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Math Modeling and Sustainability Course 

a. Classroom component of the course

b. Community based student projects



My Math and Sustainability 
Journey   



Jared Diamond 

Collapse: How Societies Choose to Fail or Succeed.



What are some issues facing the 
nation and the world that you are 

concerned about? 



What are some issues facing the 
nation and the world that you are 

concerned about? 

A goal of our math course is to see 
how the mathematics we learn can be 

connected to these issues you care 
about. 



Let Students bring their full selves to 
the math class

Climate Despair – take action! 



Math Modeling and the Environment

Charles Hadlock, Bentley University

- Ground water flow

- Darcy’s Law

- Laplace equation

- Heat flow



Math Modeling and Sustainability
Tom Pfaff, Ithaca College

Developed teaching units on sustainability 

for a variety of courses 

Blog site: http://sustainabilitymath.org/



Sustainable Energy without the Hot Air

David JC MacKay
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needs using renewables? 
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Sustainable Energy without the Hot Air

David JC MacKay

Can we meet our energy

needs using renewables? 

http://www.withouthotair.com/

No Differential Equations were harmed

the making of this course.  

used 



Theme

How much energy do we use in our lives?

How much energy can we generate with various types of 

renewables (at scale)?  



Theme

How much C02 do we generate from fossil fuels?

If we switched our energy sources to renewables, how much 

could we reduce our C02 footprint? 
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Transportation: Car Travel

How much energy  does an average American use per day 

from driving?  (kWh/person-day)

How much C02 is produced? 

If we drive an EV, how much energy would be used? 

How much C02 would be produced (using electricity from the 

grid) ?

What is the payback time for purchasing an EV (vs FFV)? 

Capital costs, operating costs

What is the Net Present Value (NPV) over 10 years of an EV  

vs FFV purchase? 



Renewable Energy Generation: 

How much energy (per person per day) could be generated by solar? 

National Renewable Energy Lab (NREL):www.nrel.gov/gis/solar.html



Renewable Energy Generation: 

How much energy (per person per day) could be generated by solar? 

National Renewable Energy Lab (NREL):www.nrel.gov/gis/solar.html

Suppose we cover

1% of land with 

panels.
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- Before semester, line up projects (with support of Civic Engagement 

Office)

- Bring community partners to class to describe their projects





Community Based Sustainability Projects (Praxis)

- Before semester, line up projects (with support of Civic Engagement Office)

- Bring community partners to class to describe their projects

- Students choose their projects (1st, 2nd, 3rd choices)  

- Teams of 3 – 4 students

- Meet with community partner lead

- Some class time spent on projects, update presentations to class

- Final presentation to partner and report with their recommendations

- Learning Benefits = SCUDEM projects (Anthony) + engagement with              

community partner + contributing to positive change



Haverford 2011

Community Recreation and Environmental  Center

Twp Commissioners: 

Should we have renewable energy in the building? 



:
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:

Cost – Benefit Analysis for Commissioners
of a geothermal heat pump system

Bethany Giblin, Amy Veprauskas, Jenny Sichel,  Teresa Palasits

Geothermal system  will cost an additional $600K but will save $50K per year

Unanimously approved – “a new day for Haverford  Twp” 





Blue Buses linking Bryn Mawr and Haverford  Colleges

As we sunset old buses, can we 

replace them with electric 

buses? 

Nhi Nguyen, Alice Yang, Hayley Shi, spring 2021



Concerns 

- Air pollution from diesel use 

- Buses lasts 10 years – stuck with old tech

- Maintenance costs

Concerns

- Larger initial cost

- uncertainties due to new technology

Goals for adding electric vehicles

- less frequent and less costly 

maintenance 

- reduce carbon footprint

- reduced ‘fuel cost’

Blue Buses linking Bryn Mawr and Haverford  Colleges



Cost – Benefit Analysis

- Grants can help defray larger initial cost.  

- Links to College’s Sustainability plan

- PR value for College (‘cutting edge, early adopter’) 

Presentation to College President, Director of Facilities & Transportation Director (comm partner) 

Power of student voices! 

Blue Buses linking Bryn Mawr and Haverford  Colleges



End Result: 

College has ordered an Electric Bus

Delivery in summer 2023

President brags about the EB in all her talks to alumnae 

Blue Buses linking Bryn Mawr and Haverford  Colleges



High school students who wanted their school 

district to develop a sustainability plan. 

Q: How much could district’s carbon footprint be 

reduced if the district sources its electricity from 

renewable energy supplier?

What are options/pay-back time for converting twp

fleet to EVs? 

What are possibilities for putting solar panels on 

Township gov’t buildings/library? 



New Opportunities for Projects

Inflation Reduction Act (IRA): $370 Billion for 

investment in energy security

Includes: 

30% cash rebate for non-profits* that undertake 

renewable energy projects 

vs 26% tax rebate for which non-profits were not 

eligible

*schools, colleges, houses of worship, governments



Student Reaction

“I liked that the projects we worked on were meaningful 

and that this course was extremely applied in nature. It was 

nice to do something that affected our college and/or 

community directly”

“ The end results of all the projects were pretty satisfying; it 

made you feel like you were making a contribution and that 

you might actually be able to affect something.”



Quantitative Reasoning, Math Modeling

“the math involved in most of these applications was pretty 

basic”  

“… there were more numbers than mathematics involved 

in our projects.”

Using Sustainability to Incorporate Service-Learning Into a 

Mathematics Course: A Case Study, Victor Donnay, PRIMUS, Volume 

23, Number 6, 1 May 2013 , pp. 519-537(19)

.    

http://www.ingentaconnect.com/content/tandf/primus;jsessionid=2qcv1xl72gavg.alice


Facebook Reflection



Question:  

How best to share materials/information about  

- the course

- the projects



ww2.amstat.org/mam/2013/

Materials: 

Theme essays

Lesson Plans

Organized jointly with 

Tom Pfaff.



Sustainability Service-Learning Projects (Praxis)  

College Partners
Dining Services: 

Trays in dining hall

Composting

Freight Farming

Facilities Department

Trash audits

Landfill or Incinerator

Energy savings in buildings from conservation mode 

Pay back time for LED bulbs

On/Off switch for Chemistry hoods

Energy footprint for Science building renovation

Potential for Electric Blue Bus

How many EV chargers would be needed if college fleet was converted to EVs?

Admissions Office

- Paperless admissions system



Sustainability Service-Learning Projects (Praxis) 

Community Partners: 

Energy efficiency at Retirement Center 

Math education materials on recycling for School District

Storm water management via rain gardens

EQAT social action: social cost of carbon

Local Governments

Alternative energy system for township recreation center

Level of safety analysis for bike routes

Which city owned buildings would be best candidates for solar panels? 

How much $/energy/C02 has been saved by Twp sustainability initiatives? 

Waste/composting analysis

Potential to convert Twp vehicle fleet to EV

Where to put EV chargers in town

Business

Electric service vans – home garaging or central garage?



Service/Community Based Learning 

Sustainability Projects (Praxis)

Mechanics

Finding Projects

Student voice in selecting their project

Managing Expectations

Linking to learning goals

Keeping track of student progress

Final presentation/ report



Link project 

to college 

wide learning 

goals



Course Topics Include: 

Curve fitting using real data

Rates of change (derivatives) 

Area under curve (integration)

- Riemann sums

- Energy is area under power curve

- Total water run-off is integral of rate of flow

Energy Modeling

- cost of energy use; units kWh

- carbon footprint of energy generation

- potential for energy generation (solar, wind)

Financial Modeling:

- Fixed (capital) costs, operating costs

- Pay back time

- Net present value



Internships, Independent Study

Philadelphia Street Lights Department: 

Estimate potential savings ($, CO2) from converting streets 

lights to LED bulbs. 



Internships, Independent Study

Philadelphia Street Lights Department: 

Estimate potential savings ($, CO2) from converting streets 

lights to LED bulbs – all 143,000 street lights! 

Water Department: 

Create an “urban gradient” of water quality to determine 

locations with (relatively) good water quality. 

Quintile regression   

Energy Office of Sustainability Division: 

Model energy, CO2 savings from Bike Share program. 







Cost of carbon: $40/metric ton

31% coal, 31% natural gas, 4% renewables plus nuclear

Social cost in the decade 2025-2035: $6.5 billion

Increase renewables to 20%, decrease coal: $2.9 billion

Savings:  $3.5 billion



Which city owned buildings would be best candidates for

Solar panels? 



#1 building, the Philadelphia Detention Center, could produce a savings 

of $170,000 per year in electricity costs. 





2012 AMS Exemplary 

Department Award
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