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1. Programme Overview
An interdisciplinary Minor covering environmental engineering, pollution control, renewable/clean energy, circular economy, life-cycle assessment, carbon accounting, climate resilience and an applied sustainability project.
2. Credit and Semester Structure
The Minor comprises six 3-credit courses, one course in each semester from Semester III to Semester VIII, giving 18 additional credits. Each theory course is proposed as L3–T0–P0 unless a practical component is explicitly indicated. Institutions may modify contact-hour distribution, assessment weightage and prerequisite requirements through the prescribed academic approval process.
	Semester
	Course Code
	Course Title
	Credits




SEMESTER III – MINOR301GT
Environmental Engineering Fundamentals and Pollution Control
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain environmental systems and pollution pathways.
Analyse basic water, air and solid-waste problems.
Understand treatment technologies and environmental standards.
Apply environmental monitoring concepts.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Environment and ecosystems; environmental chemistry; material/energy cycles; sustainability; environmental indicators.
	9
	CO1

	II
	Water quality; physical/chemical/biological parameters; water pollution; drinking-water treatment; disinfection.
	9
	CO1,CO2

	III
	Wastewater treatment: screening; grit removal; primary/secondary treatment; activated sludge concept; tertiary treatment; reuse.
	9
	CO2,CO3

	IV
	Air pollution; particulate/gaseous pollutants; atmospheric dispersion concepts; cyclones; ESP; bag filters; scrubbers.
	9
	CO2,CO4

	V
	Solid/hazardous waste; segregation; collection; recycling; treatment; disposal; noise; EIA and environmental compliance.
	9
	CO3,CO5


Course Outcomes
Explain environmental systems and pollution pathways.
Interpret common water-quality parameters.
Describe wastewater and air-pollution control processes.
Develop an integrated waste-management concept.
Interpret environmental standards and compliance requirements.
Suggested Practical / Field / Software Work
Water-quality parameter analysis.
Coagulation/flocculation jar test.
Wastewater-treatment flow-sheet design exercise.
Air-pollution control device comparison.
Solid-waste characterization and management plan.
Reference Books / Standards / Digital Resources
Metcalf & Eddy, Wastewater Engineering: Treatment and Resource Recovery, McGraw-Hill.
Peavy, Rowe and Tchobanoglous, Environmental Engineering.
Rao and Rao, Air Pollution Control Engineering.
CPHEEO manuals and relevant CPCB publications.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Introduction to Environmental Engineering and Science - IIT Kharagpur - Ecology, water pollution, water/wastewater quality and treatment, solid/hazardous waste, soil/noise pollution, EIA, LCA, waste minimisation, circular economy and sustainable development.
Environmental Engineering - IIT Roorkee - Environmental standards, water-quality monitoring, air pollution control, water recycling/reuse, physico-chemical/electrochemical/biological treatment and solid waste.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER IV – MINOR401GT
Renewable Energy, Energy Efficiency and Clean Technologies
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain renewable and low-carbon energy technologies.
Evaluate energy-efficiency opportunities.
Understand storage, hydrogen and clean-fuel pathways.
Compare technologies using technical, economic and environmental criteria.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Energy resources; energy transition; energy efficiency; energy auditing; energy intensity; carbon intensity.
	9
	CO1

	II
	Solar PV/thermal; solar-resource assessment; PV system components; efficiency; grid/off-grid systems.
	9
	CO1,CO2

	III
	Wind; small hydro; biomass; biogas; waste-to-energy; geothermal; resource assessment and system selection.
	9
	CO2,CO3

	IV
	Hydrogen; electrolysis; fuel cells; batteries; thermal storage; pumped hydro; hybrid renewable systems.
	9
	CO3,CO4

	V
	Microgrids; demand management; electrification; techno-economic comparison; lifecycle emissions; clean-tech case studies.
	9
	CO4,CO5


Course Outcomes
Explain major renewable-energy technologies.
Estimate basic renewable-energy output.
Compare storage and clean-fuel options.
Evaluate energy-efficiency measures.
Recommend a low-carbon energy system using multiple criteria.
Suggested Practical / Field / Software Work
Solar-PV sizing exercise.
Solar thermal energy estimation.
Wind-resource/data analysis.
Building energy audit.
Battery/energy-storage sizing.
Hybrid renewable-system comparison.
Reference Books / Standards / Digital Resources
G. D. Rai, Non-Conventional Energy Sources, Khanna Publishers.
Sukhatme and Nayak, Solar Energy: Principles of Thermal Collection and Storage.
Twidell and Weir, Renewable Energy Resources.
IRENA/IEA public-domain renewable-energy reports.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Renewable Energy Sources: Fundamentals and Technologies - IIT Roorkee - Solar, biomass, wind, hydro, geothermal, emerging renewables, hybrid systems, resource assessment, design principles and techno-economic aspects.
Environmental Science - IIT Kharagpur - Environmental concerns, sustainable development, climate change, renewable energy, circular economy, water/waste, noise and environmental policy.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER V – MINOR501GT
Waste Management, Circular Economy and Resource Recovery
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain circular-economy principles and material flows.
Characterize major waste streams.
Compare recovery, recycling and treatment technologies.
Design resource-efficient engineering interventions.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Linear economy vs circular economy; material flow analysis; resource efficiency; eco-industrial systems; waste hierarchy.
	9
	CO1

	II
	Municipal solid waste; plastic; e-waste; biomedical/hazardous waste; C&D waste; characterization.
	9
	CO1,CO2

	III
	Composting; anaerobic digestion; material recovery; recycling; RDF; waste-to-energy; landfill fundamentals.
	9
	CO2,CO3

	IV
	Reuse; repair; remanufacturing; industrial symbiosis; design for disassembly; product-service systems.
	9
	CO3,CO4

	V
	Extended producer responsibility; circular business models; policy; life-cycle impacts; circularity metrics.
	9
	CO4,CO5


Course Outcomes
Explain circular-economy and resource-efficiency principles.
Characterize waste streams and recovery potential.
Compare treatment and resource-recovery technologies.
Develop circular material-flow concepts.
Evaluate circularity using environmental and economic criteria.
Suggested Practical / Field / Software Work
Waste characterization study.
Material-flow diagram for a campus/industry.
Composting or anaerobic-digestion case study.
Plastic/e-waste circularity assessment.
Design-for-disassembly exercise.
Reference Books / Standards / Digital Resources
Tchobanoglous and Kreith, Handbook of Solid Waste Management.
Kaza et al., What a Waste 2.0, World Bank.
Ellen MacArthur Foundation, Circular Economy resources.
CPCB waste-management rules/guidelines.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Introduction to Environmental Engineering and Science - IIT Kharagpur - Solid/hazardous waste management, LCA, waste minimisation, circular economy and resource recovery.
Environmental Science - IIT Kharagpur - Circular economy, industrial ecology, water reuse/recycling, solid waste and e-waste management.
Sustainable/Resource Management - NPTEL - Environmental impacts, sustainable development, renewable energy, circular economy, water and solid-waste resource management.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VI – MINOR601GT
Life Cycle Assessment, Carbon Accounting and Green Design
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Define LCA goal, scope and functional unit.
Prepare basic life-cycle inventories.
Estimate carbon footprints.
Apply eco-design and sustainable material-selection principles.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Life-cycle thinking; goal/scope; functional unit; system boundary; inventory; allocation; data quality.
	9
	CO1

	II
	Life-cycle impact assessment; global warming; eutrophication; acidification; resource depletion; interpretation.
	9
	CO1,CO2

	III
	GHG accounting; Scope 1/2/3; carbon footprint; emission factors; uncertainty; decarbonization options.
	9
	CO2,CO3

	IV
	Green design; material selection; lightweighting; energy efficiency; durability; repairability; disassembly; recyclability.
	9
	CO3,CO4

	V
	Environmental Product Declarations; green procurement; eco-labels; ISO 14040/44/67; case studies.
	9
	CO4,CO5


Course Outcomes
Define LCA goal, scope and functional unit.
Interpret inventory and impact results.
Estimate and communicate a basic carbon footprint.
Apply green-design principles.
Recommend product/process improvements using sustainability evidence.
Suggested Practical / Field / Software Work
Prepare a cradle-to-gate inventory.
Calculate a simplified product carbon footprint.
Compare two materials using sustainability criteria.
Perform simplified LCA using open-source software.
Prepare an eco-design improvement proposal.
Reference Books / Standards / Digital Resources
ISO 14040, Environmental management — Life cycle assessment — Principles and framework.
ISO 14044, Life cycle assessment — Requirements and guidelines.
ISO 14067, Carbon footprint of products.
Hauschild, Rosenbaum and Olsen, Life Cycle Assessment: Theory and Practice, Springer.
European Commission JRC, ILCD Handbook.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Sustainable Engineering Concepts and Life Cycle Analysis - SWAYAM/NPTEL - Sustainability concepts, LCA, LCI, LCIA, risk, environmental data, sustainable engineering design and case studies.
Sustainable Engineering Concepts and Life Cycle Analysis - NPTEL+ - Detailed LCA methodology and ISO framework, LCI/LCIA, LCA software, design for sustainability and case studies.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VII – MINOR701GT
Climate Change, Environmental Risk and Sustainable Infrastructure
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain climate-change drivers and engineering impacts.
Assess hazard, exposure and vulnerability.
Develop climate-resilient infrastructure strategies.
Integrate nature-based and green-infrastructure solutions.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Climate system; greenhouse gases; radiative forcing; climate indicators; scenarios; mitigation vs adaptation.
	9
	CO1

	II
	Climate impacts on water, cities, coasts, agriculture, energy and infrastructure; extreme events.
	9
	CO1,CO2

	III
	Risk framework; hazard; exposure; vulnerability; resilience; risk matrix; climate-risk screening.
	9
	CO2,CO3

	IV
	Nature-based solutions; urban green infrastructure; water-sensitive design; heat mitigation; resilient materials.
	9
	CO3,CO4

	V
	Adaptation planning; disaster-risk reduction; climate finance overview; sustainable infrastructure case studies.
	9
	CO4,CO5


Course Outcomes
Explain climate-change mechanisms and engineering implications.
Identify climate hazards affecting infrastructure.
Conduct a basic climate-risk assessment.
Propose adaptation and resilience measures.
Evaluate sustainable infrastructure alternatives.
Suggested Practical / Field / Software Work
Climate-risk screening for a campus/building.
Urban heat-island mapping using available data.
Flood-resilient infrastructure case study.
Green-infrastructure site plan.
Climate adaptation options assessment.
Reference Books / Standards / Digital Resources
IPCC Assessment Reports and technical summaries.
UNDRR, Sendai Framework resources.
UNEP, Global Environment Outlook resources.
C. S. Holling and resilience literature; relevant sustainable-infrastructure references.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Natural Resources Management - IIT Guwahati - Natural-resource bases, resource-management paradigms, biodiversity, EIA, MCDA, remote sensing/GIS, climate change, vulnerability and adaptation.
Environmental Science - IIT Kharagpur - Climate change, mitigation/adaptation, renewable energy, environmental policy and sustainability.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VIII – MINOR801GT
Green Technology Project and Environmental Field Study
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	0-0-6
	3
	30+30 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Integrate environmental, energy and sustainability concepts in a project.
Collect, analyse and interpret environmental/energy data.
Compare technology alternatives using sustainability criteria.
Prepare an implementable technical proposal.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Problem definition; baseline study; literature review; stakeholder needs; standards; sustainability indicators; project plan.
	9
	CO1

	II
	Field/laboratory data collection; sampling; quality assurance; energy/environmental measurements.
	9
	CO2

	III
	Technology/process alternatives; design calculations; environmental impact; resource efficiency.
	12
	CO2,CO3

	IV
	Economic and environmental evaluation; carbon/LCA/circularity assessment; recommendations.
	12
	CO3,CO4

	V
	Technical report; poster; presentation; demonstration; viva; implementation roadmap.
	3
	CO5


Course Outcomes
Define a practical sustainability/environmental engineering problem.
Collect and validate relevant data.
Compare technology alternatives quantitatively.
Estimate environmental and sustainability benefits.
Prepare a technically sound implementation proposal.
Suggested Practical / Field / Software Work
Campus energy audit.
Water audit and reuse proposal.
Plastic-waste circularity study.
Solar PV feasibility and carbon estimate.
Simplified LCA of an engineering product.
Air-quality/noise assessment.
Green-building/green-campus improvement plan.
Reference Books / Standards / Digital Resources
Project-specific peer-reviewed journal papers.
Relevant ISO environmental-management/LCA standards.
CPCB/MoEFCC guidelines and applicable Indian environmental regulations.
IEA/IRENA/IPCC public-domain reports.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Introduction to Environmental Engineering and Science - IIT Kharagpur - Environmental monitoring, treatment, LCA, waste minimisation, circular economy and sustainable project ideas.
Renewable Energy Sources: Fundamentals and Technologies - IIT Roorkee - Renewable-energy project design and feasibility support.
Sustainable Engineering Concepts and Life Cycle Analysis - SWAYAM/NPTEL - LCA, sustainability indicators and project evaluation.
Sustainable Engineering Concepts and Life Cycle Analysis - NPTEL+ - Detailed LCA project support.
Natural Resources Management - IIT Guwahati - Climate, EIA, MCDA and resource-management project support.
Environmental Science - IIT Kharagpur - Sustainability, climate, renewable energy, circular-economy and environmental-policy project support.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


Programme-Level Guidelines
Eligibility
Students of B.E./B.Tech./equivalent undergraduate engineering and technology programmes, subject to institutional eligibility and the academic regulations of the affiliating University.
Suggested Evaluation
Continuous Internal Evaluation: 40% through quizzes, assignments, case studies, presentations, laboratory/field work and mid-semester examination.
End-Semester Examination: 60% for theory courses, subject to university regulations.
Practical/project components shall be evaluated through performance, record, viva, report and presentation.
Attendance, minimum pass marks and progression requirements shall follow the prevailing university regulations.
Teaching-Learning Approach
Interactive lectures supported by demonstrations, case studies and contemporary engineering examples.
Use of industry-standard/open-source software wherever feasible.
Mini assignments based on real engineering data/problems.
Guest lectures/industry interaction may be incorporated without altering the approved course outcomes.
Note on AICTE Alignment
The structure is designed as an institutional Minor curriculum with 18 additional credits. Final adoption, course equivalence, examination scheme, prerequisites and nomenclature should be approved through the competent statutory bodies of the institution/university.
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