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Abstract

Climate change mitigation has become a critical priority under Sustainable Development Goal
13 (Climate Action), with higher education institutions increasingly recognized as key actors in
reducing greenhouse gas (GHG) emissions and advancing sustainability. This study assessed the
GHG emissions profile of a multi-campus state university in the Philippines using a descriptive
quantitative design and a campus-level carbon inventory approach. Emissions were categorized
into Scope 1 (direct emissions), Scope 2 (purchased electricity), and Scope 3 (other indirect
emissions), using a multi-source data collection framework that integrated secondary institutional
records and primary survey inputs. Results revealed a highly electricity-driven emissions
structure, with Scope 2 accounting for approximately 77% of total emissions, followed by Scope
3 (15%) and Scope 1 (8%). Emissions were unevenly distributed across campuses, with one
campus contributing a disproportionately large share of total emissions. Major emission drivers
included electricity consumption, commuting, and cooling-related energy use, while waste-
related sources contributed a smaller but notable share. The findings highlight the importance of
energy-focused mitigation strategies, supported by behavioral and operational interventions, in
reducing institutional carbon footprints. The study provides an evidence-based baseline for
sustainability planning and contributes to the growing body of literature on GHG accounting in
higher education, particularly within developing country contexts. It also supports institutional
alignment with national climate policies and global sustainability frameworks.
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Introduction

Climate change has become one of the defining development challenges of the twenty-first
century, which is why Sustainable Development Goal 13 (Climate Action) calls for urgent action
to combat climate change and its impacts. Globally, the policy direction is clear: countries are
expected to reduce greenhouse gas (GHG) emissions while strengthening resilience and adaptive
capacity. Yet the implementation gap remains substantial. The UNEP Emissions Gap Report 2024
warns that the world must rapidly deepen mitigation efforts, noting that countries need much
stronger emissions cuts this decade to keep the Paris Agreement temperature goals within reach
(United Nations, n.d.; United Nations Environment Programme [UNEP], 2024). In this context,
institutions are increasingly being called upon not only to reduce their own emissions but also to
serve as sites of innovation, accountability, and climate leadership.

Higher education institutions (HEIs) are particularly important in this transition because
they function simultaneously as energy-consuming organizations, knowledge producers, and
community influencers. Recent scholarship shows that university carbon footprinting has become
an important tool for diagnosing institutional emissions and prioritizing reduction strategies. A
growing body of literature indicates that campus emissions are commonly shaped by electricity
consumption, transportation, and fuel use, while Scope 1, Scope 2, and Scope 3 accounting
provides a practical structure for institutional inventories (Valls-Val & Bovea, 2021; Yéaiez et al.,
2020). In one university case, Yainez et al. (2020) showed that the GHG Protocol can effectively
identify major campus stressors, while broader reviews have emphasized the need for more
systematic carbon accounting in HEIs as a basis for planning and mitigation (Valls-Val & Bovea,
2021).

In the Philippines, the relevance of institutional GHG accounting is reinforced by national
climate and energy policy. The country’s Nationally Determined Contribution (NDC) explicitly
frames low-carbon transformation as part of national development, energy security, and climate-
resilient growth (Government of the Philippines, 2021). This direction is supported by the Climate
Change Act of 2009 (Republic Act No. 9729), which mainstreams climate change into government
policy and planning, and by Executive Order No. 174 (s. 2014), which institutionalized the
Philippine Greenhouse Gas Inventory Management and Reporting System (Republic of the
Philippines, 2009; Republic of the Philippines, 2014). At the same time, the Philippine energy
context makes electricity-related emissions especially significant. The Department of Energy has
reported that national installed capacity continues to include a large coal share, while average
electricity rates remain substantial, indicating that electricity-intensive institutions may carry a
sizable indirect emissions burden (Department of Energy, 2026).

This national picture is especially relevant in Zamboanga Peninsula, where climate-
sensitive development and resilience remain important regional concerns. Official regional
profiling identifies Zamboanga Peninsula as Region X, composed of the provinces of Zamboanga
del Norte, Zamboanga del Sur, and Zamboanga Sibugay, with conditions that require place-based
governance and planning (Department of the Interior and Local Government Region IX, n.d.). At
the provincial and city scale, the climatic setting also matters. PAGASA’s Mindanao station profile
describes Dipolog, Zamboanga del Norte as having a Type IV climate, characterized by rainfall
distributed throughout the year with only a short dry period, a condition that has implications for
year-round campus operations, cooling demand, and climate-responsive infrastructure planning
(Philippine Atmospheric, Geophysical and Astronomical Services Administration [PAGASA],
n.d.).
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Local research further shows that GHG-related issues are already emerging in educational
settings in the province and surrounding area. A study on paper-consumption emissions in Dipolog
City schools demonstrates that even routine institutional practices can generate measurable
emissions burdens, underscoring the need for school- and campus-level carbon accounting (Rosel,
2024). Another study on carbon neutrality in Philippine higher education argues that resource-
constrained state universities can still pursue credible mitigation pathways through energy,
mobility, and nature-based interventions when these are grounded in an institutional GHG baseline
(Ongsuco et al., 2025). Taken together, these studies suggest that institutional emissions
assessment is no longer optional as a sustainability exercise; rather, it is becoming a necessary
planning tool for universities operating in climate-vulnerable and energy-constrained contexts.

Against this backdrop, the present study examines the greenhouse gas emissions profile of
a multi-campus Philippine state university using a campus-level inventory framework. Anchored
in SDG 13 and situated within global, national, regional, and provincial climate realities, the study
seeks to identify emission hotspots, compare the relative contributions of Scope 1, Scope 2, and
Scope 3 emissions, and determine the major operational drivers shaping the institution’s carbon
footprint. In doing so, the study contributes evidence that may inform sustainability planning,
institutional climate action, and the broader role of higher education in advancing low-carbon
development in the Philippine context.

Methods

This study employed a descriptive quantitative research design to assess the greenhouse
gas (GHG) emissions profile of a multi-campus state university in the Philippines. The design was
deemed appropriate for systematically quantifying emissions across campuses and classifying
them according to internationally recognized GHG accounting frameworks. Descriptive
approaches are commonly utilized in institutional carbon footprint studies to establish baseline
emission profiles and support sustainability planning and decision-making processes (Yanez et al.,
2020).

The study covered five campuses within a public higher education institution, which were
anonymized as Campus A, Campus B, Campus C, Campus D, and Campus E to ensure institutional
confidentiality. The analysis focused on emissions generated from routine campus operations
within a defined reporting period. The scope of the inventory followed the standard classification
of emissions into Scope 1, Scope 2, and Scope 3 categories. Scope 1 refers to direct emissions
from on-site fuel use, including generators and liquefied petroleum gas (LPG), as well as
refrigerant leakage. Scope 2 includes indirect emissions associated with purchased electricity
consumption, while Scope 3 encompasses other indirect emissions such as employee commuting
and solid waste generation. This classification is consistent with established greenhouse gas
accounting frameworks and widely adopted in institutional emissions reporting
(Intergovernmental Panel on Climate Change [IPCC], 2019).

Data were collected using a multi-source approach integrating secondary institutional data
and primary survey inputs, ensuring comprehensive coverage of emission-related activities across
campuses. Secondary data were obtained from institutional and operational records, including
electricity consumption (measured in kilowatt-hours), fuel usage for generators and LPG, and
documented waste generation disaggregated into plastic, paper, and biodegradable categories.
These records were sourced from campus utility reports and administrative documents.
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Complementing these, primary data were gathered through structured survey estimates of
employee commuting patterns, which provided necessary inputs for Scope 3 emissions estimation.
The integration of multiple data sources enhanced the completeness and reliability of activity data,
which is a critical requirement in greenhouse gas inventory development.

Greenhouse gas emissions were estimated using the standard emission calculation
approach, wherein emissions are computed as the product of activity data and corresponding
emission factors. Emission factors were derived from internationally recognized and publicly
available sources, including the Intergovernmental Panel on Climate Change (IPCC) guidelines
and the U.S. Environmental Protection Agency (EPA), particularly for energy use and
transportation-related estimates. All computed values were expressed in metric tons of carbon
dioxide equivalent (tCO-e) to enable aggregation across different greenhouse gases and facilitate
comparability with other institutional studies (IPCC, 2019).

The resulting emission estimates were analyzed using descriptive statistical techniques,
including the computation of total emissions per campus, disaggregation of emissions by scope,
determination of percentage contributions, and identification of major emission drivers. The results
were presented through tabular summaries and graphical visualizations, such as bar charts and
emission composition figures, to support clear interpretation and comparison across campuses.

Ethical considerations were observed throughout the study. Institutional confidentiality
was maintained through anonymization of campus identities, and all data were used solely for
academic and sustainability assessment purposes. No personally identifiable information was
collected or disclosed. The study adhered to national ethical standards, including compliance with
the Data Privacy Act of 2012 (Republic Act No. 10173) and the Commission on Higher Education
(CHED) Guidelines on Research Ethics (CMO No. 15, s. 2019), ensuring responsible data
handling and transparency in reporting.

Results and Discussion

This section presents the greenhouse gas (GHG) emissions profile of the five anonymized
campuses of a Philippine state university, analyzed across total emissions, emission scopes (Scope
1, Scope 2, and Scope 3), and major emission drivers. The analysis is anchored on the institutional
imperative to contribute to climate change mitigation in alignment with Sustainable Development
Goal 13 (Climate Action) and national frameworks such as the Climate Change Act of 2009
(Republic Act No. 9729) and the National Climate Change Action Plan (NCCAP) (Climate
Change Commission, n.d.; Republic of the Philippines, 2009).

Using a campus-level greenhouse gas inventory approach, the results aim to identify
emission hotspots, characterize the relative contributions of direct and indirect emissions, and
determine key operational drivers influencing the university’s carbon footprint. This approach is
consistent with established practices in higher education carbon accounting, where disaggregated
analysis supports evidence-based decision-making and targeted mitigation strategies (Yanez et al.,
2020).

The findings are presented through four figures: (1) total emissions per campus, (2)
emissions by scope across campuses, (3) overall emission composition, and (4) major emission
drivers. Together, these provide a comprehensive basis for interpreting institutional emission
patterns and informing sustainability planning within the Philippine higher education context.

© 2026 The Authors | The Threshold (JRMSU) — Refereed Open-Access Journal 4
CC BY-NC-ND 4.0



3 THE THRESHOLD | Vol. XVIII, No. 1 (Jan—Mar 2026) | ISSN 2961-3442 (Online)

Figure 1. Total Emissions per Campus

807
800

700 -

Campus A Campus B Campus C Campus D Campus E

Figure 1 shows marked variation in total greenhouse gas emissions across the five
anonymized campuses, with Campus A recording the highest total (807 tCO-e), followed by
Campus B (324 tCO2e), Campus D (250 tCO2e), Campus C (239 tCOze), and Campus E (197
tCO:z¢). This pattern indicates that emissions are concentrated in a small number of operationally
intensive campuses, suggesting uneven energy demand, infrastructure use, and mobility activity
across the university system. In higher education carbon inventories, campus totals commonly
differ according to activity intensity, built environment, and operational scale, which makes
campus-level comparison essential for targeted mitigation planning (Yafez et al., 2020).

From a Philippine policy perspective, such variation is relevant because climate action is
expected to be mainstreamed into government planning and institutional decision-making under
the Climate Change Act of 2009, while the National Climate Change Action Plan identifies
sustainable energy and climate-responsive governance among its priority directions (Republic of
the Philippines, 2009; Climate Change Commission, n.d.). For a multi-campus state university,
this means that high-emitting campuses should be prioritized for interventions rather than applying
a uniform reduction strategy across all units.

This interpretation is also consistent with a recent study, which used the university’s
greenhouse gas baseline to model carbon-neutrality pathways and emphasized the importance of
campus-specific mitigation options such as solar PV, mobility measures, and nature-based offsets.
That study treated the inventory as a planning tool, not merely a reporting exercise, which supports
the present study’s use of campus totals as a basis for institutional action (Ongsuco et al., 2025).
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Figure 2. Scope 1, Scope 2, and Scope 3 per Campus
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Figure 2 indicates that Scope 2 emissions dominate in every campus. Campus A, for
example, recorded 712 tCOze under Scope 2, compared with 49 tCOze for Scope 1 and 46 tCO-e
for Scope 3. The same pattern appears in the other campuses, where electricity-related emissions
are consistently much larger than direct fuel- and refrigerant-related emissions or other indirect
emissions. This indicates that the university’s emissions profile is primarily electricity-driven
(Ongsuco et al., 2025).

That result is plausible in the Philippine setting because national energy statistics continue
to show a power sector in which fossil-based generation remains a major part of the energy mix.
When institutions rely heavily on grid electricity, campus operations can produce substantial
indirect emissions even when direct on-site fuel use is relatively limited (Department of Energy
[DOE], 2025).

The relatively smaller Scope 1 totals suggest that stationary fuel use and fugitive sources
are present but not the main institutional stressors. Meanwhile, the persistence of Scope 3
emissions across all campuses shows that commuting and waste remain operationally relevant
even when they do not exceed electricity-related emissions. In the higher education literature,
indirect categories such as commuting often become major or even dominant contributors
depending on institutional context, inclusion boundaries, and transport behavior (Yafiez et al.,
2020).

For discussion purposes, this means that electricity management should remain the first-
order intervention, while mobility and waste should be treated as secondary but still strategic
targets. This interpretation is reinforced by the carbon-neutrality study, which found that energy
measures produced the largest modeled reductions, while transport and nature-based actions
provided complementary benefits (Ongsuco et al., 2025).
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Figure 3. Overall Emission Composition by Scope
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The overall institutional composition further clarifies the pattern observed in Figure 2.
Scope 2 accounts for 1,392 tCO2e or about 77% of total emissions, while Scope 3 contributes 280
tCOze or about 15%, and Scope 1 contributes 145 tCOze or about 8%. The university’s aggregate
emissions profile is therefore overwhelmingly shaped by electricity consumption (Ongsuco et al.,
2025).

This distribution has strong policy relevance. The Philippines’ Nationally Determined
Contribution explicitly situates mitigation within national laws and policy instruments such as
Republic Act No. 9729 and the NCCAP, and the Climate Change Commission identifies the NDC
as a national investment strategy for low-carbon development (Climate Change Commission, n.d.;
Government of the Philippines, 2021).

At the same time, the 15% share of Scope 3 should not be dismissed. Studies of university
carbon footprints show that indirect emissions can materially influence total institutional
performance and often reveal the behavioral dimensions of sustainability, especially around
transport, procurement, and waste (Yafez et al., 2020).
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Figure 4. Major Emission Drivers
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Figure 4 shows that electricity is by far the largest emission driver at 1,392 tCO-e, followed
by commuting (127 tCO:ze), air conditioning (108 tCO-e), plastic waste (83 tCO:¢), paper waste
(46 tCO2e), genset fuel (24 tCO2e), biodegradable waste (23 tCO-e), refrigerators (11 tCOz¢), LPG
(2 tCO2e), and fire extinguishers (0 tCOze). This ranking makes the mitigation hierarchy clear:
electricity first, then transport and cooling-related activities, followed by waste streams (Ongsuco
et al., 2025).

The dominance of electricity and cooling is especially understandable in the Philippine
context, where climatic conditions increase demand for thermal comfort and cooling loads, while
the grid remains emissions-intensive. In practical terms, interventions such as energy-efficient
appliances, cooling management, retrofit measures, and renewable energy adoption are likely to
yield the largest reductions (DOE, 2025).

The second-place ranking of commuting is also important. University studies
internationally have shown that transport can be a major emissions stressor, and in some cases the
leading one, depending on settlement patterns and commuting practices (Yafez et al., 2020). The
result supports campus mobility strategies such as carpooling, active transport incentives, route
rationalization, or low-emission shuttle systems.

Waste-related drivers, while lower than electricity and commuting, remain meaningful
because they are directly actionable through segregation, reduction, recycling, and composting
programs. A verified article on solid waste management strategies also supports the view that
educational institutions can strengthen sustainability outcomes through infrastructure, training,
and community engagement around waste practices (Epa et al., 2024; Republic of the Philippines,
2001).

Taken together, Figures 1 to 4 show that the university’s greenhouse gas profile is
structurally dominated by Scope 2 emissions and, more specifically, by electricity consumption.
Scope 3 emissions from commuting and waste remain relevant but secondary, while Scope 1
contributes the smallest share. This suggests that the most defensible decarbonization pathway for
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the institution is a staged strategy led by electricity reduction and cleaner energy sourcing, then
reinforced by transport and waste interventions. Such an approach is consistent with both the
Philippine climate policy framework and the emerging literature on carbon neutrality and campus
sustainability (Ongsuco et al., 2025; Climate Change Commission, n.d.).

Conclusion

This study established a comprehensive greenhouse gas (GHG) emissions profile of five
anonymized campuses within a Philippine state university system, revealing a highly electricity-
driven emissions structure dominated by Scope 2 emissions. Across all campuses, electricity
consumption accounted for the largest share of emissions, comprising approximately 77% of the
total, while Scope 3 emissions—primarily from commuting and waste—represented a secondary
but still meaningful contribution, and Scope 1 emissions remained minimal. These findings
confirm that indirect emissions, particularly from grid electricity, are the primary drivers of
institutional carbon footprints in higher education settings (Yanez et al., 2020).

The results further demonstrate that emissions are unevenly distributed across campuses,
with one campus contributing a disproportionately large share of total emissions. This indicates
that institutional carbon management strategies must move beyond uniform approaches and
instead adopt targeted, campus-specific interventions that prioritize high-emission units for
maximum impact. Such an approach is consistent with climate governance principles embedded
in the Climate Change Act of 2009 (Republic Act No. 9729) and the National Climate Change
Action Plan, which emphasize localized and sector-specific mitigation strategies (Climate Change
Commission, n.d.; Republic of the Philippines, 2009).

The dominance of electricity and cooling-related emissions reflects broader structural
realities within the Philippine energy system, where fossil fuel dependence continues to influence
emission intensity (Department of Energy [DOE], 2025). At the same time, the presence of Scope
3 emissions—particularly from commuting—highlights the importance of behavioral and
mobility-related factors, reinforcing the need for integrated institutional policies that address both
operational systems and user practices. These findings align with recent Philippine higher
education research demonstrating that energy, mobility, and nature-based strategies must be
combined to achieve meaningful reductions toward carbon neutrality (Ongsuco et al., 2025).

Overall, the study provides strong empirical evidence that universities serve as critical
actors in climate action, not only as emission sources but also as platforms for sustainability
innovation, policy translation, and community engagement. By establishing a data-driven baseline,
this research contributes to advancing institutional alignment with Sustainable Development Goal
13 (Climate Action) and supports the development of evidence-based mitigation strategies within
the Philippine higher education sector.

Recommendation

In light of the findings that greenhouse gas (GHG) emissions in the studied multi-campus
Philippine state university are predominantly driven by electricity consumption (Scope 2), with
additional contributions from mobility and waste-related activities (Scope 3), several strategic
directions may be considered to support institutional sustainability planning and climate action:
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1. Exploring Opportunities for Energy Efficiency Improvements

The predominance of electricity-related emissions suggests that there may be value in
examining opportunities for enhancing energy efficiency across campuses. This could potentially
include initiatives such as upgrading to energy-efficient lighting and appliances, optimizing
cooling systems, and strengthening energy monitoring practices.

Such approaches are consistent with national energy efficiency priorities and are widely
recognized as practical entry points for reducing institutional carbon footprints, particularly in
electricity-dependent systems (Department of Energy [DOE], 2025; Yanez et al., 2020).

2. Considering Renewable Energy Integration Pathways

Given the carbon intensity of grid electricity, the institution may benefit from assessing the
feasibility of integrating renewable energy solutions, such as solar photovoltaic systems or
participation in renewable energy programs.

Exploring these options may support alignment with the Philippines’ climate commitments
under its Nationally Determined Contribution (NDC), which highlights the transition toward
cleaner energy systems as a key mitigation pathway (Government of the Philippines, 2021).

3. Strengthening Awareness of Mobility-Related Emissions

The contribution of commuting to Scope 3 emissions suggests that mobility-related
practices could be further examined. The institution may consider exploring strategies that
encourage more sustainable transport behaviors, such as shared transport arrangements, active
mobility options, or flexible work and learning modalities where appropriate.

Previous studies indicate that commuting patterns can significantly influence institutional
emissions, particularly in geographically dispersed or multi-campus settings (Yaiez et al., 2020).

4. Enhancing Waste Management and Resource Use Practices
Although waste-related emissions represent a smaller share of total emissions, they may
offer accessible entry points for sustainability initiatives. Opportunities may exist to strengthen
waste segregation, recycling, composting, and reduction of single-use materials within campuses.
These potential directions are consistent with the principles outlined in the Ecological Solid
Waste Management Act of 2000 (Republic Act No. 9003) and may contribute to broader
institutional sustainability goals (Republic of the Philippines, 2001).

5. Advancing Campus-Level Carbon Monitoring and Planning

The observed variation in emissions across campuses suggests that there may be value in
adopting a more localized and data-informed approach to sustainability planning. This could
involve developing campus-specific emission profiles, tracking trends over time, and integrating
GHG data into planning and evaluation processes.

Such an approach aligns with the broader intent of the Climate Change Act of 2009
(Republic Act No. 9729), which encourages the integration of climate considerations into
institutional decision-making (Republic of the Philippines, 2009).

6. Supporting Research and Academic Engagement in Climate Action
As a higher education institution, there may be opportunities to further leverage academic
functions by encouraging research, instruction, and extension activities related to sustainability
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and climate action.

Integrating GHG inventory findings into teaching and research initiatives may help
strengthen both institutional capacity and community engagement, consistent with emerging
models of universities as active contributors to climate solutions (Ongsuco et al., 2025).

7. Aligning Institutional Efforts with National and Global Frameworks

Finally, aligning institutional sustainability efforts with broader frameworks—such as
Sustainable Development Goal 13 (Climate Action), the NCCAP, and the Philippines’ NDC—
may help situate campus-level initiatives within national and global priorities.

Such alignment may also support coherence in planning, reporting, and potential
partnerships for climate-related initiatives (Climate Change Commission, n.d.; Government of
the Philippines, 2021).

Overall, the findings suggest that institutional decarbonization may be approached through
a combination of energy-focused strategies, behavioral considerations, and policy alignment,
supported by data-driven planning. While specific actions may vary depending on institutional
context and resource availability, the identified areas provide a potential foundation for advancing
sustainability efforts within Philippine higher education institutions.
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