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Introduction

This curriculum provides a framework for teaching organic waste recycling through the lens of
the Next Generation Science Standards (NGSS). Designed for high school students, it aims to
foster an understanding of scientific and engineering principles, and societal implications of
managing organic waste. The curriculum integrates Disciplinary Core Ideas (DCls), Science and
Engineering Practices (SEPs), and Crosscutting Concepts (CCCs) to encourage students to
think like scientists and engineers as they explore solutions to real-world environmental
challenges.

Organic waste, including food scraps, yard trimmings, food soiled paper, and agricultural
residues, constitutes a significant portion of the global waste stream. Landfalling and
incinerating organic waste contributes to greenhouse gas emissions, soil degradation, and
resource depletion. This curriculum delves into sustainable organic waste management
strategies, primarily focusing on composting and anaerobic digestion, as vital components of a
circular economy. Students will investigate the biological processes involved, evaluate
technological solutions, and analyze the environmental and societal benefits of diverting organic
waste from landfills.

Overarching Learning Objectives

Upon completion of this curriculum, students will be able to:

1. Understand the scientific principles underlying organic waste decomposition,
including aerobic and anaerobic processes.

2. Analyze the environmental impacts of organic waste disposal and the benefits of
recycling methods.

3. Apply engineering design principles to develop and evaluate solutions for organic
waste management.

4. Engage in scientific inquiry by planning and conducting investigations related to
composting and anaerobic digestion.

5. Interpret and communicate data to support claims about the effectiveness and
sustainability of organic waste recycling.
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6. Connect organic waste recycling to broader concepts of natural resource
management, sustainability, and the carbon cycle.

Curriculum Structure

This curriculum is divided into several modules, each addressing specific NGSS performance
expectations and building upon prior knowledge. Each module incorporates hands-on activities,
data analysis, and opportunities for students to engage in scientific engineering design.

Module 1: Organic Waste

Duration: 1 week
Focus: Understanding the composition, quantity, and environmental impacts of organic
waste.

e NGSS Connections: HS-ESS3-1 (Human activity and natural resources), HS-LS2-5
(Carbon cycling).

Module 2: Composting: Nature's Recycler

Duration: 2 weeks
Focus: Exploring the science of aerobic decomposition, optimal conditions for
composting, and applications.

e NGSS Connections: HS-LS2-3 (Cycling of matter in aerobic conditions), HS-ETS1-2
(Designing solutions), HS-ESS3-4 (Technological solutions to human impacts).

Module 3: Anaerobic Digestion: Energy from Waste

Duration: 2 weeks
Focus: Investigating anaerobic decomposition, biogas production, and the engineering
of anaerobic digesters.

e NGSS Connections: HS-LS2-3 (Cycling of matter in anaerobic conditions), HS-ETS1-2
(Designing solutions), HS-ESS3-2 (Evaluating design solutions).

Module 4: Evaluating and Implementing Solutions

Duration: 1.5 weeks
Focus: Comparing composting and anaerobic digestion, analyzing their cost-benefits,
and designing community-level organic waste recycling programs.

e NGSS Connections: HS-ETS1-3 (Evaluating solutions), HS-ESS3-2 (Cost-benefit
analysis), HS-ESS3-3 (Computational simulation of resource management).

Module 5: Organic Waste Recycling and the Circular Economy

e Duration: 1.5 weeks
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e Focus: Connecting organic waste recycling to broader concepts of sustainability,
resource conservation, and circular economy principles.

e NGSS Connections: HS-ESS3-1 (Sustainability and climate/human activity), HS-LS2-4
(Matter and energy flow in ecosystems).

Pedagogical Approach

This curriculum emphasizes inquiry-based learning, where students actively investigate
phenomena and solve problems. Teachers will facilitate learning through:

e Phenomena-based instruction: Starting with real-world observations or problems
related to organic waste.

e Hands-on investigations: Conducting experiments on composting variables, observing
microbial activity, or modeling biogas production.

e Engineering design challenges: Tasking students with designing and optimizing
organic waste recycling systems.

e Data analysis and interpretation: Using real-world data to evaluate the effectiveness
and environmental impact of different recycling methods.

e Scientific argumentation: Encouraging students to construct and defend explanations
based on evidence.

e Interdisciplinary connections: Highlighting the links between science, engineering,
economics, and social studies.

Module 1: Organic Waste

Overview

This introductory module sets the stage by exploring the pervasive issue of organic waste
generation and its multifaceted environmental consequences. Students will investigate the
sources and types of organic waste, quantify its contribution to the overall waste stream, and
analyze the environmental impacts associated with conventional disposal methods, particularly
landfilling. The module will emphasize the scientific concepts of decomposition and the carbon
cycle, highlighting how improper organic waste management disrupts these natural processes
and contributes to climate change. Through data analysis and case studies, students will
develop a foundational understanding of organic waste as a critical global challenge that
necessitates sustainable solutions.

Learning Objectives

Upon completion of this module, students will be able to:

e |dentify major sources and types of organic waste in their local community and globally.



Quantify the amount of organic waste generated and its proportion within the total waste
stream.

Explain the process of decomposition in both aerobic and anaerobic environments.
Analyze the environmental impacts of landfilling organic waste, including methane
generation and leachate formation.

Describe the role of organic waste in the global carbon cycle and how its
mismanagement contributes to greenhouse gas emissions.

Formulate a scientific question or define an engineering problem related to organic
waste management.

Key Concepts

Organic Waste: Food scraps, yard waste, agricultural residues, etc.
Decomposition: Aerobic vs. Anaerobic

Landfills: Methane emissions, leachate

Carbon Cycle: Carbon sinks and sources

Greenhouse Gases: Methane (CH4), Carbon Dioxide (CO2)
Environmental Impact: Climate change, soil degradation, water pollution

NGSS Performance Expectations Addressed

HS-ESS3-1: Construct an explanation based on evidence for how the availability of
natural resources, occurrence of natural hazards, and changes in climate have
influenced human activity.

e Connection: Students will analyze how the generation of organic waste impacts
natural resources (e.g., landfill space, soil health) and contributes to climate
change, influencing human societies.

HS-LS2-5: Develop a model to illustrate the role of photosynthesis and cellular
respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and
geosphere.

e Connection: Students will extend their understanding of the carbon cycle to
include the decomposition of organic matter, both natural and in landfills, and its
implications for atmospheric carbon dioxide and methane levels.

Activities and Investigations

1.

Waste Audit and Characterization: Students conduct a mini-waste audit of their
household or school cafeteria waste for a week, categorizing and quantifying organic
waste. They will then analyze class data to identify patterns and significant sources of
organic waste.

Decomposition Observation Jars: Set up parallel experiments with organic materials
in sealed jars (anaerobic) and open containers (aerobic) to observe and compare
decomposition rates, odor production, and visual changes over time. Students will record
observations and infer the conditions necessary for different types of decomposition.



3. Methane Production Simulation: Using simple laboratory apparatus, students can
simulate methane production from organic matter under anaerobic conditions (e.g., yeast
and sugar in a sealed bottle with a balloon). They will measure gas production and
discuss its relevance to landfill gas.

4. Case Study Analysis: Landfill Impacts: Students research local or regional landfills,
focusing on their environmental impact reports, gas collection systems, and leachate
management. They will analyze data on methane emissions and discuss the challenges
of landfill management.

5. Carbon Cycle Modeling Extension: Students will modify existing carbon cycle models
or create new ones to illustrate the impact of organic waste on carbon reservoirs and
fluxes, particularly emphasizing the release of greenhouse gases from landfills.

Discussion Questions

e What are the primary sources of organic waste in our daily lives, and how can we reduce
them?

e How does the decomposition of organic matter in a landfill differ from natural
decomposition in a forest, and what are the environmental consequences of these
differences?

e Why is methane considered a more potent greenhouse gas than carbon dioxide, and
what role does organic waste play in its atmospheric concentration?

e \What are the ethical and economic considerations associated with current organic waste
disposal practices?

Assessment

e Formative: Observation of student participation in discussions, completion of waste
audit data sheets, and lab notebook entries for decomposition experiments.

e Summative: A written report analyzing the local organic waste problem, including data
from their waste audit, an explanation of landfill impacts, and a revised carbon cycle
model illustrating the effects of organic waste mismanagement. Students will also
propose a preliminary question or problem statement for sustainable organic waste
management.

Module 2: Composting: Nature's Recycler

Overview

Building upon the understanding of organic waste as a problem, this module introduces
composting as a primary solution. Students will delve into the scientific principles governing
aerobic decomposition, exploring the roles of various microorganisms, the importance of
maintaining optimal carbon-to-nitrogen ratios, moisture levels, temperature, and aeration.
Through hands-on composting projects, students will apply these principles to design, build, and



manage their own composting systems. The module will also cover different composting
methods (e.g., backyard, vermicomposting, industrial) and the benefits of compost as a soil
amendment, connecting these practices to sustainable agriculture and ecosystem health.
Emphasis will be placed on understanding composting as a natural process that can be
optimized through engineering design.

Learning Objectives

Upon completion of this module, students will be able to:

Describe the biological and chemical processes involved in aerobic decomposition
during composting.

Explain the significance of carbon-to-nitrogen ratio, moisture content, temperature, and
aeration for effective composting.

Identify the types of microorganisms involved in composting and their roles.

Design, construct, and manage a small-scale composting system, monitoring key
parameters.

Analyze the benefits of using compost for soil health, plant growth, and environmental
sustainability.

Evaluate different composting methods based on their suitability for various scales and
types of organic waste.

Key Concepts

Aerobic Decomposition: Microorganisms, oxygen

Carbon-to-Nitrogen (C:N) Ratio: "Greens" (nitrogen-rich) and "Browns" (carbon-rich)
Moisture Content: Optimal range, effects of too much/too little water

Temperature Phases: Mesophilic, Thermophilic, Curing

Aeration: Turning, passive aeration

Compost: Soil amendment, humus

Microorganisms: Bacteria, Fungi, Actinomycetes

Vermicomposting: Worms (e.g., Eisenia fetida)

NGSS Performance Expectations Addressed

HS-LS2-3: Construct and revise an explanation based on evidence for the cycling of
matter and flow of energy in aerobic and anaerobic conditions.

e Connection: Students will explain how matter (organic waste) is cycled through
aerobic decomposition in composting, tracing the flow of energy from organic
compounds to microbial activity and heat.

HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into
smaller, more manageable problems that can be solved through engineering.



e Connection: Students will apply engineering design principles to create a
functional composting system, addressing challenges such as maintaining
optimal conditions and selecting appropriate materials.

HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human
activities on natural systems.

e Connection: Students will assess composting as a technological solution for
reducing the environmental impact of organic waste, considering its effectiveness
and potential for refinement.

Activities and Investigations

1.

Compost Pile Construction and Management: Students, in groups, design and build
small-scale compost piles or bins using various organic materials. They will regularly
monitor temperature, moisture, and C:N ratio, making adjustments as needed. Data
collected will be analyzed to understand the dynamics of the composting process.
Microbial Observation: Using microscopes, students will observe samples from active
compost piles at different stages to identify and differentiate between various
microorganisms (bacteria, fungi) involved in decomposition.

C:N Ratio Experimentation: Students will set up mini-compost experiments with
varying C:N ratios to observe and compare decomposition rates, odor, and final compost
quality. This will reinforce the importance of material balance.

Compost Quality Testing: Students will test mature compost for pH, nutrient content
(e.g., nitrogen, phosphorus, potassium), and organic matter content, comparing it to
native soil samples. They will discuss the implications of these results for soil health.
Plant Growth Experiment: Students will conduct a controlled experiment comparing
plant growth in soil amended with their homemade compost versus unamended soil,
quantifying the benefits of compost.

Case Study: Industrial Composting: Research and analyze the operations of a
large-scale industrial composting facility, focusing on the engineering challenges and
solutions for processing large volumes of organic waste.

Discussion Questions

How do the principles of composting mimic natural decomposition processes, and how
do humans optimize these processes?

What are the trade-offs between different composting methods (e.g., backyard,
vermicomposting, industrial) in terms of efficiency, cost, and environmental impact?
How does the use of compost contribute to the circular economy and reduce reliance on
synthetic fertilizers?

What role can composting play in mitigating climate change and improving food
security?
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Assessment

e Formative: Lab reports documenting the design, management, and monitoring of their
compost piles; observations of microbial samples; and participation in group discussions.

e Summative: A comprehensive report detailing their composting project, including
scientific explanations of the processes observed, data analysis of compost quality and
plant growth, and an evaluation of composting as a sustainable organic waste
management solution. Students will also present their findings and recommendations for
promoting composting in their community.

Module 3: Anaerobic Digestion: Energy from Waste

Overview

This module shifts focus to anaerobic digestion (AD), another critical method for organic waste
recycling, particularly for wet organic materials and manures. Students will explore the complex
microbial processes that occur in the absence of oxygen, leading to the production of biogas—a
renewable energy source—and nutrient-rich digestate. The module will cover the stages of AD
(hydrolysis, acidogenesis, acetogenesis, methanogenesis), the types of microorganisms
involved, and the critical environmental factors (temperature, pH, substrate composition) that
influence digester performance. Through case studies and conceptual design challenges,
students will understand the engineering principles behind anaerobic digester systems and
evaluate their role in sustainable energy production and waste management.

Learning Objectives

Upon completion of this module, students will be able to:

e Describe the four main stages of anaerobic digestion and the types of microorganisms
responsible for each stage.

e Explain the conditions necessary for effective anaerobic digestion, including the absence
of oxygen, optimal temperature, and pH.
Identify the primary components of biogas and digestate and their potential uses.
Analyze the engineering design considerations for different types of anaerobic digesters.
Evaluate the advantages and disadvantages of anaerobic digestion compared to
composting for various organic waste streams.

e Propose applications of anaerobic digestion for energy generation and nutrient recovery
in agricultural or urban settings.

Key Concepts

e Anaerobic Decomposition: Absence of oxygen
e Stages of AD: Hydrolysis, Acidogenesis, Acetogenesis, Methanogenesis
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Biogas: Methane (CH4), Carbon Dioxide (C0O2), Hydrogen Sulfide (H2S)
Digestate: Liquid and solid fractions, nutrient content

Microorganisms: Hydrolytic bacteria, Acidogenic bacteria, Acetogenic bacteria,
Methanogenic archaea

Digester Types: Covered lagoons, plug-flow, complete mix, fixed-film
Renewable Energy: Biogas as a fuel source

Nutrient Recovery: Digestate as fertilizer

NGSS Performance Expectations Addressed

HS-LS2-3: Construct and revise an explanation based on evidence for the cycling of
matter and flow of energy in aerobic and anaerobic conditions.

e Connection: Students will explain how matter (organic waste) is cycled through
anaerobic decomposition, tracing the flow of energy from organic compounds to
biogas (methane) and heat, and comparing it to aerobic processes.

HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into
smaller, more manageable problems that can be solved through engineering.

e Connection: Students will engage in conceptual design of an anaerobic digester
system, considering feedstock, desired outputs, and operational parameters.

HS-ESS3-2: Evaluate competing design solutions for developing, managing, and
utilizing energy and mineral resources based on cost-benefit ratios.

e Connection: Students will evaluate anaerobic digestion as a solution for both
waste management and renewable energy production, analyzing its economic
and environmental trade-offs.

Activities and Investigations

1.

Biogas Production Experiment: Students will set up small-scale anaerobic digesters
using sealed containers, organic waste (e.g., food scraps, manure), and water. They will
monitor biogas production (e.g., by collecting gas in balloons or measuring
displacement) and analyze its flammability (under strict safety supervision). This activity
will demonstrate the core principle of AD.

Microbial Role-Play/Simulation: Students will research the different groups of
microorganisms involved in AD and simulate their roles in the decomposition process,
emphasizing the sequential nature of the stages.

AD System Design Challenge: Students will work in groups to design a conceptual
anaerobic digester for a specific scenario (e.g., a farm, a school cafeteria, a small
community). They will consider feedstock availability, desired biogas output, digestate
management, and economic viability. Designs will include diagrams and justifications for
material choices and operational parameters.

Case Study Analysis: Commercial Anaerobic Digesters: Students will research
existing commercial anaerobic digestion facilities, analyzing their scale, technology,
inputs, outputs, and overall impact. They will compare different digester designs and
their suitability for various applications.



5. Biogas Energy Potential Calculation: Students will calculate the potential energy
output from a given amount of organic waste if processed through an anaerobic digester,
converting methane volume to energy units and comparing it to conventional energy
sources.

Discussion Questions

e How does anaerobic digestion contribute to both waste management and renewable
energy goals?

e \What are the challenges and opportunities associated with implementing anaerobic
digestion technology in urban versus rural environments?

e How can the digestate from anaerobic digestion be effectively utilized to promote
sustainable agriculture?

e What are the safety considerations and regulatory requirements for operating anaerobic
digesters?

Assessment

e Formative: Lab reports on biogas production experiments, conceptual AD system
designs, and patrticipation in group discussions.

e Summative: A detailed report on the design of an anaerobic digester for a chosen
scenario, including a scientific explanation of the AD process, an engineering design
proposal, a cost-benefit analysis, and a discussion of its environmental and societal
implications. Students will also present their design and defend their choices to the
class.

Module 4: Evaluating and Implementing Solutions

Overview

This module synthesizes the knowledge gained from the previous modules by focusing on the
critical evaluation and practical implementation of organic waste recycling solutions. Students
will engage in comparative analyses of composting and anaerobic digestion, considering their
respective strengths, weaknesses, and suitability for different types of organic waste and scales
of operation. A significant component of this module will involve conducting cost-benefit
analyses, taking into account economic, environmental, and social factors. Students will also
explore the challenges and opportunities associated with developing and implementing organic
waste management programs at various levels, from household to municipal. The module
culminates in a design challenge where students propose a comprehensive organic waste
recycling program for a specific community or institution, integrating scientific understanding
with engineering design principles and policy considerations.
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Learning Objectives

Upon completion of this module, students will be able to:

Compare and contrast composting and anaerobic digestion based on their scientific
principles, operational requirements, and outputs.

Conduct a basic cost-benefit analysis for different organic waste recycling methods,
considering economic, environmental, and social factors.

Identify the key stakeholders and policy considerations involved in implementing organic
waste management programs.

Design a comprehensive organic waste recycling program for a given community or
institution, justifying choices based on scientific evidence and engineering principles.
Analyze potential barriers to implementation and propose strategies for overcoming
them.

Communicate the rationale and expected impacts of their proposed organic waste
recycling solution to a diverse audience.

Key Concepts

Comparative Analysis: Composting vs. Anaerobic Digestion

Cost-Benefit Analysis: Economic, environmental, social factors

Life Cycle Assessment (LCA): Environmental impacts of products/processes
Stakeholders: Government, industry, community, individuals

Policy and Regulations: Waste diversion mandates, incentives

Program Design: Collection, processing, end-use markets

Sustainability Metrics: GHG reduction, resource recovery, soil health

NGSS Performance Expectations Addressed

HS-ETS1-3: Evaluate a solution to a complex real-world problem based on prioritized
criteria and trade-offs that account for a range of constraints, including cost, safety,
reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

e Connection: Students will critically evaluate various organic waste recycling
solutions, weighing their benefits against costs and constraints to determine the
most viable options for specific contexts.

HS-ESS3-2: Evaluate competing design solutions for developing, managing, and
utilizing energy and mineral resources based on cost-benefit ratios.

e Connection: This module directly addresses the evaluation of organic waste
recycling as a means of managing resources and potentially generating energy,
using cost-benefit analysis as a key tool.

HS-ESS3-3: Create a computational simulation to illustrate the relationships among
management of natural resources, the sustainability of human populations, and
biodiversity.
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e Connection: Students may use or develop simple models/simulations to predict
the impact of proposed organic waste recycling programs on resource
management and sustainability indicators.

Activities and Investigations

1.

Comparative Analysis Matrix: Students develop a matrix to systematically compare
composting and anaerobic digestion across various criteria (e.g., feedstock suitability,
capital cost, operating cost, energy output, digestate/compost quality, GHG reduction
potential, odor issues, land requirements). They will use research data to populate and
analyze this matrix.
Life Cycle Assessment (LCA) Introduction: Introduce the concept of LCA for waste
management options. Students will conduct a simplified LCA comparing the
environmental footprint of landfilling organic waste versus composting or anaerobic
digestion, focusing on key indicators like GHG emissions and energy consumption.
Stakeholder Interview/Research: Students research or conduct mock interviews with
various stakeholders (e.g., local waste management officials, farmers, community
gardeners, environmental advocates) to understand their perspectives, needs, and
concerns regarding organic waste management.
Community Program Design Challenge: Students work in teams to design a
comprehensive organic waste recycling program for a hypothetical or real local
community, school, or business. Their design should include:

e A detailed plan for collection, processing (composting, AD, or a combination),
and end-use of products.
A budget and economic feasibility analysis.
An assessment of environmental benefits and potential challenges.
A communication strategy to engage the community.

e Consideration of relevant local policies and regulations.
Policy Analysis: Students research existing local, state, or national policies related to
organic waste diversion and recycling. They will analyze the effectiveness of these
policies and propose potential improvements or new policy initiatives.

Discussion Questions

Under what conditions would composting be preferred over anaerobic digestion, and
vice versa?

What are the primary economic drivers and barriers for implementing large-scale organic
waste recycling programs?

How can public engagement and education influence the success of organic waste
recycling initiatives?

What role should government play in promoting and regulating organic waste
management?
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Assessment

e Formative: Completion of comparative analysis matrix, LCA exercise, and drafts of
community program designs.

e Summative: A comprehensive proposal for an organic waste recycling program,
including a detailed design, a thorough cost-benefit analysis, an evaluation of its
environmental and social impacts, and a communication plan. Students will present their
proposals to a panel (e.g., peers, teachers, community members) and defend their
design choices and recommendations.

Module 5: Organic Waste Recycling and the Circular
Economy

Overview

This concluding module broadens the perspective of organic waste recycling by situating it
within the larger context of sustainability, resource conservation, and the circular economy.
Students will synthesize their understanding of the scientific principles and engineering solutions
for organic waste management and connect them to global challenges such as climate change,
food security, and resource depletion. The module will explore how organic waste recycling
contributes to closing nutrient loops, reducing reliance on virgin resources, and fostering more
resilient local economies. Through discussions, research, and project-based learning, students
will develop a holistic understanding of their role as informed citizens and future innovators in
promoting sustainable practices. The module encourages students to reflect on the
interconnectedness of natural and human systems and to envision a future where waste is
viewed as a valuable resource.

Learning Objectives

Upon completion of this module, students will be able to:

e Define and explain the principles of a circular economy in relation to organic waste
management.

e Analyze how organic waste recycling contributes to global sustainability goals, including
climate change mitigation and food security.

e Evaluate the role of individual actions, community initiatives, and policy frameworks in
promoting a circular economy for organic resources.

e Synthesize scientific and engineering knowledge to advocate for sustainable organic
waste management practices.

e Propose innovative solutions or research questions for advancing organic waste
recycling within a circular economy model at your school, home, and in your community.
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Reflect on the interconnectedness of human activities, natural systems, and resource
flows.

Key Concepts

Circular Economy: Vs. Linear Economy (take-make-dispose)
Sustainability: Environmental, economic, social pillars
Resource Conservation: Nutrient cycling, soil health

Climate Change Mitigation: Reduced GHG emissions

Food Security: Soil fertility, local food systems

Policy and Advocacy: Role of citizens and government
Innovation: New technologies and business models

NGSS Performance Expectations Addressed

HS-ESS3-1: Construct an explanation based on evidence for how the availability of
natural resources, occurrence of natural hazards, and changes in climate have
influenced human activity.

e Connection: Students will synthesize their understanding of how organic waste
recycling impacts natural resources and climate, and how these, in turn, influence
human societies and their sustainability.

HS-LS2-4: Use mathematical representations to support claims for the cycling of matter
and flow of energy among organisms in an ecosystem.

e Connection: Students will apply their understanding of matter and energy cycling
to model how organic waste recycling enhances ecosystem health and resource
efficiency within a circular economy.

Activities and Investigations

1.

Circular Economy Case Studies: Students research and present case studies of
successful circular economy initiatives related to organic waste (e.g., cities with
zero-waste programs, companies utilizing organic byproducts). They will analyze the key
factors contributing to their success and challenges faced.

Debate: Policy for Organic Waste Diversion: Organize a debate on the effectiveness
and ethics of mandatory organic waste diversion policies (e.g., bans on organic waste in
landfills). Students will research arguments for and against such policies, considering
economic, environmental, and social perspectives.

Future Scenario Planning: Students work in groups to envision a future (e.g., 2050)
where organic waste is fully integrated into a circular economy. They will create
presentations, infographics, or short videos describing the technologies, policies, and
societal changes that would be necessary to achieve this vision.

Advocacy Project: Students develop an advocacy campaign (e.g., public service
announcement, letter to local officials, social media campaign) to promote organic waste
recycling and circular economy principles within their school or local community.
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5.

Guest Speaker/Virtual Field Trip: Invite a local expert (e.g., waste management
professional, compost facility manager, sustainable agriculture advocate) to speak to the
class, or arrange a virtual field trip to an innovative organic waste recycling facility.

Discussion Questions

How does the concept of a circular economy fundamentally change our perception of
waste?

What are the biggest barriers to transitioning from a linear to a circular economy for
organic resources, and how can they be overcome?

How can individual actions contribute to systemic change in organic waste
management?

What innovations (technological, social, policy) are most needed to advance organic
waste recycling and the circular economy?

Assessment

Formative: Participation in debates, quality of research for case studies, and
contributions to future scenario planning.

Summative: A comprehensive final project (e.g., a detailed proposal for a circular
economy initiative, a research paper on an innovative organic waste recycling
technology, or an advocacy campaign portfolio) that synthesizes their learning from the
entire curriculum. Students will present their final project, demonstrating their
understanding of organic waste recycling within the broader context of sustainability and
the circular economy.

Supporting Materials and Assessments

This section provides a collection of supporting materials and assessment tools designed to
facilitate the implementation of the organic waste recycling curriculum. These resources are
aligned with the NGSS framework and aim to support both teachers and students in achieving
the learning objectives of each module.

Supporting Materials

Lab Protocols and Safety Guidelines: Detailed protocols for all hands-on
investigations, including waste audits, decomposition jars, compost construction, and
biogas production. This section will also include comprehensive safety guidelines for
handling organic waste, using laboratory equipment, and conducting experiments
involving flammable gases.

Data Collection Sheets: Standardized data sheets for all investigations to ensure
consistent and accurate data collection. These will include templates for recording
observations, measurements (e.g., temperature, pH, gas volume), and qualitative data.
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Case Study Library: A curated collection of case studies on various organic waste
management projects, including successful community composting programs,
large-scale anaerobic digestion facilities, and innovative circular economy initiatives.
Each case study will be accompanied by guiding questions to facilitate analysis and
discussion.

Glossary of Key Terms: A comprehensive glossary of scientific and technical terms
related to organic waste recycling, composting, anaerobic digestion, and the circular
economy.

Recommended Reading and Resources: A list of supplementary readings, articles,
videos, and websites for students who wish to explore specific topics in greater depth.

Assessment Tools

Formative Assessments

Lab Notebooks: Students will maintain detailed lab notebooks throughout the
curriculum, documenting their hypotheses, methods, observations, data, and
conclusions for each investigation. These will be regularly reviewed to assess their
scientific inquiry skills.

Group Discussions and Presentations: Class discussions and informal group
presentations will be used to gauge student understanding of key concepts and their
ability to articulate and defend their ideas.

Concept Maps: Students will create concept maps at the beginning and end of each
modaule to visualize their understanding of the relationships between key concepts.
Exit Tickets: Short, focused questions at the end of a lesson to quickly assess student
comprehension of the day's topic.

Summative Assessments

Module Reports: At the end of each module, students will submit a written report
summarizing their findings from investigations, analyzing case studies, and answering
key discussion questions. These reports will assess their ability to synthesize
information, construct scientific explanations, and communicate their understanding.
Design Projects: The composting and anaerobic digester design challenges will serve
as major summative assessments, evaluating students' ability to apply scientific and
engineering principles to solve real-world problems. Projects will be assessed based on
the quality of the design, the scientific justification, and the clarity of the presentation.
Final Project: The culminating project in Module 5 will be a comprehensive assessment
of students' overall understanding of organic waste recycling within the context of
sustainability and the circular economy. This could take the form of a research paper, a
detailed program proposal, or an advocacy campaign, and will be evaluated based on its
depth, rigor, and creativity.
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e Exams and Quizzes: Traditional exams and quizzes can be used to assess students’
knowledge of key vocabulary, concepts, and scientific principles. These can include
multiple-choice, short-answer, and essay questions.

Rubrics

Detailed rubrics will be provided for all major assessments, including lab reports, design
projects, and the final project. These rubrics will clearly define the criteria for success and the
expectations for different levels of achievement, ensuring a transparent and consistent
evaluation process. The rubrics will be aligned with the three dimensions of the NGSS,
assessing not only content knowledge but also science and engineering practices and
crosscutting concepts.

17



	Comprehensive Next Generation Science Standards Curriculum: Organic Waste to Resource  
	Author: Dr. Emily Creegan, ACP Food Scrap Education Committee 
	Introduction 
	Overarching Learning Objectives 
	Curriculum Structure 
	Module 1: Organic Waste 
	Module 2: Composting: Nature's Recycler 
	Module 3: Anaerobic Digestion: Energy from Waste 
	Module 4: Evaluating and Implementing Solutions 
	Module 5: Organic Waste Recycling and the Circular Economy 

	Pedagogical Approach 
	Module 1: Organic Waste 
	Overview 
	Learning Objectives 
	Key Concepts 
	NGSS Performance Expectations Addressed 
	Activities and Investigations 
	Discussion Questions 
	Assessment 

	Module 2: Composting: Nature's Recycler 
	Overview 
	Learning Objectives 
	Key Concepts 
	NGSS Performance Expectations Addressed 
	Activities and Investigations 
	Discussion Questions 
	Assessment 

	Module 3: Anaerobic Digestion: Energy from Waste 
	Overview 
	Learning Objectives 
	Key Concepts 
	NGSS Performance Expectations Addressed 
	Activities and Investigations 
	Discussion Questions 
	Assessment 

	Module 4: Evaluating and Implementing Solutions 
	Overview 
	Learning Objectives 
	Key Concepts 
	NGSS Performance Expectations Addressed 
	Activities and Investigations 
	Discussion Questions 
	Assessment 

	Module 5: Organic Waste Recycling and the Circular Economy 
	Overview 
	Learning Objectives 
	Key Concepts 
	NGSS Performance Expectations Addressed 
	Activities and Investigations 
	Discussion Questions 
	Assessment 

	Supporting Materials and Assessments 
	Supporting Materials 
	Assessment Tools 
	Formative Assessments 
	Summative Assessments 

	Rubrics 



