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Abstract 

 This honors project explores the optimization of energy generation within the state of 

Ohio to better the energy generation efficiency both environmentally and economically. The 

proposed solution is a 30-year plan from 2020 to 2050 to reduce the environmental impact 

caused by electricity generation in Ohio. This project shows guidelines and goals to reach by the 

end of every decade spanning from 2030 to 2050. This was done using an optimizing program 

called Multiple Objective Linear Programming (MOLP) and while not perfect it lays a 

foundation for changes that should come to Ohio’s energy mix in the next 30 years. 

I: Introduction 

 For my honors project I decided to optimize energy generation within the state of Ohio 

and my inspiration for this started when I was about 8 years old as my mother is a science 

teacher. With me being a business analytics and intelligence major, I wanted to see if it was 

feasible to actually become more environmentally efficient as well as economically efficient in 

the way that we generate electricity. My mother from a young age taught me to care for the 

environment and paired up with the local energy co-op back in my small town to make people’s 

homes as efficient as possible in an effort to reduce environmental impact where she could easily 

do so. But I always thought that this was good, but it is avoiding the overarching problem that is 

the way that we generate electricity here in Ohio, so I set out on the honors project to change 

that. I set out to answer questions that I had about the ways that we generate power here in Ohio. 

II: Research Questions 

The questions that I would like to answer in this project are as follows: 



1.) What is the most efficient way of generating electricity in Ohio with the least amount 

of environmental damage?  

Wind 

2.) What is the most efficient way of generating electricity economically?  

Hydro or Nuclear 

3.) What is a good middle ground between prioritizing economics and environmental that 

is feasible for the state of Ohio to achieve? 

See the spreadsheet 

4.) How are these results different from the current energy mix in Ohio? 

See the spreadsheet 

5.) What is a 30-year plan that will shift the energy generation mix in Ohio to the middle 

ground scenario? 

See the spreadsheet 

 

III: Literature Review 

 In this project, I used a program within excel called multiple objective linear 

programming or MOLP for short which I learned from Dr. Chris Rump. In this program, I can 

develop a spreadsheet that allows the program to tell me what feasible answer can be reached in 

the most efficient way possible for the case. This program can answer the first four questions that 

I have proposed, by creating a weighted average between what is economically best and what is 



environmentally the best solution. To answer the last question, I will need the help of Dr. Nathan 

Hensley who taught me in his ENVS 1010 class to question how we can better the world 

environmentally. I would like to discuss a way of developing a plan that would shift Ohio from 

generating energy with coal and natural gas to a more sustainable option. I think that to answer 

these questions I will have to have the expertise of both individuals, and I believe that an answer 

to these questions is vital for the slowing or even stopping of climate change. 

 To start, I began by looking at databases at both the state and federal level to ensure that 

the numbers that I was using were accurate to modern day and in that I found that there were 

several ways of reducing our environmental impact, but all would require investment on behalf 

of the state as our current infrastructure is outdated with major amounts of both coal and natural 

gas production which are 2 of the greatest negatively environmentally impactful ways of 

generating energy. 

IV: Methodology 

My first step to my project was to collect the necessary data and build a spreadsheet 

around every major way that we generate energy in Ohio including solar, wind, nuclear, hydro, 

biomass, coal, and natural gas. Once I collected this data and organized it into a spreadsheet, I set 

different objectives for the MOLP to achieve a weighted average of the two objectives which are 

to be environmentally and economically efficient in the way that we generate electricity. One 

thing that this model will attempt to achieve is a balance of all environmental damage and not 

solely focus on CO2 emissions. Another thing that I want this model to consider is land usage 

because we are an agricultural state, I want to also consider the cost to build and maintain these 

structures to have a deep understanding of how these changes will economically impact Ohio. 



Once these were generated, I developed a potential plan that Ohio could follow to achieve the 

new mix in the next 30 years that is financially feasible by 2050.  

 One drawback to this methodology is that I am not privy to some information in the 

energy world as much of our energy generation is from private companies which can result in 

discrepancies in data which can make the model inaccurate. Another drawback is that I cannot 

look at every possible way of energy generation because there are always new technologies 

emerging in the energy sector to combat climate change and the technologies that exist improve 

every day meaning that the model should be ever changing which would be difficult to keep up 

with. Another issue is that some information that is publicly available has not been updated in 

many years which again leads to inaccurate data for the model to base its analysis. Another issue 

that I will not be looking at in this model is the impact on the job market which is a large debate 

in the world of energy generation, therefore this model will assume that for every coal miner that 

loses their job from a closed coal fired power plant there will be a job created as a wind turbine 

technician for example which is not necessarily true. There is simply not enough time, nor do I 

have the resources to research such a topic on top of everything else that is in the scope of this 

project. Another factor that is nearly impossible to predict is the political climate because it can 

change and depending upon who is in charge could change the goals in which we set. Another 

issue that we have with this model is that we may not reach the full potential of an investment 

because the model cannot understand timeline horizons of investments, so we assume in this 

model that it does not matter when in reality it does. Another issue is that the model assumes the 

same statistics over the next 30 years, but because the technology has not been created yet and 

we do not know where these statistics will go, nor do we know when they will improve, I will be 



assuming that they stay stagnant for the next 30 years. On top of this environmental impact could 

lessen over time due to alternative construction methods. 

 I also create a variable called the environmental impact factor or EIF in which I took 

several factors into consideration in order to create in order to get a wholistic view of how these 

ways of generating electricity impact the environment, not just CO2. The major thing that I 

considered was cradle to grave life cycle which takes into consideration the impact of generating 

the method of electricity generation so what are the construction costs environmentally then what 

does it cost to deconstruct these methods environmentally speaking. Emissions that I took into 

consideration were CO2 (Carbon Dioxide), CO (Carbon Monoxide), SO2 (Sulphur Dioxide), 

NOx (Nitrogen Oxides), and the overall pollution which includes but is not limited to soot, lead, 

mercury, radioactive waste, etc. Another factor that I considered is how long it takes to break 

down an energy generation method like nuclear powerplants for example. The majority of the 

structure is concrete which is extremely good at resisting breakdown (this is why we use it), but 

where does that leave us when we tear down structures made primarily out of concrete. I also 

considered what resources were needed to create and run a specific type of energy generation 

and if those resources were rare.  

One thing that surprised me when looking at these factors was that about 20% of the 

worlds current CO2 emissions are generated in the creation of concreate. Concreate is made up of 

four ingredients: large aggregate (stones), small aggregate (sand), water, and cement which is the 

compound that does the binding when mixed with water. This reaction is an exothermic reaction 

meaning that it lets off heat and in that reaction CO2 is released, but there are ways of creating 

concreate that are still in development where the carbon emission is reduced or even eliminated. 

We also must take into consideration that steel production releases a lot of carbon into the 



atmosphere but being that steel is an alloy made from iron and carbon it is impossible to create 

without carbon emissions so alternatives to steel would be helpful in reducing environmental 

impact as well. The greatest weakness that this model has is that we must assume that the new 

mix target will be hot every decade which may not be the case because we may not have been 

able to hit our new target every decade because there was not enough time. 

V: Results and Conclusions 

 The model I created favored green alternative energy in Ohio like wind and hydroelectric 

over solar as we are a cloudy state compared to many other states making our solar panels less 

efficient. My model kept the nuclear power plants Davis-Bessie and Perry open as these two 

power plants provide great amounts of energy to the state and in fact it added a nuclear power 

plant in order to lessen the environmental impact that coal and natural gas have on the 

environment. I anticipated that my model would eliminate coal and natural gas energy 

production and, on that account, I was correct because I set a limit on how much the model could 

eliminate it took 20 years to deconstruct all of the coal power plants and 30 years to deconstruct 

all of the natural gas powerplants. The results that I expected from the model were drastically 

different from our current energy mix and as stated before I expect it to take us 30 years to reach 

the optimized mix that will minimize our ecological footprint while not destroying the economy 

and I was correct in that assumption too. By the end of my 30-year model, it eliminated all 

production of coal, natural gas, and biomass and maximized production of wind energy every 

decade and this is likely because we are a windy state due to the flatness of Ohio. Here is how 

the energy mix should change according to my model over the next 30 years (see pie charts). 



 

If you wish to see the full model, here is a view of the technical details and the full results: 

Ohio Energy MOLP Analysis.xlsx 
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us-electricity-system-and-its-impact-environment.  

This webpage contains general information about the electrical grid in the US and how it impacts 

the environment as well as how each sector influences energy generation. This article also 

discusses the delivery of electricity in the US which is via high voltage transmission lines that 

must be "stepped up" and "stepped down" for the electricity that they carry to be usable. Later 

the article talks about who uses electricity and they show that residents and commercial buildings 

are the largest consumers compared to industry which uses only 25% of the energy we consume. 

This highlights another issue in our society and that is that we need to focus on efficiency in the 

commercial and residential settings by switching to better bulbs like LEDs and better insulation 

to reduce our carbon footprint. This article also points out the environmental impacts of energy 



generation such as pollution and greenhouse gas emissions which can be reduced via renewable 

energy sources. 

United States Geological Survey. “USWTDB Viewer.” Eerscmap.usgs.gov, United States Wind 

Turbine Database, Nov. 2021, https://eerscmap.usgs.gov/uswtdb/viewer/#7.63/40.839/-

82.782.  

This website is a viewer for all recorded commercial wind projects in the US and can be used to 

filter down to specific locations. It also gives total capacities of what projects are displayed on 

the map. In Ohio we can see that there are 503 wind turbines with a total of a 1111 MW capacity 

which offers insight as to where they are most effective too as there is a map of where they are as 

well. It seems from the data that most turbines are in West Northwest Ohio showing that this is 

the windiest part of the state giving the turbines the highest chance of generating electricity at 

any given time. 
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