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Lab 11: A Renewable Energy Challenge

“But reducing harmful emissions, abating our dependence on foreign oil and developing alternative renewable energy sources have benefits that go beyond environmental health, they improve personal health, enhance national security and encourage our nation’s economic viability.”
— Jim Clyburn
Learning Objectives
By the end of this lab, students should be able to:
1. Define and compare renewable and nonrenewable energy sources.
1. Analyze the environmental, economic, and technical implications of renewable energy technologies.
1. Collaboratively design a realistic renewable energy transition plan for Queens College.
1. Communicate the benefits and challenges of renewable energy adoption to diverse stakeholders.
1. Reflect on and articulate the professional skills practiced during this lab, including teamwork, critical thinking, and communication, in the context of career readiness.
11.1  Introduction
Today, our society is heavily reliant on fossil fuels: coal, oil, and natural gas, to power our homes, transportation systems, industries, and technological advancements. According to the US Department of Energy, nuclear fission also provides about 18–19% of the electricity used in the United States. These are considered nonrenewable sources of energy: they are being used much faster than they can be formed. The extraction and use of fossil fuels has led to environmental issues such as land degradation, air pollution, and climate change. Additionally, these energy sources are finite and can eventually become exhausted.
Renewable energy sources (also called energy alternatives) are sources that can be replenished within a relatively short amount of time, making them environmentally sustainable. These include solar, wind, hydro, geothermal, and biomass energy. They can potentially meet our energy needs while minimizing carbon emissions and other environmental impacts.
The continued use of nonrenewable fuels contributes to climate change, health risks from air pollution, and long-term economic instability due to resource depletion and price volatility. Scientists and policymakers worldwide agree that a rapid transition to renewable energy is essential to avoid the dangerous consequences of climate change. Making this transition is not just about protecting the environment. It is about safeguarding our health, ensuring energy access, and building a more secure and resilient future. As shown in Figure 11.1, fossil fuels currently account for approximately 60% of U.S. electricity generation, underscoring the urgent need to expand the renewable energy sources discussed in this section.
This lab is designed not just to teach you about energy options, but to give you practice with skills employers actually look for. As you work through each section, look for the 'Professional Skills' boxes. They will help you connect what you are doing here to your future career.



	Before you begin reading Section 11.2
Think about the energy you use every day. Answer these quick warm-up questions in your notebook:
  •  Where does the electricity in your home or dorm come from?
  •  Can you name one renewable energy source you have seen in NYC (e.g., a solar panel on a building, wind turbines)?
  •  What do you think is the biggest barrier to switching to 100% renewable energy?


11.2  Advantages and Disadvantages of Renewable Energy Sources
All energy sources have advantages and disadvantages. It is important to consider both when weighing options. Advantages might include convenience, cost, renewability, decreased dependence on fossil fuels, and reduced environmental impacts such as lower carbon emissions and improved air quality.
Solar Energy
Solar energy is a clean power source that converts the sun’s radiation to electricity. It is increasingly popular as the technology improves and becomes more accessible.
Advantages: Abundant and inexhaustible (as long as we have the sun); produces no greenhouse gases or air pollution during operation; reduces utility bills through long-term savings; drives rapid job creation in installation and maintenance; can supply remote areas not connected to the traditional power grid.
Disadvantages: Weather-dependent (cloudy days and nighttime reduce or stop generation); limited by geographic location and climate; high initial setup costs for panels, inverters, and installation; production of photovoltaic panels involves hazardous materials and requires good recycling and disposal procedures.
Wind Energy
Wind energy harnesses the kinetic energy of wind to generate electricity.
Advantages: Renewable (driven by solar heating of Earth’s surface); no greenhouse gas emissions during operation; increasingly cost-effective as turbine and installation prices fall; provides price stability since it is not subject to fuel price fluctuations; boosts local economies, especially in rural areas.
Disadvantages: Intermittent and variable, requiring backup sources; not all locations have sufficient wind resources; poses risks to birds and bats, particularly during migration; visual and noise impacts may concern nearby communities.
Hydroelectric Energy
Hydroelectric energy harnesses moving water to generate electricity, providing a clean and reliable source as water flows continuously through rivers and streams.
Advantages: Clean and environmentally friendly, reducing carbon and air pollutants; provides additional water management benefits, including flood control, irrigation, and agricultural water supply.
Disadvantages: Large-scale projects can cause ecosystem disruption, habitat loss, changes in natural river flow patterns, impacts on aquatic life and migratory fish, loss of local biodiversity, and, in some cases, displacement of local communities.
Geothermal Energy
Geothermal energy uses heat stored beneath the Earth’s surface, continuously replenished by natural processes, to generate electricity or provide heat.
Advantages: Minimal greenhouse gas emissions; low operating costs after initial installation; effective for direct heating and cooling of buildings, reducing reliance on traditional systems and lowering utility bills.
Disadvantages: Best suited to locations with accessible geothermal resources, limiting its use; potential environmental impacts include induced seismic activity, release of trace gases (e.g., hydrogen sulfide), and water use.
Biomass Energy
Biomass energy is derived from living or recently living organisms, primarily plants, processed into forms like woodchips, converted from waste materials, or grown as energy crops. For example, many power plants in the southeastern United States burn wood pellets from forestry waste, while countries like Brazil extensively use sugarcane bagasse to generate electricity.
Advantages: Plants absorb CO₂ as they grow, which is released when burned, making it a potentially carbon-neutral option; can utilize agricultural residues and organic waste that would otherwise decompose or burn in open fields, reducing landfill waste.
Disadvantages: Biomass production for energy may compete with food production or result in ecosystem disruption; careful management and sustainability practices are essential to minimize impacts. 
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Figure 11.1. U.S. electricity generation by source (2023). Source: U.S. Energy Information Administration (EIA), Electric Power Monthly, February 2024 (data preliminary for 2023). eia.gov/tools/faqs/faq.php?id=427

Plain Text Version of Data Displayed in the Bar Graph Above
Legend: Fossil Fuels make up 60.7% of total U.S. electricity generation; Nuclear makes up 18.6%; and Renewables make up 21.4%. 
·       Natural Gas stands at 43.1%.
·       Coal stands at 16.2%.
·       Nuclear stands at 18.6%.
·       Wind stands at 10.2%.
·       Hydropower stands at 5.7%
·       Solar stands at 3.9%.
·       Biomass stands at 1.1%.
·       Petroleum and Other stands at 1.2%.
11.3  New York City Renewable Energy Goals
New York City has implemented several renewable energy initiatives as part of an ambitious plan to move toward a sustainable energy future. Below, we look at three main programs; you should visit the  NYC Mayor’s Office of Climate & Environmental Justice (MOCEJ) at https://www.nyc.gov/content/climate/pages/ for the most recent updates. According to MOCEJ, the city is committed to achieving 100% clean electricity by 2040 and decarbonizing buildings and transportation by 2050.
1. Energy Efficient Buildings
Buildings are a large source of the city’s greenhouse gas emissions. The NYC Retrofit Accelerator and the NYC Clean Heat programs work with existing building owners and managers to implement energy-saving measures. Other initiatives include the adoption of green building codes such as: 
Local Law 97 (LL97), which is now active. The first compliance period began in 2024, when annual GHG emissions reports were due May 1, 2025. Buildings over 25,000 sq ft face fines of up to $268 per metric ton over their emissions cap. About 89% of covered buildings comply in the initial 2024–2029 period, but approximately 57% currently emit more than their stricter 2030 cap, meaning major upgrades are coming. For more information, see nyc.gov/site/hpd/news/023-26/new-compliance-data-shows-impact-local-law-97
2. Transportation
Transportation is the second-largest source of NYC’s greenhouse gas emissions, accounting for roughly 21% of citywide emissions (NYC Mayor’s Office of Climate & Environmental Justice, nyc.gov/content/climate/pages). The city’s goal is that 80% of trips by New Yorkers in the five boroughs will be walking, biking, or using mass transit, resulting in quieter, cleaner, and safer neighborhoods.
3. New York State Initiatives: NYPA & CUNY
The New York Power Authority (NYPA), established in 1931 and the largest state public power organization in the US, plays a pivotal role in advancing sustainable energy across CUNY campuses. Through its BuildSmart 2030 program and Decarbonization Leadership Program (DLP), NYPA partners with CUNY to implement energy efficiency upgrades, reduce carbon emissions, and plan for fossil-fuel-free campuses. In 2024, NYPA completed a $5.5 million LED lighting overhaul at York College in Jamaica, Queens, replacing nearly 3,000 fixtures, saving over $120,000 annually, and cutting carbon emissions by more than 1,000 metric tons per year. Brooklyn College became the first CUNY campus to begin geothermal test drilling in June 2025 under the DLP, with a $10 million New York State Bond Act award funding the conversion of its West End Building to a fully carbon-free heating and cooling system. These efforts align with New York State's Climate Leadership and Community Protection Act (CLCPA), which mandates a carbon-free electricity system by 2040.
Explore Queens College’s own sustainability efforts at the Queens College Sustainability Office. Understanding existing goals and accomplishments will help your team design a plan that builds on, rather than duplicates, current initiatives.
	Explore before your team meeting (Prelab)
Before Section 11.4, spend 5–10 minutes browsing these links:
  •  Queens College Sustainability Office: qc.cuny.edu/sustainability
  •  NYC Mayor’s Office of Climate & Environmental Justice: nyc.gov/content/climate/pages
  •  NY State Climate Act overview: climate.ny.gov
Jot down one fact or program you found interesting. You may use it in your proposal!


11.4  Renewable Energy Challenge
Materials
1. Computers with internet access.
1. Discussion Worksheet (at the end of this lab).
Scenario
You and your team are sustainability consultants hired by Queens College. Your task is to design a strategic plan that helps the campus reduce its dependence on fossil fuels and transition toward a cleaner, renewable energy future.
What is a sustainability consultant? A sustainability consultant is a professional who advises organizations, such as universities, businesses, or government agencies, on how to reduce their environmental impact, improve energy efficiency, and meet sustainability goals. They draw on expertise in environmental science, policy, economics, and project management to develop actionable plans. To learn more about this career path, visit the Bureau of Labor Statistics: Environmental Scientists and Specialists (bls.gov/ooh/life-physical-and-social-science/environmental-scientists-and-specialists.htm).
An excellent real-world example to learn from is Stanford University:
1. Stanford achieved 100% renewable electricity in spring 2022 after commissioning its second large solar plant.
1. The 63 MW Stanford Solar Generating Station #2, combined with a 200 MWh battery, supplies renewable power 24/7, marking a major milestone in its decarbonization strategy.
1. Read more about Stanford’s journey at https://sesi.stanford.edu/be-empowered/our-story.

	How to approach this challenge
  Step 1: Which energy sources seem most feasible for Queens College?
  Step 2: Visit the Queens College Sustainability Office website (qc.cuny.edu/sustainability) and identify what is already in place. Your plan should build on existing work.
  Step 3: Divide the six proposal components (I–VI below) among your team members. Each person takes primary responsibility for one section based on their interests and strengths.
  Step 4: Brainstorm for 10 minutes independently, then come together to share and combine your ideas.
  Step 5: Use the Discussion Worksheet to record your team’s decisions.
Remember: there is no single “correct” answer: creativity, feasibility, and evidence-based reasoning all matter.



Procedure
1. Instructor-led discussion: Your instructor will begin by leading a brief discussion on nonrenewable and renewable energy sources, including their advantages and disadvantages. This provides the background needed for your proposal.
1. You will then be divided into consulting teams of 3–4 members. Each team is “competing” for the contract to lead the energy transition at Queens College.
1. Your team must develop a comprehensive and creative proposal outlining a plan to transition the campus to renewable energy. Each member will take responsibility for one component of the proposal based on their interests and strengths (e.g., technical analysis, outreach strategy, budgeting, evaluation).
1. Use the proposal outline below as a starting framework. You are encouraged to adapt or expand on the components. Your final product should be collaborative, evidence-based, and reflect critical thinking. Creativity, feasibility, and depth of analysis will factor into your assessment.
1. After your brainstorming session, each group will have approximately 4 minutes to share the main points of your proposal with the rest of the class.
1. Complete the Discussion Worksheet before leaving class so you can include it with your lab report the following week.
Proposal Components
As your team brainstorms and conducts research, discuss what each component will include. These are starting points; be as creative and thorough as possible.
I. Evaluate current energy use and set measurable goals
1. Consider conducting an energy audit to estimate current consumption and identify patterns.
1. Based on findings, set specific, measurable targets for the transition (e.g., “reduce campus electricity from fossil fuels by 40% by 2030”).
1. Helpful starting point: review the Queens College Sustainability Office website for any existing energy data.
1. As a team, discuss: how significant are renewable energy sources in addressing (a) reducing carbon emissions, (b) reducing air pollution, and (c) promoting energy sustainability? Cite at least one specific example from the reading for each.
II. Develop a renewable energy plan of action
1. Identify which stakeholders should form a sustainability committee (which departments? student groups? administration?)
1. What feasibility studies are needed? Are solar panels, wind turbines, or geothermal energy realistic for Queens College’s building types and location?
1. Propose realistic timelines with short-term (1–2 years), medium-term (5 years), and long-term (10+ years) milestones.
1. As a team, discuss: what are at least two potential benefits and two challenges of transitioning to renewable energy specifically at Queens College? Consider that it is an urban campus in NYC with limited rooftop space, a diverse student body, and CUNY constraints.


III. Funding and partnerships
1. Research government funding opportunities (e.g., NYPA grants, federal IRA clean energy incentives).
1. Consider partnerships with renewable energy developers, community organizations, sustainability nonprofits, or QC alumni networks.
1. Explore whether CUNY system-wide funding programs might apply to Queens College.
IV. Engage and educate the campus community
1. How would you raise awareness about renewable energy benefits? (Workshops? Social media? The Knight News, Queens College’s student newspaper?)
1. How will you keep the campus informed about progress milestones and invite participation?
1. Consider how you would make sustainability feel relevant to students who are not science majors.
V. Monitor and evaluate progress
1. What metrics will you track? (Energy output, carbon emissions reduced, money saved, technology performance?)
1. How frequently would you conduct evaluations? Who would be responsible?
1. How would you adapt the plan if certain technologies underperform or new, better technologies emerge?
VI. Your own component
1. What is missing from the plan above? Add a creative element of your own.
1. Examples: celebrating milestones with the campus community, inviting media coverage to inspire other CUNY schools, launching a student green fund, or partnering with NYC high schools for STEM outreach.

	Professional Skills You Are Developing (NACE Competencies)
This activity develops the following career-ready skills recognized by the National Association of Colleges and Employers (NACE):
•  Teamwork & Collaboration: You worked with peers to produce a shared deliverable, negotiating roles, integrating different perspectives, and building consensus.
•  Critical Thinking & Problem Solving: You identified a real campus challenge (energy transition) and designed an evidence-based, feasible solution under resource constraints.
•  Communication: You presented your team’s proposal to the class, translating technical and policy information for a general audience.
•  Career & Self-Development: You explored career paths in sustainability consulting, environmental planning, and energy policy.






Questions: Answer these questions fully in your lab report. Use complete sentences and cite any sources you use.
1. Discuss the importance of individual and collective actions in promoting renewable energy adoption. Give one concrete, practical example of an individual action you could take (e.g., a choice about home energy use, transportation, or purchasing) and one concrete example of a collective action (e.g., through your community, workplace, or campus).
2. How can you incorporate renewable energy sources into a sustainable lifestyle? Are you already doing some of these things? Be specific and honest in your reflection. If not possible, what are some constraints? 
3. How did this lab project influence your academic and career interests? Explore the U.S. Bureau of Labor Statistics list of academic fields and related occupations at bls.gov/ooh/field-of-degree/home.htm.
Select one field you are interested in and review that field’s webpage (e.g., Physical Science). Scroll down to Table 2, “Top employing occupations,” for that degree, and pick one occupation that interests you. What is one new thing you learned about this job?
Professional Skills Reflection
One of the goals of this lab is to help you connect what you do in the classroom to the skills employers look for. The National Association of Colleges and Employers (NACE) has identified eight career-ready competencies that are highly valued across industries here. 

	LinkedIn / Resume Skill Statement
After completing this lab, identify one NACE competency you practiced and write a 2–3 sentence statement you could add to your résumé or LinkedIn profile. Use the example below as a model, then write your own.  Example: “Collaborated with a team of four to design a renewable energy transition proposal for Queens College, analyzing the feasibility of solar, wind, and geothermal technologies for an urban campus context. Presented evidence-based recommendations to stakeholders, applying critical thinking and communication skills to a real-world sustainability challenge.”
Skill I practiced: _____________________________________________
My 2–3 sentence skill statement:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
Tip: Use action verbs such as collaborated, analyzed, designed, communicated, evaluated. Mention the context (renewable energy, campus sustainability) and the result or skill gained.







Conclusion
In the conclusion paragraph of your lab report, summarize the key findings and recommendations from your renewable energy proposal for Queens College. Reflect on the significance of transitioning to renewable energy in reducing carbon emissions, air pollution, and promoting energy sustainability. Discuss the collaborative efforts and insights gained during the project, and suggest any future steps or considerations for implementing your proposed plan.

	Conclusion writing tip
A strong conclusion paragraph does three things:
  1.  Summarizes what your team recommended and why (1–2 sentences).
  2.  Connects your proposal to the bigger picture of NYC and NYS climate goals (1 sentence).
  3.  Reflects on what you learned or what questions remain unanswered (1–2 sentences).
Avoid simply restating the lab instructions. Use your own words and your team’s specific ideas.



Your lab report must include (1) purpose/objectives (5%), (2) answers to all questions (30%), (3) the Discussion Worksheet (40%), (4) your Professional Skills Reflection (15%), and (5) a conclusion paragraph (10%). Omitting any section will result in the loss of that section's points unless your lab instructor says otherwise.



















A Renewable Energy Challenge: Discussion Worksheet
Name: ________________________________________    Date: ______________________________
Team members:   1. ___________________________         2. _________________________________
                             3. ___________________________         4. _________________________________

	Proposal Component
	Your Team’s Notes & Ideas

	I. Current energy use & measurable goals
	







	II. Renewable energy plan of action
	






	III. Funding and partnerships
	






	IV. Engage & educate the campus
	







	V. Monitor & evaluate progress

	






	VI. Your own component
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Figure 11.1. U.S. Electricity Generation by Source (2023)
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Source: U.S. Energy Information Administration (EIA), Electric Power Monthly, February 2024.
Data are preliminary for 2023. eia.gov/tools/fags/faq.php?id=427
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