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Introduction 

As the negative impacts of climate change become more obvious and we approach a 2°C  

tipping point, the need for clean energy and carbon neutrality increases.  This need for action has 

been stressed by the Intergovernmental Panel on Climate Change (IPCC) [1].   In their climate 

assessment reports released in the spring of 2014, they warn that “to avoid dangerous 

interference with the climate system, we need to move away from business as usual as quickly as 

possible.” The American Academy for the Advancement of Science similarly states that “we are 

at risk of pushing our climate system toward abrupt, unpredictable, and potentially irreversible 

changes with highly damaging impacts” [2].  To avoid a 2°C increase in average global 

temperature, the IPCC calls for a 40 to 70% reduction in global CO2 emissions by 2050 and a 

reduction to near zero by the end of the century [3].  After learning about the causes and 

consequences of global climate change for three months, our sophomore class set out to answer 

the question, what would it take to make Maine carbon neutral by 2050? 
 

Inspired by the 2014 Maine Climate Solutions Summit in Augusta, which set a strategic 

objective of “making Maine an alternative energy leader in the eastern United States by 2020” 

[4],  and our own research on global climate change, we have created an exercise modeled off of 

the Carbon Mitigation Initiative developed by Robert Socolow and Steven Pacala of Princeton 

University in 2006 [5].  They reasoned that to keep carbon emissions flat we would need to 

offset our carbon emissions by a total of eight gigatons by 2050.   They then identified fifteen 

carbon reduction strategies or “wedges”, with each wedge equal to one gigaton of global carbon 

emissions.  Accomplishing any eight out 

of the fifteen wedges by 2050, would 

prevent a doubling of CO2 in the 

atmosphere.  Socolow and Pacala call this 

the stabilization triangle. 

 
 
 The eight “wedges” of Socolow and Pacala’s 
stabilization triangle [6] 
  

Our system works similarly, but has been adapted to fit Maine and to make the state completely 

carbon neutral as opposed to just stabilizing our current emissions.  Instead of using a triangle, 
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we are using a pie, where each wedge is a renewable or noncarbon option.  Our work is very 

preliminary and our numbers are approximate, but our findings suggest that becoming carbon 

neutral by 2050 is achievable.  Maine has an unusual abundance of renewable energy and is 

becoming a leader in wind and ocean energy.   It is our hope that this analysis will promote 

conversation on one of the most critical topics facing our generation and provide a broader sense 

of what is possible.   
 

Methods 

The purpose of this paper is to quantify what it would take to make Maine carbon neutral.  

We started by looking at how much energy Maine consumes now.   According to the U.S. 

Energy Information Administration, Maine used 413 trillion Btus of energy in 2011 [7].  Of this, 

253 trillion Btus (about 61%) come from fossil fuels such as natural gas, fuel oil, and gasoline. 

We also use much smaller amounts of coal, propane, jet fuel, and other petroleum products  (see 

following graph).  Renewable energy, primarily hydropower and biomass, accounts for 160 

trillion Btus, or 39% of our energy use [7]. 
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While, Maine has wind, solar, and other renewable energy sources, most of our 

renewable energy comes from hydroelectric and biomass generation.  Of these, biomass is by far 

the larger power source, generating 114.4 trillion Btu’s annually, more than any energy source in 

Maine, renewable or otherwise [7]. 
 

We then looked at projections of energy use in the future.  Energy consumption  in the 

U.S. is projected to increase by 0.4% a year through 2040 [8].  Compounding this increase over 

the next thirty-six years, and assuming that we increase renewable and fossil fuel use at the same 

pace, we will be using 292 trillion Btus’ worth of fossil fuels by 2050.   To become carbon 

neutral by 2050, all 292 trillion Btus from these fuels will have to be replaced with renewables.  
 

Maine’s annual CO2 emissions from fossil fuel are about 18 million metric tonnes 

annually [7].  To equate energy use to emissions, we decided to divide Maine’s projected 

nonrenewable energy use of 292 trillion Btus into nine wedges, each representing about two 

million metric tonnes of CO2 emissions into the atmosphere each year if not replaced with a 

clean energy source.  We would therefore need nine “wedges” to replace the fossil fuel portion 

of Maine’s energy pie, with each wedge equal to about 32 trillion Btus, the equivalent of about 

5,000,000 barrels of oil [9].  

 
  Maine’s current energy mix:   
 39% renewables; 61% fossil fuels 

 
 

 
 
 
 
 

                           
  

   9 carbon reduction wedges of renewable or carbon 
neutral energy are needed to replace energy from fossil 

fuels; each wedge is worth 32 trillion Btus 
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 The next step was to research renewable energy and carbon neutral options.  We came up 

with sixteen carbon reduction wedge options all from technologies that are currently being used 

in Maine or are in the research and development stage.  These are summarized in Table 1.  For 

each option, we attempted to figure how much potential capacity there was in Maine and how 

much power could be generated in a year.  We then converted this number to Btus.  Our numbers 

are preliminary and approximate, since data for the different options was not always consistent 

or complete and there are still many unknowns.  We reviewed our methods and the numbers used 

to calculate each wedge with Dr. Tom Tietenberg, Professor Emeritus of Economics at Colby 

College and Jennifer Albee of ReVision Energy.  
 

Results 

Our results are in the fold-out table at the end of this report, which shows what a wedge 

could come from and gives some of the challenges and opportunities.  Any nine of the sixteen 

carbon reduction options shown, if phased in over the next 36 years, would result in a carbon 

neutral Maine.  The list is not exhaustive - there are probably other options we did not consider, 

and technology is changing so quickly in the energy field, that there will probably be new 

options available well before 2050.   
 

Maine’s current use by energy sector  breaks down as follows [7]: residential - 86 trillion 

Btus, commercial - 64 trillion Btus, industrial - 140 trillion Btus, and transportation - 123 trillion 

Btus.  As the carbon reduction wedge table shows, certain wedges apply to certain sectors.  Two 

areas where there is huge room for energy reductions are transportation (by using more fuel 

efficient vehicles), residential and commercial heating (which could switch from heating oil to 

renewables and more efficient furnaces), and industrial (which could take advantage of 

technologies that combine heat and power).   In addition, conservation by individuals (simply 

using less) could play an important role in reducing Maine’s energy consumption. 
 

Discussion  
Does Maine have the resources to rely completely on renewable energy and become 

carbon neutral?  Based on our preliminary analysis, the answer is yes.  Maine is rich in 

renewable resources.  We have 30% more solar energy hitting our land than Germany, the 

world's leader in solar energy installations [10]. We have hundreds of dams that  are dormant 



 6 

when they could be developed to produce more energy than all the active ones put together.  We 

have one of the best wind resources in the world and the third best ocean energy resource in the 

United States.  Wind and ocean energy alone are enough to power the state many times over.   In 

addition, we are 88% forested [11].  Waste wood is considered a carbon neutral energy source 

that can be used to produce electricity, heat and biofuel.   
 

Probably the most cost effective wedges relate to energy efficiency and conservation. 

Seven in ten Maine homes use fuel oil for heating.  Many houses are old and poorly insulated.  

Industrial and transportation consumption, along with heating our homes through long winters, 

makes Maine the most petroleum-intensive economy in New England [7].  Investing in energy 

efficient buildings, heating systems, and vehicles will not only reduce the state’s overall energy 

consumption, but would save Mainer’s money and create houses that are more comfortable and 

healthier.  
 

Maine has the energy resources to become carbon neutral, but the transition from carbon 

based to non-carbon based energy will be challenging.   It will mean that what is now powered 

by oil will have to switch to electricity.  This includes heating, cars, energy production, and 

more.  Rather than spending money on infrastructure for fossil fuels, such as pipelines, we will 

need to invest in efficient buildings, electric charging stations, transmission cables from offshore 

wind farms to land, and other infrastructure.  This shift will have a positive impact on the 

environment and, in the long run, will result in a more stable and cheaper way of powering the 

state.  Oil is a finite source, however solar, wind, tidal, geothermal, and hydro would be nearly 

impossible to use up.  When oil runs out, we do not want to be dependent on a non-existent 

energy source.  
 

One of the sixteen wedges—biomass—is controversial.  While it is a valuable source of 

electricity, burning wood emits carbon dioxide in amounts comparable to coal.  It is considered 

carbon neutral only if the biomass comes from wood waste such as bark, sawdust and other 

wood byproducts which would have rotted soon, releasing carbon into the atmosphere whether or 

not they were burned for electricity. Wood-burning can be sustainable and carbon neutral, but 

only if we plant trees to replace all we take and use only waste wood as the fuel source.   
 



 7 

One of the biggest challenges facing wind power and other energy sources that take up 

space is the attitudes of the people that live nearby.  Cables linking turbines to shore can cross 

the fishing grounds of local fishermen, causing conflicts. And many people may support the idea 

of wind power or other renewables,  but do not want to look at turbines or solar installations, 

even if they are far away (this is often referred to as NIMBY or “not in my back yard”).  There 

are also challenges related to energy storage, especially for solar and wind, because the amount 

of wind and sun a turbine or solar panel receives varies from day to day.  However, we are 

assuming that battery storage technology, which is advancing quickly, will be figured out well 

before 2050.   Tidal power, wind power, and hydropower have negative effects on surrounding 

ecosystems.  The challenge here will be to minimize these and keep in mind that environmental 

impacts of warming air and water temperatures due to global climate change will likely be 

greater than impacts of these projects.  There will definitely be trade-offs.  
 

 Expense is another major challenge.   Upfront costs for most wedge options will be high, 

but most have a relatively short pay back period.  If we could move money from fossil fuel 

subsidies to renewables through rebates and tax credits, we could help offset these costs.  In 

addition, retrofitting old houses, building energy efficient new ones, and rebuilding our energy 

infrastructure could create a lot of jobs and boost Maine’s economy.  Installation is one factor, as 

well as equipment, material costs, assembly, and maintenance.  We have not analyzed the 

economics of the different wedge options, but believe that if we can look past the upfront costs, 

we will end up with a more reliable, consistent, cheaper and stable source of energy to power our 

state.  
 

Conclusion 

We believe we must heed the warnings of the majority of the world’s scientists and work 

to become a carbon neutral state by 2050.  We also believe that Maine has more than enough 

renewable resources to meet our needs.  We can choose among many wedges to find the most 

reliable, effective, and environmentally-sound mix.  Whether it is building efficiency or wind, or 

tidal power, each wedge will not only help Maine have a sustainable economy but will lead to 

energy independence and security.  The key is to consider all the options together, not just one at 

a time.  We hope that our work will provide a new way of looking at the issue of carbon 

neutrality in Maine and serve as a proposal that can help lead to concrete policies.  
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