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Abstract 
This research paper presents an exhaustive analysis of the transformation of Indian Higher Education 

Institutions (HEIs) into sustainable ecosystems, a transition mandated by the National Education Policy 

(NEP) 2020 and the global Sustainable Development Goals (SDGs). As India progresses towards the 

"Viksit Bharat @2047" vision, the role of HEIs as catalysts for green growth and environmental 

stewardship becomes paramount. This study explores the philosophical underpinnings of sustainability in 

the Indian context, linking modern "Green Campus" initiatives to the ancient Gurukul tradition and the 

concept of Prakriti (Nature) as a primary teacher. A detailed examination of successful models, such as 

the 5-star GRIHA LD-rated IIT Gandhinagar, reveals the efficacy of centralized water management and 

passive cooling architectural techniques. These successes are contrasted with the structural and 

bureaucratic hurdles faced by state universities in Haryana and Rajasthan, highlighting the "awareness-

action" gap. The paper further investigates the technical architecture of AI-driven energy management, 

specifically the deployment of Deep Reinforcement Learning (DRL) agents in campus microgrids. Policy 

mechanisms such as the Academic Bank of Credits (ABC) and the National Credit Framework (NCrF) 

are analysed for their role in enabling micro-credentials and student-led "Green Portfolios." Finally, a 

comparative analysis between the AASHE STARS (v3.0) framework and the proposed Environmental 

Sustainability Index (ESI) is provided, culminating in a 5-year phased implementation roadmap for 

Indian HEIs. 

 

1. Introduction 

The higher education sector in India is currently 

navigating a period of profound transition, 

influenced by international climate imperatives and 

the strategic vision of the National Education 

Policy (NEP) 2020. With a network comprising 

over 1,000 universities and approximately 40,000 

colleges, India possesses one of the most extensive 

and intricate higher education systems globally 

(Nayak et al., 2025). The environmental footprint 

of this sector is substantial, characterized by high 

energy consumption, extensive water utilization, 

and significant waste generation (Agarwal, 2022; 

Nayak et al., 2025). Historically, the institutional 

focus of Indian HEIs was largely restricted to 

academic and research outputs, frequently at the 

expense of sustainable operational practices. 

However, the emergence of a global sustainability 

discourse and the national aspiration for "Viksit 

Bharat @2047" have repositioned environmental 

consciousness as a core tenet of institutional 

governance (Nayak et al., 2025). 

The NEP 2020 serves as the primary catalyst for 

this shift, advocating for a holistic educational 

paradigm that integrates sustainability into both the 

academic curriculum and the physical infrastructure 

(Nayak et al., 2025; Patel et al., 2024). This vision 

is closely aligned with the United Nations 

Sustainable Development Goals (SDGs), 

particularly SDG 4 (Quality Education) and SDG 

11 (Sustainable Cities and Communities) (Radha et 

al., 2023). The scale of the challenge is immense; 

Indian HEIs cater to over 40 million students, and 

the energy demand for campus operations—

including high-tech laboratories, massive 

residential halls, and data centres—is projected to 

grow exponentially as India scales its research 

output (Saxena et al., 2025). Despite the policy's 

robustness, a significant disparity remains between 

elite institutions and regional state universities. 

While premier campuses have successfully 

implemented sophisticated green initiatives, many 

others are impeded by aging infrastructure and 

financial constraints (Ayare et al., 2016; Priyanka, 

2019). This research evaluates the current 

landscape of sustainable higher education in India, 

identifying key success factors and proposing a 

technical and evaluative framework to bridge the 

gap between policy and practice. The goal is to 

provide a roadmap for HEIs to transform from 

resource-intensive entities into resilient, carbon-

neutral ecosystems that lead by example in the fight 

against climate change. 

2. Philosophical Foundations: The Indian Ethos 

of Sustainability 

The modern "Green Campus" movement in India is 

not merely a contemporary adoption of 

international standards but a reclamation of an 

ancient indigenous ethos. The Indian tradition of 

sustainability is deeply rooted in the concept of 

Prakriti (Nature) as a teacher and a sacred entity. 

Historically, the "Gurukul" system of education 
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was characterized by its intimate connection with 

the natural world. Learning occurred in Aranyas 

(forests), where students were taught not just 

academic subjects but the principle of coexistence 

and restraint (Nayak et al., 2025). 

2.1 The Gurukul Tradition and Prakriti 

Ancient Indian texts, such as the Isha Upanishad, 

encapsulate this ethos in the phrase "Tena tyaktena 

bhunjitha" (Enjoy what is given by nature with 

restraint). This philosophy suggests that humans are 

not masters of the environment but stewards who 

must use resources without depleting the vitality of 

the ecosystem. The Gurukul was essentially a self-

sustaining ecosystem where the master (Guru) and 

the disciples (Shishyas) lived in harmony with local 

flora and fauna, practicing "Institutional Ecology" 

centuries before the term were coined in modern 

literature (Chakraborty et al., 2021). In this 

traditional framework, nature was the classroom, 

providing empirical lessons in biology, 

meteorology, and ethics. The Aranyakas (forest-

dwelling texts) of the Vedic period further 

emphasize the sanctity of forests and the duty of 

every individual to protect the Vriksha (trees) and 

Vana (forests). 

The concept of Viksit Bharat @2047 (Developed 

India by 2047) seeks to align these ancient values 

with 21st-century technological advancements. The 

vision of a developed nation is not restricted to 

economic metrics but extends to the creation of a 

"Resilient Society" that honours its sustainable 

heritage. This alignment is reflected in the NEP 

2020, which emphasizes a "multidisciplinary and 

holistic" approach to education, echoing the 

Gurukul’s integrated learning model. By 

positioning the campus as a "Living Laboratory," 

modern HEIs are attempting to recreate the 

Gurukul’s experiential learning environment, where 

the physical space itself teaches the values of 

conservation and biodiversity (Nayak et al., 2025). 

The transition from a passive classroom to an 

active, nature-integrated learning space is central to 

the NEP’s vision of reclaiming India’s role as a 

Vishwa Guru (Global Teacher) in sustainable 

living. 

2.2 Alignment with UN SDGs and NEP 2020 

The alignment between Indian philosophical 

foundations and the UN SDGs is particularly 

evident in the pursuit of SDG 12 (Responsible 

Consumption and Production) and SDG 13 

(Climate Action). The ancient Indian emphasis on 

Dharma (duty) towards all living beings (Sarva 

Bhuta Hite Rataha) provides a moral foundation for 

the modern sustainability agenda (Radha et al., 

2023). NEP 2020 explicitly links this 

environmental heritage to global citizenship 

education, aiming to produce graduates who are 

"not only skilled but also compassionate and 

environmentally conscious." This synthesis of the 

ancient and the modern is crucial for the transition 

toward carbon-neutral campuses, as it fosters a 

cultural shift among stakeholders that technical 

solutions alone cannot achieve. 

The vision of "Viksit Bharat" necessitates that HEIs 

become the training grounds for this new 

generation of "Green Leaders." As India strives to 

achieve its "Net Zero" commitments by 2070, the 

higher education sector must lead by example, 

transforming its campuses into hubs of sustainable 

innovation that draw inspiration from the country's 

profound ecological history. This involves a 

fundamental re-imagining of the university's role—

from being a consumer of resources to a producer 

of environmental value, where every academic 

program and every campus facility is designed to 

contribute to the nation’s sustainable growth 

(Nayak et al., 2025; Silva et al., 2023). 

3. NEP 2020 and the Academic Bank of Credits: 

Structural Enablers 

A significant hurdle to sustainability in higher 

education has been the "siloed" nature of traditional 

academic disciplines. Environmental issues are 

inherently multidisciplinary, requiring insights 

from engineering, law, sociology, and economics. 

NEP 2020 addresses this challenge through the 

introduction of the National Credit Framework 

(NCrF) and the Academic Bank of Credits (ABC), 

which provide the structural flexibility needed for 

comprehensive sustainability education. 

3.1 The National Credit Framework (NCrF) and 

Credit Levels 

The NCrF serves as a unified framework that 

integrates school, vocational, and higher education. 

It establishes a standardized credit system where 

credits are earned based on "notional learning 

hours," which include classroom teaching, 

practical’s, projects, and even community service 

(NCrF Draft Report, 2022). This system allows for 

the creditization of "Micro-credentials" in 

sustainability. For instance, a student pursuing a 

degree in Civil Engineering can earn specific 

credits in "Renewable Energy Systems," "Waste-to-

Energy Technologies," or "Sustainable Urban 

Planning" through short-term certified courses from 

recognized providers. 

Under the NCrF, credit levels are defined from 

Level 1 to Level 8, mapping the progression of 

learning from school to doctoral levels. This 

granularity allows for the recognition of "Green 

Skills" at various stages of a student's academic 

journey. The framework distinguishes between 

"General Education" and "Vocational Education 
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and Training" (VET), but provides mechanisms for 

the "Equivalence" of credits between the two. This 

is a game-changer for sustainability education, as it 

allows for the integration of technical skills (e.g., 

solar panel installation) with theoretical knowledge 

(e.g., climate science). A student who participates 

in a campus-wide biodiversity mapping project or 

an energy audit can have these activities recognized 

as part of their academic credits, thereby 

incentivizing "Performative" over "Declarative" 

learning (NCrF Draft Report, 2022). 

3.2 The Academic Bank of Credits (ABC) and 

the "Green Portfolio" 

The ABC is a digital repository that stores credits 

earned by students from different registered HEIs. 

This system enables "Multiple Entry and Multiple 

Exit" (ME-ME) options, allowing students to pause 

their formal education to gain work experience in 

the sustainability sector and then return to complete 

their degree with accumulated credits (Nayak et al., 

2025). 

Crucially, the ABC allows students to build a 

"Green Portfolio." In a traditional system, a 

student’s exposure to sustainability might be 

limited to a single mandatory course. With the 

ABC, a student can accumulate diverse credits from 

multiple institutions—perhaps taking an 

"Environmental Policy" course at a Liberal Arts 

university and a "Solar Microgrid Design" course at 

a technical institute. This multidisciplinary 

accumulation creates a holistic expertise that is 

highly valued in the emerging green economy. The 

"Green Portfolio" serves as a verified record of the 

student's multidisciplinary competencies, 

facilitating mobility between academia and 

industry. For example, a student could exit after 

their second year with a "Diploma in 

Environmental Stewardship" and return two years 

later to complete a degree in "Sustainable Resource 

Management," having gained practical field 

experience in the interim (Nayak et al., 2025; NCrF 

Draft Report, 2022). 

3.3 Enabling Micro-credentials and Lifelong 

Learning 

The NCrF and ABC also facilitate "Lifelong 

Learning" by allowing working professionals to 

upskill through micro-credentials. A facilities 

manager at a state university, for example, could 

earn credits in "AI-Driven Energy Management" or 

"Sustainable Facilities Operations" through an 

online platform like SWAYAM, with these credits 

being stored in the ABC for future degree 

completion or professional certification. This 

mechanism is essential for building the institutional 

capacity required to manage modern sustainable 

infrastructure. By breaking down the barriers 

between formal degrees and vocational skills, the 

ABC/NCrF system ensures that the "Green 

Transition" is supported by a workforce that is both 

technically proficient and environmentally 

grounded. The policy also envisions the 

creditization of "Work Experience" and 

"Proficiency" acquired outside formal academic 

settings, which can further enrich the student's 

green portfolio (NCrF Draft Report, 2022). 

3.4 Integration of SDG Themes in Teacher 

Training 

A key component of the NEP 2020 strategy is the 

transformation of teacher training programs. For 

sustainability education to be effective, faculty 

must be equipped with the tools to integrate SDG 

themes across disciplines. The policy mandates the 

inclusion of environmental literacy in the Bachelor 

of Education (B.Ed.) curriculum and periodic 

Professional Development (PD) workshops for 

existing faculty. This ensures that the "Gurukul" 

spirit of environmental stewardship is effectively 

transmitted to the next generation of students 

(Radha et al., 2023). By aligning teacher capacity 

with the multidisciplinary demands of the NCrF, 

India is building a robust foundation for 

"Sustainable Human Capital" (Nayak et al., 2025). 

4. Case Study: IIT Gandhinagar – Engineering a 

Sustainable Campus 

IIT Gandhinagar (IITGN) represents the gold 

standard for sustainable campus development in 

India. As the first campus to receive the 5-star 

GRIHA LD (Large Development) rating, IITGN 

provides a comprehensive blueprint for "Zero-

Discharge" and "Resource-Efficient" institutional 

design. 

4.1 The Centralized Water Management System 

(CWMS) 

Water scarcity is a critical challenge in the arid 

region of Gujarat. To address this, IITGN has 

implemented a sophisticated Centralized Water 

Management System (CWMS) that adheres to a 

"Zero-Discharge" policy. 

 Root Zone Treatment (RZT): The campus 

treats 100% of its wastewater on-site using a 

decentralized biological system known as Root 

Zone Treatment. The RZT process utilizes 

anaerobic reactors followed by reed beds 

planted with Phragmites australis. These 

plants, along with specialized gravel media, 

filter and treat the water through natural 

biological and chemical processes. Unlike 

chemical treatment plants, RZT is low-

maintenance and provides a secondary benefit 

by creating "Constructed Wetlands" that 

support local biodiversity (Dubey et al., 2021). 
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 Water Reuse and Conservation: The treated 

effluent from the RZT system is used for 100% 

of the campus's landscaping needs, as well as 

for flushing and cooling towers. This "Closed-

Loop" water system has enabled IITGN to 

reduce its freshwater withdrawal by over 40%, 

a significant achievement given the campus 

population (Dubey et al., 2021; Bhattacharyya, 

2020). 

 Rainwater Harvesting: The campus features an 

extensive network of recharge wells and 

storage tanks. During the monsoon, runoff from 

rooftops and paved surfaces is captured and 

diverted into these wells to recharge the local 

aquifer. This passive system ensures the long-

term resilience of the campus's water supply. 

4.2 The Biogas Plant and Waste-to-Energy 

Solid waste management at IITGN is characterized 

by 100% segregation at the source. The most 

innovative feature is the on-site Biogas Plant, 

which processes 100% of the campus's food waste. 

 Anaerobic Digestion: The plant uses anaerobic 

digestion to convert organic waste into biogas 

and nutrient-rich slurry. The biogas is piped 

back into the campus kitchens for cooking, 

replacing commercial LPG and reducing the 

campus's carbon footprint. The slurry is used as 

high-quality organic fertilizer for the campus 

gardens, completing the nutrient cycle (Dubey 

et al., 2021). 

 Zero-Waste Policy: Non-biodegradable waste 

is meticulously segregated and sold to 

authorized recyclers, ensuring that almost zero 

waste is sent to municipal landfills. This 

systematic approach to waste has turned a 

potential liability into a valuable energy and 

agricultural resource. 

 

4.3 Passive Cooling and Climate-Responsive 

Architecture 

The architecture of IITGN is a masterclass in 

"Passive Design," utilizing traditional Indian 

wisdom to minimize energy demand for cooling. 

 Wind Tunnels and Ventilation: The campus 

master plan is oriented to take advantage of 

prevailing wind patterns. Buildings are spaced 

and oriented to create "Ventilation Corridors" 

and "Wind Tunnels" that naturally cool the 

spaces between buildings (Dubey et al., 2021). 

 High-Thermal-Mass and Shading: Building 

materials like fly-ash bricks provide high 

thermal mass, slowing the transfer of heat from 

the outside to the inside. Traditional "Jaali" 

(lattice) screens are used extensively. These 

screens provide shade and "Dappled Light" 

while allowing airflow, significantly reducing 

the "Heat Island Effect" within the campus. 

These passive techniques, combined with high-

efficiency HVAC systems, have resulted in 

energy consumption levels that are far below 

national benchmarks for educational buildings 

(Dubey et al., 2021). 

 

5. Case Study: Ashoka University and the 

Liberal Arts Approach 

While IIT Gandhinagar focuses on technical and 

infrastructural excellence, Ashoka University 

provides a model for "Pedagogical Integration." 

Ashoka’s approach is defined by a "Purpose-Driven 

Triad": sustainability-focused courses, research, 

and campus operations, ensuring that the entire 

university ecosystem is oriented towards 

environmental stewardship (Chakraborty et al., 

2021). 

5.1 The Purpose-Driven Triad: Integrating 

Curriculum and Operations 

 Curricular Innovation and Multidisciplinary 

Pedagogy: Ashoka integrates sustainability into 

its liberal arts curriculum, ensuring that 

students in Economics, History, or Philosophy 

engage with environmental challenges as part 

of their "Critical Thinking" development. The 

university offers a "Minor in Environmental 

Studies" that allows students to explore the 

intersection of ecology, ethics, and economics. 

This multidisciplinary exposure is a core pillar 

of the NEP 2020’s vision, creating a "Pro-

Sustainability Orientation" among graduates 

who will enter diverse fields (Chakraborty et 

al., 2021; D. et al., 2022). 

 Campus as a Living Laboratory: The university 

uses its physical campus as a "Living 

Laboratory" where students participate in 

"Hands-On" learning. Students work with the 

facilities team to conduct energy audits, 

monitor waste segregation levels, and even map 

the biodiversity of the campus. This 

"Experiential Learning" turns the campus from 

a passive space into an active teaching tool, 

bridging the gap between "Theoretical 

Knowledge" and "Practical Implementation." 

For example, students have been involved in 

optimizing the campus's "Water Consumption 

Patterns" through data-driven research projects 

(Chakraborty et al., 2021). 

 Institutional Values and Stakeholder 

Engagement: Sustainability is embedded in the 

university's core values, reflected in its 

governance structures and "Student-Led Green 

Clubs." This "Culture of Sustainability" ensures 

high levels of stakeholder engagement, a 

critical factor often missing in larger, more 
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bureaucratic institutions. Ashoka’s model 

emphasizes that "Sustainable Transformation" 

is as much about "People and Culture" as it is 

about "Pipes and Panels" (Chakraborty et al., 

2021). 

 Social Responsibility and Community 

Outreach: Beyond the campus boundaries, 

Ashoka engages with local communities in 

Haryana to promote "Sustainable Practices." 

This "Extended Impact" is a key element of the 

"Gurukul" tradition—sharing knowledge for 

the greater good (Sarvodaya). The university's 

outreach programs on "Waste Management" 

and "Water Conservation" serve as a model for 

how HEIs can act as catalysts for "Regional 

Sustainability" (Nayak et al., 2025; 

Chakraborty et al., 2021). 

 Strategic Research Initiatives: The university 

hosts dedicated research centres that focus on 

"Environment and Climate Change." These 

centres facilitate "Collaborative Research" 

between faculty and students, producing peer-

reviewed publications that contribute to the 

global sustainability discourse. This research-

oriented approach ensures that the university’s 

sustainability practices are grounded in the 

latest "Scientific Evidence" (Radha et al., 2023; 

Chakraborty et al., 2021). 

 

6. The Challenge of State Universities: 

Institutional Inertia and Policy Gaps 

The successes of IITGN and Ashoka contrast 

sharply with the challenges faced by resource-

constrained state universities. Research conducted 

in Haryana and Rajasthan reveals a systemic 

"Failure Narrative" characterized by "Institutional 

Inertia," "Bureaucratic Hurdles," and a deep-seated 

"Awareness-Action Gap" (Priyanka, 2019; Nangia, 

2014; Ayare et al., 2016). 

6.1 Institutional Inertia and Bureaucratic 

Hurdles 

State universities, which cater to the vast majority 

of Indian students, are often trapped in a 

"Maintenance-Centric" governance structure that 

lacks the capacity for "Transformative" 

sustainability. 

 Capital Constraints and Funding Deficits: 

Unlike premier institutions that receive direct 

central funding or have large private 

endowments, state universities depend on state 

grants that are often volatile and primarily 

allocated for salaries and basic operations. The 

high upfront cost of "Deep Retrofits"—such as 

replacing single-pane windows with low-

emissivity (Low-E) glazing or upgrading to 

centralized Building Management Systems 

(BMS)—is viewed as a luxury rather than a 

long-term investment. In Haryana, research 

indicates that over 70% of state universities 

lack a dedicated budget for sustainability 

initiatives (Priyanka, 2019). 

 Public Procurement Constraints (L1 vs. Life-

Cycle Cost): Public procurement rules in India 

are strictly governed by the "L1" (Lowest 

Bidder) principle. This rule often prevents 

facilities managers from selecting high-

efficiency equipment (e.g., Five-Star rated ACs 

or high-efficacy LED lighting) because the 

"Life-Cycle Savings" are not recognized in the 

initial bid evaluation. This "First-Cost" bias 

leads to the installation of inefficient systems 

that increase the operational energy bill over 

the long term (Mahajan et al.). 

 Bureaucratic Layering: Implementing a major 

green project, such as a rooftop solar plant or a 

wastewater recycling unit, requires multiple 

layers of administrative approvals, often 

involving non-technical state education 

departments. This "Administrative Red Tape" 

leads to significant delays and "Project 

Fatigue," where institutional champions 

eventually lose interest. 

6.2 The Awareness-Action Gap: Faculty and 

Student Engagement 

A significant finding in the Rajasthan studies is the 

profound "Awareness-Action Gap." While over 

90% of students and faculty are aware of global 

climate challenges and support green initiatives in 

principle, only a fraction (less than 20%) actively 

participates in campus sustainability programs 

(Nangia, 2014). This disparity is attributed to 

several factors: 

 Lack of Institutionalized Policy: Many state 

universities do not have a formal, written 

"Sustainability Policy" or "Sustainability 

Charter." Without a clear institutional mandate, 

environmental initiatives remain voluntary and 

fragmented, often led by a single enthusiastic 

faculty member. When that person leaves, the 

initiative often collapses (Nangia, 2014). 

 Inadequate Facilities Management (FM) 

Capacity: State universities often lack 

specialized FM staff capable of operating and 

maintaining complex "Green Infrastructure." 

For example, many solar plants installed 

through state grants remain non-functional due 

to a lack of "Preventive Maintenance" or basic 

repairs. The FM teams are often understaffed 

and lack the "Digital Literacy" required for 

smart metering and energy monitoring (Ayare 

et al., 2016). 
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 Socio-Economic Barriers and the Gini 

Coefficient: In regional universities, the 

primary concern of students is "Employability" 

and "Income Security." If sustainability 

education is not explicitly linked to marketable 

"Green Skills," it is perceived as an 

extracurricular distraction. This link is essential 

for reducing regional income inequality and 

flattening the "Gini Coefficient" (Nayak et al., 

2025). Bridging the gap requires a fundamental 

shift—from treating sustainability as a "Moral 

Duty" to treating it as a "Professional 

Competency." 

6.3 Aging Infrastructure and Maintenance Gaps 

State universities often operate from "Heritage 

Buildings" or decades-old structures that were not 

designed for energy efficiency. 

 Lighting and HVAC Inefficiencies: Research in 

Haryana reveals that a significant portion of 

campus energy is wasted due to the continued 

use of "T12" fluorescent lamps and 

"Oversized" air conditioners in poorly insulated 

rooms (Priyanka, 2019). 

 Water Management Gaps: Many state 

campuses report high levels of "Non-Revenue 

Water" (NRW) due to leaking underground 

pipes and a lack of metering. In many cases, the 

university does not even know its total daily 

water consumption, making it impossible to 

implement an effective recycling strategy. The 

"Failure to Audit" is the primary barrier to 

"Verification" (Ayare et al., 2016; John et al., 

2025). 

 Waste Management Shortfalls: While basic 

waste collection exists, most state universities 

lack "Energy-Recovery" systems. Waste is 

often dumped in open campus pits or 

outsourced to municipal systems that lack 

segregation capacity. The absence of "On-Site 

Processing" remains a major operational gap 

(Bhattacharyya, 2020). 

7. AI-Driven Energy Management Architecture: 

A Technical Deep Dive 

Artificial Intelligence (AI) and Machine Learning 

(ML) are the "Decision Engines" that enable the 

transition from static energy management to 

dynamic, carbon-optimized operations. The 

technical architecture for an Indian HEI microgrid 

is built around the "Deep Reinforcement Learning 

(DRL) Agent." 

7.1 The Deep Reinforcement Learning (DRL) 

Agent 

A DRL agent, typically based on "Deep Q-

Networks" (DQN) or "Proximal Policy 

Optimization" (PPO), learns the optimal sequence 

of control actions by interacting with a high-fidelity 

"Digital Twin" of the campus microgrid. It operates 

in a continuous "Sense-Plan-Act" loop (Kumar et 

al.). 

 State Space (S): The DRL agent's perception of 

the environment is defined by a multi-

dimensional state vector:  

o Solar Generation (P_PV): Current and 

forecasted power output from rooftop and 

ground-mounted solar arrays. 

o Campus Load Demand (P_L): Real-time 

energy demand from classrooms, 

residential halls, laboratories, and street 

lighting. 

o Energy Storage State (SoC): The "State of 

Charge" of campus-wide Battery Energy 

Storage Systems (BESS) and "Vehicle-to-

Grid" (V2G) capable Electric Vehicle 

(EV) fleets. 

o External Grid Signals (G): Current 

electricity price (Time-of-Use), grid 

frequency, and carbon intensity of the 

utility mix. 

o Environmental Context (E): Ambient 

temperature, humidity, and forecasted 

"Solar Irradiance" (Kumar et al.; Saxena 

et al., 2025). 

 Action Space (A): Based on the state, the agent 

executes actions within a discrete or continuous 

action space:  

o Storage Dispatch (A_BESS): Charging or 

discharging the BESS to buffer against 

solar intermittency. 

o V2G/G2V Scheduling (A_EV): 

Scheduling EV fleets to charge when solar 

generation is abundant (Grid-to-Vehicle) 

and discharge to the campus microgrid 

during "Peak Demand" periods (Vehicle-

to-Grid). This turns the university's EV 

fleet into a "Decentralized Battery 

System." 

o Demand Side Management (A_DSM): 

Adjusting HVAC "Setpoints" (e.g., 

increasing temperature by 1-2°C during 

peak load), dimming LED streetlights via 

"Smart Controllers," and scheduling non-

essential laboratory equipment (Kumar et 

al.). 

 Reward Function (R): The agent is "trained" to 

maximize a reward function that balances 

competing objectives:  

o Minimizing Operational Expenditure 

(OpEx): Reducing the monthly utility bill 

by avoiding "Demand Charges" and 

shifting imports to off-peak periods. 

o Maximizing Solar Self-Consumption 

(SSC): Minimizing the "Curtailment" of 
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solar power by aligning load with 

generation. 

o Reducing Carbon Footprint (C_EMI): 

Prioritizing on-site renewable energy and 

"Low-Carbon" grid imports (Kumar et al.; 

Mahajan et al.). 

7.2 Demand Forecasting: LSTM, PSO, and EVT 

The proactive capability of a DRL agent is powered 

by accurate "Load Forecasting" modules that can 

anticipate energy needs before they occur. 

 Long Short-Term Memory (LSTM) Networks: 

Traditional forecasting models often fail to 

capture the "Non-Linearities" and "Long-Term 

Dependencies" in campus energy data (e.g., the 

24-hour cycle or the 7-day academic cycle). 

LSTM networks, with their "Cell States" and 

"Forget Gates," are designed specifically to 

learn these temporal patterns. Research 

indicates that LSTM-based forecasting can 

achieve a "Mean Absolute Percentage Error" 

(MAPE) of less than 3% in Indian campus 

microgrids (Saxena et al., 2025). 

 Extreme Value Theory (EVT) for Load Spikes: 

Large research universities often experience 

sudden "Load Spikes" due to the simultaneous 

operation of energy-intensive lab equipment 

(e.g., cryostats, wind tunnels). EVT is used as a 

specialized statistical layer to model these "Tail 

Events," allowing the DRL agent to prepare 

"Load Shedding" protocols in advance. 

 Particle Swarm Optimization (PSO): PSO is 

used as a "Meta-Heuristic" optimization 

algorithm to fine-tune the weights and biases of 

the LSTM networks. PSO-tuned models are 

more robust against "Data Volatility" and can 

adapt more quickly to seasonal changes in 

energy demand (Saxena et al., 2025). 

7.3 Cyber-Physical Integration and the IoT 

Layer 

The DRL agent's decisions are enacted through a 

"Cyber-Physical System" (CPS) that connects the 

AI "Brain" to the physical "Actuators." 

 IoT Smart Metering: High-frequency smart 

meters at the building level provide the 

granular data required for the DRL agent. 

These meters communicate via low-power 

networks like LoRaWAN or NB-IoT, ensuring 

data reliability even in large, spread-out 

campuses (John et al., 2025; Saxena et al., 

2025). 

 Smart Building Controllers: The DRL agent 

sends control signals to "Smart Controllers" 

within the Building Management System 

(BMS). For example, it can "Pre-Cool" a 

lecture hall using 100% solar energy 30 

minutes before a class begins, thereby reducing 

the peak load when the students arrive. 

 Digital Twin Architecture: Many forward-

looking campuses are building "Digital 

Twins"—virtual replicas of the entire campus 

infrastructure. The DRL agent is first trained on 

the Digital Twin using "Simulated Data" to 

avoid catastrophic failures in the real-world 

microgrid. Once a stable "Policy" is learned, it 

is "Transferred" to the physical microgrid 

through a "Transfer Learning" approach. This 

reduces the risk of operational disruptions 

during the AI's learning phase (Mahajan et al.). 

8. Comparative Frameworks: AASHE STARS 

v3.0 vs. Environmental Sustainability Index 

(ESI) 

A significant challenge in the Indian higher 

education sector is the lack of "Granular 

Operational Indicators" in current ranking 

frameworks like NIRF and NAAC. This research 

proposes the Environmental Sustainability Index 

(ESI) and compares it with the international 

AASHE STARS (v3.0) framework. 

8.1 Critique of NIRF and NAAC 

Current national frameworks are largely 

"Declarative." An institution can earn points for 

having a "Green Committee" or a "Solar Policy," 

without necessarily demonstrating a reduction in its 

carbon footprint or water consumption. 

 Lack of Verification: NIRF and NAAC lack 

rigorous third-party verification of 

environmental data. 

 Input vs. Outcome: They focus on "Inputs" 

(e.g., number of trees planted) rather than 

"Outcomes" (e.g., net-zero carbon status). 

 One-Size-Fits-All: These frameworks do not 

adequately account for the resource disparities 

between a premier IIT and a regional state 

college (Qatar, 2022). 

8.2 The AASHE STARS v3.0 Framework 

The "Sustainability Tracking, Assessment & Rating 

System" (STARS) by AASHE is the global 

benchmark for HEI sustainability. The newly 

released v3.0 introduces even more rigorous 

credits. 

 AC 1: Sustainability Course Offerings: This 

credit requires a granular audit of the 

curriculum to identify courses that include 

sustainability as a core component. 

 OP: Operations: STARS includes detailed 

credits for "Greenhouse Gas Emissions," 

"Building Energy Consumption," and "Water 

Use." 

 Transparency: All STAR’S reports are publicly 

available, allowing for peer comparison and 
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benchmarking (AASHE STARS Technical 

Manual v3.0). 

8.3 The Proposed Environmental Sustainability 

Index (ESI) 

The ESI is a performance-based index tailored to 

the Indian context, with a 100-point scoring rubric 

across 7 domains: 

1. Energy & Carbon (25 pts): Normalized energy 

use (kWh/m2/yr.) and % renewable share. 

2. Water Stewardship (15 pts): Per-capita 

freshwater withdrawal and % wastewater 

recycling. 

3. Waste Management (15 pts): Diversion rate 

from landfills and presence of a 

biogas/composting unit. 

4. Built Environment (15 pts): % of campus area 

with GRIHA or LEED certification. 

5. Sustainable Mobility (10 pts): EV charging 

infrastructure and zero-emission transport 

share. 

6. Curriculum & Research (10 pts): Number of 

sustainability courses (mapped to AC 1 of 

STARS) and research outputs. 

7. Governance & Finance (10 pts): Presence of a 

"Green Revolving Fund" (GRF) and a 

dedicated Sustainability Officer. 

The ESI domains map directly to STARS credits 

but place a higher weight on "Operational Metrics" 

(55% of the total score) to drive tangible resource 

savings. This ensures that the ranking reflects the 

actual environmental impact of the institution. 

9. Implementation Roadmap: A 5-Year Phased 

Transition Plan 

To achieve "ESI Gold Level" status, an Indian 

university should follow a structured 5-year 

transition plan. 

 Year 1: Data Baselining and Audits: 

o Conduct mandatory 3rd-party energy, water, 

and waste audits to establish a "Baseline." 

o Set up a "Sustainability Governance 

Committee" with representation from faculty, 

students, and facilities staff. 

 Year 2: Policy and Financial Structuring: 

o Establish a "Green Revolving Fund" (GRF) 

to ring-fence savings from energy projects. 

o Introduce "Green Procurement Guidelines" 

for institutional purchasing. 

 Year 3: High-Impact Retrofits and ESCO 

Contracts: 

o Partner with an "Energy Service Company" 

(ESCO) for deep retrofits (e.g., LED lighting, 

high-efficiency chillers) using the 

"Guaranteed Savings" model. 

o Implement the first phase of an "AI-Driven 

Energy Management System" in the most 

energy-intensive buildings. 

 Year 4: Curriculum Integration and ABC 

Implementation: 

o Map the curriculum for sustainability 

content and offer new "Micro-credentials." 

o Register the institution on the ABC platform 

to enable the "Green Portfolio" for students. 

 Year 5: Evaluation and Continuous 

Improvement: 

o Complete the first full-scale ESI assessment. 

o Achieve "ESI Platinum" or "Gold" status 

and link this achievement to increased 

eligibility for central capital grants. 

10. Conclusion: Toward Sustainable 

Institutional Resilience 

The transformation of Indian Higher Education 

Institutions into sustainable ecosystems is not an 

optional "Green Initiative" but a fundamental 

requirement for national resilience. As India seeks 

to achieve the "Viksit Bharat @2047" vision, HEIs 

must act as the "Engines of Green Innovation." The 

success models of IIT Gandhinagar and Ashoka 

University demonstrate that with the right mix of 

technical engineering and pedagogical 

commitment, sustainability is achievable. However, 

the systemic hurdles in state universities require 

targeted policy interventions, such as the adoption 

of the ESI framework and the leveraging of AI-

driven infrastructures. By integrating ancient Indian 

values with modern technological tools, India can 

ensure that its HEIs become carbon-neutral hubs of 

excellence that prepare the next generation to 

navigate the complexities of a climate-impacted 

world. The roadmap provided in this study offers a 

pragmatic blueprint for this transition, ensuring that 

sustainable institutional resilience becomes the 

hallmark of the Indian higher education ecosystem. 
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