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Abstract

Purpose — There is a growing urgent concern in involving higher education institutions (HEIS) towards an
international effort in implementing a more suitable role as conductors of sustainable development. This
paper/study aims to present the application of light emiting diode (LED) technology in an HEI assuming
technology innovation as part of a larger institutional innovation management strategy addressing multiple
dimensions in sustainability.

Design/methodology/approach — Investments in LED technology are analyzed for their impact on
consumption results and quantitative comparisons between 2008 and 2022 are impaired with detailed
information on the types of luminaires and the amount of installed energy.

Findings — The collected data shows a clear economic advantage of using LED technology, and the results
subsidize institutional planning, considering not only ongoing technological innovation, but also educational
components and community involvement in the organization sustainability strategy.

Research limitations/implications — The study is limited to a specific HEI and further comparative
research should be carried out.

Practical implications — A holistic approach on sustainability objectives encourages further investment
in environmental-friendly technology, example to other HEIs.

Social implications — The strategic vision of innovation is confirmed with the involvement of the community,
at various levels, such as the academic community, local community, scientific international community.
Originality/value — This study addresses the lack of examples in the literature of structural planning and
management systems that see sustainability as a strategy built in HEISs. The elaboration of an environmental
sustainability plan places environmental sustainability at the confluence of themes such as education,
investigation, use of natural resources, waste separation. For each topic are listed measures, actions, environment
improvements, institution improvements and their results.

Keywords Innovation, Multidimensional sustainability, Higher education institution management,
LED illumination

Paper type Research paper

Introduction

As the planet faces climate change, there are increasingly striking examples of the
impacts of human activity, such as the deterioration of the quality of drinking water
due to pollution and the effects of global warming (Alimba and Faggio, 2019; Harvey,
2018; Kasperson, 2022). Although the education sector is not considered a polluting
sector, it includes the consumption of natural resources and the production of waste,
which raises sustainability concerns for all higher education institutions (HEIs) (Hill,
2020; de Matos, 2020; Manisalidis, 2020). In the literature, HEIs are often associated
with the set of transformations called digital transition and the using of clean
technology in all dimensions of the institutions’ management, in the path of their


http://dx.doi.org/10.1108/IJIS-08-2022-0153

sustainable management (Abad-Segura ef al, 2020). In recent years, it is getting
broader assumption that HEIs have the vision, the knowledge and the power to lead
the achievement of a societal new paradigm positioning humanity in a sustainable
development model inducing the changes needed to achieve it (Ramisio ef al., 2019).

The theme “sustainability” begins with the need to reconcile environmental biases
(Randers et al, 2019) and often combines the concepts of development and innovation
(Barska et al., 2020; Wyrwa et al., 2021; Wyrwa et al, 2021; Shi et al., 2019) and energy
efficiency (Almeida, 2019a; Almeida, 2019b; Almeida, 2021; Gokgoz and Giivercin, 2018;
Kolosok et al., 2020; Weaver, 2017; Sun et al., 2019).

The approach we favor in this study seeks to highlight the effort of a Portuguese
HEI in the sense of introducing innovation in the way it produces and manages
electricity consumption through light emitting diode (LED), an innovative technology
that impacts energy consumption and the associated costs, as well as the gains it
represents in terms of luminosity in the building rooms. We assume that the
introduced technological innovation is an example of a public demonstration of the
involvement of this institution to influence society to adopt technological innovations.
Besides economic gains, they contribute to the sustainability of the institution and the
planet through economic and environmental resources savings, together with a
planning and execution component of environmental education and dissemination of
environmentally friendly practices.

The study aims to contribute to the research gap that links sustainability,
innovation and higher education since sustainability is part of the declared
objectives by HEIs for their “systems.” However, regarding the integration of
sustainability in education — curriculum and pedagogy — there is still the challenge
of integrating sustainability both in teaching and in research and development,
simultaneously with the management (operations) of these organizations (Menon
and Suresh, 2020). Redesigning HEI systems is not easy (Menon and Suresh, 2020;
Thiirer et al., 2018). We assume that the path of structural implementation of a
sustainable development model with a direct reference to management planning and
practices, which can be addressed as the institutionalization of sustainability
policies embodying a committed to sustainability organizational culture, is a
difficult path to concretize (Ramisio et al., 2019). This path toward sustainability can
be made addressing interconnected focuses, embodying a strategy. Pedagogical
components associating teaching research must be reinforced by activities such as
campus planning, design, construction and rehabilitation of buildings and
infrastructures (Leal Filho, 2015).

Energy efficiency, along with technology innovations, does have favorable
impact on environmental quality of countries (Wenlong et al., 2022). These topics
direct to LED lighting and its undeniable benefits, which are increasingly addressed
by research, exposing financial benefits of this technology, associated with
productivity gains and energy saving (Adhvaryu et al., 2020). In effect, according to
authors (Zhang et al, 2021), LED is an energy-saving and environment-friendly
lighting technology ten times more energy efficient than conventional incandescent
lights.

Although nowadays HEIs favor a “greening” discourse related to Sustainable Development
Goals (SDGs) (Ruiz-Mallén and Heras, 2020), the studies on energy efficiency prevail on
facilities related to other areas of human activity, and studies in HEIs about energy
management and energy efficiency focus on energy consumption or general investment in
energy efficiency, pointing also the weight on institutions budgets of locally produced energy
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Figure 1.
Theoretical model of
analysis: innovation
on the HEI
management system
toward sustainability

based on renewable sources (Ribeiro et al, 2022). Besides pointing an optimistic scenario on
greener energy use, reports on institutions sustainability lack detailed information on gains
obtained specifically by implementing LED technology on the facilities.

Innovation can reside in the way innovation is implemented, shared by the community,
implemented in a holistic approach to curricular content and management practices of
institutions. This is the addressed challenge here, presenting data on the implementation and
benefits of LED technology, and proposing a holistic approach to the IES Environmental
Sustainability Plan, which includes lifelong learning about sustainability issues and
community involvement — local national and international. Figure 1 shows our theoretical
analysis model.

A driving force of this research is implementing ISO 14001 environmental
certification within institutions in line with the understanding of sustainable
development (Alnavis et al, 2021; Fonseca and Domingues, 2018) and increasing
mutual benefits by resorting to greener practices and adoption of greener technologies
(Bravi et al., 2020). It shows the institution investment in technology and innovative
solutions to simplify and optimize energy use, including replacing conventional light
bulbs with energy-saving light bulbs. This organizational record history (data record)
dates to 2008 and continues through 2022. It presents data demonstrating the
significant economic benefits of adopting environmentally friendly practices, data
underlying the integration of HEI ESP.

The research question states:

RQI. What are the economic and environmental benefits of using innovative LED
technology in the HEI building?

&\)\
,\"3“"0
o
2t
o0
o joct® Waﬂe 4’9(0
- 99(0 5 A
2 o T, %
&.Qg > Ec{)ﬂo,’, : %’).Ja}’a—-
& & "o
3 g N %
& & & xne Mﬂna 4 2%
& £ & . & ~ T
a L] \Q % =) %
e IS e 3 S
= Nel 2 B
= - : i -]
c © Sustainability o =3
b+ 2 <
P ) g
Jé < " »n
% % 7 v § 5
S, .90 S 23
o, 7, & SF
ey T Voo
.v?, i Sao\‘a\ \_@\\\
S0 @ o &
&

Note: Environmental sustainability
Source: Authors




Literature review: construction of an environmental management system

The theoretical construction presented aims to demonstrate the set of measures taken within
the studied institution, comprising the replacement of traditional lamps by lamps that use
LED technology in a framework of technological innovation using technology that allows
the reduction of consumption and energy costs, but also understanding the use of
technology as innovation in the organization’s management processes. This comes in line
with the integration of a development model of human societies in which technological
innovation is associated with innovation in management processes, which are increasingly
efficient and rational.

In terms of the institution’s management, the used technology and the elaboration of an
ESP contribute to sustainability in the environmental aspect. It also foresees a permanent
innovation associated with social sustainability involving the institution employees,
namely, in terms of education and training. The reference to the objective of certification
according to the ISO 14001 standard is justified because it is an international reference that
can be followed, assuming that it is aligned with the UN SGDs. It facilitates the achievement
of environmental sustainability objectives, and it presents some guarantees of this
implemented innovation to overcome the so-called energy efficiency gap (EEG).

Sustainability consists in the integration of a set of actions based on three pillars:
environmental, social and economical. It is a multidimensional concept, such as the concept
of sustainable development, which proposes a rupture in the regular patterns of
development by linking it to issues such as quality of life (De Guimares ef al.,, 2020; Olah
et al., 2018; Oliveira Neves et al, 2017). This concept of development is explicit in the 17
SDGs that guide the 2030 agenda (United Nations, n.d.), seen as the guarantee of the planet
itself and the basis of a “smarter development model” (Randers et al, 2019). Recent research
relating SDGs with energy efficiency does find a positive relation between sustainable
economic development and energy efficiency, suggesting that sustainable economic
development is associated with increased energy efficiency (Zakari et al., 2022).

1SO 14001, published in September 1996, last edition dated 2015 (International Organization
for Standardization, 1996; International Organization for Standardization, 2014; Fonseca and
Domingues, 2018), is widely considered the most important environmental certification (Kuhre,
2018; Sartor et al., 2019), and corresponds to the content of the SGDs, paving the way for a
common vision for humanity in a more executive/practical approach. This international
standard is based on budgeting the best environmental performance that can be achieved
through the systematic identification and management of environmental aspects, considering
issues such as yield prevention, improvement of environmental performance and satisfactory
compliance with embodied laws in management systems of each institution, which must
be subject to certification granted by agencies. ISO 14001 contains the requirements for
the environmental management system (EMS), making it a useful tool in facilitating
environmentally friendly and confident practices for institutional sustainability, together with
the dominant ideology about a viable planet: organizational structure and responsibilities;
activity planning; definition of practices, processes and procedures; allocation of resources to
plan, implement, verify and improve the environmental policy (Bravi et al, 2020; Fonseca and
Domingues, 2018).

The norm is not new, but there is an urgent and growing concern to involve HEIs in an
international effort to fulfill a more adequate role as drivers of sustainable development,
implementing specific national regulations that go beyond globally signed declarations
on sustainability in higher education (Grindsted, 2011). Sustainability must be present
in education management, in all dimensions, covering both practices and curricular
contents and key competences in terms of sustainability must be developed in universities
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Figure 2.

A model for
environmental
sustainability
analysis

(Blanco-Portela et al., 2017; Brundiers et al., 2021). The Institutional Assessment Manual of
the Portuguese higher education assessment agency A3ES (A3ES, 2022), establishes this
national internal standard that will ensure the executive procedure of this role that drives
higher education toward sustainability and commitment to the SDGs that direct the 2030
agenda. This Agency intends to mandate evidence demonstration in the adoption of a
strategy and governance in HEIs that place sustainability in their educational, scientific and
cultural project. This study fulfills the objective of highlighting sustainability as a key
factor in an HEI, helping to outline its EMS, accessible to the institution’s internal and
external public.

With the presentation of data from this study, we expect to evolve toward overcoming
the difficulties of measuring efficiency and other factors that are implicit in the
implementation of the HEI EMS, such as bureaucratic issues, high costs, lack of available
advice or the generic character requirements of this ISO (Fonseca and Domingues, 2018).

In addition to solidifying the institution’s EMS, we intend to contribute to overcome what
is known in literature as the EEG. EEG occurs when energy-efficient technologies, which
offer considerable promise for reducing the financial costs and environmental damage
associated with energy use, cannot be adopted by individuals and businesses to a level that
can be justified on an environmental and/or financial (Gerarden et al., 2017). Overcoming the
EEG is the reason and inspiration for all the work and planning dedicated to the institution
general management model, taking another step toward financial rationality and
environmentally friendly approaches.

In Figure 2, we can see that, in contrast to the satisfaction of human needs, there is
the need to regenerate the environment. Depending on man’s will and the
technological state of the art, it is possible for man to use resources with no or low
impact on nature, without compromising financial gains. Figure 1 exposes the
possibility of financial and environmental benefits, according to a “double/multiple benefit”
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approach (Helepciuc et al, 2018). In contrast to the satisfaction of human needs, there is the need
to regenerate the environment.

The environmental sustainability model presented above is part of the HEI adopted
approach. According to the model, environmental sustainability is a strong argument for
gains with the implementation of ecologically correct technologies, with simultaneous
reduction of costs and minimization of adverse impacts in the environment.

Methodology

By collecting data from the history of energy consumption related to replacing traditional light
bulbs with low-consumption light bulbs, a perspective is offered on the financial gains
achieved, presenting numerical data that demonstrate the advantages of adopting ecologically
correct practices. This numerical and descriptive presentation allows quantitative comparisons
associated with periods of time, enabling evaluations and estimates with qualitative and
strategic components, referring to items and variables such as: types of lighting fixtures in the
building and also installed power in lighting on each floor and throughout the entire building.

The followed method keeps itself to quantitative approach on data gathering and
interpretation. Data shown refers to items and variables such as: types of lighting units
existing in the building and also installed power in lighting on each floor and in the whole
building from 2008 to 2022, the actual panorama of LED technology used, distinguishing
between LED downlight units and LED tubular units.

The characterization of the main types of lighting at the beginning of the operations
of the IES building in 2008 is made, and the data referring to the use of LED lamps in
the building in 2022 allows the comparison of data regarding the use and distribution of
energy, distinguishing the LED Tube Technology or LED Downlight. The preferential
use of LED Downlight is conditioned to the structural height of the floors. In addition to
the distinction between the used LED technology, reference is made to the introduction
in the first year of analysis of LED technology by more efficient LEDs, both the Tube
and the LED Downlight.

A description of lighting technology and its distribution on the building was made,
presenting the distribution of electrical power installed in the HEI building. The year 2017 is
presented as the starting point for the evolution on conversion from discharge lighting to
LED technology, mentioning the change according to year, semester and floor intervened.

Evaluation of energy saving (gain) can be stated comparing its consumption previous to the
changes in lighting and after the changes. Reliability and durability of technology used was taken
into account directing changes toward the option for a specific LED technology — LED tubes.

The study was developed using two forms of data collection to extrapolate the evolution
of energy consumption in the lighting component, analyzing data since the conversion to
lighting with LED technology. A network analyzer [1] was used on two spaces chosen after
the typification of classroom or work spaces in the building (downlights and tubulars),
Room 6.1 and Laboratory 1.7. The consumption of the lighting circuit was collected by
comparing the energy consumed by the discharge technology luminaires existing at the
beginning and the LED technology luminaires. Although the equipment can provide data
via communication network [2], the data was collected by consulting the liquid crystal
display incorporated in the network analyzer.

By accessing the portal that is responsible for energy distribution and charging tariffs at
the platform e-Redes Portugal [3], it was possible to monitor consumption data for the period
from 2017 to July of 2022, allowing also conclusions about consumption according to tariff
periods. Analysis of the building’s consumption was performed by consulting the
consumption maps platform using the institution’s credentials to access information relating
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Figure 3.
Building
consumption in
February 2017

Figure 4.
Building
consumption in
February 2020

Figure 5.
Building

consumption in July

2017

to the consumption point [4]. Data for 2017, 2018, 2019, 2020, 2021 and 2022 were collected
from this platform. We give the example of two pairs of months, February and July,
considering the years 2017 and 2020. Below are the graphs obtained on the e-Redes platform
(Figures 3,4, 5 and 6):
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Comparing consumption between the two years in both months, it is possible to see the reduction
obtained with the contribution of the reduction in consumption in the lighting circuits.

It should be referred the participation on collecting data on energy of a student of the HEI
on Renewable Energy degree during 2022, collection of data that was supervised by one of
the authors of the manuscript presented [5].

Data collection was authorized by the institution’s management upon request made by
the researchers involved, making possible to access data related to: illumination gain — LUX
gain — collected by an external auditor on health and safety on work of the studied HEI
recurring to lux meters; energy consumption; LED units in the building; installed power in
lighting on each floor and in the overall building.

Overall, hypotheses to be tested typical of quantitative research (Bell et al., 2022), were
not proposed, rather relying on a methodological approach as an exploratory one, presenting
data to answer our research question (Almeida, 2021).

Results

When the studied HEI started operating in the current building in March 2008, the building
had two main types of lighting, which were dual-discharge downlights and fluorescent
discharge lamps. The former illuminated the spaces directly, while the latter illuminated the
spaces indirectly through the ceilings. The distribution of the two types of lighting was also
not uniform as the downlights were installed on the third, fourth and fifth floors, while the
drainpipes were installed on the first and second floors, whose ceiling height is lower than
normal as a result of the suitability of the building for the regular HEI activities.

Thus, Table 1 quantifies the characterization of lighting through downlights with two
discharge lamps and presents the installed power in the lighting circuits per floor.

While, Table 2 quantifies the characterization of lighting through the installed power in
the different floors and in the overall building using fluorescent discharge lamps.

Figure 7 presents the distribution of electrical power installed in the building for lighting
circuits for both types of lighting.

Despite the distribution of types of lighting leaning toward flush downlights, HEI
management decided to start by replacing the tubular flush lighting with LED technology.
This process began in 2012, and the first replacement point was the 24-h elevator cabins.
This option was taken as a test of the same technology considered not reliable at the time
(Meneghini, 2010). In 2014, a discharge technology was tested but with electronic ballasts. In
this solution, the T8 tubulars were replaced by T5 tubulars whose adapter included an
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1S

electronic ballast. This solution was implemented on a trial basis in the computer lab and on

16.2 the second floor computer center for two reasons: first, because it is cheaper than solutions
’ at the time for LED tubes, and second, because they are intensely busy and are interiors
without natural light, but with an occupancy of 8h a day. This solution lasted until the
second half of 2020, when it started to break down and replacement was very expensive.
However, in 2017, the replacement of discharge downlights with LED downlights began,
304 and the replacement of discharge tubes with LED tubes became general throughout the
building, with the main impact on the lighting of the first and second floors.
This process was completed at the end of the first half of 2022.
Thus, the evolution of the conversion from discharge lighting to LED technology from
the first floor to the sixth floor was as follows:
e 2017 (first semester) — classrooms of sixth floor not including the library or hallways;
e 2017 (second semester) — classrooms of fifth floor with corridors and sixth floor
corridor;
» 2018 (first semester) — service, secretariat and third floor in general, except the office
corridor;
e 2018 (second semester) — LED tubes on Floor 2, except computer lab and computer center;
o 2019 (first semester) — LED tubes on the ground floor;
¢ 2020 (second semester) — LED tubes in the computer lab on the second floor;
170 mm 200 mm 220 mm
Floor 26 watts 52 watts 52 watts Total power
1 5 15 28 2,366 W
2 36 26 0 2,288 W
Table 1. 3 6 109 0 5824 W
Discharge downlight 4 11 102 0 5,590 W
units in the building 2 8 gg 13 gégg w
in 2008 and installed ’
AT 7 1 0 0 26 W
power in lighting on Total power 25,194 W
each floor and the
whole building Source: Authors
60 mm 120 mm 150 mm
Floor 18 watts 36 watts 58 watts Total power
1 2 41 64 5,224 W
Table 2. 2 25 33 59 5,060 W
Fluorescent 3 0 0 0 ow
discharge lamps 4 0 0 0 ow
units in the building 2 8 8 8 8 w
in 2()08_ and m_stalled 7 0 0 6 USW
power in lighting on Total power 10,632 W
each floor and the

whole building

Source: Authors




B Discharge Downlight

B Fluorescent discharge tubes

Source: Authors

e 2021 (second semester) — library; and

* 2022 (first semester) — classrooms and corridor of fourth floor and office corridor on

the third floor.

After the process ended, it was possible to begin to quantify the obtained gains in terms of
installed power in the same lighting circuits, noting that only the lighting technology was

changed without changing the quantities.

Thus, Table 3 quantifies the installed power on the different floors and in the overall

building using LED downlight.

While, Table 4 quantifies the installed power on the different floors and in the overall

building using LED tubes.

Figure 8 presents the new distribution of electrical power installed in the building for

lighting circuits for both types of LED lighting.

LED
technology
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170 mm 200 mm 220 mm

Floor 20 watts 40 watts 40 watts Power by floor

1 5 15 28 1,820 W

2 36 26 0 1,760 W

3 6 109 0 4480 W

4 11 102 0 4300 W

5 0 99 0 3,960 W

6 0 59 17 3,040 W

7 1 0 0 20W
Total power 19,380 W

Source: Authors

Figure 7.
Distribution of
electrical power
installed in the
building for lighting
circuits for both types
of discharge lighting

Table 3.

LED Downlight
units’ existence in the
building and
installed power in
lighting on each floor
and in the overall
building in 2022




IS

Comparing the two implemented solutions, which are summarized in the previous tables, a

16,2 gain of more than 53% is concluded, as it can be seen in Figure 9, in terms of installed power
in the lighting circuit, thus translating into energy savings, making the building more
sustainable in terms of lighting.

An important aspect is the reliability of the used equipment. It is common knowledge
that technology has evolved ensuring greater reliability. However, this reliability depends a

306 lot on the installation points, specifically their ventilation (Richter, 2019). This observation is
made when realizing that there are several AC/DC converters that must exist in LED
lighting, in which if the lighting point is not ventilated, the AC/DC converters tend to fail
early. Thus, in the installation of the HEL it was rare to have to replace the LED tubes, while
the frequency of failure of the AC/DC drives of the LED downlight is much higher because
they are placed in a false ceiling where there is no ventilation of the space.

60 cm 120 cm 150 cm
Floor 9 watts 16 watts 24 watts Power by floor
1 2 41 64 2210 W

Table 4. 2 25 33 59 2,169 W

LED Tubes units’ 3 0 0 0 ow

existence in the 4 0 0 0 0w

building and also 2 8 8 8 8 g

1psta}led power in 7 0 0 6 144 W

hght.mg on each floor Total power 4523 W

and in the overall

building in 2022 Source: Authors

Figure 8.

Distribution of

electrical power

installed in the

building for lighting -

circuits for both types Il LED Downlight M LED Tubes

of LED lighting

Source: Authors



35.826

23.903

Discharge lighting (W) LED lighting (W)

Source: Authors

This issue forced the installed downlights more recently, despite having the same electrical
characteristics and light color to be of the second generation where AC/DC drives provide
more guarantees, having even begun to replace the first generation downlights.

Impact of light emitting diode lighting on real consumption
E-Redes is the company in Portugal that distributes electricity [6] independently from the
supplier. Through its internet portal (https://balcaodigital.e-redes.pt/login), it is possible to
collect the energy consumption history of a point of an electricity consumer in Portugal.
Table 5 shows the tariff applied to the HEI consumer, which is called the “daily cycle.”
Applying this tariff to the energy consumption in the lighting circuits, and comparing
them with the opening hours of the teaching sessions, it is clear that it is important to
analyze the evolution of consumption in the Peak (iii), Partial Peak (ii) and Valley (iii) tariffs
corresponding to the timetable from 6:00 p.m. to 12:00a.m. of each day of classes from
Monday to Friday, when most classrooms, laboratories and other spaces are functioning
with the lights on. However, this is not possible because the data collection on the E-Redes
portal does not separate the sub-periods of (i), (i1) and (iii) in the Peak and Valley periods, nor
the sub-periods (i) and (i) in the Partial Peak period. Thus, the analysis will have to
incorporate an error of quantification and approximation to the real scenario.
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Figure 9.

Summary of installed
power gain between
both solutions

Tariff period Sub-period Winter time Summer time
Peak @ 08h00 to 09h00 08h00 to 10h30
(i) 10h30 to 18h00 13h00 to 19h30
(iii) 20h30 to 22h00 21h00 to 22h00
Partial Peak @ 09h00 to 10h30 10h30 to 13h00
(i) 18h00 to 20h30 19h30 to 21h00
Valley @ 00h00 to 02h00 00h00 to 02h00
(ii) 06h00 to 08h00 06h00 to 08h00
(iii) 22h00 to 00h00 22h00 to 00h00
Super Valley 02h00 to 06h00 02h00 to 06h00

Source: Authors

Table 5.
E-Redes “daily cycle”
tariff
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Thus, with the HEI access credentials, it was possible to obtain data for the period from

16.2 2017 (the first year made available) to July of 2022, recording the consumption shown in
’ Table 6 and Figure 10.
It is concluded that there is a decrease in energy consumption that follows the adoption of LED
technology lighting. This fact is supported by the increase in the weight of consumed energy in
the period of the super empty tariff, while in the other tariffs. there is a constant relative decrease.
308
LUX gain
In addition to the improvements felt in terms of energy sustainability, the conversion of
lighting from discharge technology to LED technology brought improvements in terms of
LUX measured at the level of the work plan, which are classroom tables (see Figure 11
referring to the geometrical model of the building).
Comparing the measurements carried out in 2012 and in 2022, there is a substantial
increase in LUX. According to the external auditor procedure, measurements are made twice
a year in each room recurring to a lux meter, corresponding to winter or summer period [7].
The variations are not uniform as there are aspects that contribute to potentiate these
variations felt with recent measurements.
Thus, there are several factors that influence a non-uniform variation:
Power provider Peak Partial peak Valley Super valley
Year (Rates): EDP (%/year) (%/year) (%/year) (%/year)
2017 132,55 MWh/year 0.505 0.153 0.236 0.106
Table 6. 2018 120,14 MWh/year 0.457 0.139 0.29 0.114
Total energy 2019 113,92 MWh/year 0.452 0.128 0.308 0.112
consumed per vear 2020 89,72 MWh/year 0.435 0.13 0.31 0.125
pery 2021 94,96 MWh/year 0.421 0.126 0.291 0.162
and percentage 2022 (July) 42,73 MWh/year 0416 0.121 0.28 0.183
weights of each
energy tariff Source: Authors
0.6
0.5
04
03
0.2
Figure 10. o1
Evolution of the I I
percentage weights of 0
each energy tariff 2017 2018 2019 2020 2021 2022 (july)
between 2017 and the
end of the first half of | M Floods (%/year) M Peak (%/year) mValley (%/year) Super Valley (%/year) |
2022 at the HEI

Source: Authors



Source: Authors

e The color of the walls — The rooms on the fourth, fifth and sixth floors were
repainted and the walls, instead of light cream, were changed to a semi-gloss white.
The ceilings were also repainted.

¢ Indirect light — The classrooms on the first and second floors do not have direct
light, but crown moldings whereas the room is illuminated by reflection on the
classroom ceilings.

e Measurements with natural light component — Measurements made at 6:00 pm showed
variations in the orientation and size of the classroom windows. Thus, we have different
gains if the room is inner compared to rooms facing east, south or west.

e Furniture change — The furniture of the classrooms on Floors 4, 5 and 6 was
changed from having tables and chairs in light and dark brown to white tables and
chairs in white or light gray.

¢ On the first and second floors, the laboratories and inner rooms kept the cream color

on the walls, only the ceilings were painted, so there was not such a sharp increase
in LUX.

As the analyzed spaces are many, around 35 spaces of classrooms, laboratories, offices,
library, study room, snack bar, etc., an aggregation by typology and orientation was chosen.
The results of this aggregation are summarized in Table 7.

The results show economic gains that demonstrate, from a financial point of view, the
advantages of making investments in environmental issues.
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Figure 11.
Geometrical model of
the HEI building,
south view
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Table 7.

Lighting
improvements by
space typology and
orientation

Theoretical contributions and practical implications

This study offers both theoretical and practical contributions on giving to HEIs their central
role as innovators on sustainability, enhancing profound changes on human societies.
Besides presenting data on adoption of LED technology by an HEI, contributions are made
to resolving the situation of lack of sustainability models “built in” regarding HEISs.
Example of an integrated sustainability plan is presented at the end of the manuscript, on
Appendix Table Al — The environmental sustainability plan (ESP) for the HEL The
dimensions of intervention toward sustainability are listed, along with ways of evaluating
these dimensions, actions, along with improvements for both the environment and the
institution and expected results concerning: lifelong education and formative offer;
organization of scientific events with international impact; conducting scientific production/
associated with scientific events; education |awareness/internal stakeholders; residue and
plastics separation and treatment; energy sources and energy use.

A journey was carried out to include the presentation of data on the adoption of LED
technology by the studied institution and its planned and phased application over the years,
confirming through the presentation of consumption data and gains in luminosity the
advantages of adopting environmentally friendly technology and the development of
greener and more sustainable consumption scenarios in the long term.

More than presenting numerical data on consumption, a task of demonstrating the
viability of the technology from the perspective of double benefit to the HEI and to the
environment was carried out, exposing the savings on expenses in energy costs and
inherently on any negative impacts that the technology used will have on the environment.

More than a merely economic option, technological innovation in the area of building
lighting was framed within a social innovation approach, including these technological
changes in a medium and long-term plan aimed at the theme of sustainability that involves
training dimensions, that is, it involves all the dimensions of HEI management.

We show the possibility of finding a strategy that aims to be increasingly built-in into the
HEI and that is not made up of scattered sectoral changes that are not brought together in
comprehensive planning. In this way, we contribute to scientific production from a
theoretical perspective and address the research gap that is now beginning to be overcome.
Concrete data on the application of LED technology in buildings in the education sector was
shown, while data on industrial and commercial facilities is what normally presented and
addressed in scientific research.

Conclusions
A case of adoption of more environmental-friendly technology related to illumination — LED —
on an HEI is presented. Obtained data on the period 20082022 goes toward a confirmation of

Medium with Medium with LED

Orientation of classrooms discharge lighting lighting (lumens per

in the building (lumens per square meter) square meter) Improvement (%)
Classrooms facing east 291.7 2975.3 491
Classrooms facing west 400.7 1483.8 370
Classrooms facing south 557.9 2413.7 432

Inner rooms 267.1 692.6 259
Laboratories 489.8 1368.2 279

Source: Authors




the option for new illumination technology. Our aim was to context this technology innovation
on a broader view about addressing sustainability in HEIs explaining an innovative approach
on the institutional overall management system, planning and procedures.

Presenting descriptive data obtained within the context of one HEI about
exemplifying mutual benefits for the institution and to the environment by recurring
to LED technology reinforces the need of case comparison. Other institutional cases
must be explored and presented, comparing data and also sharing results. The
specific data obtained and presented must be associated only with the HEI studied,
although some results can enhance followers of innovation not only centered in the
use of LED technology but in all dimensions that are gathered in the organization
management.

The analysis proceeded must be continued in the institution in following years, and
control of some variables should be attended, such as those regarding to lux gain, or those
related to the lighting circuits.

In future research of the case we present, there should be a demonstration of the
clear details of environmental gains, in addition to the exploration of financial benefits
of LED technology. Energy consumption can also be related to building occupancy,
accurately considering the people inside the building. Specific data on the use of the
building, floors details, rooms and number of people in the rooms must be related to
variables such as external luminosity according to days and months of the year. As
Motuziené et al. (2022) point out, the impact of the confinements due to the Covid-19
pandemic should be considered in future developments in the presented study. The
shown data is the possible data, for now.

The study made it possible to understand that the HEI should change the energy
contract weekly, as it uses energy at the end of the week as if it were a working day when
activities are only from 09:00 a.m. to 6:00 p.m., and there is almost no use of the facilities
after dinner.

Although we must be cautious in generalization of results, the theoretical and
practical contributions achieved can be referred to by other studies or cases in study. The
obtained results allow the consolidation of the institution’s ESP (Annex 1), in a short,
medium, and long-term planning give to future researches and institutional managerial
planning a perspective of the set of measures and actions that may result in
environmental and sustainability improvements. The innovation that this study brings
gives an integrated view on planned and implemented sustainability in the analyzed
institution, setting an example to other institutions, namely, HEIs. The study presented
solidifies a multidimensional approach of sustainability by the HEI, which connects the
planning of permanent offered education to the closest stakeholders and the community
in a broader approach.

The research question raised in the introduction to the manuscript was answered,
demonstrating the financial benefits of applying environmentally friendly technology. More
difficult to prove is the dual benefit concept, where benefits to the environment are only
deducted.

Future research must relate to the longevity of the approaches suggested on the
environmental sustainability plan, and provide a methodology of assessment of
benefits, specifying also the impacts on the environment, not forgetting the
pedagogical approach, and the social impacts of the overall activity of the institution.
Basically, we can recommend a more and more built-in approach of sustainability in
the HEIL Perhaps, we could name it: the sustainability of the sustainability approach
by the HEIL
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Notes
1. CIRCUTOR network analyzer CVM MINI-MC-ITF-RS485-C2.

2. EIA485 communication network.

3. Company that manages the energy distribution network in mainland Portugal. available at:
https://balcaodigital.e-redes.pt/home

4. Consumption point: PT0002000110451972PH.

5. This student was working on his end project, entitled: energy audit and definition of the
improvement plan.

6. www.e-redes.pt

7. Measurements are made using two models of lux meters allowing comparison of data obtained:
BEHA 93408 Digital Lux Meter UNI-T UT 383 Mini Light Meter.
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Transforming document
management for environmental
sustainability: the mediating
effect of pro-environmental
culture and service satisfaction in
higher education institutions

Jessie Bravo'*, Carlos Valdivia?, Roger Alarcén?, Nilton German?,
Oscar Serquén?, Janet Aquino?,
Marco Agustin Arbulu Ballesteros? and Laurita Guevara*®

!Digital Transformation Research Group, Pedro Ruiz Gallo National University, Lambayeque, Peru,
2Institute for Research in Science and Technology, Cesar Vallejo University, Trujillo, Peru, *Academic
Program of Computer Engineering and Informatics, Pedro Ruiz Gallo National University,
Lambayeque, Peru

This research investigates the factors influencing environmental sustainability in a
Peruvian higher education institution (HEI), using Structural Equation Modeling (SEM)
with SmartPLS. The methodology included data collection through questionnaires
administered to students, alumni, and professors, followed by SEM analysis to assess the
relationships between technological support (TS), document management (DM), open
government (OG), pro-environmental organizational culture (POC), service satisfaction
(SS), and environmental sustainability (ES). The findings emphasize that technological
infrastructure significantly enhances document management, which in turn boosts
service satisfaction and promotes a pro-environmental organizational culture. The
pro-environmental organizational culture emerges as the most powerful mediator,
significantly impacting environmental sustainability. Although service satisfaction also
contributes positively, its effect is less pronounced. Furthermore, transparency and
open access to information improve document management, albeit with a lesser
impact. Sociodemographic variables such as gender and academic program within
the institution influence the relationship between the examined variables, suggesting
that these characteristics can affect the perception and effectiveness of sustainability
practices. This study provides a robust foundation for designing effective strategies
to promote environmental sustainability in higher education institutions and would
contribute to the fulfillment of the SDGs.

KEYWORDS

document management, environmental sustainability, pro-environmental
organizational culture, higher education institution, service satisfaction, SEM

1 Introduction

Documents are the most crucial assets of any organization; therefore, understanding how
to properly maintain a paper trail can significantly impact the efficiency of its management
(Reyes et al,, 2023), conversely, document management represents a major issue for higher
education institutions. According to Regla and Marquez (2020) extensive storage spaces, filing
cabinets, and necessary security measures are required, Sheela Rani et al. (2023) indicate that
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records, time, and energy are lost, and resources are squandered, with
the main challenge being the upkeep of records and the failure to meet
deadlines for obtaining information. In most higher education
institutions (HEIs), there are no academic document management
systems (DMS) nor are the necessary technologies for their
development identified (Hiiller et al., 2022). Added to this, other
issues of document management (DM) include the quality of
managerial staff, the significance of the work, the funding, and the
information, which directly affect the administration of archives and
documents overall (Sun, 2022).

Moreover, the continuous enhancement of education with various
approaches and reforms has led to a substantial number of educational
policies, programs, and research reports, which also increases the
processing and information load for HEISs, also, traditional methods
of classification and manual filing are ineffective and vulnerable to the
loss of documentation and inefficiency in DM processes (Zhang et al.,
2024), Additionally, many offices use a hierarchy of folders on
computers to organize documents and the use of labels to sort them,
which is currently not an efficient process due to the vast amount of
documentation generated (Watanabe et al.,, 2024). Similarly, when it
comes to collecting information managed traditionally, it becomes an
isolated process due to the lack of communication between different
types of stored data and even incomplete documentation (Korro et al.,
2024). HEIs also face the maintenance of their documents and records,
where records, time, and resources are lost, not meeting the search for
documents (Sheela Rani et al., 2023).

Industrial advancement has led to economic progress and societal
well-being, but the impact of industrial complexes has altered the
environment, causing environmental effects and climate changes
(Barragan-Ocana et al, 2024). The growing awareness of
environmental challenges, resource scarcity, and the urgent need to
address climate change necessitate paradigm shifts in product and
service design (Lyu et al., 2024). Increasingly, companies are seeking
to enhance their operational performance and paying more attention
to sustainability issues, leading to practices that improve sustainability
performance and, specifically, environmental impacts (Fiorello et al,,
2023). Companies are even beginning to discuss a “green paradigm,’
seeking the integration of Industry 4.0 technologies and management
that
competitiveness, and environmental sustainability (Costa et al., 2024),

model principles enhance precision, customization,
This fosters green product innovation as a key strategic issue
in companies.

In universities, energy usage is a critical issue, as the aim is to
balance growing operational demands with ES (Laporte et al., 2024).
Additionally, it must be considered that HEIs have a significant impact
on the society and environment in which they operate, influencing
various fields of development, including ES, and contributing with
their social role in the education of future generations (Usta et al.,
2024). However, many HEISs place significant emphasis on integrating
ES at a strategic level, but generally lack policies that incorporate it
into operational aspects (Christou et al., 2024).

Nevertheless, the environmental implications remain relatively
unknown, and there is no substantial literature addressing the
elements of this research. Therefore, this article offers an analysis of
DM in HEIs, evaluating the level of organizational culture and service
satisfaction present as a mediating effect on environmental
sustainability. This will identify the needs for “paperless” management,

the use of digital environments, and enhancing operational efficiency
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by adopting new digital practices framed in Digital Transformation
(DT), understood as the process by which HEIs integrate digital
technology to all its areas, which will allow cultural and operational
changes that are better adapted to the changing needs of users, thus
improving the perception of its benefits by users.

The aim of this research is to use Structural Equation Modeling
(SEM) to assess the mediation of organizational culture and service
satisfaction between document management and environmental
sustainability, whose findings will define environmental strategies and
policies in HEIs.

The significance of this study lies in its potential to generate
valuable knowledge that enables HEISs to foster a cultural change that
promotes the commitment and active involvement of various
stakeholders, raising awareness of ES, developing pro-environmental
policies, and incorporating them into curricular experiences. This is
supported by efficient DM based on effective strategies that reduce the
environmental footprint, aligned with sustainability principles, under
a “paperless” approach, using digital environments and optimizing
operational processes. This will lead to tangible benefits such as
reduced paper usage, savings in natural resources, and contributing to
the education of professionals and citizens aware of the importance of
environmental preservation.

2 Theoretical framework

2.1 Document management in
organizations

DM and archiving are critical responsibilities in any organization,
as they must ensure the access, upkeep, preservation, and oversight of
pertinent information. The ISO 30300 standard offers a framework
that sets forth guidelines for the enhancement of DMS in organizations
(Manzanelli, 2023). Similarly, in DM, best practices need to
be established for the creation and maintenance of information and
documentation, which enables decision-making, activities, and
operations within the organization, easing its use in business
procedures and at every level of the organization (Alonso, 2020).

In the context of HEIs, Hiiller et al. (2022) observe that these
institutions retain vital academic and administrative data that must
be safeguarded. However, many of them still lack the required
technology to implement effective DM. According to Mulchan and
Wang (2024) digital transformation is progressing rapidly, with the
widespread presence of digital technologies and technology-driven
innovations transforming organizational processes, where one of the
principal initiatives is to enhance record and document management
to boost productivity.

In a study by Simwaka et al. (2023) at universities in Malawi, a
survey uncovered the presence of document records such as minutes,
grades, theses, political documents, and reports, but there was an
absence of management of such documentation due to, among other
factors, a lack of management policies, limited financing, and
information technology infrastructure. On the other hand, Henriksen
(2023) examined the impact of user-focused digitalization on record
management in the public sector in Norway. Through interviews, it
was discovered that municipalities lack resources and technologies
and do not engage their users, despite their professionals attempts to
assist them. Likewise, according to Mosweu and Bwalya (2023),
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government entities frequently implement automated record
management systems without a clear governance structure to
support automation.

2.2 The role of technological support in
document management efficiency

Over the past decades, the role of technological support (TS) has
been a significant concern in research. The acceptance and application
of innovations in information systems (IS) and information
technology (IT) have been evaluated through theoretical frameworks
examining their acceptance (Dwivedi et al., 2019). Among these
frameworks, the Unified Theory of Acceptance and Use of Technology
(UTAUT) stands out, proposing that actual technology utilization is
driven by behavioral intention. This theory suggests that technology
adoption hinges on performance expectations, effort expectations,
social influence, and facilitating conditions, with individual
perceptions of technology being crucial for enhancing job
performance (Marikyan and Papagiannidis, 2023).

Recent advancements in technologies are affecting document and
record management worldwide. Key elements of the Fourth Industrial
Revolution, such as blockchain technology and artificial intelligence
(AI), are shaping how digital records are administered within
organizations (Ngoepe et al., 2024). In Tsabedze (2024) study,
viewpoints and readiness of professionals for records and archives
management were assessed through a survey, revealing insufficient
experience and budget constraints for acquiring technology. Therefore,
improved funding and Al integration into DM are suggested.

In the context of HEIs, this swift technological progress has
introduced innovative methods for safeguarding crucial student data
(Dongre et al., 2024). Similarly, Reyes et al. (2023) identify documents
as the most valuable assets in a university, so maintaining paper trails
greatly impacts DM efficiency. Consequently, technological platforms
and IT systems have been developed to organize and centralize
their files.

Various studies, such as those by Ayaz and Yanartas (2020), have
examined UTAUT, concluding that technological support is essential
for the acceptance and effective use of systems, positively affecting
document management. Additionally, Alghobiri et al. (2022)
demonstrated that advanced technologies in HEIs, such as
optimization with graph-based document clustering algorithms and
distance functions, enhance document retrieval. Sidhimantra et al.
(2024) indicate that repository system development improves
academic document management and supports accreditation
processes in HEIs. Karpenko et al. (2020) note that these systems also
contribute to the effectiveness of academic workload distribution, and
(Chen et al., 2022) assert that the adoption of technologies like
blockchain enhances the security and efficiency of the entire
DM process.

The reviewed studies provide consistent evidence of the positive
effect of technological support on DM. Although various approaches
and technologies are utilized, all studies conclude that technological
support is fundamental for the automation, security, and accessibility
of DM, directly impacting efficiency in HEIs.

Finally, the role of technological support represents an opportunity
to boost the efficiency of DM processes. Therefore, the following
hypothesis is proposed:
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Hypothesis 1: Technological support has a significant impact on
effective document management in HEIs.

2.3 Impact of efficient document
management on user satisfaction in HEIs

As Alonso (2020) highlights, DM establishes best practices for the
generation and maintenance of information and records, facilitating
appropriate decision-making. According to Gamido et al. (2023), the
procedure of an electronic DMS starts with the transformation of
paper documents into digital files with standardized formats, enabling
effective document organization and encouraging the reduction of
paper waste in document reproduction. It also enhances user access
to essential documents distributed in real-time, with simple searches
and retrieval of necessary records.

According to Alade (2023), one sector that has seen rapid
expansion in recent years is document management, regarded as
essential in the organizational work environment. For this reason, a
web-based electronic DMS was developed, which, when utilized,
achieved a 96.60% satisfaction rate among participants, concluding
that it enhances user satisfaction, boosts productivity, and ensures
data efficiency in a timely manner.

In Peru, according to Ramirez et al. (2023), public institutions
have a substandard service in DM. To tackle this, robotic process
automation (RPA) technology was implemented, reducing the
processing time of procedures, preventing citizen dissatisfaction, and
improving their experience.

DT is acknowledged as a phenomenon that has drastically
changed how organizations function. The emergence of digital
technologies in the public sector presents multiple possibilities, where
user satisfaction is deemed one of the most critical conditions for
effective DT implementation (Kitsios and loannou, 2024). DMS are a
necessity in the organizational work environment and specifically in
HEIs because they facilitate access to documents in shortened times
(Alade, 2023) and must have secure and interoperable management
of crucial and legal documents (Siva Rama Rao et al., 2023), both for
university faculty with documentation related to their academic duties
(educational, methodological, scientific, and organizational) (Pleskach
et al,, 2023), and for general document procedures. Therefore, this
service satisfaction regarding digital document management could
generate positive user attitudes toward sustainable practices,
facilitating their adoption and maintenance.

Based on the reviewed literature, the following hypothesis
is proposed:

Hypothesis 2: Efficient document management positively
influences service satisfaction in HEIs.

2.4 User satisfaction as a driving factor for
environmental sustainability in HEIs

User satisfaction as a driving force for environmental sustainability
in HEISs is based on the notion that when the services provided meet
user expectations, users develop affirmative behaviors and attitudes
toward the institution, which results in greater commitments to
sustainable practices.
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In the study by Mansoor and Hussain (2024) on the impact of
knowledge-based leadership on service quality in HEIS, it was shown
that effective and user-centered management can significantly
influence service quality, which in turn promotes a more sustainable
environment conducive to pro-environmental practices. Similarly,
Rolo et al. (2024), concerning service quality in HEIs in Portugal and
Angola, emphasize the importance of adjusting service quality
strategies to local needs and expectations. In the context of
environmental sustainability, this suggests that HEIs should consider
user specifics to implement sustainable practices perceived
positively. Likewise, Kidido et al. (2024), on the management and
sustainability of event facilities in HEIs in Ghana, also discovered
that user perception of facility management can affect their
satisfaction and, consequently, their support for sustainable
resource practices.

The research by Bao et al. (2024) on the assessment of sustainable
service quality in HEIs emphasizes the importance of considering the
varied opinions and expectations of users in the decision-making
process. HEIs can design and adjust their services to better meet user
needs, incorporating sustainable practices that are valued by the
educational community. On the other hand, Alshamsi et al. (2024)
examine the factors driving the sustainability of blockchain technology
in higher education, underscoring that its implementation largely
depends on user acceptance and satisfaction, concluding that well-
received technology can contribute to more sustainable practices
in HEIs.

As stated by Ozdemir et al. (2020), measuring sustainable service
quality on university campuses includes dimensions such as waste
management, energy efficiency, and community participation,
highlighting a holistic approach to campus sustainability. Santos et al.
(2020) explore the influence of social responsibility on service quality
and student satisfaction in higher education, concluding that when
universities implement socially responsible practices, such as
volunteer programs and environmental sustainability, they tend to
have more satisfied and committed students.

These studies underscore that service satisfaction in HEIs is closely
linked to environmental sustainability. By focusing on user satisfaction,
positive cycles are created where satisfaction and sustainability
reinforce each other. Therefore, the following hypothesis is proposed:

Hypothesis 3: Service satisfaction has a positive impact on
environmental sustainability in HEISs.

2.5 Promoting a pro-environmental
organizational culture through efficient
document management

According to Nanayakkara and Wilkinson (2021), organizational
culture (OC) theory is one of the most influential in the workplace
because if an organization does not maintain a suitable culture to
support its activities, it could adversely impact its procedures and
overall performance. Additionally, Sindakis et al. (2024), the adoption
and transfer of culture are achieved through the sharing of knowledge
within and between areas, departments, and units of large organizations.
Additionally, as Schlegel et al. (2023) emphasize in the context of DT,
having a data-based OC is a crucial factor in data analysis capabilities,
innovation, and competitive advantages for companies.
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Based on the study by Souza and Aganette (2022), digital
preservation and efficient DM are closely associated with POC,
arguing that implementing efficient document management practices
can positively impact organizational culture, promoting sustainable
and pro-environmental practices. Similarly, Netshakhuma (2022)
demonstrated that using the SharePoint platform as a DMS in a
university not only enhances administrative efficiency but also
supports the development of a sustainability-oriented OC.

The reviewed studies provide evidence that efficient DM can be a key
driver in fostering an organizational culture dedicated to environmental
sustainability in HEIS, therefore proposing the following hypothesis:

Hypothesis 4: Efficient document management promotes a
pro-environmental organizational culture in HEIs.

2.6 Influence of pro-environmental
organizational culture on achieving
sustainability in HEIs

Various studies have indicated that an organizational culture that
fosters pro-environmental values and behaviors can significantly affect
the environmental sustainability of HEIs. Kalsoom and Hasan (2022)
stress that a POC can transform educational and administrative
practices in HEIs. Additionally, Dieguez (2023) underscores the
importance of leadership as part of the organizational culture in the
sustainability of higher education, promoting educational
transformation and enhancing the entrepreneurial and innovative
spirit necessary to implement sustainable practices in HEIs.

As (2022)

pro-environmental behaviors through a green organizational culture can

proposed by Khan and Terason fostering
encourage sustainable attitudes among the employees of an institution.
Barros et al. (2020) illustrate in a Brazilian university that an
organizational culture centered on sustainability leads to the development
of sustainable practices and greater environmental awareness. Moreover,
Zaléniené and Pereira (2021) suggest that global integration allows
universities with this pro-environmental culture to serve as global
models that incorporate sustainability into all facets of university life.
According to Fuchs et al. (2023), an organizational culture
dedicated to sustainability is crucial for the success of Sustainable
Development Goals (SDG) initiatives in Latin American universities.
Marques et al. (2023) contend that an organizational culture that values
sustainability can facilitate cooperation between universities and
businesses, promotinga positive impact on environmental sustainability.
These theories and studies provide insights into organizational
culture and its role in advancing environmental sustainability in HEIs;

therefore, the following hypothesis is proposed:
Hypothesis 5: A pro-environmental organizational culture

positively influences environmental sustainability in HEIs.

2.7 Open government and transparency as
enablers of effective document
management

Digital technologies have a recognized potential to create more
efficient, trustworthy, and innovative public institutions (Aguerre
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and Bonina, 2024). Government open data are crucial drivers of DT
in the public sector, as they allow for insight into how strategies are
formulated, executed, and assessed for their ongoing success,
aiming to encourage users to engage with and make use of these
essential resources (Begany and Gil-Garcia, 2024). However, it is
necessary to have governance structures that support the integration
of technologies across various platforms and adapt to an
increasingly digital society (Zwitter, 2024). This facilitates the
development and interpretation of data visualizations that simplify
information access, enhance comprehension, and bolster
information literacy (Barcellos et al., 2024), this term has gained
significant relevance in the digital era, marked by the abundance of
information and the rapid evolution of information and
communication technologies.

A study in Spain, one of the most decentralized nations globally
(Curto-Rodriguez et al., 2024), discovered that open government has
a favorable outlook and a promising future despite challenges such as
resistance to change. Pasillas-Banda et al. (2024) in Mexico observed
that there are advancements in governance through open government
with the application of technologies in diverse media, emphasizing
citizen engagement. Similarly, in Chilean municipalities (Herndndez-
Bonivento and Moller, 2024) state transparency is being promoted by
involving citizens in public affairs and encouraging public
accountability, which leads to insights on social and political
participation, poverty levels, and information dissemination.

According to Saptarini et al. (2024), a result of the pandemic,
particularly in online education, was the necessity for paperless
document management, which offers benefits such as cost reduction,
time efliciency, decreased physical storage needs, and access to
documents anytime and anywhere. However, resistance to change,
lack of technical expertise, and investment costs could hinder
its implementation.

As part of the DT, Gelashvili and Pappel (2021) argue that a key
component of e-governance is paperless management, which
streamlines data exchange and digitized workflows, allowing for
secure document recording, traceability, and immutable archiving for
future access. Additionally, it is essential to complement these
practices with DM policies based on technologies, tailored to each
HETI’s conditions, regulatory framework, and the readiness of its
experts (Jiménez et al., 2022). Payment for services in DMS processes
should also be considered (Glavev, 2023). However, as loannou et al.
(2022) point out, the effectiveness of these e-government initiatives
faces hurdles due to insufficient specialized knowledge, limited
funding, and weak political initiatives and decisions, often resulting
in flawed designs that merely transfer existing bureaucracy into the
digital sphere. In Peru, the Digital Government law regulation
(Decreto Supremo No 029-2021-PCM, 2021) seeks to promote the
integration of digital technologies in public services, encompassing
digital identity, interoperability, security, and digital architecture.
Nevertheless, in practice, its application is very limited, considering
that many HEIs do not even use digital signatures or have proposed
automation of the processes involved in DM.

These findings underscore the significance of open government
and transparency as fundamental contributions to document
management, leading to the following proposal:

Hypothesis 6: Open government and transparency have a
substantial impact on effective document management in HEIs.
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2.8 Document management as a catalyst
for environmental sustainability in higher
education institutions

Environmental sustainability (ES) is presently a crucial
element for both economic progress and human well-being.
Environmental deterioration is alarming, leading nations and
global organizations to conduct conferences and agreements (Luo
and Sun, 2024). It should be acknowledged that the environmental
crisis is the outcome of industrial, economic, and social
development, which has adversely affected the planet’s ecosystem
(Condor-Salvatierra et al., 2022). Similarly, the evolution and
utilization of information and communication technologies (ICT)
have brought growing prosperity and accessible information
globally. Nevertheless, this advancement has not been devoid of
notable environmental costs that jeopardize environmental
sustainability, such as electronic waste that contaminates soil and
water, releasing hazardous substances that endanger human health
and biodiversity. As Tkachenko and Denisova (2022) propose, the
intricate connection between digitalization, sustainability, and
profitability has not garnered much focus from the academic
community; however, it represents significant research domains on
its own.

HEISs not only prepare professionals and future leaders but also
need to heighten awareness about environmental preservation and
directly influence communities to adopt sustainable practices
(Karalam and Mathew, 2023). Furthermore, there is increasing
concern about involving HEIs in an international effort to assume
a more fitting role as champions of sustainable development
(Pereira de Morais et al., 2024). This necessitates beginning with
curricular  incorporation of environmental sustainability
viewpoints, as many countries’ educational systems are limited by
rigid disciplinary frameworks and do not encourage
transdisciplinary perspectives, which could address environmental
concerns and the need for their protection. This is supported by
Vidrevich and Pervukhina (2023), who highlight the significance of
embedding environmental sustainability into HEI curricula and the
necessity for educators to adopt teaching methods aligned with
these integrative principles. Moreover, the United Nations
Sustainable Development Goals (SDGs) have prompted substantial
shifts in environmental education, making it vital to reform
educational research and classroom methodologies (Guevara-
Herrero et al, 2023), to cultivate critical individuals and
professionals with initiatives aimed at fostering a more sustainable,
inclusive, and resilient world.

As Dongre et al. (2024) suggest, universities manage vital student
data that must be safeguarded and protected. Consequently, they
should adopt innovative strategies as a crucial step toward a
sustainable future, where digitalization will play an essential role in
necessary technological transformations. From the viewpoint of
Alnafrah and Mouselli (2021) HEIs in low-income nations tend to
be delicate and responsive to the political and economic climates in
which they operate, influencing the costs of obtaining and certifying
credentials for students. Hence, a hybrid national platform based on
blockchain was proposed to consolidate academic record
management, advancing sustainable development.

Therefore, based on the examined documentary approaches, the
following hypothesis is proposed:
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Hypothesis 7: Effective document management contributes to
environmental sustainability in HEISs.

The following mediator hypotheses are also defined:

Hypothesis 8: Service satisfaction will mediate the connection
between effective document management and environmental
sustainability in HEIs, acting as a catalyst that amplifies the
positive effect of document management on environmental
sustainability.

Hypothesis 9: Pro-environmental organizational culture will
mediate the link between effective document management and
environmental sustainability in HEISs, facilitating and enhancing
the beneficial impact of document management on environmental
sustainability.

Next, in Figure 1, a conceptual framework is presented as a
graphic design, which offers a visual understanding of the variables
and their theoretical basis, as well as the hypothesis proposal where
the variables involved are related. This conceptual framework allows
an easy interpretation of the SEM model that will be applied, allowing
an understanding of each variable in the structure of the study, without
the need to have a technical background in this type of analysis.

3 Materials and methods

The investigation used a quantitative method and applied a
non-experimental design. This method involved creating survey tools

10.3389/frsus.2024.1479927

through an exhaustive review of existing literature, including scholarly
articles and regulations.

Considering this, a questionnaire was created and administered
to users of document management, such as students, alumni, and
faculty members. The questionnaire aimed to assess the effectiveness
of document management toward environmental sustainability within
the context of a pro-environmental organizational culture and
service satisfaction.

3.1 Participants

The study was applied to a population of 2,000 individuals,
considering a sample of 247 participants, distributed among students,
graduates and teachers of a Peruvian HEI. The inclusion criteria were
higher education students, appointed teachers and graduates of the
last 3 years.

A non-probabilistic convenience sampling was applied,
considering only one faculty in the study, with participation being
voluntary through informed consent.

The justification for the sampling method lies exclusively in the
constraints of resources and time. By applying this type of sampling,
our sample is diverse within the area of study, thus ensuring reliable
outcomes. The applied method provided us with an initial approach
to generate valuable insights on the effectiveness of document
management among the different actors of the institution.

The participants come from five professional schools at a public
university, offering a rich and varied depiction of the educational
community. More than half belong to the Computer Engineering and
Informatics program, highlighting a strong interest in how
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technologies can support environmental sustainability. Although
fewer in number, students from Statistics, Electronic Engineering,
Mathematics, and Physics also contribute valuable perspectives and
are directly related to the population in each school.

Regarding roles, 51.4% are students, 34.8% are alumni, and 13.8%
are faculty members. This indicates that most participants are still in
their educational process or have recently completed their studies,
thus providing current opinions on DM and sustainability. The age
range of the participants shows that almost half (46.2%) are between
23 and 30 years old, something expected in a university setting.
However, there is also a notable representation of people of different
ages, which enriches the intergenerational perspective of the study. In
terms of gender, the majority of participants are men (78.1%)
compared to 21.9% women. This difference suggests possible trends
in enrollment in certain programs or specific roles within the
institution, which is important to consider when interpreting
the results.

The way participants obtain information about the status of their
administrative procedures reflects a preference for multiple
communication channels. Most prefer email (28.7%) and face-to-face
interaction (20.6%), although some combine both methods (15.4%)
or use information systems and applications like WhatsApp to a lesser
extent. This variety emphasizes the need to offer flexible
communication tailored to individual preferences. Table I presents the
sociodemographic data of the surveyed sample.

Finally, it is indicated that all participants in the study possess
experience and expertise in the document management process
within the institution.

3.2 Instruments

Based on the identification of theoretical constructs and literature
review, the instrument was created, comprising 27 items using a
5-option Likert scale, where 1 means not satisfied or not fulfilled, and
5 means completely satisfied or its fulfillment is total and adequate.

For the instrument, six variables were established: service
satisfaction with four items where the service and attention are rated,
as well as the average response time and the level of staff training are
assessed; document management with five items focused on
dissemination mechanisms, clarity of procedures, support, and advice
(Jiménez et al,, 2022; Zambrano Plua et al,, 2021); technological
support with three items covering the level of automation and the
tracking of procedures (Kholiya et al., 2021; Monarcha-Matlak, 2021);
open government and transparency with three items oriented to the
awareness of the transparency portal and the data published on it
2023);
organizational culture with eight items oriented toward training,

(Vidrevich  and  Pervukhina, pro-environmental
policies, initiatives, programs, and participation in activities (Ioannou
etal, 2022) and finally, environmental sustainability with five items
addressing environmental aspects and their sustainability (Gestion
Documental y  Sostenibilidad: ~Reduciendo el
Ambiental, 2023).

The survey was consolidated into an online form for its

Impacto

application, adding sociodemographic questions such as age range,
gender, academic program, role, and how they know the status of their
procedure. Additionally, three open-ended questions were added for
subsequent analysis.
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3.3 Validation of instruments

A pilot test was conducted with a small group of 10 participants
to ensure the clarity and validity of the questions. Based on the
feedback received, minor adjustments were made to the questionnaires.

Cronbach’s alpha coefficient and composite reliability with values
above 0.7 were used (Table 2). Additionally, the square root of the
average variance extracted (AVE) was applied for each of the variables,
ensuring that their values are not higher than the correlations among
all variables with values above 0.5.

3.4 Reliability and validity analysis of the
evaluated variables

In this study, variables such as service satisfaction, document
management, technological support, open government and
transparency, as well as pro-environmental organizational culture and
environmental sustainability were evaluated. Below is an analysis of
the reliability and validity of these factors, aiming to provide a clear
and accessible overview. To begin, service satisfaction (SS) was
assessed through questions about the overall service rating, the
attention received, response time, and the level of staff training. The
results indicate that the questions used were very consistent with each
other, reflecting a high Cronbach’ alpha value (0.939). Furthermore,
it is observed that perceptions of these facets are strongly interrelated,
suggesting that SS is being effectively measured. Regarding document
management (DM), aspects such as the effectiveness of procedure
dissemination, clarity of instructions, staff support, information
accessibility, and data privacy were analyzed. A high internal
consistency was also found (Cronbach’s alpha of 0.915), meaning the
questions align well to measure DM. However, a question on data
privacy had a slightly lower correlation with the rest, suggesting that
this question could be refined to ensure it measures the same as the
others. Technological support (TS) focused on process automation,
information security, and procedure tracking. The results show that
the questions were consistent and reliable (Cronbach’s alpha of 0.879),
indicating that participants view these elements as interconnected
aspects of TS. This underscores the importance of technology in the
efficient management of procedures. The open government and
transparency (OG) variable was evaluated through questions about
awareness and updates of the transparency portal, as well as deadline
compliance. Again, the responses showed high consistency
(Cronbach’s alpha of 0.886), indicating that these questions well
capture the perception of transparency in the university. Regarding
pro-environmental organizational culture (POC), the questions
covered topics from sustainability training to the perception of
organizational values and participation in environmental activities.
This variable showed excellent consistency (Cronbach’s alpha of
0.937), although a question about sustainability as a core value had a
lower correlation. This suggests that while most questions are well-
aligned, some could be adjusted to improve the set’s cohesion. Finally,
environmental sustainability (ES) was evaluated through questions
about investment in sustainable technologies, the use of renewable
inputs, the promotion of sustainability in curricula, and sustainable
printing practices. The responses also showed high consistency
(Cronbach’s alpha of 0.923), reinforcing the validity of the questions
to measure ES in the university. The variables evaluated in this study
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TABLE 1 Sociodemographic profile of the sample (n = 247).

10.3389/frsus.2024.1479927

Sociodemographic Category Frequency %
Statistics 47 19.00%
Physical 8 3.20%
Academic program Electronic Engineering 37 15.00%
Computer and Informatics Engineering 127 51.40%
Math 28 11.30%
teacher 34 13.80%
Role Graduate 86 34.80%
Student 127 51.40%
Upto19 28 11.30%
20-22 37 15.00%
23-30 114 46.20%
Age range to which they belong 31-40 26 10.50%
41-55 12 4.90%
46-50 7 2.80%
Over 50 23 9.30%
Female 54 21.90%
Gender
Male 193 78.10%
By mail 71 28.70%
In person 51 20.60%
By mail, in person 38 15.40%
How do you know about the status of Computer system 14 5.70%
your procedures? (You can select more By mail, By WhatsApp 12 4.90%
than one option) By mail, Computer System 11 4.50%
By WhatsApp 11 4.50%
By mail, in person, computer system 10 4.00%
Statistics 29 11.70%

present high reliability and validity. This means that the questions
used are consistent and well capture the perceptions and attitudes of
the participants.

3.5 Data collection and analysis method

Information was gathered through an online survey administered
to various participants. The study was conducted between April and
May 2024, spanning 5 weeks. An online questionnaire was distributed
containing nine sections: the first included information about the
survey and informed consent; the second section contained general
user details; sections 3 to 8 corresponded to the six variables analyzed;
and finally, section 9 included open-ended questions. A total of 247
responses were collected from participants.

3.6 Quantitative analysis
Descriptive statistics were used to summarize the survey results.

Structural Equation Modeling (SEM) (Avila and Moreno, 2018;
Escobedo et al., 2016) was utilized to examine the relationships among
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pro-environmental organizational culture, service satisfaction, the
effectiveness of document management, and environmental
sustainability. SEM allowed for the concurrent evaluation of multiple
dependent and independent relationships, measuring both observable
and latent variables (Romero-Sanchez and Barrios, 2023).

The SEM approach overcomes the limitations of traditional
methods such as those of Baron & Kenny and Andrew Hayes by
integrating mediation and moderation analyses into a unified model,
which facilitates the evaluation of direct, indirect and conditional
effects in a robust manner. This approach was key to our study to
capture the complex interactions between the dimensions analyzed
and provide more generalizable results.

The software SmartPLS-v4 educational version (Avila and
Moreno, 2018) was used to assess the theoretical model based on
partial least squares (PLS) methods using structural equation models.

3.7 Structural equation modeling (SEM)
SEM is suitable for this research due to its ability to model intricate

relationships between latent and observable variables, providing a
more detailed and precise understanding of the interactions between
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TABLE 2 Results of the instrument quality tests evaluated by each of the model variables.

Variables Item code Average Factor Cronbach's Composite Average
loading alpha reliability Variance
Extracted
(AVE)
SATSERI1 3.00 1.17 0.933
SATSER2 3.10 1.20 0.921
Service satisfaction 0.939 0.939 0.845
SATSER3 2.55 1.29 0.909
SATSER4 2.99 1.14 0.913
GESTDOC1 2.89 1.16 0.903
GESTDOC2 3.06 112 0.891
Document
GESTDOC3 3.01 L11 0.898 0.915 0.923 0.749
management
GESTDOC4 2.83 1.19 0.880
GESTDOC5 3.59 1.19 0.746
SOPTECI1 2.87 1.10 0.917
Technological
SOPTEC2 3.23 1.07 0.869 0.879 0.881 0.806
support
SOPTEC3 2.86 118 0.907
GOBTRANS1 3.09 115 0.897
Open government
GOBTRANS2 3.04 1.08 0.918 0.886 0.888 0.814
and transparency
GOBTRANS3 2.72 1.22 0.891
COPROA1 2.79 1.19 0.912
COPROA2 2.92 112 0.919
Pro-environmental | COPROA3 2.75 1.23 0.917
organizational COPROA4 2.88 1.20 0.927 0.937 0.96 0.755
culture COPROA5 2.82 115 0.931
COPROA6 2.83 L12 0.935
COPROA7 3.74 1.19 0.409
SOSTAMBI1 3.07 1.16 0.834
SOSTAMB2 2.88 L11 0.917
Environmental
SOSTAMB3 275 1.16 0.930 0.923 0.936 0.767
sustainability
SOSTAMB4 2.79 1.14 0.925
SOSTAMB5 3.13 1.15 0.761

pro-environmental organizational culture, service satisfaction,
document management, and environmental sustainability. Relevant
observable indicators were included based on the survey responses.

4 Results

The assessment of the variables examined in this study offers an
in-depth perspective on how participants perceive various aspects of
their experience at the institution, as illustrated in Table 3. The results
concerning service satisfaction indicate that 38.06% of the participants
evaluate the service as high, 35.22% as moderate, and 26.72% as low.
While the majority hold a positive view of the service, it is evident that
a quarter of the respondents believe there are areas that require
improvement. This may highlight problems at certain times or in
specific areas of attention.

Regarding DM, 50.61% of the participants view it as high-quality,
indicating that most perceive the document processes as effective.
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However, the average and low evaluations (31.98 and 17.41%,
respectively) suggest that some individuals encounter difficulties,
potentially due to issues with accessibility or insufficient clarity in
procedures. TS also reveals notable outcomes. 39.27% of respondents
assess it positively, while 38.06% rate it as average, and 22.67%
consider it poor. This implies that, although many find the
technological support satisfactory, a substantial number of users
experience technical issues impacting their experience. For the OG
variable, 36.84% of participants rate it as high, 40.08% as average and
23.08% as low. This shows that, while transparency initiatives are
recognized, there is a need to enhance accessibility and update
information to build greater trust among users. The POC gets a high
rating of 42.51%, average of 37.25%, and low of 20.24%. This indicates
that the majority of participants acknowledge the institution’s
dedication to environmental sustainability. Nevertheless, one-fifth of
the respondents believe that the pro-environmental policies could
be more effective or better communicated. Lastly, regarding ES,
38.06% of participants rate it as high, 39.68% as average, and 22.27%
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TABLE 3 Scale of the evaluated variables.

10.3389/frsus.2024.1479927

Variables High Average Low

n 94 87 66
Service satisfaction (SS)

% 38.06% 35.22% 26.72%

n 125 79 43
Document management (DM)

% 50.61% 31.98% 17.41%

n 97 94 56
Technological Support (TS)

% 39.27% 38.06% 22.67%

n 91 99 57
Open government and transparency (OG)

% 36.84% 40.08% 23.08%
Pro-Environmental Organizational Culture n 15 92 5
(POC) % 42.51% 37.25% 20.24%

n 94 98 55
Environmental Sustainability (ES)

% 38.06% 39.68% 22.27%

as low. The closeness of high and average ratings suggests a generally
positive perception but also highlights areas where the execution of
sustainable practices and their communication to the university
community could be improved. Overall, these findings offer a
thorough view of the current state of participant experience and
perception at the institution. The variables of DM and POC stand out
as strengths, which is promising for sustainability and administrative
efficiency initiatives. However, the variables of SS and TS present clear
opportunities for enhancement, suggesting that addressing these areas
could significantly improve the overall perception of the institution.
The interaction between these variables provides crucial insights into
the study, emphasizing how advancements in one area can positively
affect others. For example, enhancing technological support and
clarity in document management can boost service satisfaction.
Conversely, greater transparency and a solid organizational culture
can reinforce participants’ trust and commitment to sustainable
practices. Thus, the study not only identifies specific areas for
enhancement but also underscores the importance of a comprehensive
strategy that considers how these factors interconnect to create a more
positive and effective educational and administrative experience.

4.1 Proposed research model

In the current landscape of HEIs, ES has emerged as a domain of
growing interest and importance. Incorporating sustainable practices
not only demonstrates a commitment to environmental conservation
but can also improve operational efficiency and institutional standing.
This study suggests a framework to assess the factors affecting
environmental sustainability within a HEIs, utilizing SEM. It will
explore how various factors, such as technological support, document
management, open government and transparency, as well as
pro-environmental organizational culture, influence environmental
sustainability. Furthermore, two crucial mediators are incorporated in
this model: service satisfaction and pro-environmental organizational
culture. It is posited that effective document management, supported
by solid technological support and open government and
transparency, can greatly improve service satisfaction, which in turn
might enhance efforts toward increased environmental sustainability.

Frontiers in Sustainability 10

Moreover, a POC is viewed as a pivotal driver in this process, fostering
values and practices that advance environmental sustainability. The
framework will also include sociodemographic factors such as gender,
academic program, age, and role within the institution as moderators,
to better understand individual variations in the perception and
impact of these practices. These moderators will help reveal how
personal traits and specific roles within the institution can affect the
connections between the examined variables.

The diagram of the conceptual model shown in Figure 2 illustrates
these associations and offers a visual basis for the analysis. This
comprehensive approach aims not only to identify the direct
connections between the mentioned variables but also to investigate
how demographic traits and specific roles might moderate these
connections. Through this study, it is anticipated to contribute to the
development of more effective and adaptive strategies that reinforce
HEIS dedication to environmental sustainability and offer a more
holistic and detailed understanding of the factors driving
environmental sustainability in the academic context.

4.2 Summary of direct hypotheses

The examination of the proposed model unveils significant
insights into how different variables impact ES in a HEL Several direct
hypotheses were tested, with their relationships and significance
providing a thorough view of these factors, as presented in Table 4.

Firstly, TS demonstrates having a crucial impact on DM. With a
path value of 0.699 and a p-value of 0.000, this correlation is clearly
positive and significant. This suggests that enhancing technological
infrastructure not only facilitates document management but also
boosts operational efficiency. This finding highlights the importance
of investing in technology to improve administrative procedures.
Document management, in turn, has a notable effect on service
satisfaction, as indicated by a path value of 0.857 and a p-value of
0.000. This positive and significant link underscores that effective
document management is crucial to ensure users are content with
administrative services. Clearly, efficient document handling not only
results in smoother operations but also in greater user satisfaction.
When examining the link between service satisfaction and
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Diagram of the proposed research model.

TABLE 4 Hypotheses proposed.

Hypothesis statement p-value Path value Condition Interpretation
Technological Support — Document 0.000 0.699 Accepted The relationship is positive and
Management significant

Document Management — Service 0.000 0.857 Accepted The relationship is positive and
Satisfaction significant

Service Satisfaction — Environmental 0.030 0.185 Accepted The relationship is positive and
Sustainability significant but weak
Document Management — Pro- 0.000 0.701 Accepted The relationship is positive and
Environmental Organizational Culture significant

Pro-Environmental Organizational 0.000 0.726 Accepted The relationship is positive and
Culture — Environmental Sustainability significant

Open Government and 0.000 0.219 Accepted The relationship is positive and
Transparency — Document Management significant but weak
Document Management — Environmental 0.217 0.103 Rejected The relationship is not significant
Sustainability

environmental sustainability, a positive and significant, albeit relatively
weak, connection is observed with a path value of 0.185 and a p-value
of 0.030. This indicates that, although service satisfaction contributes
to environmental sustainability, its impact is not as strong as other
factors. Nevertheless, this result suggests that improving user
satisfaction may have beneficial effects on sustainability practices,
though indirectly. On the other hand, DM also shows a significant
association with POC, with a path value of 0.701 and a p-value of
0.000. This positive correlation underscores how well-organized
document management can cultivate an organizational culture that
values and promotes environmental sustainability. It is evident that
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clear and accessible document processes not only facilitate daily tasks
but also reinforce pro-environmental principles within the
organization. Additionally, POC has a strong effect on SS, with a path
value of 0.726 and a p-value of 0.000. This result emphasizes the
importance of an organizational culture dedicated to sustainability for
achieving positive environmental outcomes. Promoting sustainable
values and practices within the institution is crucial for the success of
environmental initiatives. The association between open government
and document management is also positive and significant, though
weaker, with a path value of 0.219 and a p-value of 0.000. This suggests
that transparency and open access to information contribute to

11 frontiersin.org


https://doi.org/10.3389/frsus.2024.1479927
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org

Bravo et al.

TABLE 5 Moderation analysis.

Hypothesis Statement p-value

Gender moderates the relationship 0.012 0.172
between Document Management and

Service Satisfaction

Path value

10.3389/frsus.2024.1479927

Condition Interpretation

Accepted The relationship is significant

The academic program moderates the 0.019 0.059
relationship between Document

Management and Service Satisfaction

Accepted The relationship is significant

Age moderates the relationship 0.427 —0.025
between Document Management and

Service Satisfaction

Rejected The relationship is not significant

The role moderates the relationship 0.207 0.040
between Document Management and

Service Satisfaction

Rejected The relationship is not significant

TABLE 6 Mediation analysis.

Hypothesis statement Pathvalue  Condition Interpretation
Document Management — Pro-Environmental Mediator 0.000 0.509 Accepted Mediation is positive and
Organizational Culture — Environmental significant

Sustainability

Document Management — Service Mediator 0.030 0.159 Accepted Mediation is positive and
Satisfaction — Environmental Sustainability significant but weak

enhanced document management, although its effect is not as strong
as other factors. Nonetheless, fostering transparent practices remains
essential for improving administrative efficiency. Finally, the
hypothesis linking DM directly to ES was not supported, with a path
value of 0.103 and a p-value of 0.217. This indicates that document
management, on its own, does not have a significant direct impact on
environmental sustainability. Its influence is likely mediated through
other variables, such as service satisfaction and pro-environmental
organizational culture. In summary, the results from the direct
hypothesis analysis underscore the importance of technological
support, document management, and a pro-environmental
organizational culture as key factors in driving environmental
sustainability. Although service satisfaction also plays a relevant role,
its effect is more subtle.

4.3 Moderation analysis

This study examines the influence of various demographic and
academic factors on the relationship between DM and SS in higher
education environments providing new insights to enhance ES
through customized document management practices, detailed in
Table 5.

The results indicate that gender has a notable impact on the
relationship (p =0.012, Path=0.172),
differences in service satisfaction perceptions between men and

mentioned suggesting
women. This finding highlights the need to develop inclusive DM
strategies that foster both environmental sustainability and fairness in
service satisfaction. Additionally, the academic program was identified
as a significant moderator (p = 0.019, Path = 0.059), emphasizing the
importance of tailoring DM practices to the specific context of each
program to enhance service satisfaction. This outcome underscores
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the need for a customized approach in DM initiatives for various
academic settings. In contrast, neither age (p = 0.427, Path = —0.025)
nor role (p=0.207, Path=0.040) demonstrated significant
moderation in the studied relationship. This indicates that DM
practices can be uniformly implemented in these areas without
compromising their effectiveness.

Finally, this study provides empirical evidence on the importance
of considering gender and academic program when designing DM
strategies in universities, with the goal of advancing environmental
sustainability and service satisfaction. The absence of significant
moderation by age and role offers a practical perspective for the
consistent application of these practices in certain domains. These
results establish a solid foundation for future research and practices in
sustainable DM, tailored to the specific needs of diverse groups within
the university environment.

4.4 Mediation analysis

The mediation analysis in the model, as detailed in Table 6, assists
in understanding how certain variables affect environmental
sustainability through key mediators in the HEI under examination.

Below are the findings of the mediation hypotheses, explaining
how document management, pro-environmental organizational
culture, and service satisfaction interact to affect environmental
sustainability. Initially, it was found that DM influences environmental
sustainability through pro-environmental organizational culture.
With a Path value of 0.509 and a p-value of 0.000, this mediation is
positive and significant. This means that effective DM can enhance
pro-environmental organizational culture, which in turn greatly
increases environmental sustainability. In this case, the mediation is
complete, highlighting the importance of pro-environmental
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organizational culture as a key channel for achieving sustainability
through efficient DM. This finding underscores that cultivating a
culture that values sustainability is crucial for maximizing
improvements in DM. The practical implication is that universities
should not only focus on enhancing DM but also on developing an
organizational culture that supports and fosters sustainability.

Conversely, it was found that service satisfaction also mediates the
relationship between document management and environmental
sustainability. With a path value of 0.159 and a p-value of 0.030, this
mediation is positive and significant, albeit weaker. This indicates that
effective DM can increase service satisfaction, which in turn
contributes to environmental sustainability. Although this mediation
is also complete, the impact is less pronounced, suggesting that service
satisfaction plays a role in sustainability but not as strongly as
pro-environmental organizational culture. This finding highlights that
while service satisfaction is important, additional complementary
efforts are required to achieve a notable change in sustainability.
Practically, this means that HEIs should work to enhance service
satisfaction as it can positively impact their sustainability initiatives,
but they should complement these efforts with other more direct
actions toward sustainability.

These findings are essential for understanding how intermediate
variables can amplify the effects of DM practices on environmental
sustainability. POC emerges as a very important mediator, suggesting
that initiatives to improve sustainability should focus on building and
strengthening a culture that values and promotes environmental
sustainability. On the other hand, service satisfaction, while less
influential, also contributes positively, indicating that improving the
service experience can have beneficial effects on sustainability
practices. The mediation analysis shows that both POC and service
satisfaction are key mediators in the relationship between document
management and environmental sustainability. However,
pro-environmental organizational culture has a much stronger and
more significant impact. This provides a solid basis for designing
effective strategies in HEIs, highlighting the importance of the
complete mediations identified in this study.

4.5 R? analysis

The R* analysis offers a clear understanding of how much of the
variability in certain critical areas can be explained by the studied
factors, detailed in Table 7. At the research location, four main
variables were investigated: pro-environmental organizational culture,
document management, service satisfaction, and environmental
sustainability.

For the POC, the outcomes show that 49.2% of the variability in
this domain can be accounted for by the model, with an adjusted R?
of 0.490. This implies that nearly half of the changes in
pro-environmental organizational culture within the institution are
due to factors such as DM, technological support, and transparency.
These insights underscore the significance of these components in
fostering a culture that values and endorses environmental
sustainability. In the case of DM, it was found that 77.7% of the
variability can be explained by the elements of the model, with an
adjusted R* of 0.775. This indicates that enhancing technological
support and transparency has a substantial impact on the efficacy of
document management. These findings highlight the importance of
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TABLE 7 R? analysis.

Variables R squared R-squared-adjusted
Pro-environmental 0.492 0.490
organizational culture

Document management 0.777 0.775

Service satisfaction 0.734 0.733
Environmental 0.781 0.771
sustainability

TABLE 8 Summary of fit indices.

Saturated model Estimated model

SRMR 0.053 0.063
d_ULS 1.381 1.401
d_G 0.897 0.945
Chi-square 1,009.338 1,017.348
NFI 0.948 0.929

these areas for efficient administrative operations and suggest that
investments in technology and transparent practices are essential. SS
was also examined, revealing that 73.4% of the variability can
be explained by the model, with an adjusted R* of 0.733. This implies
that document management and pro-environmental organizational
culture have a significant impact on how users perceive the quality of
the service. Enhancing these aspects is crucial to increasing user
satisfaction with the services provided by the institution. Lastly, for ES,
it was found that 78.1% of the variability can be explained by the
model, with an adjusted R? of 0.771. These results emphasize the
necessity for integrated approaches that consider multiple factors to
promote sustainable practices. In summary, the R* and adjusted R*
values illustrate that the studied factors adequately explain the key
areas of interest. The results suggest that improving document
management, fostering a pro-environmental culture, and increasing
service satisfaction are vital to driving environmental sustainability.

4.6 Model fit: summary of fit indices

The evaluation of the fit indices offers an assessment of how well
the proposed model aligns with the observed data at the study site,
with the outcomes displayed in Table 8.

The following are the findings and interpretations of the main fit
indices for the saturated model and the estimated model. The value of
SRMR (Standardized Root Mean Square Residual) is an indicator that
measures the discrepancy between the observed and predicted
correlations by the model. In the saturated model, the SRMR is 0.053,
while in the estimated model it is 0.063. These values indicate a good
fit, as they are below the commonly accepted threshold of 0.08. This
suggests that the discrepancies between the observed and predicted
correlations are small, implying that the estimated model adequately
represents the data. The d_ULS (Unweighted Least Squares
Discrepancy) index in the saturated model is 1.381 and in the
estimated model is 1.401. These values are quite close to each other,
indicating that the fit of the estimated model is similar to that of the
saturated model. Although there is no specific threshold for d_ULS,
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lower values are preferable and these results suggest that the model
has a good fit. The value of d_G (Geodesic Discrepancy) shows values
of 0.897 for the saturated model and 0.945 for the estimated model.
These close values also suggest a good fit of the estimated model
compared to the saturated model. As with d_ULS, lower values
indicate a better fit. The Chi-square value is 1,009.338 for the saturated
model and 1,017.348 for the estimated model. The Chi-square
measures the discrepancy between the observed data and the expected
data by the model; lower values indicate a better fit. Although both
values are relatively high, the small difference between them suggests
that the estimated model does not differ much from the saturated
model in terms of fit. The value of NFI (Normed Fit Index) is 0.948 for
the saturated model and 0.929 for the estimated model. NFI values
close to 1 indicate a good fit. Both values are high, suggesting that the
estimated model has a reasonably good fit, although slightly inferior
to the saturated model. Finally, the analyzed fit indices show that the
estimated model has a good fit with the observed data. The values of
SRMR, d_ULS, and d_G indicate that the discrepancies between the
observed data and the predicted data by the model are small. Although
the Chi-square values are high, the small difference between the
saturated and estimated models suggests that the fit is adequate.
Finally, the NFI value close to 0.93 supports the quality of the fit of the
estimated model. These results suggest that the estimated model is a
reasonably accurate representation of the relationships between the
variables in the studied context.

4.7 Solved research model
The research model (see Figure 3) generated with the values:

p-value, path coefficients and factor loadings between the constructs
(direct, mediators and moderators) is presented below.

Frontiers in Sustainability

14

5 Discussion

The primary aim of the study was to evaluate the mediation of
pro-environmental organizational culture and service satisfaction
between document management and environmental sustainability.
The SEM showed very satisfactory fit indices. Moreover, the R?
values demonstrated that 49.2% of the variability in this area can
be explained by the model, with an adjusted R* of 0.490. For
document management, 77.7% of the variability can be explained by
the model factors, with an adjusted R? of 0.775. Concerning service
satisfaction, the analysis indicated that 73.4% of the variability can
be explained by the model, with an adjusted R? of 0.733. Finally, for
environmental sustainability, it was found that 78.1% of the
variability can be explained by the model, with an adjusted R*
of 0.771.

Regarding hypothesis 1, TS shows having a pivotal influence on
document management. With a path value of 0.699 and a p-value of
0.000, this relationship is evidently positive and significant. In another
context, Dwivedi et al. (2019) indicate that the role of technological
support is a significant concern in research, where the acceptance and
use of innovations in information systems (IS) and information
technology (IT) were examined using theoretical models that
investigate their acceptance; the Unified Theory of Acceptance and
Use of Technology (UTAUT) stands out and suggests that the actual
use of technology is determined by behavioral intention. It points out
that technology adoption depends on performance and effort
expectancy, social influence, and facilitating conditions, and
individuals’ perceptions of technology are crucial for enhancing job
performance (Marikyan and Papagiannidis, 2023). Therefore, this
hypothesis is validated, and although our research does not examine
the acceptance theory, the findings suggest that technology use
influences document management.
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Concerning the second hypothesis, the outcomes of the
relationship between open government and document management
are also positive and significant, although weaker, with a path value of
0.219 and a p-value of 0.000. This suggests that transparency and open
access to information contribute to better document management. As
Aguerre and Bonina (2024), mention, digital technologies have
recognized potential to build more efficient, credible, and innovative
public institutions. Additionally, Aguerre and Bonina (2024), indicate
that open government data are important agents of the DT of the
public sector, allowing us to understand how strategies are designed,
implemented, and evaluated for their continuous success, with the
goal of engaging users and utilizing these vital resources (Begany and
Gil-Garcia, 2024). Tt is necessary to have governance frameworks that
allow the integration of technologies into different platforms and the
adaptation to an increasingly digital society (Zwitter, 2024),
constructing and interpreting data visualizations that simplify access
to information, enhancing interpretation and strengthening
information literacy (Barcellos et al., 2024). Therefore, these aspects
suggest and confirm the importance of the relationship between OG
as a catalyst for providing data for adequate document management.

Concerning the third research hypothesis, the outcomes show that
DM has a notable impact on service satisfaction, with a path value of
0.857 and a p-value of 0.000. This evidences a positive and significant
relationship, confirming that efficient document management is
essential to ensure users are satisfied with administrative services. On
the other hand, Alade (2023), indicates that an area that has
experienced rapid growth in recent years is document management,
a necessity in the work environment of an organization, concluding
that it improves user satisfaction, increases productivity, and ensures
data efficiency in a timely manner. Therefore, the results obtained in
our hypothesis closely relate to what was indicated. In Peru, according
to Ramirez et al. (2023), public institutions have a deficient document
management service, so they implemented the automation technology
to reduce the time for processing procedures and avoid citizen
dissatisfaction, improving their experience. Thus, our hypothesis is
significant to avoid such problems in organizations.

In the fourth hypothesis, the outcomes demonstrated that POC
has a strong influence on environmental sustainability, with a path
value of 0.726 and a p-value of 0.000. According to Nanayakkara
and Wilkinson (2021), the theory of organizational culture is one of
the most powerful in the workplace and could impact its processes
and overall company performance. Sindakis et al. (2024) mention
that the adoption and transfer of culture is achieved through
knowledge exchange within and between areas. As Schlegel et al.
(2023) point out in the context of DT, having an organizational
culture based on data is an important factor in data analysis
capabilities, innovation, and competitive advantages of companies.
This allows us to infer that innovation and competitive advantage in
companies are factors that contribute to environmental
sustainability. According to the study by Souza and Aganette (2022),
digital preservation and efficient document management are closely
related to pro-environmental organizational culture. Consequently,
this would generate digital use of documents, avoiding physical
archives, which reaffirms the results obtained in our research.
Similarly, Netshakhuma (2022) demonstrated that using the
SharePoint platform as a document management system supports
the development of a sustainability-oriented organizational culture.
The reviewed studies provide evidence that efficient document

Frontiers in Sustainability

15

10.3389/frsus.2024.1479927

management can be the key driver for fostering a culture committed
to environmental sustainability in HEIs. Therefore, based on the
results, our hypothesis is accepted, as confronting it with various
authors confirms this strong relationship between the
two constructs.

The fifth hypothesis, examining the direct relationship between
document management and environmental sustainability, was not
accepted, as it yielded a path value of 0.103 and a p-value of 0.217. This
indicates that document management alone does not have a significant
direct impact on environmental sustainability, suggesting that its
influence may be indirect and mediated by other variables, such as
service satisfaction and pro-environmental organizational culture.

The sixth hypothesis shows a positive and significant connection,
although relatively weak, with a path value of 0.185 and a p-value of
0.030. The impact of service satisfaction on environmental
sustainability is not very strong. Mansoor and Hussain (2024)
demonstrated that effective and user-centered management can
significantly influence service quality, which in turn fosters a more
sustainable environment inclined toward pro-environmental
practices. Consequently, this indirect fostering is represented by the
weak result in the relationship between these variables. Likewise,
Rolo etal. (2024), regarding service quality in HEIs in Portugal and
Angola, highlight the importance of adapting service quality
strategies to local needs and expectations. In the context of
environmental sustainability, this implies that HEIs should consider
user particularities to implement sustainable practices that are
positively perceived. Nonetheless, this finding suggests that
improving user satisfaction can have beneficial effects on
sustainability practices, albeit indirectly.

The seventh hypothesis, relating document management directly
to environmental sustainability, was not accepted, with a path value of
0.103 and a p-value of 0.217. This evidences that document
management alone does not have a significant direct impact on
environmental sustainability. In conclusion, the outcomes of the direct
hypothesis analysis highlight the importance of technological support,
document management, and pro-environmental organizational
culture as key factors for driving environmental sustainability.

5.1 Theoretical and practical implications

In terms of theoretical implications, this study contributes to the
field of environmental sustainability in HEIs by exploring how
document management, mediated by pro-environmental
organizational culture and service satisfaction, contributes to
sustainable practices. By incorporating these factors as mediators, the
study provides a conceptual framework that evidences the influence
of cultural and internal satisfaction dimensions on the effectiveness of
environmental initiatives. Thus, the findings suggest that sustainability
in HEIs depends not only on operational actions, but also on a
committed institutional culture and the satisfaction of the
organization’s members. These results can serve as a reference for
future research seeking to understand the relationship between
organizational culture, service satisfaction and sustainability in
different contexts and sectors. Furthermore, the application of the
SEM model proves effective in analyzing these interrelationships,
which reinforces the potential of this analytical tool in sustainability

and management studies in educational settings.
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And in reference to the practical implications, the findings
highlight the need to implement sustainable strategies in document
management within HEIs, promoting the digitization of documents,
a greater reduction in the use of paper and the adoption of standards
and practices that favor sustainability. The digitization and proper
management of digital files not only improves the efficiency of
document processes, but also significantly reduces the environmental
impact of the institution. Additionally, the results indicate the
importance of fostering a pro-environmental culture at all levels of the
organization. To this end, it is essential to implement awareness and
training programs, suggesting that courses should have content on
environmental care and the implications of the carbon footprint, to
strengthen the collective commitment to sustainability, ensuring that
the university community actively participates in environmental
initiatives and that these values are part of the institutional mission.
Finally, the SEM analysis suggests that HEIs could develop
environmental policies based on the principles of sustainability and
document management, integrating a long-term environmental
strategy that consolidates them as models of sustainability within the
community, thus inspiring other organizations and promoting a
significant transformation toward sustainability.

Aligned with the SDGs, the TD of document management in
HEIs not only optimizes internal processes, but also contributes
directly to quality and accessible education, in line with SDG 4, where
the digitization of documents and institutional resources reduces
physical barriers and facilitates more inclusive learning, allowing
teachers, students and graduates to access relevant information
regardless of their location. In the area of sustainable communities,
established in SDG 11, HEIs can lead the change by adopting
pro-environmental practices, strengthening the role of institutions as
models of sustainability in society, inspiring both students and local
organizations to adopt a culture of responsible consumption and
practices aimed at greater community resilience and
sustainable development.

On the other hand, the shift toward digitized document
management allows IES to significantly reduce its consumption of
paper and other resources, complying with the SDG 12 principles on
responsible production and consumption. At the same time, these
proactive digitization practices help to reduce the institutional carbon
footprint, in line with SDG 13 on climate action, where, by reducing
the physical storage and waste derived from printed documents, it
contributes to mitigate climate change, reinforcing the role of higher
education not only as a knowledge educator, but also as an actor
committed to climate action and environmental preservation.

5.2 Limitations and future studies

Nevertheless, the study presents certain constraints. Firstly, the
specific geographical and cultural context of a single university
restricts the generalization of the findings to other institutions or
regions with different cultural and geographical backgrounds.
Moreover, although the model encompasses several key factors, there
are other potentially significant variables that were not considered in
this study, such as the availability of financial resources and the
commitment of top management.

For future research, it is recommended to expand the scope of the
study to other faculties within the same university or to other HEISs,
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both nationally and internationally, to validate the generalization of
the findings obtained. Additionally, it would be advantageous to
include other pertinent variables that might impact environmental
sustainability, such as financial resources, senior management
commitment, and specific institutional policies on sustainability,
which would enrich understanding in this field. Complementing
quantitative analyses with qualitative studies would deepen the
comprehension of the perceptions and experiences of university
community members regarding sustainability practices.

6 Conclusion

In the context of HEIs, environmental sustainability has become
a crucial pillar for institutional growth. This research has offered a
more profound understanding of the factors affecting ES within a
Peruvian HEI, using the Structural Equation Modeling (SEM)
methodology through SmartPLS.

The analysis disclosed that technological infrastructure has a
notable and favorable impact on document management, emphasizing
the importance of investing in technology to streamline administrative
operations and enable effective document management, as stated by
Alade (2023), the web-based electronic DMS, obtained a 96.60%
satisfaction of respondents. Consequently, efficiency in document
management translates into higher service satisfaction and promotes
a pro-environmental organizational culture, key elements for
enhancing user experience and supporting sustainable practices
within the institution. The pro-environmental organizational culture
emerged as the strongest mediator, significantly influencing
environmental sustainability, Barros et al. (2020) shows that in a
Brazilian university introduced an electronic information system with
the aim of virtualizing administrative processes (until then paper-
based), resulting in savings of 57.5% in printed paper. Advancing an
organizational culture dedicated to sustainability is vital to achieving
favorable environmental results (valor path 0.726). Although service
satisfaction also has a positive effect on environmental sustainability,
its influence is less substantial (valor path 0.185) compared to other
elements. Nonetheless, improving user experience is advantageous for
sustainable practices. Transparency and open access to information,
open government factors, aid in better document management,
although their effect is not as marked (valor path 0.219) as
other influences.

Additionally, sociodemographic factors such as gender and
academic program within the institution moderate the relationship
between the examined variables, indicating that these attributes can
affect the perception and efficacy of sustainability practices.

Finally, designing and evaluating specific interventions based on
the findings of the study, aimed at improving document management,
technological support and pro-environmental organizational culture,
would promote greater environmental sustainability in HEIs and
contribute to the fulfillment of the SDGs. These interventions would
not only improve the efficiency and accessibility of educational
processes in line with SDG 4, but would also strengthen the role of
universities as agents of change in their communities, aligning with
SDG 11. Furthermore, by reducing paper consumption and promoting
sustainable practices, these initiatives would be in line with SDG 12
and 13, reducing the institutional carbon footprint and contributing
to global efforts against climate change.
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Abstract

As global climate concerns escalate, higher education institutions are increasingly seen as pivotal in driving sustainability
efforts. Green universities integrate environmental sustainability into education, research, operations, and community
engagement, positioning themselves as critical players in mitigating climate change. This paper reviews green energy
solutions and environmental protection measures in higher education, emphasizing the role of green universities in
sustainable development. These institutions serve as research hubs for green technology and living labs promoting renewable
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University integrate green technologies, foster sustainability research, and develop educational programs to support
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1. Introduction

An institution of higher learning that proactively incorporates
environmental sustainability into all facets of its operations,
governance, curriculum, research, and community outreach is
known as a "Green University".! By implementing
sustainable practices, encouraging environmental
consciousness, and involving students, employees, and the
larger community in initiatives to address global
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environmental concerns, these colleges aim to reduce their
ecological footprint. By using renewable energy sources,
managing trash, conserving water, and improving energy
efficiency, green institutions seek to lessen the environmental
effects of their campuses. In addition to their physical
operations, they integrate sustainability into academic
programs, supporting multidisciplinary  environmental
research and cultivating an environmental responsibility
culture among staff and students.l?’ Reducing resource usage,
especially that of energy, water, and materials, is the goal of
green colleges. This frequently entails energy-efficient
building retrofits, the use of renewable energy sources (like
solar or wind power), trash reduction through extensive
recycling programs, and the promotion of sustainable modes
of transportation (like cycling, public transportation, or
electric cars).’l A green institution builds its physical
infrastructure with sustainability in mind. This could involve
the use of low-energy technologies, green areas, and
ecologically appropriate campus landscaping in addition to the
use of sustainable building materials. Certifications like
Leadership in Energy and Environmental Design (LEED) are
frequently sought after by universities in order to certify the
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sustainability of their campuses and buildings.¥

A green university's dedication to teaching sustainability is
one of its defining characteristics. This may entail providing
degrees, research opportunities, and courses on environmental
topics, such as urban planning, biodiversity preservation,
renewable energy, and climate change.l! The goal of green
institutions is to produce graduates who are not just aware of
sustainability but also equipped to support sustainable
solutions in the workplace.®! Students, staff, and faculty at a
green institution are all actively involved in sustainability
activities. These establishments frequently provide funding for
student-led environmental sustainability projects, plan
campus-wide activities to encourage eco-friendly living, and
promote sustainable behaviors (such as cutting back on single-
use plastics, using less water, and choosing eco-friendly
transportation). Involvement also includes encouraging
sustainable practices among academic departments and
administrative staff, as well as staff training.! To further
sustainability efforts outside campus, green institutions
usually work with other groups such as corporations, non-
profits, and local governments. Through community
participation, these relationships can generate sustainable
innovation, offer students chances for experiential learning,
and have a greater overall impact on society. In other words,
"Green University" focuses not only on the environmental
aspects of sustainability, but also on research and development,
teaching, employee rewards, and so on.!®

A green university needs strong institutional leadership to
flourish. To supervise the incorporation of environmental
concepts into university policy and operations, universities
frequently establish sustainability offices or designate
sustainability officers. In addition, these establishments might
create sustainability action plans or strategies with objectives
for cutting carbon emissions, enhancing energy economy, and
promoting sustainability in research and teaching.! A green
university aims to educate and equip the upcoming generation
of professionals, researchers, and leaders to make positive
contributions to a more sustainable world in addition to
lessening its own environmental impact. It serves as a
showcase for innovative approaches to sustainability and a
model of sustainable behavior, highlighting the vital role that
higher education institutions can play in tackling the world's
environmental problems.!'” Over the course of several decades,
the idea of the "Green University" has changed due to the
increased awareness of environmental challenges and the part
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that educational institutions may play in finding solutions.
International accords, worldwide environmental movements,
and the pioneering work of universities that have incorporated
sustainability into their operations, research, and teaching
have all influenced this growth. An outline of the historical
background and significant turning points in the evolution of
green universities can be found below.I'!! Several institutional,
national, and international policies and frameworks have
combined to force the transition of higher education towards
sustainability.'?l Universities can incorporate sustainability
into their operations, research, and educational missions with
the help of these policies, which offer established rules, goals,
and assessment methods. These universities will benefit the
environment, improve their health, and save money in the long
run by using renewable energy, which is more cost-effective
due to its sustainable nature. While integrating this energy
source on university campuses is environmentally benign,
investment in this industry can also be advantageous.!'*
Universities all throughout the world are becoming more and
more involved in environmental stewardship as a result of
laws aiming to lessen their influence on the environment and
support sustainable development. The main international
frameworks and policies that have influenced sustainability
initiatives in higher education are examined in this section,
along with the part played by institutional and government
policies in facilitating the shift to green institutions.'*!l Many
universities have adopted global frameworks such as the
United Nations' Sustainable Development Goals (SDGs) to
align their sustainability efforts with broader global goals.
Among them are Asian universities. Kazakh and Chinese
universities are working comprehensively in this direction.
Abai and Fudan universities, the subjects of this case study,
often serve as living laboratories for sustainable technologies
and practices, providing research opportunities and
encouraging environmental protection among students,
faculty and staff. This literature review analyzes the green
technology research of Abai and Fudan Universities, explores
their development as green universities, examines examples of
institutions that have successfully integrated sustainability
into their operations in the practice of world-leading green
universities, and discusses the key components and challenges
of building green campuses. At the same time, it aims to
provide a comprehensive understanding of how Abai and
Fudan universities are contributing to global sustainability
efforts and the potential impact of green technology research
initiatives on future generations and their place in green
education.

2. Methodology

To gather relevant literature, the following scientific databases

were systematically searched: PubMed, Scopus, Web of

Science, ScienceDirect, Google Scholar, Springer, and Wiley.

The search utilized a range of MeSH terms, including: "Green
", "Green technologies", "Green University", "Green

economy",
Education", "Abai University", “Methods of teaching
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geography’, "Fudan  University" and "Sustainable
development". The review included studies that met the
following criteria: Relevant works phrase would allow for a
broad yet concentrated search of papers about sustainable
development, green technologies, energy solutions, and
environmental education in higher education institutions.,
along with potential mechanisms of action; Publications
available in English, Kazakh, Russian, and Chinese. The

following types of publications were excluded from the review:

duplicate and incomplete studies, abstracts without full text,
letters to the editor or opinion pieces, and research involving
unrelated homeopathic experiments. Data extraction was
conducted using a standardized form to ensure consistency. A
qualitative synthesis of the literature was then performed,
categorizing studies based on themes related to sustainability
practices, educational initiatives, and research outcomes. This
thematic analysis enabled the identification of common trends,
challenges, and best practices among the two universities.
University names such as "Abai University" and "Fudan
University" may not always appear as MeSH terms because
they are specific institutions, so it is recommended to use their
general terms (e.g., "Educational Institutions" or
"Universities") and link those to broader concepts such as
"Sustainability" or "Energy Management". This involved
Examining the scope of green technologies researched at each
institution, Assessing the integration of sustainability in their
respective educational curricula, and Evaluating community
engagement initiatives and their impact. The review
acknowledges potential limitations, including The language
barrier in accessing non-English publications, The variability
in the quality and focus of studies included, and The rapid
evolution of green technologies, which may result in some
studies becoming quickly outdated. This methodology
outlines a systematic approach to evaluating the collaborative
efforts in green technology research at Abai and Fudan
Universities. By synthesizing existing literature, the study
aims to contribute valuable insights into the role of higher
education institutions in promoting sustainability and
addressing global environmental challenges. This search
strategy ensured a thorough examination of the subject and
created a solid foundation for comprehending the current
landscape of green energy solutions and environmental
protection initiatives in green institutions. The findings of this
assessment will help shape future suggestions for sustainable
campus transitions in the face of climate change and global
sustainability challenges.

3. Historical context and development of green universities
The worldwide sustainability movement has influenced the
development of the idea of a "green university." The Talloires
Declaration was created in 1990 as a result of higher education
institutions realizing in the 1990s how important it was to
address environmental challenges. Global university leaders
pledged to support sustainability and environmental literacy in
operations, outreach, research, and teaching by signing this

Engineered Science Publisher

declaration. Many more frameworks have been developed
since then to direct colleges' environmental initiatives.
Numerous colleges have been inspired to take proactive steps
toward being more sustainable by the UN-initiated Higher
Education = Sustainability Initiative (HESI) and the
sustainability goals adopted by national and regional
education policies.

By incorporating sustainability into their institutional plans,
universities like the University of Copenhagen in Denmark
and the University of British Columbia in Canada have set the
standard for what it means to be a green university. In addition
to concentrating on lessening their environmental impact, they
have included the neighborhood, teachers, and students in the
sustainability process.!

In the 1960s and 1970s, the environmental movement
emerged. Green universities were made possible by the current
environmental movement, which had its start in the 1960s and
gathered major steam in the 1970s. Environmental activism
spread throughout the world as a result of growing public
awareness of problems like pollution, resource depletion, and
biodiversity loss, which was sparked by publications like
Rachel Carson's Silent Spring (1962). Universities started to
investigate their role in tackling environmental challenges
during this time. The introduction of environmental science
programs prompted colleges to investigate the environmental
effects of their campuses. However, compared to later efforts,
these earlier initiatives were frequently dispersed and lacked
the institutionalized, all-encompassing approaches to
sustainability.?!!

Growing Environmental Awareness in Higher Education in
the 1980s. Higher education began to pay more attention to
sustainability in the 1980s as a result of broader environmental
concerns in society. Universities started thinking about ways
to make their own operations more sustainable, but their
efforts were usually focused on one or two specific projects
like energy-saving techniques or recycling programs. The
establishment of environmental studies and sustainability
programs at various institutions throughout this decade was a
significant milestone. The goal of these programs was to give
pupils the information and abilities they would need to deal
with environmental issues. However, most institutions did not
yet fully incorporate sustainability into their operations.??

Institutional commitments and the Talloires Declaration in
the 1990s. A watershed in the history of green universities was
reached in the 1990s when the formal recognition of the
necessity for institutional commitment to sustainability was
achieved. Throughout the decade, a number of significant
international frameworks were introduced, encouraging
academic institutions to assume leading positions in the
promotion of sustainability. The Talloires Declaration, which
was signed in 1990 by international university leaders, was
one of the biggest turning points. The Talloires Declaration,
which was started by Tufts University President Jean Mayer,
was the first formal pledge to sustainability made by an
institution of higher learning. Universities were urged by the
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Fig. 1 Talloires declaration.

environmental
research, and

declaration to
sustainability
teaching.!*!
The proclamation was signed by more than 500 university
presidents from more than 50 countries in the early 2000s. The
declaration also includes actions for the implementation of
sustainable development, which must be carried out by
everyone involved in science and education: promoting UR
and informing society about global problems, forming a
responsible attitude of society to the environment, practicing
environmental programs, involving the population in
environmental programs, efc. d. In 2000, a document was
adopted at the headquarters of UNESCO in Paris - the
international declaration of the Earth Charter, promoting
sustainable development, a sustainable way of life,
formulating the basic values and principles necessary for
humanity at this stage of development to create a sustainable,
peaceful and just global society. Ten essential steps (Fig. 1)
that universities should take to address environmental
challenges were listed in the Talloires Declaration:
e Educate people about development that is environmentally
sustainable.
Establish sustainable institutional cultures.
Teach students to be conscientious citizens.
Encourage everyone to become environmentally literate.
Use institutional ecology to run organizations in a

actively participate in
through their operations,

4 | ES Energy Environ., 2024, 26, 1338

sustainable manner.

e Engage all parties involved in sustainability activities,
including staff, teachers, and students.

e Work along with outside groups.

e bolster the potential for multidisciplinary sustainability
methods.

e Strive to put international accords on sustainability into
effect.

e C(Create policies and initiatives
sustainability in higher education.

With this proclamation, universities made a significant

collective effort to integrate sustainability into their mission

for the first time, paving the way for larger-scale sustainability

initiatives in the years to come.??*

The 2000s: Expanding Global Frameworks and
Sustainability Networks. Around the world, sustainability
programs at universities proliferated in the early 2000s, and
international frameworks and organizations that aided in their
implementation also developed during this time. There were
other variables that led to this acceleration: International
Environmental Treaties: With the passage of the Kyoto
Protocol in 1997 and the increasing awareness of the urgency
of climate change, universities have been forced to take more
significant steps to minimize their carbon footprints and
promote sustainability.??¢) Rankings and Reports on
Sustainability: Universities now have the means to monitor

that will promote
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and report on their sustainability performance thanks to the
growth of sustainability assessment frameworks like the
Sustainability Tracking, Assessment & Rating System
(STARS), created by the Association for the Advancement of
Sustainability in Higher Education (AASHE). In a similar vein,
the 2010 establishment of the UI GreenMetric World
University Ranking established a standard for evaluating
colleges' sustainability initiatives across the globe.?”? Campus
Sustainability Offices: To supervise the incorporation of
environmental programs into campus operations, numerous
colleges during this time frame set up specific sustainability
offices or hired sustainability coordinators. These offices were

essential in formulating strategies for sustainability,
monitoring advancements, and endorsing eco-friendly
behaviors.?!  Universities started to take a more

comprehensive approach to sustainability, going beyond
discrete initiatives to create all-encompassing strategies that
included waste management, energy, water, transportation,
and sustainable food systems. Universities like the University
of California and British Columbia (UBC) rose to prominence
in the green university movement by establishing challenging
goals for energy efficiency, carbon neutrality, and sustainable
infrastructure.>”’

The 2010s: Goals for Institutional Sustainability and
Climate Change. By the 2010s, several colleges had set
aggressive targets to lessen their environmental effect, and
sustainability had become a mainstream priority. The 2015
Paris Agreement further sparked academics' efforts to
coordinate their plans with international climate action.?3"!
During this time, some significant developments include
Goals for Carbon Neutrality: Numerous academic institutions
pledged to become carbon neutral, with some establishing
deadlines as early as 2030. The University of California
system, for instance, promised to achieve carbon neutrality by
2025.

Green Building Guidelines: New campus buildings are
now required to have green building certifications like LEED,
and many colleges have upgraded their current infrastructure
to meet energy efficiency requirements.’!l Sustainable
Mobility and Energy Use: In addition to investing in
renewable energy sources like solar and wind power,
universities are pushing more and more sustainable modes of
mobility, such as cycling, public transportation, and electric
vehicle charging stations. Student Engagement: With students
taking part in activism, research on sustainability, and climate
action plans, student-led initiatives have become essential to
campus sustainability efforts. Universities have also started to
include sustainability into their curricula more thoroughly,
providing chances for multidisciplinary degrees and research
in the fields of environmental science, sustainability, and
climate studies.B?

The 2020s: Academic Institutions' Contribution to Global
Sustainability. Universities now play an even more prominent
role as sustainability leaders in the 2020s. Universities are
taking on the duty of educating the next generation of leaders
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to tackle global concerns like climate change in addition to
trying to lessen their own environmental footprints in light of
the world's tremendous environmental challenges. This era's
major trends include Sustainability in Curriculum and
Research: Universities are realizing that environmental
literacy is critical for all fields, from business and engineering
to the arts and social sciences, and are incorporating
sustainability into all areas of study.¥! Partnerships and
International Networks: Universities are collaborating to share
best practices and create group strategies for tackling climate
change and sustainability through international networks like
the Global University Leaders Forum (GULF) and the
International Sustainable Campus Network (ISCN).34
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Fig. 2 Sustainability as seen from five different perspectives in
published literature.*”

Technology and Innovation: Universities can now monitor
and optimize their energy and resource use in real time,
leading to more sustainable and efficient operations. This is
made possible by advancements in data analytics, smart
campus technology, and the Internet of Things (IoT).
Decades of environmental awareness, international
agreements, and institutional leadership have molded the
growth of green universities. The idea of a "Green University"
has grown from early recycling initiatives to all-encompassing
sustainability plans that address every facet of campus life,
making it a potent force for environmental sustainability. In
the coming decades, universities' role in tackling global issues
like climate change will only grow more crucial as they keep
innovating and setting the standard for sustainability.>”

4. Policy and frameworks for sustainability in higher
education

Policies at the institutional, national, and international levels
frequently influence sustainability in higher education.’8
While national regulations may put specific legal requirements
or incentives on universities to reduce their environmental
effect, international frameworks, such as the United Nations
SDGs, offer a broad path for institutions to follow.
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Numerous  academic  institutions have  created
sustainability plans that contain precise goals for cutting
energy use, controlling waste, and advancing environmentally

friendly transportation. Collaboration between several
departments, including as facilities management, student
services, and academic programs, is common in these

strategies (Fig. 2).°”! Several institutional, national, and
international policies and frameworks have combined to force
the transition of higher education towards sustainability.
Universities can incorporate sustainability into their
operations, research, and educational missions with the help
of these policies, which offer established rules, goals, and
assessment methods. Universities all throughout the world are
becoming more and more involved in environmental
stewardship as a result of laws aiming to lessen their influence
on the environment and support sustainable development. The
main international frameworks and policies that have
influenced sustainability initiatives in higher education are
examined in this section, along with the part played by
institutional and government policies in facilitating the shift to
green institutions.*"!

Several global frameworks and agreements have played a
significant role in encouraging universities to adopt
sustainability practices. These frameworks provide a shared
vision and set of goals for institutions to follow, promoting
collaboration across borders and disciplines.

The Sustainable Development Goals (SDGs) of the United
Nations, which were adopted in 2015, are among the most
significant international frameworks for sustainability (Fig. 3).
With regard to a wide range of concerns like poverty,
inequality, climate change, environmental degradation, and
peace, the 17 SDGs offer a comprehensive framework for
attaining sustainable development. As they offer the research,
instruction, and creativity required to create long-term
solutions to these global issues, higher education institutions
are essential to accomplishing the SDGs.*! Universities
should pay particular attention to the following SDGs:

The necessity of inclusive and equitable education,
including sustainability literacy, is emphasized by SDG 4:
Quality Education.

In order to lessen their carbon impact, several institutions

are seeking the use of renewable energy sources, which is
encouraged by SDG 7: Affordable and Clean Energy.
One of the main priorities for colleges that are committed to
carbon neutrality and climate resilience is SDG 13: Climate
Action, which emphasizes the necessity for immediate action
to prevent climate change.

Since many universities act as urban hubs and have a
significant impact on the surrounding communities through
their sustainable practices, SDG 11: Sustainable Cities and
Communities is pertinent.

Universities support the SDGs through research, teaching,
community participation, and campus sustainability
initiatives.[*?l Using the SDGs as a framework for institutional
policies and practices, organizations including Harvard
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University, the University of Edinburgh, and Nanyang
Technological University have matched their sustainability
initiatives with the goals.[*’]

The Talloires Declaration (1990) is among the first official
university commitments to sustainability, as was noted in the
historical context. It was the first formal declaration of support
for environmental sustainability in higher education from
university administrators. The proclamation lists ten essential
steps that colleges may take to advance sustainability, such as
raising awareness, encouraging the study of sustainability, and
integrating sustainable practices into day-to-day operations
(Fig. 3). Currently, more than 500 organizations from around
the globe have signed the Talloires Declaration. It is important
because it pushes academic institutions to actively integrate
sustainability into their operations and strategic goals rather
than just teaching it. The Talloires Declaration has served as a
basis for the creation of more extensive sustainability plans at
universities that have signed it, including Tufts University and
the University of British Columbia.3
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The initiative for sustainable higher education (HESI). 2012
saw the introduction of the HESI at the Rio+20 United Nations
Conference on Sustainable Development. Through this
program, higher education institutions from all over the world
can work together on sustainability projects, exchange best
practices, and report on how well they're doing at
incorporating sustainability into their operations, research, and
courses.**!  Universities can present their sustainability
accomplishments on the HESI platform and work together to
address global issues pertaining to social inclusion, economic
development, and environmental sustainability. Members of
HESI contribute to the greater worldwide endeavor to promote
sustainable development by coordinating their objectives with
global initiatives such as the SDGs.*]

ISCN stands for the International Sustainable Campus
Network. Another international structure that promotes
university adoption of sustainable practices and knowledge-
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sharing to achieve campus sustainability is the International
Sustainable Campus Network (ISCN). Members of ISCN
pledge to include sustainability in three main areas:
Leadership and Strategy: To guarantee sustained dedication
and integration throughout the entire university, universities
are urged to establish sustainable leadership frameworks.
Campus Operations: Through waste management, water
conservation, energy efficiency, and sustainable procurement,
institutions try to lessen their ecological imprint.[“]
Engagement of Students and Faculty: ISCN encourages
universities to function as "living labs" where new sustainable
practices and technologies may be tested and put into reality.
This involves students and faculty in sustainability projects.
Universities can collaborate on projects, share ideas, and
establish challenging sustainability targets with ISCN.
Members of the network come from all around the world,
including prestigious universities like the Massachusetts
Institute of Technology (MIT) and ETH Zurich.”

5. Policies at the federal and local levels to promote
sustainability in higher education
University sustainability strategies are also heavily influenced
by regional and national governments. These regulations
frequently establish clear environmental goals and give
colleges financial support, incentives, and legal guidelines.
Policies of the European Union. The implementation of
environmental rules and financial programs by the European
Union (EU) has played a significant role in promoting
sustainability in higher education. Universities are important
players in the EU's objective of making Europe the first
climate-neutral continent by 2050, as outlined in the European
Green Deal. Universities are encouraged by EU policies to
lower carbon emissions, support renewable energy sources,
and include sustainability into their research and teaching.“]
Research and innovation-focused EU financing initiatives like
Horizon Europe give substantial financial support to
university projects pertaining to sustainability. Universities
can receive funds, for instance, to explore mitigation measures
for climate change, create clean energy technology, and
support sustainable urban development. The European
University Initiative, which encourages cooperation between
academic institutions throughout Europe by assisting them in
exchanging best practices and creating collaborative
sustainability plans, is another initiative in which EU
universities take part.[“l

National Policies and Strategies. National policies have
been created in many nations to support sustainability in
higher education. These laws frequently establish goals for
reducing carbon emissions, mandate that colleges increase
their energy efficiency, and allocate funds for environmentally
friendly infrastructure initiatives. Under the Climate Change
Act 2008, which requires a reduction in greenhouse gas
emissions, universities are urged to contribute to national
carbon reduction targets in the United Kingdom. Numerous
universities in the United Kingdom, like the University of
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Exeter and Edinburgh, have implemented ambitious
sustainability plans that include targets to become carbon
neutral by 2030 or sooner.5 With funding from the Higher
Education Sustainability Advancement Program (HESAP),
universities play a major role in national sustainability
initiatives in Australia. Universities can use the funds from this
program to create sustainability strategies, carry out
environmental research, and lessen the environmental impact
of their daily operations.®¥ National policies have been
created in many nations to support sustainability in higher
education. These laws frequently establish goals for reducing
carbon emissions, mandate that colleges increase their energy
efficiency, and allocate funds for environmentally friendly
infrastructure initiatives. Universities are at the forefront of
China's policy attempts to promote green development. The
country has undertaken several policies in this regard. Chinese
colleges are urged under the Green Campus Initiative to lower
their energy usage, use renewable energy sources, and include
sustainability into their curricula. Notable examples of
Chinese universities spearheading environmental initiatives
are Tsinghua University and Peking University.? National
policies have been created in many nations to support
sustainability in higher education. These laws frequently
establish goals for reducing carbon emissions, mandate that
colleges increase their energy efficiency, and allocate funds for
environmentally  friendly  infrastructure initiatives.
Universities create their own sustainability frameworks and
policies at the institutional level, frequently drawing
inspiration from national and international frameworks.
Usually, these policies have explicit objectives like lowering
carbon emissions, enhancing the energy economy,
encouraging environmentally friendly transportation, and
involving employees and students in environmental projects.>]
Numerous academic institutions have created climate action
plans or sustainability action plans that delineate their stances
on sustainability and establish quantifiable goals for
mitigating environmental effects. National sustainability
regulations and international frameworks like the SDGs
frequently serve as the basis for these programs.

A thorough Climate Action Plan created by the University
of British Columbia (UBC) lays out precise goals for cutting
greenhouse gas emissions, improving energy efficiency, and
switching to renewable energy sources. Strategies for
improving sustainability research and teaching are also
included in UBC's plan. A Sustainability Design Framework
developed by Stanford University incorporates sustainability
into infrastructure, planning, and operations on campus. The
application of green building standards, water conservation,
and waste reduction techniques are highlighted in this
framework.’¥  Sustainability evaluation instruments are
widely used by universities to track and report on their
progress. The Sustainability Tracking, Assessment & Rating
System (STARS), created by the Association for the
Advancement of Sustainability in Higher Education (AASHE),
is one of the most used instruments. Universities can evaluate
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their sustainability performance in a number of areas,
including academics, operations, engagement, and planning,
using the thorough framework that STARS ofters.*!

The Ul GreenMetric World University Ranking, which
rates universities according to their sustainability efforts in
areas including energy and climate change, waste
management, and transportation, is another well-liked
evaluation instrument.’® To steer institutions toward more
sustainable futures, frameworks and policies for sustainability
in higher education are crucial. Overarching objectives are
provided by international frameworks such as the UN
Sustainable Development Goals and the Talloires Declaration,
while national policies give regulatory support and incentives
for institutions to engage. Universities are creating their own
sustainability plans, establishing challenging goals, and
monitoring their progress with assessment tools at the
institutional level. When combined, these frameworks and
regulations enable universities to become leaders in
sustainability, both by reducing the environmental impact of
their operations and by training the next generation of leaders
to take on the world's environmental concerns.?”!

6. Green university initiatives: case studies

6.1 European universities

Prominent European universities have spearheaded the green
university movement, propelled by their institutional
dedication and local initiatives like the European Green Deal.
Comprehensive sustainability programs that incorporate green
campus operations, research, education, and student
engagement have been implemented by universities around
Europe. In this section, case studies of eminent European
institutions that have made notable progress toward becoming
green universities are highlighted.®

6.1.1 University of copenhagen (denmark)

It is well known that the University of Copenhagen (UCPH) is
making significant strides in sustainability, especially in
cutting carbon emissions and incorporating sustainability into
all facets of campus life. Launched in 2014, the organization's
Green Campus 2020 Strategy provided a detailed plan for
cutting energy use, encouraging environmentally friendly
transportation, and incorporating sustainability into research
and teaching. UCPH used a variety of strategies to meet its
target of reducing carbon emissions by 65% by 2020 (in
comparison to 2006 levels). With an emphasis on creating new,
ecologically friendly buildings and enhancing the energy
efficiency of already-existing ones, UCPH has made
investments in sustainable campus infrastructure. With
attributes like cutting-edge insulation, rainwater harvesting
systems, and intelligent lighting technologies, a number of
campus buildings have earned certification under the LEED
program.*! By providing a variety of programs and courses
centered around environmental studies, climate change, and
sustainability —science, the university has included
sustainability into its curriculum. It has also encouraged
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multidisciplinary study on important environmental issues like
urban sustainability, renewable energy, and biodiversity loss.
UCPH encourages environmentally friendly ways for
employees and students to commute by offering a wide range
of bicycle amenities, such as programs for bike sharing and
parking. Additionally, the university promotes public
transportation use by providing faculty and students with
discounted transit passes. With the implementation of
extensive recycling systems and the removal of single-use
plastics from campus, the university has decreased the amount
of garbage it produces overall.[°V]

UCPH has been a leader in campus sustainability in Europe
by emphasizing energy efficiency, carbon reduction, and
sustainability education. The university's attempts to match its
objectives with the SDGs of the UN serve as more proof of its
dedication to taking the lead on environmental issues
worldwide.l®!

6.1.2 University of edinburgh (United Kingdom)

The University of Edinburgh is well known for being a pioneer
in the field of sustainability. Climate Strategy 2040, which sets
lofty objectives to attain carbon neutrality and integrate
sustainability across all operations, research, and teaching,
reflects the university's all-encompassing approach to
sustainability. The institution has implemented a sustainable
procurement policy that prioritizes obtaining products and
services with minimal environmental impact. This entails
choosing products that are energy-efficient or constructed of
recycled materials, as well as giving preference to suppliers
who adhere to environmentally friendly standards. The
Edinburgh Centre for Carbon Innovation (ECCI), which
promotes cooperation between academics, industry, and
governmental organizations to create novel responses to
climate change, is housed at the university. Sustainable urban
development, low-carbon transportation, and renewable
energy are some of the subjects of ECCI research.[®?]

One of the first colleges in the UK to pledge to divest from
fossil fuel firms was the University of Edinburgh in 2015. As
part of the university's larger initiatives to support moral and
sustainable investment practices, this decision was made in
response to persistent pressure from student activists. The
institution has made sustainability a significant aspect of its
curriculum, offering a wide range of undergraduate and
postgraduate programs focused on environmental science,
sustainability studies, and climate change. The ECCI also
gives students the chance to work on multidisciplinary climate
action research projects and policy development initiatives.[®]
The University of Edinburgh is a role model for other
universities in the UK and beyond because of its all-
encompassing approach to sustainability. Higher education
institutions may play a crucial role in tackling global
environmental concerns, as seen by their dedication to
climate-focused research, sustainable procurement, and
carbon neutrality.[%4
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6.1.3 Wageningen University & research (Netherlands)

A global leader in the fields of agriculture and environmental
sciences, Wageningen University & Research (WUR) (Fig. 4)
is renowned for emphasizing sustainability in both campus
operations and research. As a major participant in international
sustainability programs, WUR is dedicated to tackling the
problems of climate change, biodiversity loss, and food
security. With solar panels, energy-efficient buildings, and
green roofs, WUR has created a very sustainable campus. The
university's Sustainability Vision 2030 lays out aggressive
goals to support sustainable resource management, increase
biodiversity on campus, and lower energy use.[®]

A number of the buildings on the WUR campus are
accredited by the Building Research Establishment
Environmental Assessment Method, or BREEAM, a
designation that honors sustainable building techniques. The
structures are made to use sustainable materials, minimize
energy use, and maximize natural light. Leading the way in
agricultural research worldwide, WUR has created a number
of programs to establish sustainable food systems. Research
on sustainable livestock management, organic farming, and
lessening the environmental effects of food production are all
included in this. Additionally, the university collaborates and
reaches out to farmers, governments, and businesses to help
promote sustainable farming methods globally.

WUR encourages material reuse and recycling on campus
and has adopted the circular economy concept. Composting,
extensive recycling programs, and campaigns to promote item
repair and reuse over disposal all help reduce waste.
Research on sustainability at WUR is conducted in a number
of fields, such as biodiversity conservation, agricultural
innovation, and environmental science. Researchers at the
institution are leading the way in creating answers for urgent
global problems like biodiversity loss, deforestation, and
climate change. Sustainability is deeply ingrained in
Wageningen University's operations, relationships, and
research. It is known as one of the top green institutions in the
world thanks to its efforts in advancing environmentally

friendly farming methods and creating cutting-edge solutions
to pressing global issues.[*]

6.1.4 Technical University of Munich (Germany)

The Technical University of Munich (TUM) is renowned for
its attempts to incorporate environmentally friendly practices
into campus operations and for its cutting-edge engineering
and sustainability research. The main objectives of TUM's
sustainability strategy include cutting carbon emissions,
improving energy efficiency, and encouraging a sustainable
culture among employees and students. TUM has put in place
a number of energy-saving initiatives, such as deploying
renewable energy sources, including solar panels and
geothermal heating systems and upgrading campus buildings
to increase energy efficiency. The university also encourages
environmentally friendly mobility by offering staff and
students access to bike sharing programs and electric vehicle
charging points.

The Center for Energy and Environment at the university
acts as a focal point for multidisciplinary research aiming at
creating long-term solutions to environmental problems
around the world. With an emphasis on environmental
engineering, renewable energy, and sustainability, TUM
provides a range of degree programs and courses. The
institution promotes interdisciplinary collaboration and
problem-solving by encouraging students from all disciplines
to get involved with environmental issues. TUM has instituted
trash reduction measures throughout its campuses, including
extensive recycling schemes and endeavors to curtail the
utilization of plastic. By giving preference to ecologically
friendly goods and services in its procurement practices, the
institution additionally promotes sustainable resource
management. The campus operations, research endeavors, and
instructional efforts of TUM all demonstrate the university's
dedication to sustainability. The university is significantly
contributing to the advancement of sustainability in Germany
and abroad by encouraging innovation in fields like green
mobility and renewable energy.*”)

Fig. 4 Wageningen University & Research (Source: https://mastergradschools.com/school/wageningen-university)
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European universities like the University of Copenhagen, operations.
University of Edinburgh, Wageningen University, and UBC promotes carpooling, bicycling, and public

Technical University of Munich establishing the standard for
sustainability in higher education, European universities have
been at the forefront of the worldwide green university
movement. The various ways that colleges are incorporating
sustainability into their operations, research, teaching, and
community involvement are demonstrated by these case
studies. These universities are setting an example for how
higher education may support international efforts to battle
climate change and advance sustainable development through
their ambitious climate initiatives, construction of sustainable
infrastructure, and multidisciplinary research.[®]

6.2 North American universities

Universities in North America have played a significant part
in the worldwide green university movement, with numerous
schools adopting a leading position in sustainability.
Comprehensive sustainability strategies, ranging from carbon
neutrality targets to green building projects and sustainable
research programs, have been established by universities in the
United States and Canada. The case studies of top North
American colleges that have significantly aided in the
development of sustainable campuses and communities are
highlighted in this section.!*”!

6.2.1 University of British Columbia (Canada)

Globally renowned for its sustainability activities, the
University of British Columbia (UBC) in Vancouver, Canada,
is at the forefront of the green university movement.
Multidisciplinary research, community involvement, and
green campus operations are all incorporated into UBC's
holistic approach to sustainability.

In order to achieve sustainability across the entire campus
and lower greenhouse gas emissions, UBC has created an
ambitious Climate Action Plan. Achieving net-zero carbon
emissions by 2050 and cutting GHG emissions by 67% by
2025 are important objectives. According to a green
construction guideline that UBC has implemented, every new
facility constructed on campus must achieve the highest
certification levels for sustainability.”! Located on campus,
the Centre for Interactive Research on Sustainability (CIRS)
is among North America's greenest structures.l®? With net-
positive energy and water systems, CIRS produces more
energy than it uses and has its own wastewater treatment
facility.

With a large selection of degrees and courses pertaining to
sustainability, UBC is dedicated to promoting sustainability in
its academic programs. The goal of the university's
Sustainability Initiative is to advance interdisciplinary
research in order to address intricate environmental problems
like biodiversity loss, climate change, and sustainable food
systems. Additionally, UBC uses a "living laboratory" concept
in which research and teaching are conducted using
sustainability projects that are incorporated into campus
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transportation as sustainable modes of transportation. The
university runs one of the biggest transit networks of any
college in North America and has increased the amount of
space dedicated to cycling, including bike lanes and parking.[”"
The quantity of single-occupancy car journeys to campus has
been greatly decreased as a result of this endeavor.

By 2030, UBC wants to have a zero-waste campus. To that
end, the university is taking steps to increase recycling and
composting rates and divert 80% of garbage from landfills.
The institution has removed single-use plastics from campus
food services and put in place extensive waste sorting systems.
UBC's integrated approach to research and education, along
with its ambitious climate targets and green buildings,
demonstrate the university's dedication to sustainability. The
university is a role model for other academic institutions
across the globe because of its attempts to establish a living
laboratory where sustainability is ingrained in campus life.l"”!

6.2.2 University of California (USA)

With ten campuses, the University of California (UC) system
is a leader in sustainability, with each institution putting
ambitious sustainability projects into action. The UC system
has won awards for taking the lead in lowering carbon
emissions, supporting renewable energy sources, and
integrating sustainability into curricula.

The University of California is the first large university
system in the world to have made a commitment to achieve
carbon neutrality by the year 2025. UC has launched a number
of measures to do this: For new construction and significant
renovations, the UC system has adopted LEED certification
criteria; several buildings on campus have achieved LEED
Gold or Platinum status as a result. The three main focuses of
UC's green construction regulations are interior environmental
quality, water conservation, and energy efficiency.”

Across all of its campuses, the UC system is dedicated to
encouraging sustainable food procurement and minimizing
food waste. Reducing the environmental effect of food
production and consumption, UC is tackling food security and
encouraging sustainable agriculture through the Global Food
Initiative. Additionally, UC campuses have set goals to obtain
20% of their food sustainably and regionally by 2025.4

UC campuses are pioneers in advocating for
environmentally friendly modes of mobility, including public
transportation, bike-sharing programs, and growth in the usage
of electric automobiles. With more than 20,000 bikes on
campus, UC Davis, for instance, has one of the largest cycling
infrastructures of any university in the United States.
Furthermore, UC Berkeley has started a fleet electrification
effort to swap out its fossil fuel-powered cars for electric ones.
UC wants to remove at least 90% of its garbage from landfills
by 2020 in order to reach its zero waste target.[”] Despite the
fact that some campuses have not yet achieved this aim, great
strides have been made. Numerous campuses have outlawed
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single-use plastics and established extensive recycling and
composting programs. Boldly aiming for carbon neutrality and
zero waste, the University of California system has established
itself as a global pioneer in sustainability. Other institutions
might take inspiration from UC's system-wide approach to
sustainability, which places a strong focus on renewable
energy, green buildings, and sustainable food systems.

6.2.3 Arizona State University (USA)

Arizona State University (ASU) has received praise for its
extensive efforts toward sustainability, especially in the areas
of community involvement and research. ASU's dedication to
sustainability stems from its goal of setting an example for a
sustainable future by emphasizing renewable energy, energy
efficiency, and cutting-edge sustainability research. By 2025,
ASU aims to be carbon neutral for its scope 1, scope 2, and
non-transportation scope 3 emissions; by 2035, it will be
carbon neutral for its transportation emissions. The core of
ASU's sustainability initiatives is the Global Institute of
Sustainability and Innovation (GIOSI). In order to address
global sustainability issues like climate change, renewable
energy, and sustainable urban development, GIOSI carries out
multidisciplinary research.®! Innovation at ASU has produced
advances in fields, including solar energy and water
conservation. Due to its location in the arid Southwest, ASU
is a pioneer in water conservation and sustainable urban
development research. ASU collaborates with local businesses
and governments to advance sustainability in urban design,
water management, and the utilization of renewable energy
sources through programs like the Sustainable Cities Network.
One of the first colleges in the country to offer a sustainability
undergraduate degree was ASU, which has subsequently
grown to include master's and doctoral degrees. The
university's School of Sustainability provides
multidisciplinary instruction that equips students to address
environmental issues in a variety of fields.[’”!

With an emphasis on resource management, recycling, and
waste reduction, ASU advances the idea of the circular
economy. ASU has put in place initiatives to encourage
recycling, cut down on food waste, and repurpose items.
Additionally, the university is home to Sustainable Earth, a
platform that encourages cooperation on circular economy
principles amongst academic institutions, business, and
government officials. ASU is now regarded as a global
example for sustainable universities due to its leadership in
energy efficiency, community involvement, and sustainability
research. By integrating sustainability into its research,
education, and operations, ASU illustrates how institutions
may drive significant change at both local and global levels. [’

6.2.4 University of Michigan (USA)

The University of Michigan (U-M) has a long history of being
a leader in sustainability, emphasizing sustainable research,
campus operations, and climate action. U-M’s Campus
Sustainability Integrated Assessment provides a roadmap for

Engineered Science Publisher

achieving its sustainability goals. The University of Michigan
established a goal in 2021 for all three of its campuses to
become carbon-neutral by 2040. U-M has increased the use of
renewable energy sources, made investments in carbon offsets,
and upgraded energy efficiency in order to achieve this aim.
The Graham Sustainability Institute at the University of
Michigan  supports  multidisciplinary ~ research  on
environmental justice and climate science, among other
sustainability-related themes. The institution also backs
programs like the Dow Sustainability Fellows Program, which
gives graduate students working on sustainability-related
research funds and mentoring.[”

Through programs like its Sustainable Food Program,
which focuses on lowering the environmental impact of
campus dining services and supporting local, sustainable food
sourcing, U-M is dedicated to developing sustainable food
systems. The institution also promotes farmers' markets and
campus gardens, which give employees and students access to
fresh, locally farmed food. U-M has made investments in
environmentally  friendly transportation infrastructure,
encouraging carpooling, public transportation, and biking. The
institution has constructed multiple electric vehicle charging
stations on campus in addition to operating a sizable fleet of
hybrid and electric buses.

With initiatives to boost recycling and composting, cut
down on food waste, and do away with single-use plastics, U-
M is striving to achieve zero waste.*¥ The Blue Initiative
promotes resource conservation and waste reduction by
including the whole school community in sustainability
initiatives. The University of Michigan has become a leader in
the green university movement thanks to its emphasis on
sustainability research, carbon neutrality, and community
participation. Other universities should take note of U-M's
comprehensive strategy for incorporating sustainability into
its academic offerings and campus operations.

The University of British Columbia, Arizona State
University, the University of California system, and the
University of Michigan are just a few of the North American
universities that have launched large-scale sustainability
programs that combine carbon reduction, renewable energy,
green building, and sustainability education. These colleges
are leading the way in sustainability research, community
involvement, and policy advocacy, in addition to lessening
their environmental impact. These institutions are helping the
worldwide movement to build more sustainable futures for
higher education and beyond by sharing best practices and
setting high standards.*")

6.3 Asian universities

Asia's universities have taken the lead in sustainability,
implementing creative strategies to incorporate eco-friendly
practices into operations, research, and instruction. Numerous
Asian institutions are situated in fast-developing areas with
particularly severe environmental problems like resource
depletion, urbanization, and climate change. Universities now
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actively participate in promoting sustainability on campus and
in the larger communities they serve as a result of this setting.
The case studies of top Asian green institutions are included in
this area, demonstrating their dedication to sustainability.(?

6.3.1 Nanyang Technological University (Singapore)
Renowned for its leadership in sustainability, Nanyang
Technological University (NTU) is frequently named among
Asia's and the world's most sustainable universities.
Innovative sustainability research, renewable energy sources,
and green campus infrastructure are all incorporated into
NTU's complete sustainability strategy. The goal of NTU's
Sustainability Manifesto, which was unveiled in 2021, is for
the school to become carbon neutral by 2035. The university
wants to improve trash ~management, encourage
environmentally friendly transportation choices, and use less
energy and water. The School of Art, Design and Media, one
of the green buildings on the NTU campus, has a unique green
roof that insulates the structure and helps cut down on energy
use.[®3

With rainwater harvesting, passive cooling technologies,
and smart lighting, the university's new Academic Building
South is intended to be among the most energy-efficient
structures in the area. With an emphasis on waste management,
sustainable urban solutions, and renewable energy, NTU is a
center for cutting edge sustainability research. The Nanyang
Environment and Water Research Institute (NEWRI), which
focuses on clean energy technology, environmental
engineering, and water sustainability, is housed at the
institution. NTU has created a smart transportation system that
consists of electric shuttle buses, driverless cars, and a robust
cycling network as part of its Eco Campus effort. Additionally,
the institution is putting cutting-edge mobility solutions—Iike
self-driving cars-to the test in an effort to lower carbon
emissions and advance sustainable urban mobility.

Through programs like the Green Volunteers Programme
and the Sustainability Ambassador Scheme, which encourages
students to get involved in environmental projects and raise
awareness of sustainability on campus, NTU actively
incorporates students in its sustainability efforts. Because of
its all-encompassing sustainability strategy, NTU has become
a leader among Asian green colleges. NTU is positioned as a
pioneer in the region's transition to a more sustainable future
because of its creative application of smart technologies,
dedication to renewable energy, and strong emphasis on
research and education.!®*

6.3.2 University of Tokyo (Japan)

One of the most prominent colleges in Japan, the University
of Tokyo, has made great progress in incorporating
sustainability into its research, campus operations, and
academic programs. The UTokyo Sustainability Initiative,
which encourages environmental stewardship, sustainable
campus growth, and multidisciplinary study on global
environmental concerns, is one way the university demonstra-
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tes its commitment to sustainability.

The University of Tokyo has put in place a Campus Master
Plan that prioritizes water conservation, energy efficiency, and
green building design. The Kashiwa Il Campus of the
university is a prime example of sustainable urban
development, with features.

The University of Tokyo has committed to becoming
carbon neutral by 2050, in line with the national climate action
targets of Japan.[ss)

With a focus on topics including urban resilience,
renewable energy, and climate change, the university is a
pioneer in sustainability research. The Integrated Research
System for Sustainability Science (IR3S), founded by UTokyo,
encourages multidisciplinary study on climate change
mitigation and sustainable development.

The purchasing of ecologically friendly goods and services
is given priority under the University of Tokyo's Green
Procurement Policy. In order to reduce the environmental
effect of campus activities, the institution has also put in place
extensive waste management systems, which include
recycling programs and trash reduction projects. The
involvement of students in sustainability activities is actively
encouraged by the university. Through organizations like the
UTokyo Green Office, students are participating in campus-
wide sustainability efforts, including energy conservation,
waste reduction, and biodiversity conservation.*!

The university also organizes programs that encourage
sustainable living and increase public understanding of
environmental issues, such Sustainability Week. The
University of Tokyo is a leader in sustainability in Japan
thanks to its dedication to multidisciplinary research,
sustainable campus development, and student engagement. Its
initiatives to support environmental leadership, lower carbon
emissions, and advance renewable energy show how colleges
may support local, national, and international sustainability
goals.l¥7

6.3.3 Tsinghua University (China)

One of China's best universities, Tsinghua University is based
in Beijing and has been at the forefront of advocating for
sustainability in higher education. Tsinghua has incorporated
sustainability into research, academic programs, and campus
operations, in line with China's national objectives for
environmental conservation and green development.
Sustainable resource management, green building design, and
energy efficiency are the main goals of Tsinghua University's
Green Campus Plan.

Tsinghua University has established its own carbon
reduction targets in accordance with China's national aim to
achieve carbon neutrality by 2060. Leading the way in
sustainability research are Tsinghua University, especially in
the areas of clean energy, mitigating climate change, and
sustainable urban development.® Tsinghua University is a
major role in China's attempts to encourage green growth
because of its leadership in sustainability research, green
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campus projects, and international engagement. Its dedication
to cutting carbon emissions, advancing renewable energy, and
encouraging sustainability innovation shows how colleges can
help achieve local, national, and international climate goals.[*”’

6.3.4 Indian Institute of Technology (II'T) Bombay (India)
One of India's top technical institutes, the Indian Institute of
Technology Bombay (IIT Bombay), has launched a number of
sustainability projects centered on energy efficiency, green
building design, and sustainability research. IIT Bombay's
endeavors to mitigate its ecological footprint and encourage
sustainable practices inside the campus epitomise their
dedication to sustainability. IIT Bombay has put in place a
number of energy-saving initiatives, such as retrofitting
structures with appliances and lighting that use less energy.
Additionally, solar photovoltaic systems have been erected on
campus, providing a sizable amount of the university's
electrical demands. Green building techniques have been
implemented by IIT Bombay for new construction projects,
guaranteeing that structures are made with the least amount of
energy and water.® The university's Victor Menezes
Convention Center, which has rainwater collection, passive
cooling systems, and energy-efficient lighting, is a noteworthy
example of green building design. Research on sustainability
is centered at IIT Bombay, especially in the fields of
sustainable urban planning, water management, and clean
energy. The university's Centre for Urban Science and
Engineering (C-USE) carries out multidisciplinary research on
sustainable cities with an emphasis on waste management,
energy-efficient urban infrastructure, and air quality
monitoring. The National Centre for Photovoltaic Research
and Education (NCPRE) at [IT Bombay is leading the way in
solar energy technology research, supporting the country of
India's objectives for the development of renewable energy
sources. I[IT Bombay has put in place a number of water-
saving projects, such as wastewater recycling and rainfall
collection systems.[gl] Additionally, the institution has set up
a solid waste management system with an emphasis on
composting, recycling, and minimizing the quantity of
garbage dumped in landfills. The institution provides a variety
of courses with an emphasis on sustainable development,
renewable energy, and environmental science. Through efforts
like the Green Campus Initiative, which encourages students
to participate in energy saving, trash reduction, and
environmental awareness campaigns, IIT Bombay actively
engages students in sustainability. IIT Bombay is a pioneer in
green university activities in India because of its emphasis on
energy conservation, renewable energy, and sustainability
research. The university has shown that it is committed to
helping India's national sustainability goals by working to
lessen its environmental impact and encourage sustainable
practices on campus. >3]

Asia's universities, such as IIT Bombay, Tsinghua
University, the University of Tokyo, and Nanyang
Technological University, are setting the standard for the
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implementation of comprehensive sustainability projects.
These universities are encouraging cutting-edge sustainability
research, encouraging environmental stewardship among staff
and students, and incorporating green practices into campus
operations. Through the alignment of their objectives with
national and international sustainability frameworks, these
universities are significantly contributing to the resolution of
some of the most urgent environmental issues of the twenty-
first century.l*

6.3.5 Fudan University (China)

One of the top universities in the nation, Fudan University is
situated in Shanghai, China, and it has made great efforts to
encourage sustainability on campus. Being one of the most
prominent universities in China, Fudan has incorporated
sustainability into all aspects of its operations, research, and
academic programs because it understands how important it is
to solve environmental issues. China's overarching objectives
for green development and sustainability are furthered by
Fudan University's projects, which center on energy efficiency,
green buildings, sustainable transportation, and environmental
education.®

a) Energy efficiency and renewable energy

To lessen its carbon footprint, Fudan University has boosted

the usage of renewable energy sources and put in place a

number of energy-efficiency initiatives. These programs

support China's national objectives to increase energy

efficiency and switch to greener energy sources. On a few of
its campus buildings, the university has solar photovoltaic (PV)
panels installed, generating electricity using renewable energy.

This program is a component of the university's attempts to

lessen its dependency on fossil fuels and its carbon footprint.

Numerous campus buildings at Fudan have undergone energy

efficiency retrofits. Upgrades to insulation, LED lighting

installations in place of inefficient lighting, and energy-saving

HVAC system optimization are some examples of these

retrofits. A smart energy management system that tracks

energy usage in real time has been put in place at the university.
The institution can minimize overall energy usage on campus,

pinpoint areas for efficiency improvements, and optimize

energy use thanks to this system.®

b) Green building design

In order to ensure that new buildings are planned with
sustainability in mind, Fudan University has implemented
green building standards in its campus construction projects.
These structures use water-efficient systems, energy-saving
technologies, and ecologically friendly materials. The
institution has built a number of structures that meet China's
Green Building Evaluation Standard, which encourages
resource- and environmentally-conscious building design.
These structures have rainwater collection systems, green
roofs, and passive cooling systems. A few of Fudan's most
recent structures have obtained certification in LEED, a
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globally acclaimed green building certification program. To
reduce energy consumption, these buildings have smart
climate control systems, natural lighting, and cutting-edge
energy-saving technologies.*"%

¢) Sustainable transportation

Fudan University encourages environmentally friendly modes
of transportation for its instructors, staff, and students in an
effort to lower carbon emissions and enhance the quality of the
air in Shanghai, one of the biggest and most populous cities in
China. With the installation of bike lanes, bike-sharing
programs, and safe bicycle parking spaces, Fudan has created
a campus that is bike-friendly. By encouraging bicycle riding
as a sustainable form of transportation, these programs help
faculty, staff, and students travel less on campus in cars. To
encourage academics and staff to drive electric cars, the
university has built EV charging stations across campus. In an
effort to lower the emissions from its transportation services,
Fudan is also looking at incorporating electric buses into its
campus shuttle system.!® In Shanghai, Fudan is close to a
number of important hubs for public transit, such as bus and
subway lines. By providing subsidized transit passes, the
institution encourages staff and students to use public
transportation, thereby lowering the campus's overall
transportation-related carbon footprint.

d) Water conservation and waste management

Fudan University is dedicated to enhancing trash management
on campus and encouraging water conservation. In a city like
Shanghai, these programs are crucial for tackling the problem
of water scarcity and lessening the environmental damage
caused by trash. Water-saving features like dual-flush toilets
and low-flow faucets have been installed in all of Fudan's
campus buildings. In order to further reduce its water
consumption, the university has also installed rainwater
harvesting systems to collect and utilize rainwater for
irrigation and non-potable uses. Fudan has created a thorough
waste management plan with an emphasis on recycling,
efficient disposal, and trash minimization. The institution
encourages recycling of paper, plastic, glass, and metal
materials at the point of generation through specific recycling
bins. Fudan also promotes the utilization of organic waste
from campus dining services to composting systems. [0

e) Sustainability research and innovation

Fudan University is a leader in sustainability research,
concentrating on solving some of the world's and China's most
urgent environmental problems. The interdisciplinary research
method of the institution fosters cooperation among
environmental scientists, engineers, and policymakers. The
Research Center for Environmental Economics at Fudan
University carries out studies on sustainable development,
environmental policy, and mitigating the effects of climate
change. The institution works with international organizations,
NGOs, and government agencies to create plans for dealing
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with environmental issues, especially in cities like Shanghai.
Leading the way in research on renewable energy, Fudan
specializes in solar, wind, and energy storage technologies.
China's national goals of lowering carbon emissions and
expanding the usage of renewable energy are supported by the
university's research in this field.[tou

f) Sustainability in education

Fudan University encourages environmental literacy among
students through a variety of extracurricular activities, events,
and courses that include sustainability into their academic
offerings. The institution provides a range of doctoral and
undergraduate courses with an emphasis on environmental
science, climate change, and sustainability. These courses give
students a thorough awareness of environmental problems
around the world and give them the tools they need to create
sustainable solutions. In order to address sustainability
concerns from a variety of angles, Fudan encourages
collaboration between students in many professions, like as
engineering, economics, and environmental science. Fudan is
in charge of planning campus-wide sustainability initiatives
like energy-saving contests, workshops on sustainable living,
and tree-planting efforts. These programs encourage staff and
students to adopt more environmentally friendly practices
while also increasing awareness of environmental issues. 1021

g) Student and community engagement

In order to foster a culture of environmental responsibility,
Fudan University actively incorporates students and the larger
community in its sustainability initiatives. Numerous student-
run environmental groups and organizations that spearhead
campus sustainability activities are supported by the
institution. To raise awareness of environmental issues, these
clubs plan events like lobbying campaigns, sustainability
workshops, and clean-up initiatives. Through its sustainability
outreach programs, Fudan encourages local residents to
participate in green development and environmental
conservation. The university works with neighborhood
establishments, corporations, and governmental organizations
to advance environmental education and sustainable practices
in Shanghai.l'*! Fudan University's initiatives to lower energy
use, support renewable energy sources, and incorporate green
building techniques into campus development demonstrate the
university's dedication to sustainability. The university is
positioned to play a significant role in China's green
development aspirations due to its leadership in sustainability
research and education. Fudan University's environmental
measures not only lessen the university's influence on the
environment, but also set an example for other Chinese and
international universities. Fudan University is cultivating a
culture of sustainability that permeates the wider community
and transcends its campus by advancing multidisciplinary
research, sustainable transportation, and community
participation.
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6.4 African and Latin American Universities

Universities of Africa are becoming more and more vital in
advancing sustainability and tackling the particular
environmental issues that the continent faces, like energy
access, water shortage, biodiversity loss, and climate change.
African universities are making contributions to regional,
national, and international initiatives to build sustainable
futures by incorporating sustainability into their academic
offerings, campus operations, and community engagement.
This section presents case studies of African colleges that have
adopted sustainability aims and green activities.[®’
Universities in Latin America have launched a number of
green programs to address the region's particular
environmental concerns as they have come to understand the
importance of sustainability in higher education.
Deforestation, water scarcity, biodiversity loss, and climate
change are some of these issues. Universities in Latin America
are at the forefront of the movement to promote sustainability
via research, teaching, and campus operations. The case
studies of top Latin American green colleges that are in the
forefront of campus and community sustainability initiatives
are included in this area.'*¥

6.4.1 Stellenbosch University (South Africa)

On the African continent, Stellenbosch University in South
Africa has been a pioneer in sustainable higher education. The
institution is dedicated to integrating sustainability into its
instruction, research, and campus operations, with an
emphasis on sustainable food systems, water conservation,
and energy efficiency in particular. By investing in renewable
energy sources and implementing energy efficiency programs,
Stellenbosch University has significantly decreased its energy
usage. In order to lessen water consumption and encourage
water conservation, Stellenbosch University has created a
thorough water management strategy. Water shortage is a
serious problem in South Africa. Sustainable food systems are
actively promoted by Stellenbosch University through
research, instruction, and campus operations.['*] Research on
climate-resilient farming techniques, food security, and
sustainable agriculture is carried out by the university's
Sustainability Institute. The institution also keeps up a number
of campus gardens that supply fresh produce for the school
dining services, cutting down on emissions from food
transportation and encouraging regional, sustainable
agriculture. Stellenbosch University offers a variety of
academic programs centered on environmental science,
climate change, and sustainability, and incorporates
sustainability into its curricula. In order to address the issues
of energy access and sustainability in South Africa and the
wider area, the Centre for Renewable and Sustainable Energy
Studies (CRSES) serves as a center for research on renewable
energy technologies and policy.l'®! In order to lessen the need
for private vehicles, Stellenbosch University offers a campus
shuttle service, secure bike parking, and promotions for
walking and cycling on campus. To further cut emissions
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related to transportation, the institution is looking into options
for switching to electric or hybrid cars for its fleet. The
promotion of sustainable food systems, emphasis on
renewable energy research, and energy and water conservation
initiatives all demonstrate  Stellenbosch  University's
dedication to sustainability. The university acts as a prototype
for how other African universities might approach
environmental issues in their academic offerings and campus
operations.[!?7)

6.4.2 University of Cape Town (South Africa)

Another prestigious university in South Africa that has made
great strides toward incorporating sustainability into its
academic programs and campus operations is the University
of Cape Town (UCT). UCT's Environmental Sustainability
Strategy, which lays out important objectives for minimizing
the institution's environmental effect and advancing
sustainability in all facets of university life, serves as the
foundation for its initiatives. By implementing energy-saving
measures and utilizing renewable energy sources, UCT has
pledged to lessen its carbon footprint. The goal of UCT's
Energy Efficiency and Demand Management Program is to
maximize campus energy use by tracking usage and
pinpointing areas for improvement.[') UCT has put in place a
number of water conservation initiatives to lower water usage
and encourage sustainable water use in response to the severe
droughts that have affected Cape Town. To cut down on water
use, the institution has installed water-saving fixtures in the
kitchen and restrooms, such as dual-flush toilets and low-flow
taps. Green building practices are being implemented at UCT
for both new construction and significant campus
improvements. The institution uses sustainable materials,
encourages natural ventilation and lighting, and strives for
high levels of energy and water efficiency in its buildings. For
instance, the New Engineering Building uses a lot of green
design elements, such as rainwater collection, solar water
heating, and energy-efficient lighting.!'! Numerous research
institutes tackling environmental issues are housed at UCT,
such as the African Climate and Development Initiative
(ACDI), which concentrates on climate adaptation and
mitigation tactics for the continent. Researchers at UCT are
actively working on initiatives that tackle problems including
biodiversity preservation, the development of renewable
energy, and sustainable urban design. In order to give students
the information and abilities they need to address urgent
environmental concerns, UCT also provides a range of
academic programs and courses in sustainability, climate
science, and environmental management. To cut down on the
quantity of waste dumped in landfills, UCT has put in place
extensive recycling and waste management initiatives.[''”) The
institution encourages garbage separation at the source and has
recycling bins available all throughout campus for metal, glass,
plastic, and paper waste. Additionally, UCT has started
programs to reduce plastic waste, including efforts to phase
out single-use plastics in dining services and campus activities.
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The University of Cape Town's initiatives to lessen its carbon
footprint, efficiently manage its water resources, and advance
environmental research and education are examples of its
dedication to sustainability. UCT's response to the drought in
Cape Town demonstrates the university's involvement in
tackling regional environmental issues and supporting
international sustainability initiatives.['!"]

6.4.3 Pontifical Catholic University of Chile (Chile)

In Latin America, the Pontifical Catholic University of Chile
(PUC), which is based in Santiago, is a pioneer in sustainable
higher education. The institution has put into practice a
thorough sustainability plan that combines energy
conservation, sustainability research, and green campus
operations. Through its programs, PUC is dedicated to
tackling environmental issues on a local and global scale. PUC
has made great efforts to lessen its influence on the
environment by encouraging water conservation, energy
efficiency, and sustainable waste management on campus.
Since there is a severe water shortage in Chile, PUC has
created a number of programs to support water management
and conservation.['"”l The university is a center for study on
sustainability, with an emphasis on environmental policy,
climate change, and renewable energy. PUC researchers are
active in projects that address critical environmental concerns
like as sustainable agriculture, water resource management,
and clean energy technology. The university's Center for
Global Change is a pioneer in studying the effects of climate
change and creating mitigation and adaptation plans.

PUC provides a range of academic programs and courses
with a sustainability focus that promote multidisciplinary
environmental research and instruction. The institution offers
degrees in environmental science, climate change, and
sustainable development, further integrating sustainability
into its curriculum. Through its Bicycle-Friendly Campus
Initiative, which encourages cycling as a sustainable means of
transportation for staff and students, PUC promotes
sustainable mobility. To encourage riding and lessen
dependency on cars, the institution has built bike lanes and
parking lots. The Pontifical Catholic University of Chile is one
of Latin America's top green universities thanks to its
emphasis on sustainability research, water conservation, and
energy efficiency. PUC is tackling environmental issues and
advancing sustainable practices in both academic and practical
contexts with its all-encompassing sustainability strategy.!'!3]

6.4.4 University of Sao Paulo (Brazil)

One of the biggest and most prominent universities in Brazil,
the University of Sdo Paulo (USP), has taken the lead in
encouraging sustainability on all of its campuses. The
university's sustainability programs are concentrated on waste
management, energy saving, and climate change research. To
lessen its influence on the environment, USP has made large
expenditures in energy efficiency and renewable energy. Part
of the university's electrical demands are met by solar panels
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that are mounted on campus buildings. In the upcoming years,
USP wants to use more renewable energy sources. USP has
put in place a thorough waste management system with an
emphasis on waste minimization, composting, and recycling.
The institution encourages waste separation at the source by
placing recycling bins specifically for glass, plastic, and paper
materials all across campus.''*l USP's Zero Waste Initiative
encourages the recycling and composting of organic waste
from campus dining services in an effort to lessen the quantity
of waste that is dumped in landfills. Numerous research
centers on sustainable development, renewable energy, and
climate change are located at USP. Multidisciplinary research
on energy efficiency, sustainable energy systems, and
environmental policy is carried out at the university's Institute
of Energy and Environment (IEE). Researchers from USP are
also working on initiatives that tackle some of Brazil's
particular  environmental problems, like biodiversity
preservation and Amazon deforestation. The academic
programs and courses offered by USP center on sustainability,
climate change, and environmental science. In addition to
encouraging students to participate in community service and
sustainability  research, the  university supports
multidisciplinary education.!'’’! Students can also get involved
in campus sustainability projects through USP's Green
Campus Program. Through programs like bike-sharing,
electric vehicle charging stations, and public transportation
options, USP encourages the use of sustainable transportation.
The institution encourages employees and students to use
other forms of transportation in order to lessen their carbon
footprint. As a pioneer in advancing sustainability in Brazil
and Latin America, the University of Sdo Paulo is known for
its work in waste management, renewable energy, and climate
change research. The university's dedication to environmental
teaching and research supports larger initiatives to solve the
most important environmental issues facing the area.''*]

6.5 Kazakhstani Universities

One of the biggest nations in Central Asia, Kazakhstan has
particular environmental problems, such as desertification,
climate change, water scarcity, and sustainable energy sources.
Universities in Kazakhstan are starting to integrate green
initiatives into their operations, curricula, and research to
address environmental difficulties and promote sustainability
as a solution to these challenges. While Kazakhstan's green
university movement is still in its infancy, a number of
universities have made notable progress toward sustainability.
The main case studies of Kazakhstani universities undertaking
sustainability programs are highlighted in this part, with an
emphasis on community involvement, energy efficiency,
green campus design, and environmental research.!'!”]

6.5.1 Nazarbayev University (Astana)

Nazarbayev University (NU) is one of the most esteemed
universities in Kazakhstan. Sustainability has been actively
implemented by NU into its operations, research, design, and
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educational programs. Being a relatively new university-it was
founded in 2010—NU has had the chance to design its campus
from the ground up using cutting-edge sustainable
technologies. The campus of Nazarbayev University was
planned with environmental sustainability and energy
efficiency in mind. Energy-efficient technologies, like
automatic HVAC systems, high-performance insulation, and
energy-efficient lighting, were used in the construction of
several campus buildings. These characteristics enhance
indoor thermal comfort while lowering energy usage.!''$! The
goal of NU's new campus buildings is to minimize energy and
water use while adhering to green building standards. The
structures use sustainable building materials, cutting-edge
ventilation technologies, and natural lighting. In Kazakhstan,
NU serves as a center for sustainability research, especially in
the fields of smart grid technology and renewable energy.
Interdisciplinary research on renewable energy technologies,
including as solar, wind, and bioenergy, is carried out by the
Nazarbayev University Research and Innovation System
(NURIS). In order to decrease Kazakhstan's energy sector's
carbon footprint and increase energy efficiency, NU experts
are also focusing on creating smart grid solutions. Kazakhstan

campus, NU supports Kazakhstan's national objectives for
green development and environmental preservation.!2?

6.5.2 Al-Farabi Kazakh National University (Almaty)
Kazakhstan's oldest and most esteemed university is Al-Farabi
Kazakh National University (KazNU), situated in Almaty.
With an emphasis on waste management, green campus
construction, and environmental education, KazNU has made
efforts to incorporate sustainability into its academic programs
and campus operations. A Green Campus Initiative has been
introduced by Al-Farabi Kazakh National University with the
goal of encouraging sustainability on campus and getting
students involved in environmental projects (Fig. 5). To
enhance biodiversity and provide recreational areas for staff
and students, the university has established a number of green
spaces, including parks and gardens, around the campus. In
Almaty, a city notorious for its poor air quality, these green
areas also aid in lowering pollution levels and the impact of
the urban heat island.l'’]

In order to lower energy usage, the university has installed
energy-efficient technologies in campus buildings, such as
automatic heating and cooling systems and energy-saving

wants to reduce its greenhouse gas emissions and switch to 50%lighting systems. In Kazakhstan, KazNU leads the way in

renewable energy by 2050. The university's research
initiatives help achieve this aim.[""”] Nazarbayev University
encourages staff, teachers, and students to use sustainable
modes of transportation. In response to the increased demand
for environmentally friendly mobility options, the university
supports the use of electric vehicles and has placed charging
stations on campus. Along with creating dedicated pathways
for cyclists and walkers as well as plenty of bike parking
spaces, NU is also upgrading its infrastructure to encourage
walking and bicycling. NU has implemented a thorough
recycling and trash management program. The institution
encourages staff and students to segregate their waste and
promote recycling by placing recycling bins for paper, plastic,
glass, and metal throughout the campus. In order to manage
the organic waste from its dining services, NU also takes part
in composting projects. This practice helps to create nutrient-
rich soil that can be used for landscaping while lowering the
quantity of waste that is dumped in landfills.!'>”) The institution
provides graduate and undergraduate courses in energy studies,
sustainable development, and environmental science. These
initiatives support sustainability in Kazakhstan and place a
strong emphasis on interdisciplinary approaches to
environmental problem solutions. In response to growing
concerns about water scarcity in Central Asia, NU is actively
participating in research initiatives pertaining to water
resource management. The institution works with global
partners to provide sustainable water conservation and use
solutions.!'?!l Nazarbayev University has become one of
Kazakhstan's top green universities thanks to its dedication to
energy efficiency, sustainable building design, renewable
energy research, and sustainability education. By emphasizing
sustainability research and maintaining a state-of-the-art
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sustainability research, especially when it comes to topics like
climate change adaptation, water resource management, and
environmental preservation. Multidisciplinary research on
environmental concerns, such as air pollution, water quality,
and land degradation, is carried out at the university's
Research Institute of Ecology. In Kazakhstan's fast-urbanizing
regions, KazNU academics are working to develop techniques
for sustainable resource management. Along with supporting
research on climate change adaption techniques and renewable
energy technologies, KazNU also adds to the national agenda
on lessening Kazakhstan's environmental effects. Through
courses and degree programs centered on environmental
science, climate change, and sustainable development, KazNU
incorporates sustainability into its curriculum.l'>¥ With the
help of the university's Master of Environmental Management
degree, students can acquire the knowledge and abilities
necessary to tackle environmental issues in Kazakhstan and
Central Asia. The program places a strong emphasis on
environmental policy, climate resilience, and sustainable
resource management.

Additionally, KazNU organizes sustainability lectures,
workshops, and other activities that spark conversations
among students regarding regional and worldwide
environmental problems. A thorough waste management
system has been put in place at Al-Farabi Kazakh National
University in an effort to cut trash and encourage recycling on
campus. The university encourages staff and students to take
part in trash reduction initiatives and provides recycling bins
for paper, plastic, and glass throughout the campus. In addition,
KazNU has launched student-led campaigns to clean up
neighborhood parks and public areas and implemented
measures to limit the use of single-use plastics in campus
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Fig. 5 Campus map of Al-Farabi Kazakh National University (Source: Kaznu.kz)

dining services.['”! The institution promotes walking,
bicycling, and public transportation as ways to lessen the
impact of commuting on the environment. The institution is
easily accessible via Almaty's well-developed public
transportation system, and KazNU is aiming to increase the
amount of space it has for walking and bicycling. Al-Farabi
Kazakh National University is a major institution for
sustainability promotion in Kazakhstan thanks to its
dedication to green campus development, environmental
education, and sustainability research. With its emphasis on
multidisciplinary research and Green Campus Initiative,
KazNU is significantly tackling Kazakhstan's environmental
concerns.[!26]

6.5.3 Kazakh-British Technical University (Almaty)

The engineering, technology, and innovation departments at
the Kazakh-British Technical University (KBTU) in Almaty
are well-known for their emphasis. KBTU has been
incorporating sustainability into its academic programs and
campus operations in the last few years, especially with regard
to energy efficiency and green technologies. Research on solar,
wind, and bioenergy technologies is carried out by the
university's Institute of Renewable Energy, which supports
Kazakhstan's national goals of raising the proportion of
renewable energy in the country's energy mix. KBTU places a
strong emphasis on research in renewable energy technologies
and energy efficiency. In addition, KBTU concentrates on
energy-saving initiatives, collaborating with business
associates to create solutions that lower energy usage in
buildings and industrial operations.[?’l KBTU is dedicated to
enhancing the campus's sustainability by implementing green
infrastructure and energy-efficient building designs. The
institution has installed energy-saving lighting and HVAC
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systems in a number of its buildings as part of retrofits to
increase overall energy efficiency. In order to lessen its
influence on the environment, KBTU is also investigating the
use of smart technology to monitor and optimize campus
energy use. By providing courses and degrees in
environmental engineering, renewable energy, and sustainable
development, KBTU incorporates sustainability into its
academic programs. In order to prepare students to contribute
to Kazakhstan's green economy, the university's School of
Engineering and Information Technology provides specialized
degrees in environmental engineering and renewable energy
technology.!'”®! Through a range of extracurricular activities
and student-led projects, KBTU promotes student
involvement in sustainability: The university provides funding
to student groups that promote green technology innovation
and environmental awareness. These organizations host
sustainability hackathons, where students come up with
creative answers to pressing environmental issues. In addition,
KBTU students have participated in neighborhood initiatives
like cleanup days and tree planting drives, which encourage
environmental responsibility off campus. With its emphasis on
energy efficiency, sustainability education, and renewable
energy research, Kazakh-British Technical University has
established itself as a major force in the advancement of green
technology in Kazakhstan. The university is committed to
assisting the nation's transition to a more sustainable energy
future, as seen by its efforts to incorporate sustainability into
its academic programs and campus operations.!'’)

6.5.4 Abai Kazakh National Pedagogical University
(Almaty)

One of Kazakhstan's oldest and most esteemed educational
establishments is the Abai Kazakh National Pedagogical
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University, also known as Abai University. It is situated in
Almaty. Abai University, a school that specializes in training
teachers, has realized how critical it is to incorporate
environmental consciousness and sustainability into its
research, curriculum, and campus operations. Abai University
has started implementing a number of green programs to
encourage environmental responsibility and sustainable
practices on campus, even though they are still in the early
stages when compared to other universities in Kazakhstan.
This section outlines Abai University's green activities,
emphasizing the institution's attempts to raise awareness of
sustainability, encourage energy efficiency, and involve
students and the public in environmental projects (Fig. 6).1'3"]

Abai University, a top educational institution, places a strong
emphasis on how education may advance sustainability. The
organization encourages environmental education for aspiring
teachers and has incorporated sustainability into its
curricula.l3!

Environmental Education for Teachers: Future teachers at
Abai University receive training in sustainable practices and
environmental awareness so they can impart these ideals in
Kazakhstani classrooms. The Department of Environmental
Science at the university provides courses on climate change,
environmental protection, and sustainability, giving students
the skills they need to integrate sustainability into their future
jobs as teachers.

Sustainability Awareness in Pedagogy: among an effort to
instill a sustainable culture among educators, the university's
curriculum includes courses on environmental ethics,
conservation, and sustainable development. Through
incorporating sustainability into the pedagogical framework,
Abai University contributes to the dissemination of
environmental consciousness throughout Kazakhstan's
educational system.

a) Green campus initiatives

Abai University is attempting to encourage sustainability on
campus through energy-saving initiatives and green areas,
even if it is still in its infancy. Energy Efficiency Projects: The
institution is starting to put energy-saving strategies into place
all around the campus. In order to lower the amount of
electricity consumed, these activities include installing
energy-efficient lighting systems and promoting the use of
energy-saving appliances in campus buildings. In order to
further minimize energy use, especially during Almaty's
winter months, the university is also looking into other
possibilities for building retrofits that can enhance insulation
and optimize heating systems. Campus Green Spaces: Upkeep
of the campus's green areas has been given top priority by Abai
University. These spaces preserve biodiversity while
providing an outdoor experience for workers and students.
The university promotes tree-planting initiatives and
encourages students to take part in efforts to create and
preserve green areas on campus, contributing to a healthier
environment.
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b) Waste management and recycling

Abai University has started concentrating on enhancing
recycling programs and encouraging sustainable behaviors
among employees and students in order to improve trash
management on campus. Recycling Program: To encourage
students and staff to separate recyclable materials including
paper, plastic, and glass, the institution placed recycling bins
throughout the campus. The objective of this effort is to
decrease the quantity of waste that is dumped in landfills and
to encourage resource management that is more sustainable.
Waste Reduction Awareness: The institution works to reduce
waste by educating staff and students about the need to use
fewer single-use plastics and other throwaway items. These
initiatives draw attention to how garbage affects the
environment and support sustainable alternatives.

¢) Sustainability research and community engagement
Additionally, Abai University is promoting sustainability by
involving students and the neighborhood in environmental
activities and doing research and community outreach.
Studying Environmental Education: Abai University is
investigating the best ways to include sustainability into
teacher preparation courses and school curricula. The Institute
of Pedagogical Sciences at the university is working on
projects that investigate the most effective ways to teach
environmental science and encourage sustainability among
school-age pupils. Student-led environmental initiatives: Abai
University supports student involvement in environmental
clubs and organizations, which lead efforts to clean up the
environment and prepare activities like workshops on
sustainability and tree planting. Students participate in
practical sustainability projects and learn about environmental
responsibility through these activities. Community Outreach
Programs: By collaborating with Almaty's local schools and
communities, Abai University hopes to take its sustainability
initiatives off campus. The wuniversity encourages
environmental education and increases public understanding
of the value of sustainability in daily life through outreach
initiatives. These programs, which concentrate on
environmental conservation and reforestation, frequently
entail cooperative projects between university students and
people of the local community.

d) Sustainable transportation

Abai University is working to promote more environmentally
friendly modes of transportation for employees and students
as part of its efforts to support sustainability. Infrastructure for
Bicycling and Walking: The university is looking into the
possibilities of adding more facilities to facilitate these
activities on campus. The institution wants to encourage
healthier, more environmentally friendly modes of
transportation and lessen dependency on cars by expanding
the availability of bike lanes and walking trails. Access to
Public transit: Bus and subway systems, as well as other public
transit networks, are all conveniently close to Abai University
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Fig. 6 Concepts of green university (Abai University).

in Almaty. To lessen their carbon impact when traveling to and
from campus, the university encourages staff and students to
take advantage of these public transportation choices.['3?]
Even though they are still in the early stages, Abai Kazakh
National Pedagogical University's sustainability initiatives
demonstrate their dedication to encouraging sustainable
behaviors and raising environmental awareness. The
institution is setting the stage for a greener campus and a more
sustainable future by incorporating sustainability into its
curriculum, increasing energy efficiency, and involving
students and the community in environmental projects. Abai
University, a prominent educational establishment in
Kazakhstan, possesses the capacity to impact upcoming
generations of educators, who will in turn instill sustainability
principles in classrooms and communities around the nation.
Leading the way in advancing sustainability in higher
education are Kazakhstani universities, such as Nazarbayev
University, Al-Farabi Kazakh National University, Abai
Kazakh National Pedagogical University and Kazakh-British
Technical University. These academic institutions are
incorporating sustainability into their courses, putting energy
saving measures into practice, and doing cutting edge research
on renewable energy. These universities are making a
significant contribution to Kazakhstan's efforts for sustainable
development and climate resilience by tackling the nation's
environmental issues and promoting student involvement,
sustainability-focused research, and green campus projects.
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7. Influence of leading wuniversities' practices and
educational programs on green energy policy

Leading universities' practices and teaching programs have a
substantial and complex impact on global green energy policy.
Universities have emerged as key players in the worldwide
transition to a sustainable, low-carbon economy.l'*l As
research, innovation, and teaching institutions, they have a
significant impact on not just technological breakthroughs in
green energy, but also public discourse and policy frameworks
relating to sustainability. Leading universities have an impact
on national and global green energy policies by incorporating
sustainability into their operations, courses and research.
Leading institutions globally are at the forefront of research
into green energy technologies and environmental protection
initiatives. University research frequently serves as the
foundation for policy formulation and informs the creation of
green energy policies on both a national and worldwide
scale.l'34

a) Renewable energy research: Many prominent universities,
including Stanford, MIT, and UC Berkeley in the United
States and Tsinghua University in China, are performing
cutting-edge research on renewable energy sources such as
solar, wind, bioenergy, and energy storage. This study has
direct implications for policy. For example, research advances
may result in new technologies that form the foundation for
large-scale deployment, prompting government support,
funding, and regulatory reforms. In certain cases, universities
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work with governments to implement pilot projects that
provide real-world examples of how green energy
technologies might be integrated into national grids.!'>")

b) Cross-disciplinary Approaches: Universities are
promoting cross-disciplinary approaches to green energy
policy, bringing together experts from engineering, economics,
law, and social sciences to identify effective ways to reduce
carbon emissions and transition to sustainable energy systems.
For example, Harvard University has a Masters in
Sustainability degree that blends technology, policy, and
management, allowing students to influence and drive change
in energy policy. Universities have established think tanks,
research centers, and policy institutes to advance sustainable
energy policies. For example, Oxford University's
Environmental Change Institute and Columbia University's
Earth Institute in the United States do policy-relevant research
and frequently advise governments and international
organizations on green energy.!!3!37)

7.1 Educational programs: shaping the next generation of
leaders

Universities are critical in preparing the next generation of
professionals and leaders to implement and advocate for green
energy policy. Educational programs that focus on
sustainability, renewable energy, and environmental
management prepare graduates to influence policy, business
practices, and community engagement.[!38]

Curriculum design: Leading universities are progressively
incorporating sustainability and green energy into their
curricula, providing specialized programs that teach students
about the difficulties and solutions associated with global
energy systems. For example, Fudan University in China
provides master’s degrees in environmental engineering and
Sustainable Development, and Abai University in Kazakhstan
incorporates sustainability concepts into its curricula. These
schools not only prepare students for professions in the energy
and environmental sectors, but they also encourage them to
influence energy policies.

Global reach and knowledge transfer: Many institutions

provide online courses or work on worldwide projects to share
knowledge and best practices across borders. For example, the
United Nations Sustainable Development Goals (SDGs) are
now integrated into many higher education programs around
the world, enabling students to understand sustainability from
a global perspective. Universities in the Global South, such as
the University of Cape Town in South Africa, are increasingly
exchanging expertise with universities in Europe and North
America, helping to shape a global policy discussion on
energy and sustainability.

Samal Issabayeva, one of the authors of this article,

presents the concept of long-term planning in geographic
education and the goals of teaching these topics as part of the
research on preparing future geography teachers for
innovative pedagogical practices (Table 1). According to her,
the updated model curriculum in Kazakhstan includes a
nomenclature section that outlines the geographic names
students must master. This section focuses on the in-depth
study of geographical features related to the topography of
both the southern and northern continents, water bodies,
territorial natural complexes, and economic and political
geographical objects, as well as basic geographical concepts.
These topics are intended to provide a foundation for future
specialists to apply green technologies and develop a green
energy perspective. Additionally, an overview of green energy
solutions and environmental protection strategies at leading
green universities around the world is considered a crucial
prerequisite for the theoretical and methodological framework
necessary to integrate green knowledge into innovative
pedagogical activities. This, in turn, helps establish the
didactic conditions required to effectively implement such
knowledge in teaching.
Policy Advocacy: University-led groups such as AASHE
(Association for the Advancement of Sustainability in Higher
Education) and The Green Campus Initiative enable
universities to discuss policies, triumphs, and difficulties
relating to energy sustainability.!'**) Universities frequently use
these venues to push for more aggressive national policies on
climate change and renewable energy.

Table 1. The concept of long-term planning topics and their teaching goals in geographic education.

Section Topics Learning objectives
Forms of geography
7.1.1.1 - defines geography research forms
research
Development of the 7.1.1.2 - describes and evaluates the contribution of travelers
science of geography and researchers to the development of the science of geography
1.1 Research : 7.1.1.3- can graphically show features of geographical sources
Geographical data . . . .
and (map, text, photographs, graphic materials), explain their
sources
researchers properties

7.1.1.4 - determine the properties of geographical objects in an

Geographic experiments

experimental way

Field research methods

7.1.1.5 - uses geographic field research methods, records,

compiles, processes, and analyzes indicators.

Use of graphic methods
in geography

7.1.1.6 - can graphically show features of geographical objects,
phenomena, and processes (diagram, profile, graph)
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7.2 Campus sustainability initiatives: leading by example
Universities are increasingly implementing sustainability
policies on their campuses, creating living laboratories for
green energy and environmental protection methods.[14%141]
These programs not only lower universities' carbon footprints,
but they also influence local, national, and even worldwide
policy by establishing a good example.

a) Carbon neutrality goals: Several major colleges have
pledged to become carbon neutral in the coming decades.
Stanford University and the University of California, Berkeley,
for example, have set lofty carbon neutrality targets for 2050.
These colleges' activities, which include the installation of
solar panels, energy-efficient buildings, and sustainable
transportation systems, illustrate the viability of low-carbon
campuses and encourage local governments to adopt similar
measures.

Renewable energy use on campus: Many colleges are
taking the lead in implementing renewable energy
technologies on their campuses. The University of lowa is a
leader in wind-powered electricity generation, and Arizona
State University has one of the largest solar arrays in the
country. Universities also use their campuses to test new green
technologies, including microgrids, energy-efficient building
designs, and electric vehicle charging infrastructure. These
practical applications have an impact on local governments
and policymakers, illustrating how green energy can be
incorporated into larger urban and regional energy programs.
b) Partnerships with industry: Universities frequently
collaborate with corporations and governments to test new
technologies and systems. For example, the University of
Edinburgh's "Urban Lab" project collaborates with local
governments to evaluate the efficacy of smart grids and
energy-efficient technology in urban settings.'* These
collaborations serve to turn academic research into real policy
consequences, impacting how governments and corporations’
approach green energy solutions.

7.3 Global influence and policy leadership

Leading universities have a tremendous impact on green
energy policies not only in their home nations, but on a global
scale. Many of them play a direct role in creating worldwide
climate policy, frequently through collaboration with
intergovernmental institutions such as the United Nations and
the World Bank.'l Universities frequently host and
participate in global conferences and policy conversations on
climate change, renewable energy, and sustainability.
Cambridge University and Yale University, for example, are
active organizers of events such as the UN Climate Change
Conference of the Parties (COP), where university
representatives contribute vital insights based on cutting-edge
research and sustainable practices.

a) University networks: Global university networks, such as
the Universitas Indonesia Green Campus Network and the
International Alliance of Research Universities (IARU),
promote sustainability and green energy on campuses around
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the world. These alliances shape policy by pooling resources
and research from top universities to inform global discussions
about energy systems and climate change mitigation.

b) Influence on national and regional policies: By working
directly with policymakers, leading universities can help
shape national energy policies. Tsinghua University in China,
for example, has helped shape China's energy policy,
particularly in the field of renewable energy, by making
research-based recommendations to the Chinese government.
Leading universities' educational practices and sustainability
initiatives have far-reaching implications for global green
energy policy.'* Universities contribute to national and
international energy policies by undertaking new research,
training future leaders, modeling sustainable behaviors, and
advocating for policy changes. As the globe grapples with
climate change and the need for a green energy revolution,
universities will play an increasingly important role in shaping
both the technology and policy frameworks required for a
sustainable future.

Integrating sustainability into university curricula and
campus operations also helps to instill environmental ideals in
society, ensuring that future lawmakers, industry leaders, and
citizens are prepared to establish and implement
comprehensive green energy legislation around the world.

8. Conclusions and perspectives

In conclusion, with the growing urgency of solving global
environmental concerns such as climate change and resource
depletion, universities have emerged as essential stakeholders
in advancing green energy solutions and supporting
environmental conservation. Green universities, by
incorporating sustainability into education, research, and
campus management, contribute to the global transition to a
more sustainable future. This review emphasizes the crucial
role of higher education institutions in promoting green energy
innovation, lowering carbon footprints, and building
sustainable communities. The case studies of Abai University
and Fudan University demonstrate how Asian universities are
promoting green technologies and incorporating sustainability
into curricula and campus practices. Both colleges, like many
others throughout the world, are developing innovative
sustainability projects that serve as living laboratories for
renewable energy technology, sustainable building practices,
and waste management systems. These projects not only
minimize environmental effects, but also educate future
generations of leaders who will have a significant impact on
global sustainability legislation. While green campuses are
making great progress, some hurdles remain in properly
incorporating sustainability into higher education. These
include limited financial resources, the difficulty of scaling up
green technologies, and the need for more governmental
support at the local, national, and global levels. Universities
have the continual issue of connecting their educational
missions with fast-changing sustainability requirements,
necessitating continuous innovation in both teaching and
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infrastructure. Furthermore, integrating green energy solutions
on university campuses frequently necessitates overcoming
institutional inertia while encouraging involvement and
collaboration among students, teachers, and employees.
Moving forward, colleges must continue to evolve as leaders
in green energy research and education. The potential
influence of these institutions on global sustainability efforts
cannot be overestimated. Universities that promote
interdisciplinary approaches to sustainability can give new
solutions to environmental challenges while also creating the
policies and tactics required to address climate change on a
global scale. Furthermore, the development of green energy
technologies and sustainable practices on campuses can serve
as a model for other industries, illustrating how to incorporate
environmental stewardship into daily operations and policy. In
the future, universities, governments, and companies must
work together more closely to share knowledge and best
practices in green technology. Universities should also try to
link their sustainability programs with global frameworks such
as the United Nations Sustainable Development Goals (SDGs)
in order to establish a consistent, globally recognized approach
to sustainability. Furthermore, green colleges can set a good
example by decreasing their own environmental footprints and
encouraging the rest of the community to embrace sustainable
practices. Finally, universities' contributions to promoting
green energy solutions and environmental preservation will be
vital to the success of global sustainability efforts. Universities
can help future generations build a more sustainable, energy-
efficient society by continuing to invest in green (ecological,
environmental, geographical) education, research, and campus
sustainability.
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Building Sustainability in Higher Education through Green Management
and Innovation: A Case Study of Private Universities in Jakarta

Ahmad Hidayat Sutawaidjaya', Muhammad Yusuf’, Edi Hamdi’

Abstract

This study analyzes the cansal relationship between green management, supply chain management, and organizational culture on the
sustainability of bigher education institutions, with green innovation as a mediating factor. Data were collected from private universities
in Jakarta and compared with global benchmarks such as the Times Higher Education Impact Rankings and the Ul GreenMetric
World University Rankings. Using SEM-PLS for analysis, the results show that green management, supply chain management, and
organizational culture each positively influence the sustainability of higher education institutions. The study demonstrates how green
management practices and organizational culture affect sustainability in higher education. International comparisons reveal similar
trends globally, with green innovation playing a crucial mediating role.

Keywords: Green Management, Supply Chain Management, Organizational Culture, Green Innovation, Higher Education
Sustainability, Private Universities.

Introduction

A green campus represents the efforts of the academic community to synergize goals, objectives, and work
productivity to achieve maximum collective results in terms of health (Novianti et al., 2020). It encompasses
the management of green building dimensions, water strength, food, transportation, waste, education, and
environmental research (Calder & Dautremont-Smith, 2020). This commitment from the higher education
sector aims to prioritize sustainability and promote improved living and learning environments (Tamiami,
2020; Vazquez-Brust et al,, 2023). Essentially, a green campus environment is characterized by a
harmonious coexistence between eco-conscious practices and education, where the implementation reflects
environmental protection principles (Zaidi & Jamshed, 2021).

Sustainable higher education institutions refer to universities’ concern for the environment, economy, and
society, including the health impacts of resource use (Velazquez et al., 2020). Therefore, organizations must
invest in, exploit, and use eco-friendly technologies and innovations that aim to efficiently use resources
while enhancing ecological activities and productivity (Galdeano-Gémez et al., 2020).

Private universities in Indonesia participate in rankings based on the greenest and most sustainable
campuses, such as the UI Green Metric World University Rankings (ULGM) 2023. UIGM is a Universitas
Indonesia (UI) program that ranks world universities to assess their greening and sustainability efforts. The
ranking criteria include Setting & Infrastructure (SI) 15%, Energy & Climate Change (EC) 21%, Waste
(WS) 18%, Water (WR) 10%, Transportation (TR) 18%, and Education & Research (ED) 18%. These six
criteria serve as indicators to measure green space levels, university zoning profiles, setting and
infrastructure, water usage, transportation, waste management, energy and climate change, and impactful
education and research. The top 10 private universities in Indonesia according to UI Green Metric 2023
are Telkom University (Tel-U), Universitas Islam Indonesia (UII), Universitas Muhammadiyah Yogyakarta
(UMY), Universitas Multimedia Nusantara (UMN), Universitas Medan Area (UMA), Universitas
Muhammadiyah Malang (UMM), Universitas Budi Luhur (UBL), Universitas Pancasila (UP), Universitas
Esa Unggul (UEU), and Universitas Teknokrat Indonesia (UTT).

1 Faculty Economics and Business, University of Esa Unggul, Indonesia, Email: ahmad.hidayat@esaunggul.ac.id, (Cotresponding Author), ORCID:
0000-0001-8310-2528

2 University of Cyber, Indonesia, Email: muhammad.yusuf@cyber-univ.ac.id

3 Faculty Economics and Business, University of Esa Unggul, Indonesia, Email: edi.hamdi@esaunggul.ac.id
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Green innovation is a determinant of higher education sustainability, which Faucheux & Nicolai (2020)
describe as new solutions to minimize environmental challenges while promoting sustainability goals.
According to Albort-Morant et al. (2020), green technology provides two main benefits for organizations:
commercial rewards from creating eco-friendly products and financial benefits that can enhance
competitiveness.

Antecedents of green innovation and higher education sustainability include green management, which
focuses on the voluntary prevention or reduction of pollution, waste, and emissions sustainably (Hart,
2020); green supply chain management practices used by businesses in their daily operations to help the
environment (Laari et al., 2020); and organizational culture, which can be understood as an opportunity for
a company to shape human behavior according to the company’s desires (Esha & Dwipayani, 2021).

This research aims to analyze the impact of green management, supply chain management, and
organizational culture on higher education sustainability, mediated by green innovation.

Literature Review
Higher Education Sustainability

Universities have a responsibility to protect the "health and well-being of humans and ecosystems" and use
knowledge to "addtess curtent and future ecological and social challenges" (Cole, 2020). Efforts in enetgy
and resource consetrvation, waste reduction, advancement of social justice, and ideas of equity must be
transferred to society (Alshuwaikhat & Abubakar, 2020). Cortese (2020) defines universities as a four-
dimensional system: education, research, campus operations, and community outreach. Sebire & Isabeles-
Flores (2023) add a fifth dimension, stating that these dimensions need to be assessed and reported (Choi
& Ng, 2020; Lozano, 2020). The triple bottom line, encompassing environmental, economic, and social
dimensions, is traditionally seen as relevant for sustainability and sustainable development (Choi & Ng,
2020). Institutional sustainability is considered a separate dimension due to its relevance in supporting
sustainable development (Pfahl, 2020).

From an environmental perspective in sustainable development, the aim is to reduce negative
environmental impacts, such as waste management and utilizing ecological processes (Galdeano-Gémez et
al,, 2020). The challenges associated with the social dimension of sustainability involve finding a balance
between the "needs" of communities and individuals, the capacity of nature, and economic well-being (Choi
& Ng, 2020; Galdeano-Gémez et al., 2020). The institutional dimension of sustainability is related to
governance aspects in sustainable development (Pfahl, 2020). It includes regulatory elements, policies
established at the community level, and political support for development (Lozano, 2020). Economic
sustainability can be recognized as the efforts of communities and organizations to manage their own
impacts and business networks on life on Earth and its ecosystems (Wagner & Svensson, 2020; Shikalgar
et al., 2024; Choi & Ng, 2020).

In summary, sustainability can be understood as development that includes environmental, social,
institutional, and economic dimensions. Assessing sustainability and its individual dimensions is seen as a
crucial driver of eco-friendly innovation (Kemp & Horbach, 2020).

Green Management

Green management is environmentally conscious business management that focuses on the voluntary
prevention or reduction of pollution, waste, and emissions in a sustainable manner (Hart, 2020; Dwyer et
al., 2020). This concept is rooted in the theory of sustainable development, which emphasizes the need to
balance economic growth, environmental protection, and social equity (Brundtland Commission,
1987). According to the resource-based view (RBV) of the firm, companies that adopt green management
practices can gain a competitive advantage by leveraging their unique capabilities to create value in a way
that is difficult for competitors to replicate (Barney, 1991). Therefore, a company's green management must
address legal issues and involve practices and conceptual tools such as eco-friendly production, green
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marketing, eco-friendly design, and integrating environmental considerations into the organization's long-
term goals (Lee, 2020). Additionally, stakeholder theory suggests that companies that engage in green
management can enhance their relationships with key stakeholders, including customers, employees, and
investors, by demonstrating their commitment to environmental stewardship (Freeman, 1984).

Green Suply Management

Green supply chain management is the integration of eco-friendly initiatives into every aspect of the supply
chain, from resource design to end-product management services (Agyapong et al., 2023; Laari et al., 2020;
Wiredu et al., 2024). Green supply chain management includes product creation, distribution processes to
customers, and the initial stages of product design through to product use (Chiu & Hsieh, 2020). It involves
internal environmental management, eco-friendly design, external green supply chain practices, eco-friendly
practices, and customer collaboration used by businesses to implement green supply chain
management (Ahmed et al., 2020; Choi et al., 2020). Some aspects include stakeholder support, legitimacy,
and resources, which are more easily obtained when companies focus on green supply chain management
strategies (Bu et al., 2020; Choi et al., 2020).

Organizational Culture

Otrganizational culture is a set of rules that must be collectively understood as a form of behavior within a
company (Ardis et al., 2023; Esha & Dwipayani, 2021). There are four dimensions to measure corporate
culture: clan culture, which emphasizes intimacy among members; adhocracy culture, which fosters
creativity and entrepreneurship; market culture, which creates competitive advantage; and hierarchy culture,
which focuses on proper rules desired by an organization (Liu et al., 2020). This research measures
organizational culture using clan culture and hierarchy culture. These cultures can create unity across all
levels of management (ElKelish & Hassan, 2020).

Green Inovation

Green innovation is related to sustainable performance including environmental and social dimensions
(Ramus, 2020). This perspective is supported by (Asadi et al., 2020) in the business context developing a
framework that assesses the relationship between green innovation and sustainable performance (Faucheux
& Nicolai, 2020) describing green innovation as a new solution to minimize environmental challenges while
driving sustainability goals. (Shahzad et al., 2020)

Hypothesis Development
Green Management and Sustainability of Higher Education

Strategies and competitive advantages are likely to be based on qualities that enable eco-friendly economic
activities (Raut et al., 2020). According to the triple bottom line (TBL) approach, a company's sustainable
performance is measured through three key indicators: social, environmental, and economic (Hourneaux
et al., 2020). Economic performance is evaluated based on operational and financial indicators, which are
operationally linked to the organization's capacity to reduce input costs, energy consumption, and waste
processing and disposal (Afum et al., 2020). Environmental performance relates to a business's ability to
conserve energy, reduce waste, and minimize the use of harmful inputs (Yang et al., 2020). Social
performance evaluates the extent to which an organization contributes to society beyond economic
interests, ensuring that industries generate profit without harming the community (Huo et al., 2020).

However, some investigations have found no relationship between eco-friendly management and financial
petformance (Link & Naveh, 2020). Novianty (2024) found that green management positively impacts
financial and operational performance through reduced production costs, minimized environmental
damage, energy consumption efficiency, and the potential to open new green market opportunities.
Additionally, it enhances corporate image and eco-friendly technology, improves competitive strategies,
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and increases social and health benefits (Shrivastava, 2020), ultimately positively affecting economic
performance. Therefore, the following hypothesis can be proposed:

H1 = Green Management Positively Affects Higher Edncation Sustainability

The implementation of Green Supply Chain Management (GSCM) practices has been linked to various
organizational benefits, such as cost reduction, enhanced environmental sustainability, improved corporate
image, and increased customer loyalty (Mohanty & Prakash, 2020). Therefore, Green Supply Chain
Management has attracted significant attention from both academic researchers and industry professionals
as a strategy to achieve sustainability goals and comply with environmental mandates (Lin et al., 2020).

The adoption of Green Supply Chain Management (GSCM) practices is influenced by various factors. The
impact of environmental regulations and policies on organizational environmental initiatives and the
implementation of Green Supply Chain Management is considered significant (Bolaji et al., 2024). The
regulatory framework sets guidelines and incentives that encourage businesses to adopt sustainable practices
throughout their supply chains. Complying with environmental regulations not only helps to avoid legal
consequences but also contributes to the advancement of corporate social responsibility (CSR) and
reputation (Tiurkes et al., 2024). The implementation of Green Supply Chain Management (GSCM) has
been shown to be significantly influenced by consumer demand for eco-friendly products and services (Lin
et al., 2020).

H2 = Supply Chain Management Positively Affects Higher Education Sustainability

A good corporate culture can enhance the company's value. Research by Savié et al. (2023) states that a
supetior organizational culture has built investor confidence and positively impacted the company's value.
It is emphasized that the goal is to encourage the creation, acquisition, dissemination, and use of
knowledge (Durmus, 2024). Therefore, it can be assumed that different types of organizational culture
influence how employees understand and implement corporate sustainability (Linnenluecke & Griffiths,
2020).

H3 = Organizational Culture Positively Affects Higher Education Sustainability

Eco-friendly innovation is often classified into eco-friendly product innovation and eco-friendly process
innovation (Chang & Chen, 2020). Ismail et al. (2020) categorize eco-friendly innovation into product
design and manufacturing process aspects. Senior management support is one of the main drivers of
successful innovation implementation (Kola, 2020; Zhu & Sarkis, 2020). Therefore, this study defines eco-
friendly innovation as comprising eco-friendly product innovation, eco-friendly process innovation, and
eco-friendly managerial innovation (Rao & Holt, 2020). They identify that supplier greening initiatives
indeed result in greener suppliers and more eco-friendly innovations. Finally, research shows that internal
managerial support for eco-friendly initiatives is one of the main drivers of successful implementation of
environmental management systems and practices (Zhu & Sarkis, 2020).

H4: The Effect of Green Innovation Medjates Green Management on Higher Education Sustainability

Environmental issues have become a part of strategic planning within organizations due to increasing
customer concerns about environmental issues (Handfield et al., 2020). As a result, long-term strategic
advantages can be developed through close collaboration with suppliers (Chan, 2020). Partnership and
evaluation systems are necessaty to ensure that appropriate quality levels of products and services can be
achieved (Satkis, 2020). This involves significant changes in the attitudes of companies that wish to form
closer relationships with suppliers, which require time and resource investment from both parties (Lettice
et al,, 2020). These companies need to work with their suppliers to provide adequate guidance, advice, and
assistance, and to share knowledge and skills to help them become more 'eco-friendly'. To achieve this,
many large companies have established their own environmental standards for their suppliers (Rao & Holt,
2020).
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H5: The Effect of Green Innovation Mediates Supply Chain Management on Higher Education Sustainability

Savi¢ et al. (2023) state that organizational culture encompasses values and behaviors that contribute to an
organization's unique social and psychological environment. Otrganizational culture is also linked to
performance. Ardis et al. (2023) found that a positive organizational culture is significantly related to
company performance. In addition to creating an innovative eco-friendly culture, it is essential for every
company to manage green innovation. According to Linnenluecke & Griffiths (2020), a green
organizational culture influences business performance by enhancing the company's value image and
increasing green innovation, which also positively impacts company performance.

Ho: The Effect of Green Innovation Medjates Organizational Culture on Higher Education Sustainability

Research reveals that knowledge management processes drive eco-friendly innovation, which in turn
impacts a company’s sustainable performance, including environmental, economic, and social
dimensions (Burki et al., 2020). In the education sector, Gu (2023) shows a significant positive impact of
eco-friendly innovation on economic performance. Saunila et al. (2020) found that eco-friendly innovation
effectively reduces environmental pollution and resource consumption. Li et al. (2020) and Huong et al.
(2021) propose that the interaction between eco-friendly innovation and company performance is
moderated by environmental management. Research combining the terms innovation and sustainability
(Franceschini et al., 2020) has promoted four key terms: environmental innovation, eco-innovation, green
innovation, and sustainable innovation (Schiederig et al.,, 2020). Chen et al. (2020) state that green
innovation can refer to eco-friendly products and eco-friendly processes. Green innovation refers to
innovations in products, processes, and organizations to achieve sustainable competitive advantage in an
eco-friendly manner (Schiederig et al., 2020). According to Albort-Morant et al. (2020), green technology
provides two main benefits for organizations: commercial rewards from creating eco-friendly products and
financial benefits that can enhance competitiveness. Regarding company performance, the achievement of
green innovation in the fields of environment, market, finance, and knowledge is crucial at all stages of
green innovation implementation (Huang et al., 2021).

H7: Green Innovation Positively Affects Higher Education Sustainability
The Methodology

The research methodology employs Structural Equation Modeling (SEM-PLS) to analyze data collected
from tenured lecturers at private universities in Jakarta. SEM-PLS was chosen for its ability to evaluate both
direct and indirect effects of independent vatiables on dependent variables.

To broaden the study's global relevance, future research could expand data collection to include universities
from regions such as Europe, North America, and Asia. Comparative analysis using global frameworks like
the Times Higher Education Impact Rankings will provide a clearer understanding of how different regions
approach sustainability in higher education.

This study aims to analyze the causal relationship between green management, supply chain management,
and organizational culture on green innovation and sustainability in higher education institutions. Data was
collected from 100 tenured lecturers at various private universities in Jakarta, all of which have superior
accreditation from the National Accreditation Board for Higher Education (BAN-PT). The universities
involved in this study include Esa Unggul University (UEU), Atma Jaya Catholic University of Indonesia
(Unika Atma Jaya), Bina Nusantara University (BINUS), Pelita Harapan University (UPH), Tarumanagara
University (UNTAR), Trisakti University, Gunadarma University, and Mercu Buana University (UMB).
Data collection was conducted through questionnaires distributed to the tenured lecturers at these
universities.

Using this methodology, the study hopes to provide better insights into how green management, supply
chain management, and organizational culture can promote green innovation and sustainability in higher
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education institutions. The results of this research are expected to offer practical recommendations for
other universities in implementing sustainability and green innovation strategies.

Operationalization of 1 ariables

The indicators for Green Management (X1) include Environmental Policy, Resource Management, and
Emission and Waste Reduction (Dwyer et al., 2020). For Supply Chain Management (X2), the indicators
are Process Efficiency, Quality and Customer Satisfaction, and Collaboration with Suppliers and Partners
(Agyapong et al., 2023). Organizational Culture (X3) is measured by Organizational Values, Internal
Communication, and Employee Involvement and Participation (Linnenluecke & Griffiths, 2020).
Indicators for Green Innovation (Z) are Green Product Development, Green Production Processes, and
the Use of Renewable Energy (Shahzad et al, 2020). Lastly, the indicators for Higher Education
Sustainability (Y) include Policy and Governance, Resource Management, and Education and Curriculum
(Velazquez et al., 2020).

By cleatly defining these indicators, the study ensures that each variable is measured accurately and
consistently. This operationalization allows for a more precise analysis of how green management, supply
chain management, and organizational culture impact green innovation and sustainability in higher
education institutions. Each indicator is grounded in previous research, providing a solid foundation for
the study's methodology and contributing to the reliability and validity of the findings.

mhl th1
— _ /,/'
mh2 = > '\*} ih2
= P 3
mh3 e g S Pl H ih3
Green O o /Green Inovagion
Management \\ /,/ //
- DS
e 755
mepl /
—_ / R
mp2 “+ —— // ™
= i e /
= “« =
mrp3 SR
Supply Chain / e
Management // T
kptl
z
/ kptd
A
74 e
bal / e kotd
- L — Sustainabity
—— AR oS University
bo2
s
«—
bo3
Culture

Organization

Figure 1. Model of Green Management, Supply Chain Management and Culture Organization and Sustainability
University

Source: developed by Author, 2024
Results

Below are the results of statistical test processing as follows:
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Tables 1. Outer Loadings

Below are the results of statistical test processing as follows:

Original Standard L
Sample . T Statistics

Sample Deviation P Values

©) Mean (M) (STDEV) (|O/STDEV))
bo2 <- Culture 0.821 0.817 0.054 15.276 0.000
Organization
S Cliae 0.841 0.842 0.041 20.753 0.000
Organization
ihl <- Green Inovasion 0.709 0.707 0.070 10.095 0.000
ih2 <- Green Inovasion 0.806 0.807 0.036 22.292 0.000
ih3 <- Green Inovasion 0.864 0.864 0.027 31.906 0.000
kptl <- Sustainabity
University 0.778 0.775 0.049 15.906 0.000
Mo S S ARy 0.758 0.765 0.056 13.450 0.000
University
R 0.795 0.794 0.041 19.491 0.000
University
mhl <- Green Management 1.000 1.000 0.000
mrpl <- Supply Chain
Management 0.709 0.704 0.100 7.124 0.000
LR < Sl Sl 0.821 0.825 0.040 20447 0.000
Management
g < SLpalally SRl 0.810 0.804 0.065 12527 0.000
Management

Source: developed by Author, 2024

Based on the outer loading, the Original Sample value is greater than 0.7 with a p value stat of less than
0.05, meaning it is valid.

Quality Criteria

Based on R square, it shows the strength of the model of green innovation of 0.471 and sustainable
university of 0.552 which can be explained by the independent variables.

Tables 2. R Square

R Square R Square Adjusted

Green Inovasion 0.471 0.455

Sustainabity University 0.552 0.533

Tables 3. Construct Reliability and Validity

Average
Cronbach's tho A Composite Variance
Alpha = Reliability Extracted
(AVE)
EIE®iant aton 0.552 0.553 0.817 0.690
Green Inovasion 0.708 0.724 0.837 0.633
Green Management 1.000 1.000 1.000 1.000
i}fggﬁiﬁ 0.680 0.688 0.824 0.611
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0.674 0.678

Sustainabity University 0.820 0.604

Source: developed by Author, 2024

Composite reliability, Cronbach alpha and AVE values greater than 0.05 mean valid and reliable

Standard
Deviation

(STDEV)

Original
Sample (O)

T Statistics
(|O/STDEV )

Sample

Mean (M) P Values

Culture
Organization ->
Green Inovasion -
> Sustainabity
University

0.360 0.368 0.091 3.950 0.000

Green
Management ->
Green Inovasion -
> Sustainabity
University

0.099 0.101 0.056 2.764 0.078

Supply Chain
Management ->
Green Inovasion -
> Sustainabity
University

0.026 0.030 0.058 2.443 0.058

Source: developed by Author, 2024

. Culture Organization -> Green Innovation -> Sustainabity University of 0.360 with a p value of
t-stat less than 0.10

. Green Management -> Green Innovation -> Sustainabity University of 0.099 with a p value of t-
stat less than 0.10

. Supply Chain Management -> Green Innovation -> Sustainabity University of 0.026 with a p
value of tstat less than 0.10

Original
Sample
©)

Sample
Mean (M)

Standard
Deviation

(STDEV)

T Statistics
(|O/STDEV )

P Values

Culture
Organization ->
Green Inovasion

0.576

0.583

0.084

6.828 0.000

Culture
Organization ->
Sustainabity
University

0.334

0.336

0.123

2.728 0.007

Gtreen Inovasion -
> Sustainabity
University

0.625

0.632

0.126

4.960 0.000
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Green
Management -> 0.159 0.159 0.080 2.001 0.046
Green Inovasion
Green
Management -> 0210 0.210 0.080 2.640 | 0.009
Sustainabity
University
Supply Chain
Management -> 0.041 0.045 0.092 2.450 0.065
Green Inovasion
Supply Chain
Management ->
o 0.175 0.187 0.126 2.383 0.016
Sustainabity
University
Source: developed by Author, 2024
. Culture Organization -> Green Innovation of 0.576 with p values t-stat 0.10
. Culture Organization -> Sustainabity University of 0.334 with p values t-stat 0.10
. Green Innovation -> Sustainabity University of 0.625 with p values t-stat 0.10
. Green Management -> Green Innovation of 0.159 with p values t-stat 0.10
. Green Management -> Sustainabity University of 0.210 with p values t-stat 0.10
. Supply Chain Management -> Green Innovation of 0.041 with p values t-stat 0.10
. Supply Chain Management -> Sustainabity University of 0.175 with p values t-stat 0.10

Discussion
Green Management Towards Higher Edncation Sustainability

Green management positively impacts higher education sustainability, supporting the hypothesis and
aligning with the views of Hart (2020), Dwyer et al. (2020), Lee (2020), Novianty (2024), and Shrivastava
(2020). Green management involves environmentally conscious business practices that focus on the
voluntary prevention or reduction of pollution, waste, and emissions in a sustainable manner.

Green management positively influences financial and operational performance by reducing production
costs, minimizing environmental damage, improving energy consumption efficiency, and creating
opportunities in untapped green markets. Additionally, it enhances corporate image, promotes eco-friendly
technologies, strengthens competitive strategies, and provides social and health benefits.

Supply Chain Management Towards Higher Education Sustainability

Supply chain management positively impacts higher education sustainability, supporting the second
hypothesis in alighment with Agyapong et al. (2023), Laari et al. (2020), Wiredu et al. (2024), Mohanty &
Prakash (2020), and Lin et al. (2020). Green supply chain management (GSCM) integrates internal
environmental management initiatives, eco-friendly design, external green supply chain practices, and
customer collaboration used by businesses to implement sustainable supply chain management. The
implementation of GSCM practices has been linked to various benefits for organizations, such as cost
reduction, enhanced environmental conservation, improved corporate image, and increased customer
loyalty.
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Onganizational Culture Towards Higher Edncation Sustainability

Organizational culture positively impacts higher education sustainability, supporting the views of Ardis et
al. (2023), Esha & Dwipayani (2021), Savi¢ et al. (2023), Durmus (2024), and Linnenluecke & Griffiths
(2020). Organizational culture is a set of rules collectively understood as a form of behavior within a
company. A good corporate culture can enhance the company's value. Superior organizational culture has
built investor confidence and positively impacted the company's value. Therefore, it can be assumed that
different types of organizational culture influence how employees understand and implement corporate
sustainability.

Green Innovation Mediates the Effect of Green Management on Higher Education Sustainability

Green innovation mediates the effect of green management on higher education sustainability, supporting
the views of Chang & Chen (2020), Kola (2020), Zhu & Sarkis (2020), and Rao & Holt (2020). Senior
management support is one of the main drivers of successful innovation implementation. Therefore, this
study defines eco-friendly innovation as comprising eco-friendly product innovation, eco-friendly process
innovation, and eco-friendly managerial innovation. Supplier greening initiatives indeed result in greener
suppliers and more eco-friendly innovations. Finally, the research indicates that internal managerial support
for eco-friendly initiatives is a key driver of successful implementation of environmental management
systems and practices.

Green Innovation Mediates the Effect of Supply Chain Management on Higher Education Sustainability

Green innovation mediates the effect of supply chain management on higher education sustainability,
aligning with the views of Handfield et al. (2020), Chan (2020), Sarkis (2020), Lettice et al. (2020), and Rao
& Holt (2020). Strategic planning within organizations is essential due to increasing customer concerns
about environmental issues. As a result, long-term strategic advantages can be developed through close
collaboration with suppliers. Partnership and evaluation systems are necessaty to ensure that the
appropriate quality levels of products and setvices are achieved. To accomplish this, many large companies
have established their own environmental standards for their suppliers (Rao & Holt, 2020).

Green Innovation Medjates the Effect of Organizational Culture on Higher Edncation Sustainability

Green innovation mediates the effect of organizational culture on higher education sustainability,
supporting the views of Savi¢ et al. (2023), Ardis et al. (2023), and Linnenluecke & Griffiths (2020).
Organizational culture is also linked to performance, with findings showing that a positive organizational
culture is significantly related to company performance. In addition to creating an eco-friendly innovative
culture, it is important for each company to manage green innovation. A green organizational culture
influences business performance by enhancing the company’s value image, and increased green innovation
also positively impacts company performance.

Green Innovation Towards Higher Education Sustainability

Innovations such as mobile hospitals and field clinics were also deployed to manage patient overflow in
critical regions (Satjito & Sutawidjaya 2024), Green innovation positively impacts higher education
sustainability, supporting the views of Ramus (2020), Asadi et al. (2020), Faucheux & Nicolai (2020),
Shahzad et al. (2020), Chen et al. (2020), Schiederig et al. (2020), and Huang et al. (2021). Green innovation
offers new solutions to minimize environmental challenges while promoting sustainability goals. Green
technology provides two main benefits for organizations: commercial rewards from creating eco-friendly
products and financial benefits that can enhance competitiveness.
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Conclusion

Green management influences higher education sustainability due to increased environmental policies,
while supply chain management contributes by improving quality and customer satisfaction. Additionally,
organizational culture impacts higher education sustainability through increased employee involvement
and participation. Green innovation plays a mediating role in the effects of green management on higher
education sustainability by promoting the use of renewable energy and implementing environmental
policies. It also mediates the impact of supply chain management on sustainability by enhancing the use
of renewable energy and improving quality and customer satisfaction. Furthermore, green innovation
mediates the influence of organizational culture on sustainability by fostering renewable energy use and
increasing employee involvement and participation. Overall, green innovation directly influences
sustainability in higher education due to the increased use of renewable energy.

A green campus program aims to integrate environmental awareness into the intellectual activities of
higher education institutions' three pillars: education, research, and community setvice. Higher education
institutions have the capability and resources to incorporate environmental knowledge and values into
their mission and programs. The importance of a green campus program is based on the following
considerations:

-The complexity of environmental issues, - The potential for knowledge transfer that can be distributed
through formal and non-formal education, involving students actively to foster awareness and concern
for environmental management, - The increased interaction of students with their environment.

Implications

Actions Higher Education Institutions Can Take to Support Green Campus Programs in Education and
Research.

Higher education institutions can support green campus programs in the education and reseatrch categories
by implementing the following actions: 1) offering mandatory courses on environmental topics; 2)
organizing seminars on green campus initiatives; 3) conducting public lectures on green campus initiatives;
4) running green campus campaigns through posters and stickers; 5) creating a dedicated green campus
website; 6) using technology-enhanced learning methods; and 7) encouraging students to undertake
environmental research projects. Additionally, higher education institutions should understand the
significance of campus features that connect to the past (campus history) with current environmental issues.

Higher education institutions are central to sustainable development, as they play a crucial role in knowledge
dissemination and communication through student initiatives. They are key stakeholders in policy-making
and have experts who can address environmental issues.

For universities to be sustainable, they must not only teach concepts and philosophies of sustainability to
their students but also embrace these concepts in their daily organizational management. Universities have
been defined as four-dimensional systems (education, research, community outreach, and campus
operations). Therefore, a sustainable university must implement, assess, and report on the three dimensions
of sustainability (economic, environmental, and social).
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Abstract: The purpose of this study is to assess the ecological efficiency of manufacturing
small and medium-sized enterprises (SMEs) by analyzing their adoption of green human
resource management practices (GHRMPs), green intellectual capital (GIC), and green inno-
vation (GIN). The study was carried out on a representative sample of 367 manufacturing
SMEs in Pakistan, and data were gathered using a particular survey questionnaire. The re-
sults were analyzed using the partial least squares—structural equation modeling (PLS-SEM)
technique in SmartPLS4. This research indicates that the adoption of GHRMPs significantly
impacts environmental performance (EP), GIC, and GIN. Additionally, the study found
that the correlation among GHRMPs is positively mediated by GIC and GIN. The study
contributes to the body of knowledge by investigating EP based on the Ability-Motivation-
Opportunity Theory (AMO) through empirical evidence on hypothesized relationships.
The paper provides a valuable understanding and novel approach for managers of SMEs in
developing countries to improve their EP through the adoption of GHRMP, GIC, and GIN.

Keywords: green human resource management; green intellectual capital; green innovation;
environmental performance

1. Introduction

Green human resource management (GHRM) involves supporting environmentally
sustainable practices and promoting eco-conscious attitudes and values among an organi-
zation’s employees, particularly those who are actively involved in these efforts. Personnel
are utilized to implement environmental concepts into the organizational structure in
accordance with GHRM. It comprises three critical components: motivation in enhancing
employee engagement, offering green opportunities, and creating green abilities among
employees. Green abilities comprise the systematic procedures involved in the selection
and recruitment of personnel in addition to their specialized education and growth in
ecologically sustainable endeavors. Conversely, green opportunities refer to actions that
involve the application of green leadership and actively engage employees in efforts to
improve ecological sustainability. Lastly, motivation for employee engagement is made up
of green rewards, green performance management, and par systems [1]. The way in which
a business implements environmental management systems is substantially impacted by
the establishment and maintenance of the internal infrastructure and skills. However, a
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significant percentage of SMEs demonstrate a substantial tendency to default in this area,
primarily due to constraints related to the motivation and capabilities of their employees.
Furthermore, this problem is compounded by the organizations’ shortcomings in their abil-
ities to effectively tackle complex difficulties associated with the pursuit of environmental
sustainability [2]. Recent studies have expanded the understanding of GHRM’s role in
fostering GIN, highlighting its critical impact on green product and process development.
For instance, recent works such as Jehangir et al. [3] and Nisar et al. [4] emphasize that
green human resource practices play a pivotal role in embedding sustainability-focused in-
novation capabilities within organizations. These studies have identified green innovation
as a mediator that amplifies the effect of GHRM on achieving organizational EP. According
to past studies, psychological traits, employees’ voices, and organizational culture influence
the organization’s performance [5]. However, in this study, the most effective indicator for
improving the organization’s EP is the GHRMPs, GIC and GIN, which focus on managing
the processes and systems that impact the EP of an organization.

Moreover, extensive research has been carried out on the hypothesis that the finan-
cial performance of organizations declines when environmental initiatives are introduced,
e.g., Yadegaridehkordi et al. [6]. But current scholarly investigations recognize tangible
benefits that emerge from particular environmentally friendly practices [7]. However,
there is a limited amount of research that thoroughly examines the process by which com-
panies implement their environmental strategies to achieve economic success as well as
the key resources required to enhance their green performance [8]. The significance of
intangible assets, particularly GIC, is highlighted as an essential variable that holds greater
importance compared with tangible assets [9]. Recent research, such as Sahan et al. [10]
and Sohu et al. [11], underscores the role of GIC in enabling organizations to integrate
sustainable innovation practices effectively, driving both environmental and economic
performance. These studies suggest that aligning GIC with environmental strategies is
critical to achieving superior outcomes. While there has been extensive research on GIC
at the firm level, these studies have not provided a clear understanding of how GIC
impacts performance due to the lack of incorporation of environmental strategies into
GIC [12]. Recent studies further emphasize that integrating green human resource practices
with green innovation capabilities provides a sustainable competitive advantage to firms
while addressing environmental concerns [13]. In line with this theoretical framework,
Khan et al. [14] highlighted the need for investigating the mechanisms by which GIC influ-
ences the performance of both the economy and the environment. To address this gap, this
study aims to give support to the examination of GIC and to uncover the processes in which
various components of GIC, including GHC, GSC, and GRC, affect the environmentally
sustainable operations of an organization.

Furthermore, businesses must exhibit their concern for the environment by integrat-
ing sustainable practices into their activities that conserve energy, reduce pollution, and
enhance product design [15]. Both process and product innovation can be regarded as
components of GIN. Recent years have seen growing attention to the synergy between
GHRMPs and GIN in improving environmental performance, particularly in the manufac-
turing sectors [16,17]. The scholarly discourse recognizes the impact of GHRM on GIN’s
ability to enhance green EP, and the majority of research articles primarily concentrate
on three main areas: general green innovation, ecological innovation in products, and
innovation performance in processes. The distinction between green process innovation
(GPRI) and green product innovation (GPDI) is ambiguous at best; to thoroughly clarify
this gap, further academic research is needed [18]. Additionally, emerging studies by Afzal
et al. [19] and Tahir et al. [20] call for a more nuanced exploration of the interplay between
GHRM and GIN, emphasizing the importance of contextual factors such as organizational
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culture and external regulatory environments. This study also aims to investigate the
potential role of GIN in the relationship between sustainable EP and GHRMPs to fill the
knowledge gap discussed above and to enhance knowledge.

According to this study, an organization’s top management must adopt GHRMPs
to build the sustainable internal competencies essential to GIC and GIN to attain EP. We
conducted this empirical study using quantitative data of 367 responses by senior managers
in the manufacturing SMEs of Pakistan. We used the survey method to collect the data
and performed PLS-SEM analysis to explore the hypothesized effects. This study aims to
answer two questions:

(a) How do GHRMPs influence an organization’s EP?
(b) Is GIC and GIN crucial to the use and implementation of GHRMPs in an organiza-
tion’s EP?

Our study used AMO theory to demystify the role of GHRMPs in assessing GIC, GIN,
and EP. This research integrates recent theoretical and empirical advancements, making it
more aligned with current scholarly debates in green innovation and green human resource
management. Our study provides a distinct contribution to the existing knowledge by
investigating the impact of GHRMPs on the EP efforts of manufacturing SMEs and also
contributes significantly to the AMO theory, demonstrating how SMEs can create a core
competency for achieving sustainable, environmentally responsible performance by means
of the integration of GIC and GIN. In addition, our research focuses on both the direct and
indirect effects of GHRMPs on the development of process and product innovation and
GIC that are generated in sustainable ways as well as the improvement of EP.

The choice of Pakistan as the focus for this study on the impact of GHRM practices
on environmental performance is driven by a critical gap in the existing body of research.
While much of the previous research has centered on GHRM practices within developed
economies, there is a notable scarcity of studies that investigate these practices in developing
countries, particularly within the context of SMEs. The manufacturing sector in Pakistan,
which is integral to the country’s economy, faces significant environmental challenges
such as pollution, inefficient resource use, and waste management issues. Despite the
global push toward sustainability, SMEs in Pakistan often struggle with the adoption and
implementation of GHRM practices due to constraints such as limited financial resources,
inadequate awareness, and insufficient regulatory support.

The rest of the paper is structured as follows. In the next section, we overview some
key developments in the domain of GHRMPs, followed by a presentation of the GIC and
GIN concept and its theoretical underpinnings. Next, we develop a research model and
a set of hypotheses. In Section 3, we describe the method used to collect data and the
variable selection, followed by the analysis and results in Section 4. Finally, in Section 5, we
discuss the research implications of our findings, as well as what they mean for practice,
concluding with some important limitations of this work and ways that future research can
overcome them.

2. Literature Review and Framework Development

Green human resource management practices have gained increasing attention in
sustainability literature, focusing on their role in driving organizational environmental
performance. GHRMPs encompass a range of eco-centric policies, including recruitment,
training, performance appraisal, and rewards systems, designed to align employee behavior
with environmental goals [21].
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2.1. Theoretical Foundation: Ability-Motivation-Opportunity Theory

The Ability-Motivation-Opportunity (AMO) theory serves as a robust theoretical
foundation for this study by elucidating the mechanisms through which GHRMPs influence
environmental performance. AMO theory posits that organizational performance is a
function of employees’ abilities, motivations, and opportunities to perform [22]. In the
context of GHRM, this translates to the implementation of green ability (training and
development for environmental skills), green motivation (incentives and rewards for
eco-friendly behaviors), and green opportunity (structures and processes that facilitate
environmental initiatives) as critical drivers of environmental performance. By focusing
on these components, the study underscores how GHRM practices can enhance green
intellectual capital, which refers to the collective knowledge and skills geared toward
environmental management, and green innovation, which involves the development and
implementation of eco-friendly products and processes [23]. These mediating variables
bridge the link between GHRMPs and EP, providing a nuanced understanding of how
fostering a green-oriented workforce can lead to substantial environmental benefits. This
theoretical framework not only aligns with the principles of AMO theory but also expands
its application to the realm of sustainability, offering a comprehensive model for examining
the impact of GHRMPs on environmental outcomes.

2.2. Hypotheses Development
2.2.1. Green Human Resource Management Practice and Green Intellectual Capital

The aim of combining GHRMPs with GIC is to enhance the organization’s EP. GIC
can be analyzed through GHC, GSC, and GRC. Green human capital (GHC), which encom-
passes expertise, skills, and information related to the environment, promotes sustainable
behaviors. Green relational capital (GRC), which is founded on environmentally conscious
partnerships and collaborations, fosters green concepts and sustainable innovation [24].
Green structural capital (GSC), which includes green infrastructure, systems, and processes
in organizations, provides the necessary foundation for successful green projects [25].
When integrated with GHRMPs, green ability (GA), green motivation (GM), and green
opportunity (GOP) are elements that enhance their impact on environmentally sustain-
able performance. GA ensures that personnel possess environmentally friendly skills and
capabilities, while GM enhances their dedication to sustainability objectives. GOP also
highlights the need to provide opportunities for employees to participate in company
environmental initiatives [26]. Implementing GHRMPs and developing environmentally
focused intellectual capital are essential for maintaining the long-term sustainability and
prosperity of a corporation [27]. This comprehensive approach highlights the interconnect-
edness of intellectual and human resources in creating environmentally sustainable results,
giving an organization a solid basis to harmonize its operations with ecological necessities.
Thus, we propose the following:

H1. GHRMPs have a direct significant impact on GIC.

2.2.2. Green Human Resource Management Practices and Green Innovation

To effectively address environmental concerns through environmental management
solutions, it is crucial to carefully assess the organizational culture related to GIN.
Hameed et al. [28] emphasize the importance of environmental performance as a deci-
mal. The growing consciousness among employees regarding environmental concerns has
resulted in a greater necessity for firms to incorporate environmental elements into their
corporate social responsibility endeavors.

The environmental policies and practices of an organization promote an ecologi-
cally conscious culture. We think that significant enhancement is improbable without
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the backing of employees, regardless of the organization’s information regulations and
protocols. Insufficient green skills among workers can hinder the company’s adoption of
green practices [29]. Previous studies indicate that achieving substantial advancements in
environmental sustainability necessitates implementing GHRMPs and cultivating a culture
centered on GIN [30]. Prior studies have emphasized the importance of implementing
a collaborative and innovative strategy for fostering a GIN culture and GHRM. Beliefs,
actions, capabilities, personal characteristics, attitudes, and self-reflection are essential for
organizational success. GIN creates environmentally friendly processes and products by
utilizing green materials and eco-design principles.

High-performing organizations innovate through the utilization of sustainable re-
sources, meeting consumer demands, and enhancing intangible assets [31]. GHRMPs
significantly impact product and process innovation, with commitment leading to a higher
level of innovative orientation [32]. Many past studies argue that HRM significantly and
positively affects product and technological innovation. Human resource practices that
focus on enhancing commitment instead of compliance enjoy excellent innovative orienta-
tion [33]. Companies that prioritize human resources utilize the AMO model to implement
GHRMPs for the purpose of creating environmentally friendly products and processes. We
proposed this hypothesis:

H2. GHRMPs have a direct significant impact on GIN.

2.2.3. Green Human Resource Management Practices and Environmental Performance

Organizations that adopt GHRMP tend to have environmentally conscientious, in-
novative, and efficient work environments. Additional validation is required to meet
stakeholder expectations for greater environmental practices, as stated by Rizvi et al. [34],
who connected environmental management strategies with improved environmental inno-
vation and organization performance. Studies indicate that incorporating a green hiring
strategy, which considers candidates” environmental perspectives, might foster a dedica-
tion to eco-friendly values. Incentives, green training, and performance management are
GHRMPs that play a crucial role in enhancing EP [33]. Training programs focusing on
energy efficiency, waste management, and recycling have a beneficial effect, as stated by
Mousa et al. [35]. GHRM systems can enhance innovation in early-stage organizations by
fostering creativity and commitment among employees in the domains of administration,
processes, and products while having limited human resources [36]. GHRM initiatives
excel in enhancing employee loyalty, according to Islam et al. [37], and human resource
management techniques emphasizing teamwork and dedication have specific impacts on
creativity within organizations. Strategically implementing eco-friendly innovations can
enhance firms’ financial outcomes and environmental sustainability. Employee involve-
ment (EI) is crucial for offering opportunities to environmentally conscious individuals,
particularly lower-level personnel [38]. EM activities improve EP and are encouraged to
foster innovation and sustainable practices through EI projects. Thus, we formulated this
hypothesis:

H3. GHRMPs have a direct significant impact on EP.

2.2.4. Green Intellectual Capital and Environmental Performance

Organizations achieve a competitive advantage by using their most valued resources
and competencies. This study used the GIC model, which posits that a company’s GIC
comprises its intangible assets, skills, and relationships linked to EP and GIN [39]. The green
infrastructure of an organization encompasses its non-human information repositories and
its GHC, which consists of workforce attributes such as expertise and knowledge [40].
Engaging in two-way contact with significant figures in environmental management and
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innovation is referred to as “green relational capital” [41]. There is no broad consensus on
the extent and meaning of EP. It refers to the extent to which an organization meets public
expectations for ecological conservation. Businesses implementing green management
strategies can save costs, enhance productivity, improve brand reputation, and gain a
competitive advantage by pricing eco-friendly products higher [42]. GIC plays a crucial
function in developing external partnerships and enhancing internal operations. Investing
in green structural, relational, and human capital should theoretically lead to improved
EP [43]. Thus, we propose the following:

H4. GIC has a direct significant impact on EP.

2.2.5. Green Innovation and Environmental Performance

A company’s EP involves exceeding societal expectations and not just complying with
rules [44]. EP involves various aspects, such as advancements in eco-friendly products
and processes, sustainable business strategies, and top-notch environmentally friendly
products [45]. Environmentally conscious manufacturing SMEs have prioritized GIN,
emphasizing energy efficiency and pollution prevention and developing products with
reduced environmental footprints [46]. Businesses promoting GIN must adhere to interna-
tional environmental regulations and utilize cutting-edge technologies to ensure sustain-
ability. GIN and sustainability are closely linked, as demonstrated by a poll conducted by
Saunila et al. [47]. Ref. [48] suggests that a company can become more environmentally con-
scious by utilizing its internal resources and adhering to external regulations. Sustainable
development, also referred to as “green innovation”, involves creating new products and
services to minimize the impact of human activities on the environment. This innovation
is essential for an organization’s environmental management strategy, as it offers social
and financial advantages, enhances EP, and minimizes adverse effects [49]. According
to Ullah et al. [25], GIN should be viewed as a proactive strategy to gain a competitive
advantage rather than a reactive response. The study emphasizes the significance of process
innovation and environmentally friendly products as essential organization assets within
the AMO framework. These characteristics enhance goodwill and boost EP. Thus, we
propose this hypothesis:

H5. GIN has a direct significant impact on EP.

2.2.6. Mediating Role of Green Intellectual Capital

The growing literature on GIC is a crucial subject of academic research, acting as a
bridge between sustainable EP and GHRMPs. This topic focuses on the notion of GHC,
which pertains to the ecological responsibility of a company’s employees. The GA, GM,
and GOP aspects of GHRMPs have a substantial impact on motivating employees to
participate in ecologically responsible actions. GSC focuses on developing environmentally
conscious organizational structures and procedures, while GRC highlights the significance
of fostering eco-centric relationships and collaborations. Current research, such as the
study by Yadiati et al. [50], highlights the significance of the eco-friendly elements of GIC in
linking GHRMPs with environmentally sustainable performance. This narrative highlights
the importance of organizations engaging in GIC development and utilization to enhance
the efficacy of GHRM systems in achieving long-term ecological performance. Thus, we
propose the following:

Hé6. GIC positively mediates the relationship between GHRMPs and EP.
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2.2.7. Mediating Role of Green Innovation

GHRMPs enhance EP, foster an environmentally aware workforce, and promote new,
green ideas. Yosuff et al. [51] confirmed the positive impact of green practices on corporate
performance and creativity. These areas require additional investigation due to increased
pressure from stakeholders on environmental management. Companies should use environ-
mentally conscious filtering and recruiting procedures to ensure that their hiring practices
align with the environmental attitudes, beliefs, and skills of potential workers, as suggested
by Zhang et al. [52]. Phan et al. [53] recommend implementing green training programs
to educate employees on waste reduction, energy conservation, and recycling. According
to Paille et al. [1], GHRM systems or bundles have an impact on innovation in commodi-
ties, processes, and administration. GHRM systems can promote innovation, employee
loyalty, and adherence to procedures, especially in startups with limited human resources.
Tabrizi et al. [54] state that GHRM methods emphasize collaboration and commitment and
enhance creativity by creating social networks and utilizing external resources. GIN is a
crucial instrument for achieving environmental management objectives, as highlighted by
Mousa et al. [35]. Organizations can enhance their performance in economics, ethics, and
the environment by implementing environmentally friendly policies and using sustainable
products to reduce their negative environmental impact. Our analysis utilizing the AMO
shows that GHRMPs indirectly influence enterprises’ sustainable development by enabling
the innovation of new environmentally friendly products and processes. Thus, we propose
the following:

H7. GIN positively mediates the relationship between GHRMPs and EP.

Building on AMO theory and insights from prior research, this study proposes the
following conceptual model (Figure 1) that integrates GHRMPs, GIC, GIN, and EP.

. |
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Figure 1. Conceptual model. Plain line = Direct effects; Dashed line = Mediating effects.

3. Methodology
3.1. Data Collection

For the purpose of this study, a questionnaire was used to collect information from
manufacturing SMEs in Pakistan. The methodologies used for this study were survey-
based, as it is a quantitative deductive study. Research was undertaken on manufacturing
SMEs due to the fact that these SMEs make up 90% of all enterprises in Pakistan. It has
been stated by the Small and Medium-Sized Enterprises Development Authority that
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this sector contributes around 40% to Pakistan’s Gross Domestic Product (GDP). In addi-
tion, manufacturing SMEs provide a substantial contribution to employment, representing
around 80% of non-agricultural jobs. Furthermore, the Government of Pakistan has im-
plemented recent laws and restrictions on businesses mostly due to their apprehension
around carbon emissions. To collect data from manufacturing SMEs, a convenience sample
strategy was used [55]. In January 2023, we contacted senior management of manufactur-
ing SMEs and issued 530 questionnaires with a two-month deadline for completion. In
March 2023, we began collecting questionnaires, and by the end of March 2023, we had
collected 448 questionnaires, with an 84.6% response rate. Following the elimination of the
responses that were either ambiguous or inaccurate from the final sample, there were a
total of 367 responses that were accurate and available for analysis.

The survey took approximately 4 months to complete, depending on the size and
complexity of the responses from each participant. To ensure the validity and reliability
of the instrument, a pilot study was conducted with 30 respondents from a subset of
manufacturing SMEs prior to the main survey. The pilot study helped identify any issues
with the questionnaire’s clarity and allowed for adjustments to improve the overall quality
of the data collected.

The sample included businesses categorized as small and medium enterprises as
defined by the Small and Medium-Sized Enterprises Development Authority (SMEDA) of
Pakistan. According to the SMEDA, microenterprises are defined as businesses with fewer
than 10 employees and an annual revenue below PKR 2 million, small enterprises have
10-50 employees with an annual revenue of PKR 2-150 million, and medium enterprises
have 51-250 employees with an annual revenue of PKR 151-800 million. Our sample
predominantly consisted of small and medium enterprises, and microenterprises were not
included, as they did not meet the inclusion criteria for this study. The sample consisted of
businesses from various subsectors within the manufacturing industry, including textiles
(35%), food processing (25%), chemicals (15%), machinery and equipment (10%), and
others (15%). This categorization ensured that the sample captured the diversity within
manufacturing SMEs and provided a more comprehensive understanding of their practices
and perspectives.

Table 1 displays the distribution of participants according to their demographic charac-
teristics. We classified respondents according to their gender, age, education, and length of
service. There were 367 total respondents, and their responses were categorized as follows:

Table 1. Demographic characteristics.

Frequency Percentage
Gender Male 205 55.85%
Female 162 44.14%
Age 26-35 58 15.80%
3645 81 22.07%
46-55 94 25.61%
>55 134 36.51%
Education Bachelor’s 68 18.52%
Master’s 157 42.77%
Doctoral degree 142 38.69%
Up to 1 year 79 21.52%
. 2-5 years 94 25.61%
Length of Service 5—10};ears 107 29.15%

More than 10 years 87 23.70%
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3.2. Variable Selection

The research model (Figure 1) illustrates that all construct items were adapted from
previous scales. Assessments were made on the survey items by utilizing a 5-point Likert
scale ranging from 5 (strongly disagree) to 1 (strongly agree). In this investigation, we
employed four items obtained from the study conducted by Roscoe et al. [56] to evaluate
EP, which was designated as the dependent variable. The three components of GHRMPs
(GA, GM, and GOP) were evaluated utilizing eight questions generated from prior research
in accordance with the AMO framework [57]. The mediating variable, GIN, was utilized
to encompass both product and process innovation. A study that was carried out by
Zailani [58] was used to develop the items of these constructs. In order to gauge GIC, a
total of fourteen criteria were derived by Huang et al. [59]. The detail of questions used in
the survey for data collection is elaborated in Appendix B.

3.3. Ethical Approval and Informed Consent Statements

We conducted this study in accordance with the ethical standards of the institutional
and/or national research committee, the 1964 Helsinki Declaration and its later amend-
ments, or comparable ethical standards. We obtained informed consent from all individual
participants included in the study. We fully informed the participants about the purpose,
procedures, potential risks, and their rights, including the right to withdraw from the study
at any time. We documented and securely stored the written consent.

4. Data Analysis Results

The results of the survey that were collected for this investigation were analyzed using
PLS-SEM [60]. The purpose of PLS-SEM is to evaluate a collection of associations that
collectively represent several equations. An in-depth examination of these analyses will be
carried out in the following parts using SmartPLS4. PLS-SEM analysis comprises two con-
stituent elements: a measurement model evaluation and a structural model evaluation [61].
The structural model generally includes components that meet the measurement model’s
criteria, such as sufficient indicator loading, convergent validity, composite reliability (CR),
and discriminant validity. The extents of the path coefficients are examined by the structural
model evaluation using the bootstrapping approach. Since the PLS-SEM method is most
suited to the method proposed by Hair et al. [62], this methodology was implemented
in the mediation analysis. This is the most prudent approach to examining mediating
effects [63].

4.1. Assessment of Measurement Model

The measurement model’s (see Figure 2) convergent validity was assessed using
composite reliability (CR), Cronbach’s alpha, factor loading, and average variance extracted
(AVE). The purpose of evaluating a measurement model is to determine the extent to
which the observed variables successfully reflect the underlying theoretical constructs and
examine the model’s suitability in fitting the data. To evaluate the potential presence of
common method bias (CMB), Harman'’s Single-Factor Test was conducted using Principal
Component Analysis (PCA). All observed variables were loaded into a single exploratory
factor analysis without rotation. The results indicate that the first factor accounts for 32.14%
of the total variance, which is below the commonly accepted threshold of 50%. This suggests
that CMB is unlikely to significantly influence the results of this study. Additionally, the
cumulative variance explained by the first eight components is 70.92%, further confirming
that no single factor dominates the dataset. Results are presented in Appendix A.
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Figure 2. Measurement model evaluation results.

The recommended thresholds for asserting convergent validity, as stated by Souza et al. [64],
are CR values exceeding 0.7 and AVE values exceeding 0.5. Table 2 demonstrates that
the AVE values for all indicators are higher than the threshold of 0.50 and the CR is over
0.70, indicating sufficient convergent validity and internal consistency. CR scores that are
equal to or greater than 0.70 are considered good, indicating strong internal consistency.
Similarly, AVE scores above 0.50 confirm adequate convergent validity, suggesting that the
indicators effectively capture more than 50% of the variation in a single idea. Calculating
the VIF enables the detection of multicollinearity within a model. Analysts suggested
that collinearity concerns regarding the findings are absent when the VIF exceeds 5 [65].
According to the results, the inner value of VIF must lie within the range of 1.421 to 1.893
for all indicators. Moreover, the results of this study indicate that there is no evidence of
data collinearity, and the study’s results are stable.

Table 2. Convergent validity of first-order constructs.

Variables Items A VIF Cx CR AVE

GRC1  0.862 2237
GRC2  0.845 2.154
GRC3  0.901 3.239
GRC4 0.850 2.476

GSC1 0750  1.698
GSC2  0.856 2815
Green Structural Capital GSC3  0.805 2274 0866 0872  0.650
GSC4 0831 1916
GSC5 0.785 1.774

Green Relational Capital 0.888  0.889  0.748




Sustainability 2025, 17, 224 11 of 24

Table 2. Cont.

Variables Items A VIF Cax CR AVE

GHC1 0.833 1.858
GHC2 0.858 2.331
GHC3 0.792 1.993
GHC4 0.793 1.699

GA1l 0.892 1.629
GA2 0.909 1.629

GM1 0.807 1.774
. GM2 0.777 1.826

Green Motivation GM3 0.858 2851 0.845 0.850 0.684
GM4 0.862 2.779

GPRI1 0.880 2421

Green Process Innovation GPRI2 0.921 2.926 0.869 0.873 0.793
GPRI3 0.870 2.006

GPDI1 0.807 1.789
. GPDI2 0.821 1.911

Green Product Innovation GPDI3 0.866 2348 0.863 0.864 0.709
GPDI4 0.873 2.444

. GOP1 0.923 2.055
Green Opportunity COP2 0.930 2055 0.835 0.836 0.858

EP1 0.810 1.588

. EP2 0.836 2.300
Environmental Performance EP3 0.824 2328 0.826 0.833 0.655

EP4 0.766 1.560

Note: A = factor loadings; Coe = Cronbach’s alpha; CR = composite reliability, AVE = average variance extracted;
VIF = variance inflation factor.

Green Human Capital 0.838 0.850 0.672

Green Ability 0.766 0.770 0.810

Convergent validity (Tables 2 and 3) is confirmed when the average correlations
between items within each dimension exceed 0.7, and all indicators strongly align with
their expected underlying consistency.

Table 3. Convergent validity of second-order constructs.

Variables Constructs A Ca CR AVE
GOP 0.856

GHRMPs GM 0.730 0.726 0.732 0.648
GA 0.825
GHC 0.787

GIC GRC 0.822 0.753 0.761 0.668
GSC 0.842
GPDI 0.905

GIN GPRI 0.857 0.715 0.733 0.777

Note: A = factor loadings; Coc = Cronbach’s alpha; CR = composite reliability, AVE = average variance extracted.

This research employs the Heterotrait-Monotrait (HTMT) and Fornell-Larcker criteria
to ascertain the discriminant validity [66]. In line with Fornell et al. [67], the discriminant
validity of the model is indicated by the square root of the correlation with other variables,
which is greater than the values on the upper correct diagonal. The discriminant validity
for both first- and second-order constructs is indicated in Tables 4 and 5 by the maximum
value of the variable’s correlation with itself.
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Table 4. Discriminant validity of first-order constructs (Fornell-Lacker criteria).
EP GA GHC GM Gor GPDI GPRI GRC GSC
EP 0.809
GA 0.368 0.900
GHC 0.370 0.272 0.820
GM 0.341 0.378 0.204 0.827
GOP 0.444 0.614 0.341 0.415 0.926
GPDI 0.449 0.469 0.295 0.405 0.429 0.842
GPRI 0.444 0.267 0.211 0.322 0.320 0.557 0.890
GRC 0.523 0.226 0.435 0.376 0.312 0.454 0.339 0.865
GSC 0.400 0.367 0.565 0.285 0.334 0.396 0.282 0.511 0.806
Note: Diagonal values are the square roots of the AVE (average variance extracted). Under the diagonal elements
are the correlations between the constructs.
Table 5. Discriminant validity of second-order constructs (Fornell-Lacker criteria).
EP GHRMPs GIC GIN
EP 0.809
GHRMPs 0.481 0.805
GIC 0.537 0.461 0.817
GIN 0.507 0.527 0.471 0.881
The findings in Tables 6 and 7 indicate that for both order constructs, all HTMT ratios
are less than 0.90. This further supports the claim that the classification in the present study
exhibited discriminant validity.
Table 6. Discriminant validity of first-order constructs (HTMT ratio).
EP GA GHC GM GOopr GPDI GPRI GRC GSC
EP
GA 0.456
GHC 0.426 0.333
GM 0.399 0.468 0.232
GOP 0.526 0.766 0.398 0.493
GPDI 0.518 0.573 0.347 0.476 0.506
GPRI 0.517 0.328 0.246 0.372 0.375 0.644
GRC 0.599 0.271 0.505 0.43 0.363 0.518 0.386
GSC 0.453 0.44 0.66 0.331 0.383 0.453 0.317 0.578

Note: All the values are less than 0.85, validating HTMT criteria.

Table 7. Discriminant validity of second-order constructs (HTMT ratio).

EP GHRMPs GIC GIN
EP
GHRMPs 0.608
GIC 0.654 0.621
GIN 0.647 0.722 0.622

4.2. Structural Model Assessment:

After validating the measurement model, the PLS-SEM technique was used to evaluate

the structural model. The path model must be evaluated in terms of both the predictive

capacity and statistical significance of the route coefficients. The current study validated
and examined the model of the structure that is based on the concept [61]. For mediation
analysis, we considered the criteria and suggestions [68,69].
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The first stage used the coefficient of determination (R?) and the cross-validated
redundancy index (Stone-Geisser’s Q2) for the predictive relevance of the structural model.
Table 8 presents the R? and Q? values for GIC (0.213, 0.204), EP (0.398, 0.223), and GIN
(0.278, 0.269). The ranges of R? between 0 and 1 with a higher value represent a higher level
of predictive accuracy.

Table 8. R-square.

R-Square Q-Square
Green Innovation 0.278 0.269
Green Intellectual Capital 0.213 0.204
Environmental 0.398 0.223
performance

Note: R-square = coefficient of determination, Q-square = predictive relevance.

Effect size measures how strongly one exogenous variable contributes to explaining a
specific endogenous variable in R?. R? included and excluded are the endogenous latent
construct’s values when a specific exogenous latent construct is included in or excluded
from the research model, respectively. The details of the effect size results are presented in
Table 9. The variance inflation factor (VIF) values were observed in this research to validate
the model’s collinearity concerns. Our study’s findings demonstrate that the inner VIF
values of the variable are between 1.000 and 2.767, as shown in Table 9, which indicates no
collinearity problem in the data used in this study and confirms the model’s robustness.

Table 9. Effect size and variance inflation factor.

Effect Size Variance Inflation Factor
EP GHRMPs GIC GIN EP GHRMPs GIC GIN
EP
GHRMPs 0.044 0.270 0.385 1.507 1.000 1.000
GIC 0.128 1.398
GIN 0.067 1.524
In the subsequent stage, we determined the path coefficients in the structural model
assessment. To test the direct effect of the given hypotheses, 3-value, t statistics, and p val-
ues were obtained using a bootstrapping approach with 5000 subsamples, as recommended
by [61]. Figure 3 and Table 10 show that GHRMPs significantly improve GIN (3 = 0.527,
t=11.308, p <0.001). GHRMPs (3 = 0.461, t =9.634, p < 0.001) have a considerable beneficial
impact on GIC. Furthermore, GHRMPs (3 = 0.199, t = 4.146, p < 0.001), GIN (3 = 0.248,
t=4.630, p <0.001), and GIC (3 = 0.328, t = 6.244, p < 0.001) improve EP. Finally, each of the
hypotheses presented is validated.
Table 10. Path analysis.
Confidence
Paths [3-Value t-Value Intervals p-Value Decision
[2.5-97.5%]
GHRMPs—GIN 0.527 *** 11.308 *** [0.437-0.617] <0.001 Supported
GHRMPs—GIC 0.461 *** 9.634 *** [0.369-0.554] <0.001 Supported
GHRMPs—EP 0.199 *** 4.146 *** [0.107-0.295] <0.001 Supported
GIN—EP 0.248 *** 4.630 *** [0.144-0.353] <0.001 Supported
GIC—EP 0.328 *** 6.244 *** [0.226-0.429] <0.001 Supported

Note: Significance level: *** p < 0.001.
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Figure 3. Structural model evaluation results.

4.3. Mediation Analysis

To analyze the particular indirect effects of GIN and GIC, as well as any potential
mediating effects, we used the bootstrapping technique with 5000 iterations and confidence
intervals corrected for bias at a 95% level, as recommended by [70]. In order to ascertain the
importance of an indirect effect, it is essential that the confidence intervals for the 95 percent
bootstrap sample do not include 0. We employed the bootstrapping percentile approach
available in SmartPL54 to conduct a direct mediation analysis and obtain estimates for
the indirect effects. The results of our inquiry into the specified indirect effect, with the
intention of differentiating between several mediating variables, are comprehensively
presented in Table 11.

Table 11. Mediation path analysis.

Confidence
Paths 3-Value t-Value Intervals p-Value Decision
[2.5-97.5%]
GHRMPs—GIN—EP  0.131 *** 4.297 [0.076-0.196] <0.001 Supported
GHRMPs—GIC—EP  0.151 *** 5.164 [0.098-0.214] <0.001 Supported

Note: Significance level: *** p < 0.001.

The findings suggest that GIN and GIC influence the relationship between GHRMPs and
EP. The findings confirm hypotheses H6 (3 = 0.131, p < 0.001) and H7 (3 = 0.151, p < 0.001).

5. Discussion

This study’s theoretical framework improves our understanding of EP by elucidating
the connection through a unique theoretical concept incorporating GIC and GIN as inter-
mediaries between the relationship of GHRMPs and EP. Our research aims to contribute
significantly to the current literature by highlighting the importance of GHRMPs, such as
opportunity, motivation, and ability, in promoting GIN. This entails creating eco-friendly
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procedures and enhancing eco-friendly products, specifically targeting manufacturing
SME:s in Pakistan while fostering awareness and expertise in environmental sustainability.
Moreover, the external environment, including regulatory pressures, market demands, and
societal values, could have a considerable influence on how GHRMPs are implemented
and how GIN develops, which is important to explore further.

Our findings indicate that the implementation of GHRM practices, which include
providing opportunities, incentive, and enhancing ability, has a substantial impact on
promoting green innovation in Pakistan’s small and medium-sized enterprises (SMEs).
This green innovation encompasses both improvements in green processes and the devel-
opment of green products. The study has comprehensively clarified all three hypotheses,
which propose that providing green employment opportunities, cultivating employee
green abilities, and stimulating employee green motivation have a considerable positive
impact on green innovation, including both process innovation and product innovation.
The results are consistent with the conclusions made by Roscoe et al. [56], which confirm
a symbiotic relationship between green innovation and GHRMPs. The study found that
GIN, encompassing both process and product aspects, significantly impacts the perfor-
mance of SMEs in Pakistan. The results are aligned with the study by Asadi et al. [15] that
innovation is essential for a company’s competitiveness. Our research supports Mandal
et al. [71]’s claims that GINs involve product development, including ecologically friendly
labels, material reuse, product recovery, and the use of sustainable resources. This study
suggests that GIN mediates the correlation between GHRMPs and a corporation’s EP. Fur-
thermore, mechanisms such as internal motivation, organizational culture, and leadership
commitment to sustainability are important to consider when explaining how GHRMPs
foster GIN.

Our research emphasizes the importance of integrating environmentally friendly
innovation into manufacturing products and processes for organizations interested in
implementing GHRMP concepts. GIN, either through process improvements or product
innovations, is crucial for helping employees support and promote the use of environ-
mentally friendly practices, and it contributes to enhancing strong EP. The study by [72]
supports the importance of improved intellectual collaboration, a culture of GIN, and EP in
attaining true and lasting environmental sustainability.

Furthermore, our study improves understanding of how various GICs impact an
organization’s EP, emphasizing the importance of GIC in helping a company efficiently
deal with both internal and external opportunities while minimizing risks. According to
AMO theory, as outlined by Yu et al. [73], this discovery is supported by the idea that
challenges and limitations in the natural environment play a crucial role in fostering the
development of new resources and capabilities in businesses. Our study further contributes
to the understanding of how different components of GIC affect performance, therefore
reinforcing the connection between GIC and green performance. However, external factors
such as international environmental regulations or cross-border collaborations may influ-
ence the degree to which GIC can facilitate green performance across different markets.
This finding aligns with previous studies that have connected GHRMPs with increased
environmental behavior and GIC [74,75]. These findings indicate that a company’s envi-
ronmental performance is dependent on its GIC, which enables it to effectively address
both internal and external opportunities and minimize potential threats. Managers who
want to implement an environmental strategy should take into account GIC as a means
of integration.

Lastly, our study’s results align with the increasing studies highlighting the important
significance of GHRMPs in encouraging environmentally friendly behaviors and enhancing
EP [4]. Effective GHRMPs empower people by providing the resources and infrastructure
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needed to translate their environmental motivations and skills into impactful actions,
leading to improved EP. Nevertheless, a limitation of this study is that the sample predomi-
nantly covers manufacturing SMEs in Pakistan, which may introduce representativeness
biases due to the unique economic, cultural, and environmental conditions in this context.
Future research could expand the sample to include SMEs from other regions or indus-
tries or explore the role of digital transformation and global supply chains in enhancing
GHRMPs and GIN across different sectors.

5.1. Theoretical Contribution

Our findings have significant ramifications for the AMO theory to enhance compre-
hension of the dynamic connection between GHRMPs, GIN, and EP. Our study supports
and advances the AMO [22], where we assert that an organization ought to develop and
integrate GHRMPs that attract, retain, train, and motivate environmentally conscious
employees in a bid to promote GIN and EP. Additionally, we found that using GHRMPs
and GIN positively impacts a company’s environmental sustainability. The results of our
study indicate that implementing GHRMPs such as empowerment, performance-based
incentives, and green hiring can help a company attract, retain, and support environmen-
tally conscious individuals. This, in turn, contributes to the development of GIN in terms
of services, products, and processes, ultimately leading to improved EP. Based on our
analysis, an organization needs to adopt GHRMPs in order to enhance its competitive edge.
Our findings indicate that organizations should implement proactive GHRMPs to foster,
maintain, and attract environmentally conscious personnel. This will help improve the
organization’s EP and promote GIN, ultimately leading to a competitive advantage.

We are focusing our research on the unique role that GIC plays in driving enhance-
ments in EP. Pakistani organizations should embrace environmental accounting methods
to leverage long-term advantages for both society and the organization. Our research
demonstrates the necessity of integrating GHRMPs with innovative strategies to enhance
environmental sustainability. This enables organizations to achieve a competitive edge in a
dynamic operating environment.

5.2. Practical Implications

This study also provides several practical implications for managers and policymakers.
HR managers play a crucial role in integrating environmentally sustainable practices into
companies. This involves executing smart recruitment, comprehensive people training, and
effective performance evaluation procedures to cultivate green skills, which aid in fostering
a culture of environmental responsibility among employees. Performance assessment
and incentive systems are regarded as exceptional tools for recognizing and rewarding
individuals who make significant contributions to environmental sustainability. In addition,
these managers can create green opportunities by inviting employees to participate in
creating green plans by training them and encouraging them to take up green leadership
responsibilities. Organization managers can use our findings to develop a green innovation
product and process culture, and this approach will offer outstanding environmental
sustainability and green performance. Our research lays the groundwork for integrating
environmentally friendly practices into organizational leadership to meet the needs of
future managers.

Our study offers valuable empirical insights to inform top man