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Instructor: Steve Edwards
Course: Biology 101
Course description: Bio101 is intended for non-major students whose program requires biology courses. Centers on concepts of unity of living organisms including evolution, biochemistry, cell biology genetics and development.
Curriculum rationale
Most Bio101 students are non-science majors and frequently struggle with biological terms and concepts.  Use of analogies and “real-world” descriptions are relevant and usually helpful.  
The cellular world is innately resource conservation driven and by its very nature, sustainable.   If students can understand how their own cells are constantly striving to maximize metabolic efficiency and process waste products they should more readily grasp how to extrapolate these processes into the human / social environment.  
Cellular sustainability is more easily understood by analogizing it into industrial or manufacturing descriptions.  I’m using those classic comparisons in more detail here.
Curriculum description
The engagement with concepts of sustainability will occur in multiple stages over the course of the academic term within Bio101.  Typically, I break the course up into three units and there will be components of sustainability incorporated into each of these units.
Introduction to concepts of sustainability will briefly occur in lecture format, whether the course is in-person or online, and completion of related assignments will occur in both online discussion Groups, or within in-person lab settings. 

…………………………….

Unit I Sustainability
Included with content of Lab #2 “Biochemistry”
Instructor notes: At this point in the term student will have limited understanding of cellular function and have yet to be presented with concepts related to cellular function nor DNA / gene function.  They are aware of the basic descriptions of what is necessary for something to be considered “alive”, and within this is the particular focus on the concept of homeostasis.
Lab #2 Homeostasis – Part I Resources & Function
Key term: Homeostasis:  the process of maintaining a stable, balanced internal environment.  For animals like us, it involves the regulation of many factors (e.g. temperature, pH, blood sugar) and engages many simultaneous, constant adjustments.
All cells, of all types of organisms, must maintain their internal cellular environments at all times.  Homeostasis is necessary for survival and proper cellular function.  It both allows organisms to stabilize their internal environments while also potentially adapting to their ever-changing exterior environments.  When organisms cannot maintain adequate homeostasis, they will likely endure reduced metabolic function, and potentially illness or disease.
Traditional ideas of sustainability involve a cross-section of social, environmental and economic factors attempting to engage resource use at a maintained rate.  Or, as the UN would define it: maintaining the needs of the present without compromising the needs of future generations.
For this activity, your group should discuss ideas around typical manufacturing or industry.  Choose a particular type of industry or even a specific product.  (think about what items may be around you or things you’ve used today).  List your descriptions on your lab report.
1. Define what types of raw materials are required for the building or construction of a particular product:
2. What is the finished product which leaves the shop and is ready for sale?
3. Are there any waste products from the making of these products?   
a. What would make the process more efficient?  
4. Define the various modes or forms of energy involved in transforming the raw materials into finished products.
a. Are there ways of making these energy processes more efficient?
5. What other resources, by-products or challenges can you envision around this manufacturing sequence?
a. Are there any limitations in the availability of the raw materials?
6. What things or processes would make this manufacturing business the most sustainable going forward?
As an example: a mill which produces window and door casings.
Raw materials are logs or rough-cut lumber.  They will leave the facility as finely cut, partially assembled window and door trim.  The milling of this wood primarily involves using very specific machines which cut the wood into specific shapes, angles and designs.  There is a need for abundant energy, typically electricity, to power these machines.  There will also be a need for human handling of materials and likely some fossil fuel use as motor vehicles transport materials and products. Depending upon the product there may be abundant wood scraps as waste products.
Surplus wood waste products could be further milled into smaller lumber pieces, or ground up into sawdust which could be used as a secondary energy source (“bio fuel”) or added to other organic materials elsewhere as a compost filler.  Using alternative energy sources (i.e. wind / solar) would lower energy costs for the mill, leading towards further sustainability, as would rechargeable, electric forklifts and other vehicles.  Robotic assistance in moving, stacking and loaded materials would reduce human energy needs.  The obvious limiting factor is the local availability of the raw materials – suitable timber / wood resources.
Instructor notes: Some students may have difficulty in defining a particular manufacturing process due to limited knowledge.  This is still acceptable for the assignment.  If they can describe the input of raw materials, conversion into finished products, how energy may be required, waste or byproducts, and the potential challenges of this process, then they have the tools needed to build upon this scenario.
Also, some students may find it easier to envision how you grow something, like a tomato or an oak tree, rather than manufacturing, and the instructor can provide this pivot if necessary.

Lab #2 Homeostasis – Part II Manufacturing vs. Cellular Analogy
Now, after defining the energy and materials necessary for the product you’ve selected, take a larger perspective view of this whole operation and envision this manufacturing as . . . . . . . a cell.
Cells need raw materials and the ability to maintain metabolic function.  They operate under certain conditions.   What are the energy sources for cells?  Do they have waste products?
In the next space on your lab report, re-define the manufacturing process you described earlier using only cellular distinctions.
Example:  Mill
The energy source is raw timber which enters the cell and is converted to smaller, particularly shaped wood trim.  There is abundant wood shavings and sawdust which are expelled from the cell’s interior, through its membrane, as waste products.  The energy needed to refine these wood sources is provided by the sun, converted into cellular energy within the cell/mill.  Additional energy is used to transport the raw materials within the cell’s interior via cellular machinery (aka: golgi apparatus and cytoskeleton).
Instructor notes: If students struggle with some of the cellular details at this time it is ok.  They will be revisiting this process in the second unit once they learn more of form and function of cellular organelles.

Unit II Sustainability – Part I
As an added component to Lab #5 “Cellular Observations & Experiments” students will revisit the homeostasis theme and discussion had in Lab #2 and continue it further.  At this point in the academic term students will be familiar with cellular organelles and other cellular features and have been introduced to cellular metabolic functions.
This simple activity (in addition to other Lab #5 activities) models key cellular processes, including energy cycles, metabolism, and waste management.
Fermentation and metabolic waste activity (Cell Sustainability)
This "barf bag" lab is a simple and memorable way to explore cellular metabolism and waste. 
Concept: Cellular sustainability involves efficient metabolism and proper waste management. This activity models fermentation, where yeast metabolizes sugar and releases 𝐶𝑂2 as a waste product. 
Materials: 
· Small zipper-locking bags
· Warm water
· Sugar or cereal
· Yeast
· Measuring spoons 

Procedure: 
1. Add yeast, warm water, and sugar to a zipper bag. Squeeze out excess air and seal the bag.
2. Have students observe the bag over a class period. The bag will inflate and fill with 𝐶𝑂2 gas produced by the yeast as it metabolizes the sugar.
3. Explore variables: Ask students to design their own experiments by changing variables like the amount of yeast or sugar, or the water temperature, to see how it affects the rate of fermentation.

Class Discussion:
Post results, including possible variables, within a table on the class board and ask for comments regarding what worked, what didn’t and how tis relates to the sustainable functions of a cell.


Unit II Sustainability – Part II
(another component of Lab #5) At this point students will have spent two lab sessions observing and evaluating cells and their contents under microscopes.  They should be familiar with the appearance and function of different types of cells and the organelles within.
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Limiting Factors:
Consider a typical plant cell and the resources required for it to maintain homeostasis.  What would it mean to the overall functionality of the cell if there were:
     Limiting Factor:	   ____		____________			Potential Issue / Ailment:___
	..a lack of cellulose
	

	Lack of water
	

	Minimal protein
	

	Lack of nitrogen
	

	Inability to make select organelles
	

	Lack of energy
	




Unit II Sustainability – Part III
Now revisit the cellular vs. manufacturing analogy which was introduced in Lab #2.  Consider the resources and functions of both a plant cell (as described above and seen in lab observations) and the product manufacturing you defined within Lab #2.
Elaborate upon the manufacturing processes you previously defined by specifically making analogies to plant cell organelles. What is the role, function of each?
	Plant Cell:
	Function
	Manufacturing Analogy:

	Nucleus
	
	

	Chloroplast
	
	

	Cellulose
	
	

	Golgi apparatus
	
	

	Endoplasmic reticulum
	
	

	Large central vacuole
	
	


Unit III Sustainability –   Article Review & Connection to sustainability
Instructor notes:  At this point in the term, students have routinely read and interpreted scientific abstracts and even full research manuscripts on a variety of biology topics.  Here they will use their experience to evaluate the structure within the article listed below, but also draw conclusions as to cellular sustainability and limitations.  The insight from this paper is that biological systems may not necessarily guarantee sustainability, but they do offer key ideas for conceptual models which then assist in designing sustainable technologies.
Refer to the posted article from Technology in Society,  Möller, “Sustainability Assessments Inspired by Biological Concepts” and address the questions below.  You may need to refer to other resources for definitions.
After comprehension of the above article, list ideas which lead to sustainability strategies:
1) First in terms of Efficiency
(student responses should include ideas of Modularity, Lightweight Construction, Function-related tissue construction,  and the formula of  efficiency = function/resource use
2) Next describe aspects of Consistency
(responses should mention closed loops (zero waste), damage repair, change of function, and the overall idea of Consistency alignment with circularity (processes that run cleanly).
3) Describe ideas of Biological Sufficiency:
(responses should mention the ideas of “good enough” solutions, “less-is-more” and change of growth forms, plus the key idea of sufficiency reducing demands and avoiding over-engineering)
The article also describes the aspect of BiSA (Bioinspired Sustainability Assessment).
4) What are the three perspectives to compare functions provided versus resources required within BiSA? Responses should be Social, Economic, Environmental…
5) Describe an application of BiSA. Response could be examples from the article such as:  
Bio-flexi flooring vs. polyurethane
· Lower environmental and social burdens		
· Recycled version performs best
Bioinspired graded concrete vs. conventional concrete
· 13% lower environmental burdens
· Up to 40% lower economic burdens
· 35.7% lower social burdens
· Significant indirect savings from reduced structural loads
6) After reviewing the key takeaways from this article, apply these principles to your envisioned or hypothetical manufacturing model from Labs #2 & #5.   
7) Apply the biological concepts of efficiency, adaptability and resource utilization to your model and describe them here:
		Efficiency:
		Adaptability:
		Resource Utilization:

Instructor note: There are many additional takeaways from this article so it can be expanded upon or reduced in terms of volume of material as relates to Cellular Sustainability.

Bio 101 Sustainability Perspective & Conclusion:
Instructor Notes:   Described below are potential topics to present either before or even after the activity processes listed above to help “close the loop” on this topic of cellular sustainability.  Alternatively, these are simply the background “instructor concepts” used to assist each educator in keeping some “arrows in the quiver” when it comes to relaying sustainability ideas within both lecture and lab.
The analogy of cellular sustainability to industrial sustainability is presented by examining how cells maintain their internal balance (homeostasis) through resource management, waste recycling, and energy efficiency. While industries have historically operated on a linear "take-make-waste" model, cells use a circular, regenerative approach that offers a blueprint for more sustainable human systems.  For instance:
Circular metabolism vs. linear economy
The most direct parallel is the cell's metabolic system functioning like a perfectly closed-loop, or circular, economy. 
· Industrial linear economy: A traditional model that extracts raw materials, manufactures products, and disposes of waste. This leads to resource depletion and environmental pollution.
· Cellular circular metabolism: Nutrients and materials are used and reused. Waste from one process is a resource for another, and damaged components are broken down and recycled into new building blocks. This cyclical system is regenerative by design, eliminating waste and preserving finite resources. 
Waste management and recycling
A cell's sophisticated waste management system serves as a model for industrial recycling and waste reduction. 
· Industrial waste management: Inefficient systems often produce vast amounts of waste that must be managed through landfills or incineration. Recycling, while helpful, is often a last resort and may involve significant energy use.
· Cellular waste management: Cells use two primary mechanisms for waste removal and recycling:
· Autophagy: A process where the cell "self-eats" large, damaged components like organelles. These are enclosed in a vesicle called an autophagosome, transported to the lysosome, and broken down into reusable molecules.
· Ubiquitin-proteasome system (UPS): This system tags individual, misfolded, or unneeded proteins with a "destruction signal" (ubiquitin), which sends them to the proteasome for degradation and recycling. 
Energy efficiency
Cells demonstrate high energy efficiency by tightly coupling energy-producing and energy-consuming processes.
· Industrial energy efficiency: Industries face a challenge in maximizing energy efficiency due to significant energy loss as heat. Modern factories and grids improve efficiency through advanced technologies like combined heat and power (CHP) systems, but they still operate with considerable waste.
· Cellular energy efficiency: The cell's powerhouse, the mitochondria, uses oxidative phosphorylation to generate ATP (usable energy) with very high efficiency, though not 100%. This process is highly regulated by feedback loops, ensuring energy is only produced when and where it is needed. 
Supply chain and logistics
Cellular transport and communication systems are a parallel for managing complex industrial supply chains.
· Industrial logistics: A major challenge is managing the flow of raw materials and products across a global supply chain. This requires robust communication, tracking, and transportation networks.
· Cellular logistics: A cell's cytoplasm is not a free-floating soup but an organized network with defined transportation and communication pathways. Molecular motors, using the cytoskeleton as a highway system, transport resources, organelles, and proteins to their specific destinations with precision. 
Regenerative design and adaptation
The ultimate difference lies in the fundamental design principle: biology is inherently regenerative, while many industrial systems are not. 
· Industrial design: Many products are designed for planned obsolescence, a linear model that requires continual production from finite resources.
· Cellular design: Cells are masters of adaptive and regenerative design. They self-assemble, self-replicate, and self-repair, drawing on earth-abundant materials. This biological principle is the foundation of resilience and longevity in living systems. 
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