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This challenge problem for the 2018 MIT EnergyHack was developed by Jim Butler of Cimetrics Inc.  Jim is solely responsible for its content. 

Policy Alternatives for Achieving Large-Scale Reductions in 
Greenhouse Gas Emissions 

Problem Summary 

 
This problem challenges you to develop government policies for a government jurisdiction of your choice that 
would likely result in an 80% reduction in net greenhouse gas emissions by the year 2050.  You may not include 

new broad-based “carbon taxes” as a substantial part of your proposed solution. 
 

Background 
 

It is widely believed that we can reduce the risk of severe climate change by substantially reducing the emissions 
of greenhouse gases (GHG) into the atmosphere.  Despite the attention that this issue has received, global energy-

related GHG emissions continue to grow, reaching a new high in 2017 according to the International Energy 

Agency (IEA).  A well-publicized report recently released by the IPCC stated the following: 

 
Pathways limiting global warming to 1.5°C with no or limited overshoot would require rapid and far-

reaching transitions in energy, land, urban and infrastructure (including transport and buildings), and 

industrial systems (high confidence). These systems transitions are unprecedented in terms of scale… and 
imply deep emissions reductions in all sectors….1 

 

 
 

                                                   
1 “GLOBAL WARMING OF 1.5 °C: an IPCC special report on the impacts of global warming of 1.5 °C above pre-industrial 

levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat 

of climate change, sustainable development, and efforts to eradicate poverty,” published in October, 2018 by the 

Intergovernmental Panel on Climate Change. 

https://www.iea.org/geco/emissions/
https://www.iea.org/geco/emissions/
http://www.ipcc.ch/report/sr15/
https://www.analytika.com/
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Many governments have publically committed to significant future reductions in GHG emissions.  Here are some 
examples: 

 

New York City has set a goal of an 80% reduction in citywide GHG emissions by the year 2050, 

compared with the baseline year of 2005.  (See Figure 1 for one possible approach.) 
 

The European Union aims to reduce GHG emissions by 40% by 2030 and by at least 80% by 2050, 

compared to a baseline year of 1990. 
 

The national government of China has stated its intention to reduce its CO2 emissions per unit of GDP by 

60-65% by the year 2030 compared to a 2005 baseline.  See China’s Intended Nationally Determined 
Contribution submission as a part of the UNFCCC2 process. 

 

However, it appears that most governments do not have policies and regulations that would be sufficient to 

achieve their emission reduction targets.  Taxing GHG emissions could be an efficient way to reduce the 
consumption of fossil fuels in market economies and thus reduce emissions.  However, proposed broad-based 

“carbon taxes” have encountered considerable political resistance in the U.S. and elsewhere.   

 
Governments have implemented a number of targeted regulations that have likely reduced GHG emissions.  

Examples in the U.S. include the CAFE standards for automobile fuel efficiency, tax credits for “clean energy” 

production, and regional limits on GHG emissions from the power generation sector. 
 

 
Figure 1 - New York City's proposed path to an 80% reduction in GHG emissions by 2050 (from 

https://rctom.hbs.org/submission/learning-from-disaster-nyc-after-hurricane-sandy/) 

                                                   
2 The United Nations Framework Convention on Climate Change (UNFCC) is a major international initiative to reduce the 

dangerous effects of human activities on climate. 

http://www4.unfccc.int/Submissions/INDC/Published%20Documents/China/1/China's%20INDC%20-%20on%2030%20June%202015.pdf
http://www4.unfccc.int/Submissions/INDC/Published%20Documents/China/1/China's%20INDC%20-%20on%2030%20June%202015.pdf
https://en.wikipedia.org/wiki/Corporate_average_fuel_economy
https://www.energy.gov/savings/renewable-electricity-production-tax-credit-ptc
https://www.rggi.org/program-overview-and-design/elements
https://rctom.hbs.org/submission/learning-from-disaster-nyc-after-hurricane-sandy/
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The Challenge Problem  
 

You will take on the role of an environmental policy advisor for a government.  Your challenge is to develop a 

high-level plan to substantially reduce the net GHG emissions resulting from human activities within the borders 

of your chosen region by the year 2050 compared to a baseline year, while satisfying the needs of the residents of 
your chosen region.  Your emissions reduction goal is 80%.  In recognition of the political resistance to broad-

based taxes on GHG emissions, you may not use such taxes as a substantial part of your solution. 

 
You should perform the following tasks: 

 

1. Choose one (and only one!) nation, state or region for which good data are available on the energy 

resources and the end uses of energy in a recent year.  That year will be the baseline for your analysis. 
The IEA has energy-related statistical data for many countries.  The U.S. Energy Information 

Administration has energy-related statistical data for U.S. states. 

2. In order to estimate current and future GHG emissions, develop a simple mathematical model using a 
spreadsheet with clearly identified assumptions.  Use this model to estimate GHG emissions in the 

baseline year. 

3. Develop a high-level plan consisting of regionally-appropriate policies intended to reduce net energy-
related GHG emissions in the year 2050 by approximately 80% compared to the baseline year that you 

chose.  This task is the most important part of this challenge problem.  Be creative! 

4. Use your mathematical model to estimate GHG emissions in each of two future (year 2050) scenarios: 

one scenario assumes that current government policies will continue, and one scenario assumes that your 

plan will be implemented.  You may construct additional scenarios if you want. 

A major barrier to the achievement of goals for reducing future GHG emissions is the current dependence on the 

burning of fossil fuels for transportation, industrial production, electricity generation, and heating.  Successful 
strategies for achieving substantial reductions in GHG emissions are likely to rely primarily on both of the 

following: 

 
- Substantially improving the efficiency of energy use in all sectors of the economy 

- Switching to “cleaner” primary energy sources such as solar and wind power (“decarbonization”) 

 

Other factors that could have a significant impact on GHG emissions in the future are as follows: 
 

- The use of carbon capture and sequestration (CCS) on a large scale 

- Changes in transportation preferences (e.g. from private automobiles to bicycles and public 
transportation) 

- Improved forestry and soil management practices 

- Improved handling of agricultural and food waste 

- Decreased consumption of animal products, especially from cattle 
 

Modeling Current and Future GHG Emissions 
 

For planning and modeling purposes you should consider the following categories of energy production and 
energy use, although you may conclude that some of these categories are not important contributors to GHG 

emissions in the region that you choose: 

 

https://www.iea.org/countries/
https://www.eia.gov/state/
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- Production of energy, some of which may occur outside of your borders 
o Electricity 

o Fuels 

 

- Energy consumption 
o Transportation 

o Industry 

o Residential and commercial buildings 
o Agriculture 

o Waste management 

 
Start by identifying the major energy end uses within your borders, and then determine what types and quantity of 

energy are currently being consumed in order to satisfy those end uses. For example, for transportation, you might 

choose to focus on travel by automobile and by bus. 

 
If you don’t have all of the data that you need for your chosen region, try to fill in the gaps in your data using data 

from a similar region.  It is important that you don’t spend too much time on this task; if you can’t find a number 

that you need, make a guess and move on. 
 

Economic Growth 

The demand for energy-intensive products and services is expected to continue to grow, especially in nations 
experiencing rapid economic growth.  When you use your model to predict future GHG emissions, it is important 

to take into account how energy consumption could be affected by future economic development and changes in 

population.  An important metric for a nation is its total CO2 emissions divided by its GDP (0.29 kg CO2/USD for 

the U.S., 0.95 kg CO2/USD for China, 0.19 kg CO2/USD for Japan in 2016)3. 
 

Normalizing GHG emissions from different sources 

In this challenge problem we will focus on two important greenhouse gases: CO2 and methane.  Emissions of 
greenhouse gases other than CO2 are often converted to the equivalent amount of CO2 emissions by multiplying 

the mass of the gas emitted by a non-dimensional number known as the Global Warming Potential (GWP).  If you 

choose to model methane emissions, please use a GWP of 34 for methane. 

 
Electricity 

Enumerate the methods of electricity generation, and their contribution to total electricity production; electric 

utilities may be good sources of this kind of information.  Based on an estimate of the GHG emissions per 
generated kWh and the amount of electricity produced by each method, you can estimate the total GHG emissions 

due to electricity production.  (Note that technological advances such as carbon capture and storage may result in 

lower GHG emissions per generated kWh in the future.)  You can improve this estimate by also estimating the 
losses due to transmission and distribution of electricity from the generator to the consumer.  For methods of 

electricity generation that have very low direct GHG emissions resulting from operations (e.g. wind, solar, nuclear 

fission, hydro, and geothermal), you can try to estimate the indirect GHG emissions associated with the 

generation plant’s land use and/or the construction and decommissioning of the generation plant, but only if you 
have extra time. 

 

Fuels 
Enumerate the major fuels and estimate the quantity of each fuel that is burned within your borders.  Use that 

result to estimate the GHG emissions resulting from burning those fuels, but be careful not to double count 

emissions from fuels that are burned in order to generate electricity.  You can improve your estimate of total GHG 
emissions by taking into the account the emissions resulting from fuel production (e.g. extraction and refining) 

                                                   
3 See https://www.iea.org/countries/ for national energy statistics. 

https://en.wikipedia.org/wiki/Global_warming_potential
https://www.iea.org/countries/
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and the transportation of fuel to the consumer.  Switching to cleaner fuels (e.g. natural gas instead of fuel oil or 
coal) can improve air quality as well as reducing GHG emissions. 

 

Transportation 

Transportation accounts for about 29% of energy use in the U.S.  At present, the principal energy sources for most 
transportation modes are petroleum-based fuels.  It seems likely that ground transportation will gradually 

transition to electricity-powered propulsion, although there is much uncertainty about how quickly this transition 

will occur. 
 

Industry 

Certain types of industrial operations are large consumers of fuels and electricity.  The petroleum and chemical 
industries account for more than half of all industrial energy use in the U.S., and fuels are also used as feedstocks.  

Natural gas systems are a significant source of methane emissions.  One example: smelting aluminum using 

electrolysis requires roughly 15 kWh of electricity per kilogram of aluminum produced. 

 
Buildings 

It is estimated that residential and commercial buildings account for about 38% of U.S. energy use, and the 

fraction is significantly higher in many cities.  Buildings are major consumers of electricity and heating fuels.  
There is much room for improvement in the efficiency of energy use in buildings, but market barriers have slowed 

the implementation of energy efficiency measures.  Since the annual rate of new building construction is quite 

low when compared to the number of existing buildings in most cities, improving the energy efficiency of 
existing buildings can have a relatively large impact.   

 

Agriculture 

As practiced in the U.S., agriculture is an energy-intensive industry; petroleum-based fuels and chemical 
fertilizers are heavily used in agricultural operations.  A large fraction of grains grown in the U.S. are used to 

produce animal feed.  As well, livestock account for a substantial fraction of total U.S. methane emissions.  In 

some regions of the world, the burning of crop residues in the fields may be a significant source of GHG 
emissions and other air pollutants. 

 

Waste management 

Waste collection, transportation, and disposal can result in significant GHG emissions, notably methane emissions 
from landfills.  However, waste materials can also be a source of energy. 

 

Policy Tools 
 
Governments can employ a number of tools in order to influence energy production and consumption.  For 

example, increasing the price of a product or service often results in some consumers switching to a substitute 

(e.g. using public transportation instead of driving).   

 
Some of the many possible policy tools that may be available are as follows: 

 

- Taxes and fees 
o Examples: Fuel taxes, vehicle excise taxes, real property taxes, highway tolls, parking fees, GHG 

emissions fees 

 
- Subsidies and non-cash incentives 

o Examples: loan guarantees, clean energy production tax credits, accelerated depreciation rules, 

rebates for energy efficiency investments, power purchase agreements, technical assistance 
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- Regulations 
o Examples: minimum energy efficiency requirements, building codes, environmental regulations, 

land use restrictions, financing programs, export restrictions, import tariffs, price controls, 

rationing, parking restrictions 

 
- Public investment 

o Examples: education, transportation infrastructure, energy infrastructure, sponsored research & 

development 
 

When thinking about what policies to employ, focus on the areas in which government can have the largest 

positive impact while imposing relatively modest costs on its residents and businesses.  For example, 
economically viable energy efficiency improvements are often not implemented due to market barriers, and 

governments can play an important role in overcoming those barriers.  Policies that are believed to result in a 

significant reduction in economic growth or the standard of living are likely to encounter stiff political resistance. 

 
For each policy that you choose, you will need to develop an estimate of how the implementation of that policy 

would change the production and/or consumption of energy (quantity and type of energy).  Such estimates will be 

expected to have a considerable amount of uncertainty, so don’t spend too much time trying to calculate them 
accurately. 

 

Suggested Resources 
 

I will provide you with a set of specific references that might be helpful to you as you think about your plan for 
reducing GHG emissions.  In addition, the following references might be useful: 

 

The International Energy Agency (IEA), a source of world-wide energy statistics: https://www.iea.org/ 
 

The U.S. Energy Information Administration (EIA), a source of U.S. energy statistics: 

https://www.eia.gov/ 
 

U.S. Department of Energy (DOE) promotes model energy codes that can be adopted by the states: 

(https://www.energycodes.gov/) 

 
Local energy efficiency policies in the U.S.: http://aceee.org/portal/local-policy 

 

New York City’s Greener, Greater Buildings Plan: http://www.nyc.gov/html/gbee/html/plan/plan.shtml 
 

Cambridge Net Zero Task Force: 

http://www.cambridgema.gov/CDD/Projects/Climate/NetZeroTaskForce 

 
 

Let’s Talk! 
 

I am looking forward to talking to you about your approach to this problem.  Text me at +1 (617) 699-9173 to get 
my attention.  Questions can also be sent via email to jimbutler@cimetrics.com, but please send me a text 

message to alert me about the email. 

 

https://www.iea.org/
https://www.eia.gov/
https://www.energycodes.gov/
http://aceee.org/portal/local-policy
http://www.nyc.gov/html/gbee/html/plan/plan.shtml
http://www.cambridgema.gov/CDD/Projects/Climate/NetZeroTaskForce
mailto:jimbutler@cimetrics.com

