied in our previous analy-
sis [15]. The study involved selecting 15 SATs out of 73 that were identified from 24 articles
reviewing HEI SATs. The screening process was conducted using Scopus and Web of Sci-
ence and was supported by the PRISMA statement. The selected SATs were then analyzed
to identify important components for developing SATs. Based on these components, guide-
lines for the Chinese SAT were formulated through an online workshop. The guidelines for
Chinese SATs were proposed as follows.

Chinese campuses are still in their early stage of SD and in need of a tool or toolkit for
identifying the overall sustainability picture, benchmarking, and strategy making. And
this paper aimed to develop two-hierarchy tools, in response to the first two purposes. The
current ASGC has the highest emphasis on the environmental operations of the 15 SATs,
which is recommended to move to a more balanced emphasis that aligns with the core
of sustainability.

Second, the current situation of HEI cases was studied to better select the components
for the SATs. These cases include HEIs of different basic characters and SD levels. And
the general understanding of the main problems they faced towards sustainability was
as follows.

e In terms of the environmental aspect, the CEMS demonstration campuses have
adopted relatively more in-depth and extensive green design and renovation measures,
but the SD of the non-demonstration campuses is at a relatively early stage.

e Interms of the social aspect, most of the campuses have carried out green education
and related research, but the engagement of teachers and students was relatively
insufficient. Sustainable campuses needed to be shared in order to be adopted and
uniformly implemented across institutions [32].

e Interms of the economic aspect, in addition to funding from the CEMS project, some
campuses are actively seeking support through energy management contracts, collabo-
ration with government agencies, etc. In most cases, however, the long-term financing
of SD remains a challenge.

Based on the review of existing SATs and the analysis of the Chinese campus cases, a
new framework was proposed.

Campus sustainability has been defined in various studies [9,33,34]. The term ‘sustain-
ability in higher education” was first mentioned in the Stockholm Declaration of 1972. This
declaration emphasized the connection between humanity and the environment [34]. As
environmental issues become increasingly complex, campus sustainability focuses on the
underlying principles of sustainability rather than just addressing the environmental issues.
It bridges the Sustainable Development Goals (SDGs) with education, recognizing the
interconnectedness between education and sustainability. It also addressed the importance
of sustainability in education which refers to the education programs that aim to protect
the environment and promote the responsible use of natural resources [3].
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The framework started from the main functions of HEIs, engaging the main internal
stakeholders of HEIs, adopted the core dimensions of sustainability, and responded to
the solutions in the local context, with three core dimensions of (1) built environment,
(2) operations, and (3) participation (Figure 2).

Internal stakeholders

r-\

Sustamability
office

Environment

Designers and
constructers

Figure 2. Sustainability dimensions and main internal stakeholders linked to the HEI system.

3.2. Indicators

The indicators of the tools were selected in two rounds. In the first round, 70 indicators
were selected or modified to express the comprehensive core and leading roles of campus
sustainability quantitively to develop the in-depth benchmarking tool. In the second round,
30 indicators were selected based on the 70 indicators and simplified to well express the core
of campus sustainability and adaptability to campuses in all stages of SD to qualitatively
develop the quick analysis tool.

According to the topics and issues selected by the expert’s team, the indicators were
selected or modified from the Chinese ASGC, Sustainability Tracking, Assessment and
Rating System for Colleges and Universities (STARS) [35], Assessment System for Sustain-
able Campus (ASSC) [36], World University Rankings (GM) [37], Greening Universities
Toolkit (Toolkit) [38], and Assessment Instrument for Sustainability in Higher Education
(AISHE) [39].

The principles [40—42] of the selection of the indicators were as follows.

e  The indicators demonstrate coverage of key campus sustainability themes and issues.
They are relevant to users, decision-makers, and local and global sustainability challenges.
They are linked to a clear objective and reflect the university’s capacity to effect change.
They are adaptable to the local context and based on accurate, available, and accessible
data of known quality.
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3.3. Weighting

The review of the SATs suggested that the weighting of the Chinese SAT should be
more balanced compared to the overemphasis on environmental factors in ASGC. Then,
the weights of the tool have been assigned to the dimensions and aspects with the analytic
hierarchy process (AHP) weighting method. The weights should reflect the analysis and
judgment of the value of the dimensions and aspects and reflect the scientific nature of the
indicator system [43,44]. Therefore, the expert team was invited to integrate a wide range
of stakeholders and practical experience related to campus sustainability in Beijing-Tianjin—
Hebei, and 25 out of 34 experts were enrolled to assign weightings to aspects using the
analytic hierarchy process (AHP). After two rounds of the interactive process, the AHP
weightings were proposed.

3.4. Developing the Tools

Next, combined with the existing SATs and the characteristics of HEI campuses in this
research area, the two-hierarchy SATs have been formulated.

The quick analysis tool

This tool offers a basic and quick analysis of the assessed campuses, aiming at giving a
general and primary assessment including all key aspects of sustainability. This tool would
be an entry-level sustainable assessment tool that is adaptable to almost all the HEIs in the
research area.

The in-depth benchmarking tool

This tool offers an in-depth and comprehensive analysis of the assessed campuses,
aimed at proposing benchmarking and complete results to foster campuses’ future sustain-
able plans. This tool would be a more comprehensive tool adaptable to HEIs with basic
quantitative data such as annual energy and water consumption.

3.5. Testing and Application of the Tools

This section shows the results of the assessments of the 15 cases by the two-hierarchy
SATs. The adaptability and accuracy of the tools were tested. And a comparison of the
results with the ASGC was presented.

4. The Two-Hierarchy Tools

The two-hierarchy tools for the HEIs in Beijing-Tianjin—-Hebei were developed and
presented. First, the conceptual framework and weightings were proposed to establish a
comprehensive structure for the tools. Second, the purposes, indicators, weightings, and
scoring of each tool were presented.

4.1. The Sustainable Campus Conceptual Framework

A four-level hierarchy of sustainable campus conceptual framework was proposed,
with the overall goal of campus sustainability, followed by the three dimensions of (A) built
environment, (B) operations, and (C) participation. The third level consists of nine aspects,
followed by thirty-three topics in the fourth level (Figure 3).

4.2. The AHP Weighting

Next, the AHP weighting at the aspect level was proposed with the support of the
experts’ team. The weighting results are as follows (Table 3). The weighting placed
significant importance on environmental factors, while also acknowledging the growing
significance of social and economic factors.
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Goal Dimension Aspect Topic

A
\ 4
A
v
A
Y
-,

4

Planning
Land-use
Site Outdoor Environment
Green infrastructure
Transportation
) Energy appliances
Built Environment - Facilities Water appliances
Information facility
Design and renovation
Material
Inndoor environment
Historical building®

Vison and strategy

Buildings

Organizations | Organazations
Coordination
Energy

Carbon emission

Campus Sustainability } G Operations i ::"a:r
' i Jaste

Ecology
Investment

Monitor system
Management Environmental management
Physical and mental health
Emergency and safety
. Students education
Education Staff tranning

Related research

Participation H Research Support for research
‘ Outputs and implementation

Activities
Engagement | Local and community service
Public Participation

Figure 3. Four level hierarchy for sustainability assessment for the HEIs in Beijing, Tianjin, and Hebei.
The * topic is optional for assessment.

Table 3. The weightings for the three-level hierarchy for sustainability assessment of HEIs.

Goal Dimensions Weight Aspects Weight
Site 0.1331

Built o
. 0.4452 Facilities 0.1501

environment
Buildings 0.1620
Organizations 0.0721
Campuses Operations 0.3537 Operations 0.1614
sustainability

Management 0.1202
Education 0.0818
Participation 0.2009 Research 0.0513
Engagement 0.0226

4.3. The Sustainable Campus Assessment Tools

The quick analysis and benchmarking tools form a progressive assessment process.
Through the application of these tools, HEIs could first have a general and then an in-depth
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understanding of their status toward sustainability. The analysis results could help to
control the short-, medium-, and long-term sustainable plans, formulating the path and
steps for the implementation of the strategy (Figure 4).

The quick analysis

among the
tool The balance

A general overall

three main dimensions picture

\

p

The driving force An comprehensive

among the nine aspects Ivsi
analysis

The in-depth i
benchmarking tool and resistance |

Figure 4. The progressive assessment process of the sustainable campus SATs.

4.3.1. The Quick Analysis Tool

Purpose and stage

The quick analysis tool offered a primary diagnosis of HEIs campuses at almost all the
SD stages, to provide a quick, general assessment of the campuses, so as to draw an overall
sustainable campus picture of the HEIs.

Indicators and weightings

The tool contains 30 key indicators and is a simplified version of the overall sustainable
campus framework. The key indicators are selected based on the main dimensions and
aspects of the framework and by considering the accessibility of data to be applied to
various developments stage of the campus (Table 4). This tool uses an equal weight of the

dimensions, aspects, and indicators.

Table 4. The indicators for the quick analysis tool.

Dimension and

. . . _ 1
Weighting No. Indicator Description (0-4)
Per student area (m?/person) = Core Teaching Area area/Total number of
students (The value of indicator 1 is calculated by standardizing the value of
15 case samples in this study to a range of 0—4. Sall represents the index
Land area per - . .

1 student score; X1 represents the per capita land area; Xmax and Xmin, respectively,
represent the maximum value and minimum value range. In the 15 cases of
this study, Xmax = 170; Xmin = 11. The calculation method of Sall is Sall =

{1 — (X1 — Xmin)/(Xmax — Xmin)} x 4)

2 Outdoor The overall quality of the outdoor environment (teacher and

environment student/expert assessment)

3 Green space The ratio of green space to the core campus area (%)

Built ;

Rainwater . s . .
Env1r(0An)ment 4 infrastructure Construction and distribution of rainwater infrastructure
(0.33) 5 Landscape quality The quality of the landscape (teacher and student/expert assessment)
. Safety, convenience, and comfort of the slow traffic (teacher and
6 Slow traffic
student/expert assessment)
Energy and water — .

7 efficient appliances The application of the appliances

8 .Informatlon Wireless network, one card system, and other facilities

infrastructure

9 Building design The proportion of green campus bulldln;g design standard area (one star

or above) (%)
10 Building renovation The proportion of green campus building renovation standard area (one star

or above) (%)
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Table 4. Cont.

Dimension and

. . . _ 1

Weighting No. Indicator Description (0-4)
11 Vision The vision and mission
12 Strategies and plans Long-term and mid-term plans towards sustainability
13 Communication Problem feedback approaches
14 Energy efficiency Programs to reduce energy consumption
15 Water efficiency Programs to reduce water consumption

Operations . . -

(B) 16 Waste treatment Programs that contribute to recycling and reducing waste
(0.33) 17 Sustainable budget The percentage of the university bu((:)lget for sustainability efforts in a
year (%)
18 Sustainable Sustainable campus-related management system
management
19 Energy ar.1d water The application of campus energy and a water monitoring system
monitor
20 Smart campus The application of a smart campus system
21 Curriculum The ratio of sustainability curriculum to total (%)
Participate in the . TR
22 curriculum The ratio of green studens participation (%) (survey/expert assessments)
23 Training Sustainable training for staff
Participati 24 Related research Related research
articipation
© 25 Research budget Annual sustainability-related research budget
(0.33) 26 Research application Practice and application of green research in
27 Green activity Organization and participation in green activities
28 Enterprise Enterprises, HEIs, and governments collaborate on
cooperation sustainable-related projects

29 Implementation/Service Enterprise and government cooperation projects. Service to local society

! Each indicator is graded using the following range [45]. O—there is a total lack of information for the indicator.
1—the information presented is of poor performance, equivalent to around 25 per cent of the required full
information. 2—the information presented is of regular performance, equivalent of around 50 percent of the full
information required by the indicator. 3—the information presented is considered to be of good performance,
equivalent of around 75 per cent. 4—The information has an excellent performance.

Scoring

The percentage of the scores in dimensions are calculated (Qa for the standardized
Built Environment score, Qg for the Operations, and Qc for the Participation), and finally
Qz is the average of the three and is used as the final score.

Qz=(Qa+Qp+Qc)/3 1)

According to the final score, campuses are divided into four categories: Preparatory
Green, Light Green, Medium Green, and Deep Green (Table 5). Campuses that score less
than 40% (Qz < 0.4) of the quick analysis will not be recommended for the benchmarking
process, to ensure the quality and efficiency of the second process.

Table 5. The four categories of the quick analysis results.

Category The Value Range of Qz Categories
1 0<Qz<04 Preparatory Green
2 04<Qz<0.6 Light Green
3 06<Qz<08 Medium Green
4 0.8<Qz<1.0 Deep Green
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4.3.2. The In-Depth Benchmarking Tool

Purpose and stage

The benchmarking tool is an integrity assessment based on the sustainable campus
framework, considering the scientific nature and accuracy of the data. This tool is applied
to the campus with a certain basis for development, offering a systematic and in-depth
assessment of HEIs as a reference for future development strategies.

Indicators and weightings

This tool contains 70 indicators (Table 6). These indicators were selected and morti-
fied mainly from the Chinese ASGC, STARS, ASSC, GM, Toolkit, and AISHE (Table A1).
Indicators are divided into controlled and scoring ones. The controlled indicators state
the basic requirements that HEIs must fulfill. The scoring indicators are recommended
to be collected from the official website of the HEIs, from the relevant management and
operation departments, and from surveys from the students and staff. The weightings of
the indicators were as the results in Section 4.2.

Table 6. The indicators for the in-depth benchmarking tool.

Dimension and Weighting No Indicator
1 Overall sustainable development planning
2% Medium and long-term sustainable development planning
3 Land or spatial use planning
4 Underground space utilization
5 Outdoor wind environment
6* Outdoor noise environment
7 Green Space and heat island effect
8 Water absorption area
Built Environment (BE) 9* Rain water management
(0.45) 10 Landscape and biodiversity
11 The surface water quality *
12 Connection to public transportation
13 Campus traffic environment
14 Accessibility of facilities
15* Energy efficiency facility
16 Water conservation facility
17 Information-based campus
18 Green building certification
19 Building shape coefficient
20 Building materials
21* Acoustic environment quality
22 % Indoor Air Quality
23 Light environment
24 Thermal comfort
25 Historical buildings
26 Strategy and plan
Op((egaIt)i)ons 27* Organizations
(0.35) 28 Staff and expertise
29 Enrollment of the stakeholders
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Table 6. Cont.

Dimension and Weighting No Indicator
30 Report and assessment
31 Feedback
32 Energy consumption reduction rate
33 Renewable energy utilization
34 Waste heat utilization
35 Carbon emission
36 Water consumption reduction rate
37 Rainwater collection and reuse
38 The proportion of recycled water
39 Weight of waste per capita
40 Waste reduction measures
41+ Hazardous waste treatment
42 Ecological and landscape
43 Pesticides
44 Investment and budget
45 Economical strategies
46 Green purchase
47 Ethnically and local investment
48 Energy monitor system
49 Smart campus tools
50 Asset and facility
51 Principles and rules
52 Physical and mental health
53 Healthy circumstances
54 Prevention of infectious diseases
55 Emergency and safety measures
56 * Medium and long-term education plan
57 Curriculum
58 Students enrolled in the curriculum
59 Supports for curriculum
60 Campus as a living lab
61 Training
Participation 62 Research integrating sustainability
(PA) 63 Supports for sustainable research
(0.20) 64 Implementation and commercialization
65 Green activity
66 Students” engagement in sustainable operations
67 Partnerships
68 Volunteerism/disaster prevention and post-disaster education
69 Public policy participation
70 Information disclosure

The * indicators are the controlled ones.
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Scoring

The percentage of the score in dimensions and aspects are calculated to make com-
parisons (MR for scores at the aspect level, MBE for standardized built environment score,
MOP for Operations, and MPA for Participation), and finally Md is the sum of the scores.

Md = MBE x 0.45 + MOP x 0.35 + MPA x 0.2 2)

The assessment results are divided into four categories, and the number of driving
aspects is analyzed (Table 7). The Ma score of less than 40% is the resistance aspects, while
the Ma score is greater than 80% is the driving aspects.

Table 7. The four categories of the benchmarking results.

Benchingmarking Requirement at Minimum Proportion Requirement for each Aspect-Score (Ma)
Overall Level (Md) (Nine Aspects) *
Starter 40% < Md < 50% None
Mover 50% < Md < 60% The number of aspects below 40% does not exceed 3
Runner 60% < Md < 80% The number of aspects below 40% does not exceed 2
Innovator 80% < Md < 100% The number of aspects below 40% does not exceed 1

* If the total score is satisfied but the sub-score cannot be satisfied, the level will be lowered.

5. Result

The two-hierarchy tools were used to analyze 15 cases of Higher Education Institutions
(HEISs) in the Beijing-Tianjin-Hebei region. The scoring results of the cases were presented
and compared to evaluate the difference in applicability and scoring results of the tools
with the current Chinese green campuses evaluation standard (ASGC).

5.1. Results of the Assessemnts
5.1.1. Results of Quick Analysis

In the quick assessment process, according to the average Qz score of each case, the
assessment results of the above cases in detail are shown in Table A2. Of the fifteen cases
selected in this study, four are Preparatory Green; five are Light Green; five are Medium
Green; one is Deep Green (Table 8, Figure 5).

According to the diagnosis results, the four cases of 9TJCM, 13LTU1, 11HSU1, and
12CUGGW are at the Preparatory Green stage (Qz < 0.4), and the implementation measures
and accessible information of a green campus still need to be improved. These cases were
in the very initial level of SD and have a relatively obvious gap with other cases and were
not recommended for benchmarking. The 11 cases above the Preparatory Green level can
be further assessed.

By enrolling in the quick assessment, these cases were generally provided the necessary
guidance for its green campus goals to gradually form the preliminary plans so as to enter
the track of SD.

Table 8. The result of the 15 cases in category of the quick analysis tool.

Assessment Category Cases

Preparatory Green
(0<Qz<0.4)

Light Green
(04 <Qz<0.6)

Medium Green
(0.6 <Qz<0.8)

Deep Green
(0.8 <Qz<1.0)

9TJCM, 13LTU1, 11HSU1, 12CUGGW

4CUMT, 6HEBUT, 10TJCM, 5MUC, 8TFSU

15NKU2, 14TJU2, 7BUA, 3TJU, 2NKU

1THU
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Figure 5. The graphic quick assessment results of the 15 cases.

5.1.2. Results of Benchmarking

Based on the quick assessment, this section further assessed the 11 cases above the
Preparatory Green level, analyzed the multi-source data of the campus cases in depth,
and simulated, calculated, and described the benchmarking process and results in detail
(Table A3).

In the in-depth benchmarking step, the eleven cases are divided into three categories.
Four cases were the Movers; five cases were the Runners; two cases were the Innovators;
and no case is at the initial level of the Starter (Table 9).

Table 9. The result of the 11 cases in category of the benchmarking tool with the number of the
driving aspects (D) and resistance aspects (R).

Benchmarking Types Cases
Driver and Resitance 5MUC(D=1,P=1)
Mover Single driver 10TJCM, 8TFSU
(50% < Md < 60%) & '
Mutiple drivers 6HEBUT (D = 3)
Single driver 7BUA
Runner .
(60% < Md < 80%) Double drivers 15NKU2, 4KY
Mutiple drivers 2NKU (D = 3), 3TJU (D = 3)
Innovator 1THU (D = 8),

(80% < Md < 100%) Mutiple drivers 14TJU2 (D = 5)

The Ma score of less than 40% is the resistance aspects, while the Ma score is greater than 80% is the driving aspects.

The Movers, such as 6HEBUT and 10TJCM (50% < Md < 60%, with no more than
three aspects scoring less than 40%), have already made some progress in the three main
dimensions of green campus and have even made deeper progress in some aspects. How-
ever, the foundation of green campus construction is relatively weak or limited by financial
resources, lack of organizational experience, etc. The overall scale and depth of construction
still need to be improved.

The Runners, such as 15NKU2 and 4KY (60% < Md < 80%, with no more than two
aspects less than 40%), have made good progress in each major dimension and achieved
obvious results in some aspects; the comprehensiveness of sustainable campus construction
can still be improved. The campuses have laid the SD foundations in all dimensions for
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current and future continuous improvement. The Innovators, such as 1THU and 14TJU2
(60% < Md < 80%, with no aspect score lower than 40%), with multiple drivers, have
achieved a high level of progress in most aspects. The two cases showed a relatively
balanced state in the nine aspects, but the scores in the building aspects were relatively in
the middle (the proportion of scores did not reach 80%).

Then, the 11 cases were compared in the three dimensions and in the overall bench-
marking.

From the Built Environment dimension, the score of 11 cases in the three aspects
showed a fluctuating trend with the increase of the overall benchmarking category (Figure 6).
The aspect of Site (BE1) fluctuates greatly (40-85%) with the increase of the benchmarking
category and is followed by the aspect of Buildings (BE3) with the range of 40-70%. The
scores in the aspect of Facilities (BE2) were relatively high with little fluctuation between
80 and 100%.

Mover Runner Innovator
< > < «—>
.
. b4 o . ’ hd
& ° . h 4 g ? ?
' . . L
. 4 . - - a
$on .
‘0 * o @i - h
10
E g2 g 5 g 3 & 5 > = e
c =
i 28 9 F¢ i F £ &
- =} Z [~}
— [}
®-- BE]---®-- BE2+--@-- B

Figure 6. The scores of the Built Environment dimension of the 11 cases in the order of the total score
from lowest to highest.

From the Operations dimension, the aspect of Operations (OM2) fluctuates greatly
(30-90%) with the increase of the benchmarking category, followed by the aspect of Man-
agement (OM3) and Organizations (OM1) with the range of 60-90% (Figure 7).
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Figure 7. The scores of the Operations dimension of the 11 cases in the order of the total score from
lowest to highest.
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From the Participation dimension, the aspect of Research (EN2) fluctuates greatly
(30-90%) with the increase of the benchmarking category, followed by the aspect of En-
gagement (EN2) with the range of 40-80%. The scores in the aspect of Education (EN1)
were relatively high with relatively little fluctuation between 60 and 90% (Figure 8).
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Figure 8. The scores of the Participation dimension of the 11 cases in the order of the total score from
lowest to highest.

Combined with the current situation of the cases, it can be seen that the aspects such
as Site (BE1) and Facilities (BE2) included the key factors of energy efficiency campuses that
have been funded for renovation. Some energy efficiency demonstration campuses had
relatively good performance in these aspects. Some aspects such as Organizations (OM1)
and Education (EN1) contain the basic indicators in the initial stages of SD and have been
adopted by most campuses. Some aspects such as Buildings (BE3) and Engagement (EN2)
include indicators that are time or resources consuming and were relatively challenging to
score at a high level.

It can be seen that when the development of sustainable campuses reaches a cer-
tain level, the promotion of a single dimension and aspects will face the bottleneck, and
multi-dimensional coordination and complementarity are needed to jointly promote the
improvement of the comprehensive level of the sustainable campus. And it needs contin-
uous SD strategy and plans to reach the higher level, but it is still challenging for most
campuses to integrate SD in campuses’ strategic planning to strive for optimum added
value in the long term [46].

5.2. Comparison of the Assessments Result
5.2.1. The Quick Analysis Tool (QAT) and ASGC

First, the 15 cases were analyzed for the data accessibility of the QAT and ASGC
indicators, with the four categories [47] of Formal, Not Formal, Some Evidence, and No
Evidence. The analysis showed that the three cases of 9TJCM, 13LTU1, and 12CUGGW
have over 60%, and 11HSU1 has around the 60% of the ASGC indicators with No Evidence.
Because there is no relevant evidence or accessible evident data, it is not recommended that
these four cases use the ASGC for assessment (Table 10).

After comparing the cases, we found that the QAT indicators were able to find evidence
for all 15 cases, indicating strong overall applicability. However, the ASGC indicators
showed that there were four cases that lack evidence. It is important to note that insufficient
information may affect the accuracy of the results of ASGC.
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Table 10. The ratio of No Evidence data of the 15 cases of the quick analysis tool (QAT) and ASGC.

Cases
> ] -
. > ® ) [y - Juny _

The. Ratio of No = 5 “ g 2 Ej 3 = = é = 8 @ = 2

Evidence (NE) as = E 2 c = c w o) A w0 ®) g E =

c & 5 6 § » ¢ 2 2 ¢ 2 = 0w S

QAT 0% 0% 0% 5% 5% 5% 3% 6% 5% 3% 6% 6% 10% 0% 8%
ASGC 12% 9% 12% 26% 27% 21% 13% 38% 62% 25% 60% 63% 67% 5% 20%

5.2.2. The In-Depth Benchmarking Tool (IBT) and ASGC

To better analyze the characteristics of the two-hierarchal tools, the assessment results
of the benchmarking tool of the HEIs cases were compared with the ASGC (Table 11).
Besides the four cases, five cases at different SD levels were assessed and normalized to
percentages to compare their results. It can be seen that the assessment results of the
proposed benchmarking tool and ASGC were as follows (Figure 9).

Table 11. The results of the five cases of the in-depth benchmarking tool (IBT) and ASGC.

Assessment Category

™) The Bencnmarking Tool The ASGC
1THU (84%) 1THU (85%)
> 80%

M = 80% 14TJU2 (80%) 14TTU2 (87%)

60% <M < 80% 3TJU (66%) 3TJU (76%)

6HEBUT (55%) 6HEBUT (56%)
0o < 00
40% < M < 60% 8TFSU (54%) 8TFSU (58%)
0% 85% .

85%

80%

75%
70%
65%
58%

60%
550/
2% 550, 7
50%

ITHU 14TJU2 3TIU 6HEBUT STFSU

==@—the Benchmarking tool ASGC

Figure 9. The comparison of the results of the five cases of the benchmarking tool and ASGC.

e  Both tools have categorized the five cases into three levels. And the results of the IBT
are in some cases relatively low compared to ASGC.

e  In the case with the highest score, both tools showed consistent results and identified
the best case (1THU). This case had high scores in all dimensions, indicating strong
comprehensiveness in sustainability. In the cases of 14TJU2 and 3TJU, there was a gap
between the BKT and ASGC, with the BKT score being about 10% lower than ASGC.
This suggests that the BKT score has higher comprehensive requirements, and only
cases with good performance in the environmental, social, and economic dimensions
will have a higher score in the BKT. For the last two cases ((HEBUT and 8TFSU), the
difference between the two tools was not significant, indicating that the comparison
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was mostly focused on the score of the environment, with other aspects not being
dominant and therefore not contributing to a large gap in scores.

e  The benchmarking tool showed a more balanced emphasis on the core dimensions of
sustainability and paid more attention to the state of campus operations. This was the
main reason for the difference in the results.

Compared to the existing SATs, THSus showed its distinguished character in leading
HEI cases toward more comprehensive sustainability in the flowing aspects. First, it
showed better overall applicability to the HEIs in Beijing, Tianjin, and Hebei. and cases
with insufficient data can be assessed for primary diagnosis by the quick analysis tool. All
15 cases were able to use the quick analysis tool for assessment rather, and at least four cases
were not able to use ASGC (with less than 60% of the indicators with some evidence for
assessment). Second, it showed the pursuit of the core of sustainability by a more balanced
weighting on environmental operations compared to ASGC and enrolled both important
and applicable indicators in the benchmarking tool. Consequently, the 11 cases obtained
scores that were 1% to 10% lower than those of ASGC. Additionally, it is evident that the
highest-scoring cases in both tools were influenced by multiple contributing drivers.

6. Discussion

In the context of Chinese campuses, the international SATs and the Chinese ASGC may
not be entirely suitable and require modifications to fit the local practices. This is because,
on the one hand, the amount and accuracy of campus data are insufficient to participate
in the assessment in some cases. On the other hand, some SATs, especially the ASGC,
prioritize the assessment of the environment. Therefore, for the Beijing-Tianjin—-Hebei
campuses, it is necessary to develop an SAT that is more adaptable and emphasizes the
comprehensive core of a sustainable campus.

The conceptual framework was inspired by the review of the 15 SATs [11] and summa-
rized as five dimensions of governance, operations, education, research, and engagement
and considers the core of campus sustainability and stakeholder engagement in the local
HEISs to be reorganized as three dimensions of the Built Environment, Operations, and
Participation. The environmental issues were addressed, and other important issues were
added, as have been explored in other Chinese regional SATs [20,22].

Comparisons have been made regarding the weightings of SATs, and there have been
calls for a decrease in the environmental operations of the Chinese SAT. The weighting of
the benchmarking tool highlights the importance of environmental performance, which
consists of 36 indicators and carries an overall weight of 61%, which showed around a 10%
decrease compared to the current Chinese standard ASGC. This weighting approach could
contribute to a more comprehensive and balanced assessment.

Considering the different SD levels and comprehensive goals of sustainable campuses,
a two-hierarchy tool would be one of the solutions. In comparison to ASGC, the quick
analysis tool can be utilized in these 15 cases, and cases with insufficient information are
filtered out by scoring (less than 40%) before further assessment. The QAT can efficiently
identify campus problems and improve the efficiency of in-depth assessment. This tool was
inspired by AISHE [39] and GM [37]. The assessment results of benchmarking tool showed
a difference between it and ASGC. Campuses that prioritize the environment over social
and economic aspects experienced a comprehensive score drop of nearly 10% compared to
ASGC. The assessment results also indicated that campuses that scored highest in both the
QAT and ASGC were influenced by multiple drivers. The two-hierarchy SATs have some
limitations that could be explored in future research. To begin with, this research takes
the 15 HEIs cases in the Beijing-Tianjin—Hebei as an example, and more cases could be
included in future research to fully analyze the characteristics of the Chinese HEIs. Second,
although the framework and indicators were proposed based on the characteristics of the
HEIs, it still needs more empirical case studies to make indicators better reflect the capacity
to effect change.
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Compared to the number and diversity of Chinese HEI campuses, future research
should further explore the common and unique characteristics of the current situation and
SD strategies of the HEIs. With the development of digital and smart campuses, it would
need more accessible data to better characterize the campuses. And it would be of practical
importance to conduct an annually continuous assessment to track the SD of HEIs and
analyze the SD strategies and their payoff for campuses’ decision-making.

7. Conclusions

Chinese HEIs are still in their early stage of sustainability and in need of regional
sustainable assessment tools (SATs) that address the international SDGs and are more
adaptable to local contexts. Based on the analysis of existing SATs and characteristics of
the 15 HEIs cases, with the engagement of a 34-person expert team, this research proposed
the sustainable assessment framework and the more adaptable two-hierarchy SATs for the
HETISs in Beijing-Tianjin-Hebei.

The proposed two-hierarchy SATs included a quick and in-depth assessment tool
that could be adapted to HEIs cases at different stages of sustainable development. The
quick analysis tool offers an overall picture of the campuses. The in-depth benchmarking
tool offers a comprehensive analysis that leads the SD. Compared to the ASGC, the two-
hierarchy SATs showed better applicability and efficiency to the HEIs in the researched
area and address the comprehensive core of sustainable campuses.

The benchmarking assessment results showed that a single driver could be leading
SD in the early stage. However, to achieve a higher level of sustainability, it is necessary for
multiple drivers to work together. For the cases that could play the active leading roles,
their overall sustainable development is relatively balanced, fully exploiting the advantages
of the campuses in a state of multiple cooperation and mutual promotion.

This two-hierarchy SAT offered a solution for regional campuses in different stages of
SD to adopt sustainable assessment and also provided key indicators for campuses to be
on the track of SD, which shed light on strategic planning for future development.
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Appendix A

Table A1. The 15 SATs reviewed and inspired this study.

Selected and/or
No. SATs Abbreviation Context Mof(rl(i)ifi‘l;gi:;;ors
(Y for YES.)
1. Assessment Instrument for Sustainability in Higher Education AISHE Global Y
2. Adaptable Model for Assessing Sustainability in Higher Education AMAS Regional (Chile)
3. Assessment System for Sustainable Campus ASSC Regional (Japan) Y
4. Campus Sustainability Assessment Framework Core CSAF Core Regional (Canada)
5. Graphical Assessment of Sustainability in University CASU Global
6. GreenMetric World University Rankings GM Global Y
7. People & Planet Green League P&P Regional (UK)
8. Pacific Sustainability Index PSI Regional (US)
9. Sustainability Assessment Questionnaire SAQ Global
10. Sustainability Tracc(ljlilrelg,e ?z;eg,sir;elsé ;ri‘lgeIs{ating System for STARS Clobal v
11. Sustainable University Model SUM Global
12. Sustainability in Higher Education Institutions SusHEI Regional (Portugal)
13. Greening Universities Toolkit Toolkit Global Y
14. Unit-based Sustainability Assessment Tool USAT Regional (Africa)
15. Assessment Standard for Green Campus ASGC Regional (China) Y
Table A2. The results of the 15 cases from the quick analysis tool.
Cases
5 o« B g 2 = 5 2z 2 8 & = B8
: £ £ ¢ £ 8§ & 3§ 2 2 8 § & 3 ¢
= & € 3 s § » & 2 2 € 2 5 § §
Built Environment (Qa) 079 041 065 044 055 033 064 061 034 038 021 021 016 076 079
Operations (Qg) 085 062 081 049 046 054 066 036 024 053 008 000 014 065 072
Participation (Qc) 096 077 065 081 048 071 08 038 037 064 032 021 038 075 077
Average (Qz) 087 060 070 058 050 053 072 045 031 052 020 014 022 072 076
Table A3. The results of 11 cases from the benchmarking tool.
Cases
Scores
1THU 14TJU2 2NKU 15NKU2 4KY 3TJU 7BUA 10TJCM  6HEBUT 5MUC 8TFSU
M3gg1 84% 85% 60% 81% 49% 61% 68% 63% 41% 52% 46%
Mgg2 93% 100% 95% 92% 92% 93% 83% 92% 80% 81% 78%
MgE3 67% 71% 45% 66% 61% 54% 42% 42% 46% 44% 48%
Mowm1 81% 81% 77% 73% 72% 73% 72% 72% 61% 63% 75%
Momz 87% 70% 64% 52% 54% 62% 40% 45% 42% 41% 34%
Mowms 87% 79% 63% 64% 64% 62% 59% 47% 89% 54% 58%
MEnN1 92% 90% 84% 64% 76% 81% 72% 60% 65% 60% 57%
MEgn2 91% 82% 91% 69% 88% 81% 65% 49% 82% 33% 60%
MEgn2 83% 70% 77% 65% 67% 60% 60% 45% 63% 58% 57%
Md 84% 80% 70% 69% 67% 66% 60% 57% 55% 54% 54%
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