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Who we are
This report was compiled by Bowdoin College’s first ever Environmental Studies Capstone Seminar course (ES 301).  The course is designed for students to spend a semester working on interdisciplinary environmental issues that face the local community.  This year’s project focused on green house gas emission inventories and climate action for the town’s of Brunswick and Topsham.

The course was broken up into three sections, each culminating with a presentation to the local communities.  First we conducted an initial carbon emission inventory for each town.  For the second section we revised the inventory with new data and feedback from the community.  Finally we drafted an action plan to meet the goals of reducing carbon emissions 20% by 2020 and 80% by 2050.  

The class worked together throughout the fall semester as a team of consultants under the direction of Professor Phil Camill.  At times the class all came together to work and at other times we broke up into small groups to accomplish smaller tasks.  What follows is our report of the process, findings, and results for Brunswick’s emissions inventory and climate action plan.      

Executive Summary
Communities around the world are taking action. Though climate change is a global problem, its causes and effects are local. Whether through warmer summers, decreased snowfall, or changes in local flora and fauna, Brunswick will be radically affected by global temperature fluctuations. Additionally, emissions from the town are contributing to climate change. Therefore the town of Brunswick has an obligation to reduce its emissions of climate warming gases to a level more compatible with our global ecosystem. 
As a first step, Brunswick has joined forces with ICLEI, an organization of over 1000 communities in 68 countries around the world, to reduce emissions and promote sustainability at the local level. As a class, we developed the baseline carbon emissions inventory and determined that Brunswick is currently responsible for over 282,000 tons of CO2e emissions per year. These total community emissions fell under five separate sectors: residential, commercial, industrial, transportation, and waste. Transportation, as the largest sector, emits over 161,000 CO2e per year and has the greatest reduction potential. Significant reductions can be made by increasing automobile efficiency and reducing vehicle miles traveled. Commercial and residential sectors can both benefit from increased energy efficiency and weatherization measures. Due to the relatively small size of the industrial and waste sector emissions, no recommendations were made. After suggesting specific recommendations for each sector, we have proposed a 20% reduction of CO2e by 2020 and an 80% reduction by 2050.
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Introduction

Climate change is one of the most significant changes that our generation will face in the coming decades and centuries. Humans have been releasing harmful greenhouse gases (GHG) into the atmosphere at a rapidly increasing rate over the past century and a half, which insulate the planet and cause global temperatures to rise. The International Panel on Climate Change (IPCC) predicts that by 2100 global temperature will rise by 3-7 degrees.
 Already temperature records are being set more than ever before, coastlines are being eroded, habitats are being altered and each summer the ice cover in the Arctic Ocean is becoming smaller and smaller. The IPCC also predicts that in the next century sea levels could rise 0.6 – 2 feet due to melting of the Greenland and Antarctica ice sheets. Global sea level rise could not only wipe out low lying countries such a Bangladesh, but destroy wetlands and threaten human fresh water resources with salinity increases and cost communities billions of dollars in infrastructure changes.
 These are just a few of the changes that all species will have to adjust to in coming times. 


Though climate change is certainly a global problem it poses immediate problems to the Maine communities as well. An enormous amount of Maine’s economy is driven by tourism. The stunning coastlines and spectacular mountains draw out of state visitors from beach combers to skiers throughout the year. Yet with less and less snow and more and more coastal erosion, these tourist magnets could be seriously jeopardized in the coming years. Other coastal resources vital to Maine are the fisheries would also be severely impacted by coastal changes. Agriculture is also at the forefront of Maine’s economy and alterations rain patterns, more extreme weather events and temperatures could alter the productivity of Maine’s farms.
 Given these imminent changes and the slow actions of the Federal Government, local governments have been taking action to inventory and in turn decrease their GHG emissions on their own.


Local governments have the advantage of being able to cater policies regarding climate change to the specific needs of their town, county, state, and people, as opposed to the Federal Government who must make decisions on a nation-wide level. Also, such policy at such a high level tends to be reactionary, fixing a problem that may already be too late to solve. Partisan divisions that drive one half of the population against the other occur constantly during negotiations regarding climate change legislature. As far reaching as federal initiatives can be, local action allows particular cities and counties to concentrate on the specific concerns in their communities. Local action is also a means through which to get a great number of community members involved in a grassroots approach to combating climate change. When people can see what they can do on an individual and community basis, and can visualize the direct impacts it will have on their town, the likelihood and the speed of the project increases.
 Climate change is a global problem with a local solution. 

International Council for Local Environmental Initiatives (ICLEI) has been assisting communities and local municipalities to create goals for reducing GHG emissions and city-specific plans to reach these targets. ICLEI is an international nonprofit association of local governments that are dedicated to addressing environmental problems through cumulative local actions. Currently more than 650 local governments from around the world participate in the campaigns and programs offered by ICLEI to implement innovative environmental management procedures at the local level.
 The Cities for Climate Protection (CCP) Campaign, founded in 1993, is the flagship program for local ICLEI initiatives. The goal of this campaign is to reduce greenhouse gas emissions (CO2, CH4, N2O, CO, SOx, NOx, PM10, and VOC) that come from the burning of fossil fuels and other anthropogenic activities that play a factor in global warming. Local actions can be taken to reduce these emissions in order to protect the global environment, and in order to improve the quality of life in local communities.
 Any city or country can join the CCP campaign by passing a legislative action committing to take steps to perform an inventory of gas emissions and then reduce them. Once a city or county has committed to reducing local emissions that contribute to global warming, they can follow the ‘CCP’s 5-Milestone’ process:

1. Conduct a local emissions inventory.

2. Adopt an emissions reduction target.

3. Draft an action plan to achieve the target.

4. Implement the action plan.

5. Evaluate and report on progress.

The Clean Air Climate Protection Software developed by ICLEI was used to determine greenhouse gas emissions from direct use of energy in cities. Once a town becomes a member of the CCP, it can enter information regarding the town’s emissions sorted into five community sectors: Residential, Commercial, Industrial, Transportation, and Waste. A municipal section can also gauge the local government’s emissions. Because community data regarding heating, electricity, driving, etc. do not use the same standard units, the ICLEI software converts information entered in units such as kilowatt-hours, vehicle miles traveled, gallons of oil and natural gas, British thermal units, and many others, into carbon dioxide equivalents (CO2e). Although there are many other GHG affecting global climate change, using CO2e allows every emission to be considered in comparison to each other. The ICLEI software can also allow a town to project how reductions will affect their total emissions in future years. 


A common question is often asked as to which emissions a town is accountable for. Scope 1 GHG emissions are those occurring directly within the town. If you imagine a huge bubble over a municipality, anything that is emitted within the bubble is Scope 1. Scope 2 deals with energy generation that is consumed by the town, but not produced within the town. Scope 3 emissions are those that residents are responsible for, but do not occur within the town. Commuting, air travel, transportation required for purchased goods are all examples of Scope 3 emissions. When creating a Climate Action Plan for a community, we tend to concentrate mainly on Scope 1 emissions, anything that is emitted within the bubble of our town. It is important to know the implications of one’s activities outside of the city’s borders, but working with Scope 1 emissions is necessary in order to avoid double counting and for a government make feasible policy decisions. 

The vision of this Climate Action Plan is for Brunswick to be smarter and more resourceful about the manner in which buildings use energy, people and goods are transported, and communities are organized. The plan is divided into two parts: an estimate and breakdown of Brunswick’s baseline greenhouse gas emissions inventory, and a roadmap to reduce those emissions over the course of the next 40 years. This is presented as a series of measures that will each reduce a portion of the total emissions to lower levels. In total, these add up to the overall emissions reduction goals of 20% by 2020 and 80% by 2050, figures in line with federal goals. 

Inventory

In order to make the most informed and effective measures to reduce Brunswick’s carbon footprint, we first needed to create a carbon emissions inventory of all the community’s emissions. We selected 2008 as our baseline year because it contained the most up to date and complete data that we could gather from the municipal and utility services. We will be measuring our percent reductions from this baseline year in this climate action plan.


After completing our data collection and ICLEI software analysis, we determined that Brunswick as a community is responsible for emitting 282,228 tons of CO2e, which does not include the 91,679 tons of CO2e emitted by the Brunswick Naval Air Station. 57.3% of Brunswick’s community emissions resulted from the transportation sector with residential and commercial consisting of the second and third most emitting sectors with 23.9% and 15.5% respectively. The following table provides a more detailed breakdown of the 2008 baseline carbon inventory while the next sections will discuss each inventory sector in more depth.

	
	2008 Emissions
	% of 2008 Emissions

	Residential
	
	

	Heating
	51,747
	18.34%

	Electricity
	15,771
	5.59%

	subtotal:
	67,518
	23.92%

	Commercial
	
	

	Heating
	19,586
	6.94%

	Electricity
	24,276
	8.60%

	subtotal:
	43,862
	15.54%

	Industrial
	
	

	Heating
	1,422
	0.50%

	Electricity
	5,494
	1.95%

	subtotal:
	6,916
	2.45%

	Transportation
	
	

	Gasoline
	126,370
	44.78%

	Diesel
	35,401
	12.54%

	subtotal:
	161,770
	57.32%

	Waste
	
	

	Paper Products
	962
	0.34%

	Food Waste
	2,245
	0.80%

	Plant Debris
	-968
	-0.34%

	Wood and Textiles
	-77
	-0.03%

	subtotal:
	2,162
	0.77%

	Total:
	282,228
	


Electricity Grid Inventory
Electricity is responsible for 17% of total emissions for Brunswick. This is one of the few areas of the inventory where emissions from outside Brunswick were counted as community emissions. This is because even though most of the electricity consumed in Brunswick is produced outside of the town area, local businesses and individuals are still responsible for those emissions. In addition, it is nearly impossible to tell where exactly the electricity the town uses comes from. Therefore we used Central Maine Power’s Standard Offer as a proxy for the average emissions per kilowatt hour consumed. 
This Standard Offer outlines the breakdown of the grid into coal fired powered plants, natural gas plants, hydropower, and so forth. Currently, 41.9% of CMP’s electricity comes from “eligible” green sources, with 40.2% coming from hydroelectricity plants. This is significantly more than the general New England mix, which averages 12.8% eligible sources. The Standard Offer also indicates the amount of CO2e that is emitted for every kilowatt hour produced. However, since CMP can change its source of electricity several times per year, these numbers can likewise change significantly over the course of a year. 

CMP Standard Offer Source Breakdown
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Reducing emissions on the production side of electricity also has the benefit of decreasing emissions of other pollutants such as sulfur dioxide and nitrogen dioxide.
Residential Electricity Inventory

Data Collection:


Central Maine Power provided our residential electricity numbers as kilowatt-hour totals.  Residential electricity CO2e was calculated by the ICLEI software using the most current electricity mix emissions data available. For a breakdown of the electricity mix emissions see Electricity Mix.  

Assumptions:


As of December 31, 2008 99.66% of Central Maine Power’s customers were enrolled in their standard offer, an equivalent of 99.71% of Kwh distributed by CMP.
 Due to such a high enrollment, we assumed all residential homes in Brunswick used the standard electricity package provided by Central Maine Power. 

In entering our electricity mix coefficients we also had to make the assumption that the mix and its resultant emissions were constant. The mix actually changes quite frequently, as a consequence of CMP’s current supplier and as different electricity sources are brought “on-line”. 

*For commercial electricity assumptions: Small C&I (SGS<20kW)= 98.08%






        Medium (20-399 kW)= 74.95%

Results:


Residential electricity accounts for 5.1% of Brunswick’s community emissions, or 15,771 tons of CO2e. 

 
Residential electricity contributes 5.1% of Brunswick’s CO2e community emissions. It is a fairly insensitive sector, where measures taken to reduce energy consumption from electricity do not have a large impact on reducing community CO2e emissions. Since drastic electricity use reductions would be required to allow electricity to make any substantial reductions to total emissions, we focused our recommendations on altering the power mix to make it more renewable, and therefore less of an emitting sector. 

This table shows the percentage of customers accepting and percentage of total kilowatt-hours that are provided by CMP’s standard offer.  In Brunswick and Topsham we assume all residents and businesses accept CMP’s standard offer.
Residential Heating Inventory
Data Collection:

To obtain our numbers for the residential heating inventory we sent out a survey to 1000 residents each of the towns of Brunswick on Topsham asking them the following questions in regard to their homes: Where was their town of residence, Brunswick or Topsham; The year their home was built; the type of their home - single family, mobile home, apartment or condominium; the number of people living in home, home area (square footage) and approximate quantity of heating energy used for a typical year for oil (gallons per year), natural Gas (therms per year), propane (gallons per year), wood (cord per year) or other.

Conversion Units

	Fuel Source
	Unit
	Conversion factor to BTU

	Oil
	Gallons
	138500

	Natural Gas
	Therms
	90800

	Propane
	Gallons
	91500

	Wood
	Cords
	20,000,000

	Kerosene
	Gallons
	135000

	Wood Pellets
	Tons
	8000


For each house we converted the fuel usage for each fuel type into British Thermal Units (BTU) so that we had each fuel type represented in a single unit. Using this information we calculated the fuel intensity (tCO2e/sq ft) for the average home. We multiplied fuel intensity by the total square footage of the homes in Brunswick to obtain the towns residential heating emissions.  We obtained the home area data from the town assessor. 

	Fuel Source
	Unit

	Conversion to CO2

	Oil
	Btu
	73.15

	Natural Gas
	Btu
	53.06

	Propane
	Btu
	63.078

	Wood
	Btu
	0


Assumptions:

We were unable to account for Biobricks®, Wood Pellets and geothermal heating in our calculations because their coefficients were not included in the ICLEI software. We assumed the average data would be extremely similar for Brunswick and Topsham and that with more points our calculations would be more accurate, thus we combined the data for both towns. There also appeared to be little correlation between home square footage and fuel use therefore we decided to use one average for all houses.
Results:

We calculated that the residential heating in Brunswick emitted 51747 tons of CO2e or 18% of the town’s total emissions in 2008. The break up of the contributions of each heating source can be seen in the following charts. [image: image2.emf]Total BTU per source
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This chart shows the contribution of each heating source to the total heating emissions in Topsham in BTUs.
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This chart shows the contribution of CO2e to total residential heating emissions by fuel source.
Sensitivity:

We found in general that it takes large changes in heating in order to change the percentage that residential heating contributes to total residential emissions. 

Commercial Sector 

Data Collection:

The data for the Brunswick Commercial Sector came from two sources.  The electrical data, which was in the form of kilowatt hours, came from Central Maine Power.  CMP is able to separate electrical data for the commercial sector from residential and industrial.  

The heating data was obtained in its own unique method.  Data from the Brunswick Assessor’s office provided information regarding square footage for Commercial footprints.  We used each commercial building types total square footage divided by the number of buildings in that type to get the average square footage for that class. Building classes were then divided into two groups of 1,000-10,000 average square feet and 10,000-100,000 average square feet, which were determined previously by the Energy Information Administration. The sum of the square footage of the buildings in each class was multiplied by the North East average heating intensities (See table below). This allowed a calculation by square footage using a New England heating intensity average.  

	Building Class (sq. feet)
	North East Heating Intensity (Gal/sq. feet)

	1,000-10,000
	.50

	10,001 – 100,000
	.22


Assumptions:


Several assumptions were made regarding the Commercial Sector.  Borrowing from the Keene, New Hampshire Climate Action Plan (2004), the Commercial Sector uses a “sample small office.”
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This “Sample Office” was further divided into heating and electricity.  The heating is roughly 50% of the graph (Space Heating and Water Heating combined equal 49%).  So, removing that from the “Sample Office” we are left with a breakdown of electricity usage.  In order to obtain the same ratios, since half of the “sample office” was removed with Heating, the remaining sectors were multiplied by two.  That resulted in lighting changing from 28% to 56%.  This resulted in our final assumption of 55% of electricity goes towards lighting and 45% goes towards appliances and other. 

For simplicity, it was assumed that the entire commercial sector only uses incandescent light blubs.  This way, the reductions from a switch to CFLs would be apparent and easily calculated.  Similarly, we assumed that Energy Star appliances were not used at all within the Commercial sector.  Assuming a certain percentage of CFLs or appliances makes the calculations much more complicated.  Lastly, we assumed that the Commercial Sector only heats by fuel oil without Energy Star boilers.

Results:

The Brunswick Commercial section emitted 21% of Brunswick’s total emissions at approximately 57,000 tons of carbon.  During our calculations, it was apparent that the Commercial Sector, while representing a large chunk of the total emissions, had a medium sensitivity to change.  Our assumptions, that businesses did not use CFLs or efficient boilers, which might not be the case in reality, resulted in significant reductions in the electricity and heating usage of the Commercial Sector.  On a town-wide scale, Commercial Sector reductions could make an impact on the total town emissions, but is not nearly as significant as transportation. 

 Industrial Sector


The Brunswick Industrial Sector makes of 3% of the total emissions at approximately 7,000 tons of carbon.  This information was obtained using the same methods as commercial heating and electricity.  Reduction measures were not taken with the Industrial Sector due to its relative insignificance in Brunswick’s overall emissions.

Brunswick Transportation

Data Collection:



The Maine Department of Transportation (MDOT) provided our 2008 transportation data in the form of Vehicles Miles Traveled (VMT) broken down by road type and vehicle type. Determined by traffic count studies, the annual MDOT dataset represents all vehicle miles traveled on roads within the town of Brunswick, including I-295 and Route 1. To be correctly entered into the ICLEI software, the VMT data was organized into the appropriate vehicle and gas types: passenger vehicles with gasoline, light trucks with gasoline, and heavy-duty vehicles with diesel. 

Assumptions:


We believed that the MDOT dataset is the most reliable measure of transportation in Brunswick in comparison to our three other transportation scenarios, “Without I-295 and Rt. 1”, “Without Socio-recreational traffic”, and “Environmental Capstone Survey” (see Appendix). The MDOT dataset includes all the VMT in Brunswick and thus is not representative of the transportation emissions of only Brunswick residents. However, the dataset is not subject to as much bias or exclusion as the three other transportation scenarios and it complies with our parameter of measuring emissions within the bubble of Brunswick. Furthermore, Department of Transportation datasets have become the standard measure for determining transportation emissions for town inventories in Maine.


Motorcycle VMT’s were divided in half when added to the total passenger vehicle total because of the increased fuel efficiency of motorcycles in comparison to passenger vehicles. Taking that into account, motorcycles and passenger vehicles were then assumed to have an average fuel efficiency of 19.1 mpg and a gasoline fuel type. Light trucks were assumed to have an average fuel efficiency of 13.9 mpg and a gasoline fuel type. Buses, single-unit trucks, and combination trucks were assumed to have an average fuel efficiency of 4.9 mpg and a diesel fuel type.

Results:


After taking the appropriate actions in distilling the MDOT data into a form compatible for the ICLEI software, we calculated that 57.3%, or 161,770 tons of CO2e, of Brunswick’s total community emissions were from transportation (see table on page 9). Of this 57.3% of total community emissions, 62%, or 100,272 tons of CO2e, were from passenger vehicles, 16%, or 26,098 tons of CO2e were from light trucks, and 22%, or 35,401 tons of CO2e, were from heavy duty vehicles.

Since transportation is the largest source of emissions, it is also the most sensitive to reductions, meaning that smaller changes add up to a larger emissions reduction than in other sectors. Recommendations for emissions reductions in transportation in Brunswick will play a significant role in reaching our goals of reducing 20% by 2020 and 80% by 2050.

[image: image5.emf]Percentage of Transportation Emissions 

by Vehicle Type

62%

16%

22%

Passenger Vehicles (w/

Motorcycles)

Light Trucks

Heavy Duty Vehicles


Percentage of Transportation Emissions by Vehicle Type

Growth Rate

While our current energy consumption and carbon emission calculations are as accurate as possible for estimating current conditions, in order to predict future emissions with the CACP software, we had to take growth into account. Estimating growth is a challenge because a) there are as there are numerous factors that have an effect on growth, b) growth occurs at different rates depending on what you are measuring, and c) uncertainty is unavoidable when dealing with predictions of this nature.

 For the residential and commercial sectors, we assumed a compounding growth rate of 0.9%. This number came from the Energy Efficiency and Renewable Energy (EERE) Information Center, part of the U.S. Department of Energy. It represents the average annual increase in Maine total energy consumption from 1980-2005.
 This number is neither specific to Brunswick and Topsham, nor is it necessarily reflecting the growth of most recent years. It does not account for differences in growth from sector to sector or source to source (for example, the growth of electricity consumption versus that of fuel oil). In addition, it does not account for population shifts into or out of the towns.

To calculate transportation however, we were able to find a more specific statistic.  Based Environmental Protection Agency estimates for increases in Vehicle Miles Traveled (VMT), we calculated the annual growth rate in VMT to be 1.65% and 1.55% annually in Brunswick and Topsham, respectively.

Based off these growth rates, we used a continuous compounding growth formula:

Future emissions = current emissions x e(r x t)

Where e is the mathematical constant (approx. 2.718), r is the annual growth rate, and t is the number of years between the current year and the year for which the emissions are being calculated. These calculations produced estimates of future emissions, which we will refer to as Business as Usual (BAU) emissions.

Recommendations

Summary Table for 2020
Summary Table for 2050
[image: image6.wmf]Recommendation for Reduction





Description





Annual CO2e 

Offset (tons)

% of 2008 

Emissions

% of 2050 Business As 

Usual Emissions

Electricity Grid

Green Grid

100% reduction in emissions intensity from renewables

66,500

16.27%

15.68%

Electricity Grid Subtotal:

66,500

16.27%

15.68%

Residentail Heating

Fuel Switching

Switch 100% of homes heating from Fuel Oil to Natual Gas

2,800

0.55%

0.66%

Solar Hot Water

Install on 40% of homes to use solar energy to heat home water tanks

7,000

1.38%

1.65%

Geothermal

15% of homes use groundwater to regulate home heating and replace fuel use

5,700

1.12%

1.34%

Thermostat Reduction

45% of homes reduce thermostat by one degree to reduce fuel use

1,000

0.20%

0.24%

Weatherization

100% insulation and window upgrades to reduce energy leakage and fuel use

26,800

5.27%

6.32%

Boiler Upgrades

Upgrading 50% of home boilers to increase efficiency and reduce fuel use

9,600

1.89%

2.26%

Redidential Heating Subtotal:

52,900

10.40%

12.48%

Commercial Heating

Boiler Upgrades

Upgrading commercial boilers to increase efficiency and reduce fuel use

7,300

1.29%

1.72%

Fuel Switching

Switch commercial heating from Fuel Oil to Natual Gas

10,500

1.85%

2.48%

Commercial Heating Subtotal:

17,800

3.14%

0.041981132

Transportation

Improve Vehicle Efficiency

60% of passenger vehicles on the road are electric cars

85,200

26.11%

20.09%

Reduce Effective VMTs

Promote Carpooling, driving less, a bus system, 30% passenger vehicle VMT reduction

42,000

12.87%

9.91%

Reduce Effective VMTs

70% diesel reduction

30,100

9.23%

7.10%

Improve Vehicle Efficiency

Full implementation of CAFÉ standards

6,700

2.05%

1.58%

Transportation Subtotal:

164,000

50.27%

38.68%

Total:

301,200

80.08%

71.04%



Electricity Grid: Transition to a Green Grid

The conversion from the current makeup of the electricity grid to a completely green grid will take decades. It will require a phase out of all current GHG emitting electricity producers, including coal and natural gas powered facilities. These must be replaced with wind, solar, geothermal, and other plants. 

However, we feel that it is possible to accomplish this by the year 2050. By 2020, we envision a 10% decrease in the town’s energy intensity GHG emissions, essentially reducing the amount of GHG per kilowatt consumed by 10%. Maine has significant potential for renewable energy projects, in particular wind power. By working both within the town and with the greater Maine community, Topsham can be sure to minimize the climate impact of its electricity consumption to nearly zero. 

The town of Brunswick has little control over the actual makeup of the electricity grid, since most of the electricity consumed in the town is generated elsewhere. However, there are certain steps the town and citizens can take to increase the likelihood that all electricity consumed in Brunswick is climate neutral by 2050. These include: 

· Streamlining local zoning ordinances for any potential green power projects within the town.

· Installation of small renewable energy systems, such as photovoltaic cells, on municipal buildings and residences. 

· Individuals and businesses can choose to opt out of the CMP Standard Offer and enroll with a green power producer, such as Interfaith Power and Light.

· Working with surrounding towns and the state government to decrease statewide grid GHG intensity.
Residential Electricity 

The following goals, policies and actions outlined in this section relate to residential electricity use. In 2007, the residential sector comprised 20% of Brunswick’s total community emissions and residential electricity accounted for 5% of total community emissions. The average household uses 10,000 kWh of electricity annually. In order to achieve the 20% by 2020 reduction goal, residential households will need to reduce CO2e emissions from electricity both through efficiency upgrades and decreased electricity usage. Underlying these reductions will be changes to the electricity power grid. As the electricity grid becomes more renewable and less CO2e intensive, emissions from electricity use will continue to decrease in tandem with electricity use reductions. Such reductions will both reduce community CO2e emissions and save households hundreds of dollars on utility bills yearly.

Home energy audits

Description: 

Home energy audits assess how much energy a home uses and evaluate what measures can be taken to improve efficiency. Professional auditors can use equipment such as blowers and infrared cameras to assess energy efficiency of homes. Do-it-yourself audits are simple and allow individuals to compare their home’s energy efficiency to similar homes across the country and get recommendation for energy-saving home improvements from Energy Star
. Simple energy audits are based upon basic information about homes such as zip code, age, square footage, number of occupants and 12-month utility bill summaries. 

Implementing the recommended improvements will enhance energy efficiency and lower individual utility bills. Additionally, kill-a-watt monitors and took kits can be checked out of local libraries. Such devices allow consumers to plug in appliances to receive readouts on how much electricity the appliance uses and how much it costs, which can help consumers identify inefficient appliances.  

By 2020, 50% of homes will undergo either professional or do-it-yourself home energy audits. By 2050 all homes will undergo home energy audit.
Cost for a Do-it-yourself audit:

· $0 Initial cost

· $30 average annual savings for Do-it-yourself audit

· Instant payback
Cost for a professional audit:

· $425
 Initial cost

· $300 average annual savings 

· 1.5 year payback

Implementation:

The local government and Cool Communities group can encourage households to undergo home energy audits. Do-it-yourself audits can be performed online free of charge. The Energy Star home energy yardstick can be useful tool and is available at www.energystar.gov. The public library can further advertise and expand the Kill-a-watt tool kit lending to reach more residents.

Energy Star Efficiency Upgrades

CO2e Reductions: 3,300 tons/year by 2020 and 16,000 tons/year by 2050
Monetary Savings: Lowers individual utility bills

Description: 

Energy Star is a joint labeling program of the Environmental Protection Agency and the Department of Energy that strives to help consumers save energy and money by identifying energy-efficient products and services. By converting to Energy Star appliances the average household can reduce 20% of annual electricity usage.

By 2020, 50% of homes will convert the Energy Star approved appliances and reduce residential electricity use by 10%. This will reduce 0.5% of all community emissions within both Brunswick and Topsham.  By 2050 all homes will convert to Energy Star approved appliances. This will reduce 5.6% of all community emissions within both Brunswick and Topsham.

CO2e Reduction: 
2020:

· 3,300 tons of CO2e/year

· 1.04 % of BAU emissions
2050:
· 16,000 tons of CO2e/year

· 3.8 % of BAU emission

Example cost for Energy Star Clothes Washer compared to standard model:

· $300 additional initial cost

· $500 average savings, 2,500 kWh of electricity and 4,000 lbs CO2 emissions reduced over washer’s life cycle

· 8 month payback
Example cost for Energy Star Television
 compared to standard model:

· $0 additional initial cost

· $27average savings, 300 kWh of electricity and 500 lbs CO2 emissions reduced over washer’s life cycle

· Instant payback

Implementation:

The average household uses 25% of total electricity consumed on Electric A/C, 23% on lighting, 18% on general appliances, 18% on electronics and 16% on refrigerators. Energy star appliances can be found in each of these categories and typically cost as much as standard appliances and significantly increase energy efficiency. For example, compact fluorescent light bulbs use 75% less energy and last about 10 times longer than incandescent bulbs. Qualified refrigerators use 50% less energy and offer features such as precise temperature controls and advanced food compartments. Qualified dishwasher models use 30% less energy and water than conventional machines while delivering superior cleaning performance. Many products qualify for tax credits and mail-in rebates (for more information see appendix). Special offers are often available through both product companies and public utilities commissions. 
Conserve energy whenever possible

Implementation: 

Central Maine Power was recently awarded $96 million in stimulus funds to invest in “Smart Grid” technology. This funding will go toward transmission line and meter upgrades. Consumers will be able to see real-time electricity usage.

Meter upgrades will allow for consumer empowerment, as residents are able to monitor their personal electricity use. Such information will allow residents to conserve energy during peak hours and to monitor their energy reduction actions. 
Solar Photovoltaic Panels
CO2e Reductions: 800 tons/year by 2020 

Monetary Savings: Lowers individual utility bills
Description: 

Clean electricity from photovoltaic solar panels on residential homes can replace power produced by coal, oil, and nuclear power plants. Solar photovoltaic technologies use semiconductors and the sun’s energy to produce electricity. Solar energy is a free and unlimited source of energy and if the electricity generated exceeds the site’s requirements the electricity can be sold back to the grid. Although manufacturing and installation costs remain high, payback periods will decline as technologies improve and solar photovoltaic production increases. 

By 2020, 5% of homes will produce some or all of their electricity from solar voltaic installations. This will reduce 0.25% of all community emissions within Brunswick.  By 2050 Central Maine Power’s grid will be entirely renewable, which will be accomplished with a mix of renewable sources, including solar photovoltaic panels. This grid change will eliminate all CO2e emissions from electricity generation. 

CO2e Reduction: 
2020:

· 800 tons of CO2e/year

· 0.25% of BAU emissions

Example cost for solar photovoltaic installation:

· $6,500 per installed kilowatt (which produces ~1,300 kWh/year in Maine)

· Reduce/eliminate monthly electricity bills

· Less than 20 year payback


Implementation:

Currently, various federal and state credits exist to help residents finance solar photovoltaic installations. Maine Interfaith Power and Light has created the “Sunny Day Fund” to help cover upfront costs of residential solar systems (www.meipl.org/Pages/Projects/SunnyDay.html). A 30% federal tax credit and $2,000 cash rebate are offered for installing a solar system. ReVision Energy, based in Maine, offers free solar site evaluations and project quotes (http://www.revisionenergy.com/maine-solar-energy-solar-power.php) In 2005 Governor Baldacci passed the Solar Initiative that created a “SolarCents” aggregation project, the photovoltaic reinvestment fund and a public education program. In addition, the Solar Energy Rebate Program applies to residential solar electric systems (http://www.efficiencymaine.com/renewable_programs_solar.htm). As financing programs become more prevalent and solar photovoltaic prices continue to drop, such technologies will become more accessible to local residents.

Residential Heating

There are a number of strategies to reduce heating fuel consumption and thus emissions in the residential sector.  By using all of these strategies we can reduce the emissions from the heating sector by over 30% by 2020 and over 60% by 2050.  The great thing about reducing fuel oil consumption is that it saves the consumer money so is not only a good environmental decision but also can be a good economic one.  

These reductions come from a combination of alternative heating sources, consumption reduction, and efficiency upgrades.  For alternative heating sources we recommend fuel switching (converting from fuel oil to propane or natural gas), solar hot water systems, and geothermal heating.  Consumption reduction is achieved by thermostat reduction.   To upgrade efficiency we recommend weatherization of homes, boiler upgrades. What follows is a breakdown of these strategies by their CO2e reduction, cost, and strategies for implementation.  

Fuel Switching

CO2e Reductions: 1,400 tons/year by 2020 and 1,800 tons/year by 2050

Monetary Savings:  $400 per household per year on average

Description:  

Different fuel types emit differing amounts of CO2e/MMBTU of energy produced.  The survey we sent out found that most homes in ​​​Brunswick are heated with Fuel Oil, which emits 0.01 tons of CO2e per MMBTU of energy produced.  This is considerably more than the 0.007 tons of CO2e per MMBTU produced by Natural Gas or Propane.  By switching homes in Brunswick and Topsham from Fuel Oil to Natural Gas we can reduce a considerable amount of carbon emissions from residential heating.  

Wood is also seen as a low carbon fuel since if it is harvested sustainably its lifecycle is carbon neutral.  It was not included in the action plan because it requires too much land area if it were to be introduced as a primary heating source nation wide.  It also has pollution issues with incomplete combustion.  

Our goal is to have 50% of homes in converted to natural gas by 2020 and 100% by 2050.  Although this may seem ambitious its carbon savings, quick financial payback, and logistical feasibility make it a realistic goal.  

CO2e Reduction:
2020:

· ​​​​1,400 tons of CO2e/year

· 0.44 % of BAU emissions
2050

· 2,800 tons of CO2e/year

· 0.66 % of BAU emissions

Cost:

· $1,500-2,000 average up front installation cost

· Average annual savings of $400

· Payback in 4-5 years
Implementation:

Natural Gas is provided by Maine Natural Gas, located in Brunswick. Property owners can contact them for an estimate.  The upfront cost can be financed through loans with local banks, or through government bonds (see grants and funding section).  

Additionally we recommend that the town government encourage the switch by taking out government bonds to finance a conversion project that would be repaid through a temporary increase in property tax (for converted homes) that is less than the annual home savings.  

Solar Hot Water
CO2e Reductions: 3,600 tons/year by 2020 and 7,000 tons/year by 2050

Monetary Savings:  $550 per household per year on average

Description:  
Solar Hot Water heating systems are installed on the roof of a home.  The sun’s energy heats a conducting fluid that in turn heats a water tank.  Instead of burning oil or gas the home’s water is heated from the sun, preventing the combustion of fossil fuels.  This system can reduce a considerable amount of a home’s fuel use.  
The system works very well in Maine, which receives enough sunlight.  Some models can even run through the winter.  

Our Goal is to install solar hot water on 20% of homes in Brunswick by 2020 and 40% by 2050.  This goal seems reasonable because of the high government rebates and tax credits, as well as the high annual savings.  It is an excellent investment for homeowners since it increases the value of a home.

CO2e Reduction:

2020:

· ​​​​3,600 tons of CO2e/year

· 1.14 % of BAU emissions
2050

· 7,000 tons of CO2e/year

· 1.65 % of BAU emissions

Cost:

· $8,000 average up front instillation cost

· Up to $3,400 in government rebates and tax credits

· $350 average annual savings

· 8 year payback after rebates

Implementation:

The federal government currently offers a 30% tax credit for onsite renewables and $1,000 rebate.  The remaining cost can be financed through banks or government bonds.  The local government can also apply for grants to hold events to advertise alternative energy home improvements.  

Geothermal

CO2e Reductions: 1,900 tons/year by 2020 and 5,700 tons/year by 2050

Monetary Savings:  $1,200 per household per year on average
Description:  
Geothermal heat pumps use the earth’s stable temperature to moderate the temperature of a home.  The system pumps heat into the ground in the summer and out of the ground in the winter, greatly reducing the need to consume energy to regulate home temperature during seasonal extremes.  


Our Goal is to install Geothermal systems in 5% of homes in Brunswick by 2020 and 15% by 2050.  We chose a low goal for the number of systems because of the higher upfront cost and slower payback.  The payback will decrease as fuel prices rise.  The main advantage of the system is that it saves more carbon per household than any other heating upgrade. 

CO2e Reduction:
2020:

· ​​​​1,900 tons of CO2e/year

· 0.60 % of BAU emissions
2050

· 5,700 tons of CO2e/year

· 1.34 % of BAU emissions

Cost:

· $20,000 up front instillation cost

· Up to $6,000 in government tax credits

· $1,200 average annual savings

· 12 year payback after rebates

Implementation:

The federal government currently offers a 30% tax credit for onsite renewables.  The remaining cost can be financed through banks or government bonds.  The local government can also apply for grants to hold events to advertise alternative energy home improvements.  

Thermostat Reduction

CO2e Reductions: 500 tons/year by 2020 and 1,000 tons/year by 2050

Monetary Savings:  $75 per household per year on average
Description:  
By turning down their thermostats by one degree in the winter residents of Brunswick can cut emissions and save money without putting in any effort.  We encourage residents to reduce my more than this if they want to see more savings.  

Our goal is to have a one degree thermostat reduction in 20% of homes by 2020 and in 45% of homes by 2050.  This goal seems reasonable since we don’t expect everyone will be interested.  

CO2e Reduction:

2020:

· ​​​​500 tons of CO2e/year

· 0.16 % of BAU emissions
2050

· 1,000 tons of CO2e/year

· 0.24 % of BAU emissions

Cost:

· No up front cost

· $75 average annual savings

· You start saving money and reducing emissions right away

Implementation:

Since this change can not be enforced our plan for implementation is through education.  By passing out information to community members about how much money and energy they can save, Brunswick can hopefully achieve this goal.  Also outreach and education in the school systems will hopefully get children thinking about what they can do and telling their parents about it.   

Weatherization

CO2e Reductions: 10,700 tons/year by 2020 and 26,800 tons/year by 2050

Monetary Savings:  $850 per household per year on average
Description:  

Weatherization involves simple home improvements such as adding storm windows and doors, insulating the attic, and sealing air leaks through caulking and weather stripping.  These improvements can decrease the amount of heat that escapes the house and thus decreases the amount of energy required to heat a home to a comfortable temperature.  By directly reducing fuel oil consumption Weatherization reduces carbon emissions and fuel costs.

Because we realize that not all homes cannot necessarily entirely re-weatherize, our numbers represent the reductions that would be made if 50% of an energy audit company’s recommendations were implemented.

Our goal is to weatherize 40% of homes in Brunswick by 2020 and 100% of homes by 2050.  This goal is in line with Governor Baldacci’s goals for home weatherization.  Governor Baldacci has set ambitious goals for weatherizing 100% of homes by 2030 and our recommendations reflect these goals.  

CO2e Reduction:

2020:

· ​​​​10,700 tons of CO2e/year

· 3.38 % of BAU emissions
2050

· 26,800 tons of CO2e/year

· 6.32% of BAU emissions

Cost:

· $10,000 up front instillation cost (The costs very based on extent of project and range from $1,000 to $20,000. The more you spend, the more CO2e and money you save.)

· Up to $5,000 in government tax credits

· $850 average annual savings

· 6 year payback after rebates

Implementation:

There are a number of federal government incentives to help fund weatherization projects.  President Obama’s Cash for Caulker’s program will offer tax credits depending on the scope of the projects.  The credits can be up to half of the cost of the project.   Brunswick can apply for local grants for funding.

Organizations such as Habitat for humanity and the Maine State Housing Authority are working to help weatherize homes for low income residents who couldn’t fund an expensive project.  

As for policy the local government could require weatherization and efficiency upgrades before non-low income homes were sold or remodeled.  This policy could effectively weatherize all homes in Brunswick by 2050.  

Boiler Upgrades

CO2e Reductions: 4,800 tons/year by 2020 and 9,600 tons/year by 2050

Monetary Savings:  $600 per household per year on average
Description:  

Most home boilers are not energy efficient; they leak energy and do not optimize the amount of energy generated by combustion.  By upgrading to a newer, more efficient boiler homes can cut their carbon emissions and heating bill considerably.  

Our Goal is to install new, efficient boilers on 25% of homes in Brunswick by 2020 and 50% of homes by 2050.  This will not only save residents lots of money but significantly reduce the town’s emissions.

CO2e Reduction:

2020:

· ​​​​4,800 tons of CO2e/year

· 1.52 % of BAU emissions
2050:
· 9,600 tons of CO2e/year

· 2.26 % of BAU emissions
Cost:

· $10,000 up front instillation cost 

· Up to $3,000 in government tax credits

· $850 average annual savings

· 8 year payback after rebates

Implementation:

Boiler upgrades can be financed through the Obama Administration’s Cash of Caulkers program, as well as other tax credits.   Residents can take out loans or finance the program through their mortgage.  Personal finance mechanisms are likely to have monthly payments be less than monthly savings so there is no real cost.  

The local government can also require energy efficiency standards before homes are renovated or sold.  If this policy was implemented the heating emissions from the housing stock in Brunswick would dramatically reduce over the next few decades.

Commercial

The Brunswick commercial sector makes up 21% of the total community emissions for Brunswick. In 2008, 43% of the commercial sector emissions were produced by electricity. Significant cost savings can be achieved with energy-efficiency improvements, and ‘due to continually improving equipment, lighting usually provides the highest return-on-investment of major upgrades.’
 Heating sources produced the remaining 57% of the commercial sector emissions. In this plan we break down the usage in both the electricity and heating sources, and provide recommendations to reduce greenhouse gas emissions for both. Brunswick Naval Air Station (BNAS) was not included in the general commercial recommendations and will be analyzed separately. 

Commercial Electricity
We created specific reduction scenarios for 2020 and 2050 based on the 2008 inventory for Brunswick. For electricity, we used an example of a typical smaller commercial building from Keene, New Hampshire, in which lighting accounted for 55% of electricity use, and appliances for 45% of electricity use. Therefore, we decided to base our recommendations on lighting and appliance use. In order to include the growth of the commercial sector, we applied a continuously compounding growth rate in our calculations of emissions. For 2050, our recommendations were considerably more aggressive. We assumed that the electricity was entirely renewable by 2050 due to changes in the Central Maine Power grid, which results in zero CO2e emissions. However, we still recommend that all buildings continue using CFL lighting and Energy Star appliances to increase efficiency, decrease the power demand on the electricity grid, and lower energy bills. 

Energy Star Appliances

CO2e Reductions: 3,078 tons/year by 2020; and 3078 tons/year by 2050, the electricity grid is expected to be 100% renewable so there will be no emissions reductions (However, switching to energy star appliances is still recommended to lessen peak load on the grid, making a 100% renewable grid more feasible)

Description:  

Based on information on commercial Energy Star appliances, we approximated that Energy Star appliances were 30% more efficient.
 To reduce energy use from commercial appliances, we recommend a 100% switch or upgrade to Energy Star appliances by 2020. For 2050, we assumed that all commercial buildings will have installed or upgraded to Energy Star appliances, and will be on the 100% renewable grid

CO2e Reduction:
2020:

· ​​​​3,000 tons of CO2e/year

· 0.95% of BAU emissions
2050
· 3000 tons of CO2e/year 

Cost:

· $1,900,000 average annual savings

· Average 2008 cost of commercial energy per kWh in Maine (according to U.S. Energy Information Administration) is 13.62 cents( Kilowatts saved by full switch to Energy Star appliances 13,949,371.9 (Results in a total savings of approximately $1.9 million per year for Brunswick commercial sector.
Implementation:

Due to the large upfront costs of replacing appliances in the commercial sector, cash incentives are available through Efficiency Maine. For upgrades not eligible for cash incentives through, the Efficiency Maine business loan program can defer the upfront costs by granting a low interest loan for energy efficiency upgrades.

1. Efficiency Maine - Cash Incentives Program (http://efficiencymaine.com/business_programs_incentives.htm)

2. Efficiency Maine – Small business Low interest Loan Program, which offers loans for efficiency upgrades (efficiencymaine.com/business_programs_sblilp.htm)

Lighting – Compact Fluorescent Light bulbs (CFLs)

CO2e Reductions: 9,405 tons/year by 2020 and 9,405 tons/year by (2050)

Description:  

To reduce commercial lighting emissions, we suggest switching to CFL bulbs. The average CFL bulb is costs 75% less to operate and lasts about ten times longer than the standard incandescent.
 For example, an incandescent bulb uses 60W a month, while a CFL uses only 14W a month.
 The two different bulbs have the same light output but at different energy use levels. In order to maximize efficiency upgrades, we recommend a 100% switch to CFL bulbs by 2020. Then, by 2050, we assumed that all commercial buildings are using CFL bulbs and are on the 100% renewable grid, therefore reducing CO2e emissions to zero.

CO2e Reduction:

2020:

· ​​​​9,400 tons of CO2e/year

· 2.97 % of BAU emissions
2050

· 9,400 tons of CO2e/year

Cost:

· $ 250.00 average annual savings

· Less than 1 year payback

· Prices for CFLs now are dramatically lower than when they were first introduced. They may be more expensive than standard light bulbs, but they last longer and use less energy. 

Implementation:


Because switching from incandescent to CFL bulbs is one of the easiest and least expensive ways to save money and electricity (they consume ¼ of the energy as an incandescent bulb), this measure could be funded directly from the commercial business itself when next replacing light bulbs. There is a rebate program available from the Maine state government, called Efficiency Maine – Small business Low interest Loan Program, which offers loans for efficiency upgrades (efficiencymaine.com/business_programs_sblilp.htm)
Commercial Heating

 In the commercial sector’s heating category, we made specific reduction proposals for the years 2020 and 2050 presuming the 2008 emissions inventory. In order to include the growth of the commercial sector, we applied a continuously compounding growth rate in our calculations of emissions. For heating reductions, we focused our recommendations on boiler efficiency and fuel source switching. Assuming that all boilers will be replaced by 2020, we projected a 30% efficiency upgrade. This will result in fewer emissions due to less fuel or gas used per boiler, and lower energy bills for the commercial businesses. Therefore, by upgrading boilers or other heating equipment, you are helping to prevent global warming as well as promoting cleaner air in buildings. We also advocate a 50% switch of all fuel oil to natural gas by 2020. Natural gas is an important energy source for reducing pollution and maintaining a clean and healthy environment (see Table 1). Also, it is nationally rich and a secure source of energy. The use of natural gas to power commercial and industrial boilers and other processes can significantly improve the emissions profile, or the amount of emissions emitted. 

	Fossil Fuel Emission Levels 
(Pounds per Billion Btu of Energy Input)

	Pollutant
	Natural Gas
	Oil
	Coal

	Carbon Dioxide
	117,000
	164,000
	208,000

	Carbon Monoxide
	40
	33
	208

	Nitrogen Oxides
	92
	448
	457

	Sulfur Dioxide
	1
	1,122
	2,591

	Particulates
	7
	84
	2,744

	Mercury
	0.000
	0.007
	0.016

	Source: EIA - Natural Gas Issues and Trends 1998


Comparison of fuel sources and the pollutants emitted. Based 

upon these numbers, natural gas is the cleanest and most efficient fossil 

fuel.  (http://www.naturalgas.org/environment/naturalgas.asp) 

For the 2050 recommendations, we used the same continuously compounding growth rate, extended thirty years into the future from our 2020 numbers calculated previously. We recommend that the 50% of commercial businesses that are on natural gas should continue using natural gas to heat their buildings. However, the other remaining 50% of buildings that are heated by fuel oil should switch over to geothermal heating, or other carbon neutral heating methods. Geothermal heating is a ground-source heat pump that utilizes the natural heat storage capacity of the earth or groundwater to provide energy efficient heating. While installing geothermal is often expensive, we expect that these costs can be shared by neighboring commercial owners by installing one shared geothermal pump. Commercial boilers will remain Energy Star models, or others alike, in order to maintain consistent heating efficiency from this sector.

Boiler Efficiency 

CO2e Reductions: 5,700 tons/year by 2020 and 7,300 tons/year by (2050)

Monetary Savings:  Energy Star qualified boilers have an annual fuel utilization efficiency (AFUE) rating of 85% or greater, as compared to old boilers. 
Description:  


For this recommendation we are suggesting that the commercial sector upgrade to new boilers that are much more efficient (Energy Star). These Energy Star boilers are proven to be 30% more efficient; and, whether gas or oil, use 6% less energy than a standard boiler.
 They also achieve greater efficiency in the amount of fuel oil or gas they consume to heat or cool a building. For example, they utilize new combustion technologies ‘that extract more heat from the same amount of fuel’.
 Although these new boilers can be more costly to purchase up front, the difference in payment will be paid back over several years through lower energy bills. For 2020, we recommend that the entire commercial sector should replace existing boilers with Energy Star ones due to maintenance and time, or should upgrade to Energy Star boilers due to commercial regulations. For 2050, we are assuming that 100% of commercial boilers will be Energy Star qualified boilers, thereby reducing emissions.   

CO2e Reduction:

2020:

· ​​​​5,700 tons of CO2e/year

· 1.80 % of BAU emissions
2050

· 7,300 tons of CO2e/year

· 1.72 % of BAU emissions

Cost:

· $5,500 installation cost

· $485 average annual savings

· 1.9 year payback

Implementation:

We assumed this measure will be best carried out when commercial businesses and/or buildings need to simply upgrade their boilers to new ones. Also, the commercial sector should highly encourage businesses to purchase newer, more efficient boilers in order to reduce both their greenhouse gas emissions and their monthly/yearly energy bills. 

Fuel Switching

CO2e Reductions: 2,900 tons/year by 2020 and an additional 10,500 tons/year by (2050)

Description:  

For 2020, we recommend a 50% switch of all business heated by fuel oil to switch to natural gas. By 2050, we recommend that those businesses heated by natural gas remain heated by natural gas. We also recommend that all remaining business heated by fuel oil switch to geothermal, or other carbon neutral heating methods. While installing geothermal is often expensive, we expect that these costs can be shared by neighboring commercial owners by installing one shared geothermal pump.

CO2e Reduction:

2020:

· ​​​​2,900 tons of CO2e/year

· 0.92 % of BAU emissions
2050

· 10,500 tons of CO2e/year

· 2.48 % of BAU emissions

Cost:

· Costs vary depending upon boiler installation, fuel costs, and other fuel infrastructure needed for specific energy source (natural gas vs. geothermal)

· $5,500 Installation Cost (natural gas)
 

· $14,000 Installation cost (geothermal)

·  5 year payback (geothermal)

Implementation:


A switch from fuel oil to natural gas requires a large, structural change, as it will require Brunswick to reorganize their fuel lines throughout the town. This project is somewhat mitigated by Bowdoin College’s commitment to using natural gas, which will increase the available infrastructure that Brunswick’s commercial sector can take advantage of. 


Switching to geothermal energy is also a costly endeavor. However, as of January 1st 2009, there is a federal rebate program that will pay for up to 30% of a geothermal installation, with no price cap.
 Also, it is possible for business to share a geothermal pump, meaning that multiple businesses could also share the cost of installation, significantly decreasing the up front installation cost. 

Commercial - Brunswick Naval Air Station (BNAS)


The Brunswick Naval Air Station (BNAS) is a large contributor to Brunswick’s carbon emissions. Overall, BNAS accounts for 20% of Brunswick’s total emissions, amounting to a total of 75,000 tons of CO2e. In order to include the growth of the commercial sector, we applied a continuously compounding growth rate in our calculations of emissions. The majority of these emissions come from aviation fuel use at the base. Due to its large impact on Brunswick’s overall emissions, we separated it out to deal with it specifically. 



BNAS Electricity

Electricity use was modeled after example of a typical commercial building from the climate action plan for Keene, NH, in which lighting accounted for 55% and appliances accounted for 45% of overall electricity use.  Based on these percentages, we recommend a 100% switch to CFL bulbs and a ​​​​100% switch to Energy Star appliances by 2020.  For 2050, we recommend considerably more aggressive measures to help reach the 80% reduction of total community emissions. We assumed that the electricity was 100% renewable by 2050, due to changes in the CMP grid, which results in zero CO2e emissions. However, we still recommend that all buildings use CFL lighting and Energy Star appliances to increase efficiency and decrease the power demand on the electricity grid. 
BNAS - Energy Star Appliances

CO2e Reductions: 800 tons/year by 2020. and 800 tons/year by 2050

Monetary Savings: 

Description:  

Based on information on commercial Energy Star appliances, we approximated that Energy Star appliances were 30% more efficient.
 To reduce energy use from commercial appliances, we recommend a 100% switch or upgrade to Energy Star appliances by 2020. For 2050, we assumed that all commercial buildings will have installed or upgraded to Energy Star appliances, and will be on the 100% renewable grid. By 2050 electricity grid is expected to be 100% renewable so there will be no emissions savings by switching to energy star appliances. Switching to energy star appliances is still recommended to lessen peak load on the grid, making a 100% renewable grid more feasible.

CO2e Reduction:

2020:
· ​​​​822.8 tons of CO2e/year

2050

· 822.8 tons of CO2e/year

Cost:

· $1,900,000 average annual savings

· Average 2008 cost of commercial energy per kWh in Maine (according to U.S. Energy Information Administration) is 13.62 cents( Kilowatts saved by full switch to Energy Star appliances 13,949,371.9 (Results in a total savings of approximately $1.9 million per year for Brunswick commercial sector.
Implementation:

Due to the large upfront costs of replacing appliances in the commercial sector, cash incentives are available through Efficiency Maine. For upgrades not eligible for cash incentives, the Efficiency Maine business loan program can defer the upfront costs by granting a low interest loan for energy efficiency upgrades.

3. Efficiency Maine - Cash Incentives Program (http://efficiencymaine.com/business_programs_incentives.htm)

4. Efficiency Maine – Small business Low interest Loan Program, which offers loans for efficiency upgrades (efficiencymaine.com/business_programs_sblilp.htm)

BNAS - Compact Fluorescent Light bulbs (CFLs)

CO2e Reductions: 2,500 tons/year by 2020 and 2,500 tons/year by 2050

Monetary Savings:  best description of monetary savings (I did per house yearly savings)
Description:  

To reduce BNAS lighting emissions, we suggest switching to CFL bulbs. The average CFL bulb is 75% more efficient than the standard incandescent: an incandescent uses 60W a month, while a CFL uses only 14W a month.
 In order to maximize efficiency upgrades, we recommend a 100% switch to CFL bulbs. By 2050, we assumed that all of BNAS is using CFL bulbs and is on the 100% renewable grid, therefore reducing CO2e emissions to zero.

CO2e Reduction:

2020:

· 2,500 tons of CO2e/year

2050

· 2,500 tons of CO2e/year

Cost:

· $250.00 average annual savings

· Less than 1 year payback

Implementation:


Because switching from incandescent to CFL bulbs is one of the easiest and least expensive ways to save money and electricity (they consume ¼ of the energy as an incandescent bulb), this measure could be funded directly by the commercial businesses themselves when next replacing light bulbs. There is a rebate program available from the Maine state government, called Efficiency Maine – Small business Low interest Loan Program, which offers loans for efficiency upgrades (efficiencymaine.com/business_programs_sblilp.htm).
BNAS Heating 

 For BNAS’ heating category, we made specific reduction proposals for the years 2020 and 2050 presuming the 2008 emissions inventory. In order to include the growth of BNAS, we applied a continuously compounding growth rate in our calculations of emissions. For heating reductions, we focused our recommendations on boiler efficiency and fuel source switching. Assuming that all boilers will be replaced by 2020, we projected a 30% efficiency upgrade. This will result in fewer emissions due to less fuel or gas used per boiler, and lower energy bills for the commercial businesses. Therefore, by upgrading boilers or other heating equipment, you are helping to prevent global warming as well as promoting cleaner air in buildings. We also advocate a 50% switch of all fuel oil to natural gas by 2020. Natural gas is an important energy source for reducing pollution and maintaining a clean and healthy environment (see Table 1). Also, it is nationally rich and a secure source of energy. The use of natural gas to power commercial and industrial boilers and other processes can significantly improve the emissions profile, or amount of emissions emitted. 

	Fossil Fuel Emission Levels 
(Pounds per Billion Btu of Energy Input)

	Pollutant
	Natural Gas
	Oil
	Coal

	Carbon Dioxide
	117,000
	164,000
	208,000

	Carbon Monoxide
	40
	33
	208

	Nitrogen Oxides
	92
	448
	457

	Sulfur Dioxide
	1
	1,122
	2,591

	Particulates
	7
	84
	2,744

	Mercury
	0.000
	0.007
	0.016

	Source: EIA - Natural Gas Issues and Trends 1998


Comparison of fuel sources and the pollutants emitted. Based 

upon these numbers, natural gas is the cleanest and most efficient fossil 

fuel.  (http://www.naturalgas.org/environment/naturalgas.asp) 

For 2050 we used the same continuously compounding growth rate, extended thirty years into the future from our 2020 numbers calculated before. We recommend that the 50% of BNAS buildings that are on natural gas should continue using natural gas to heat their buildings. However, the other remaining 50% of buildings that are heated by fuel oil need to be switched over to geothermal heating, or other carbon neutral heating methods. Geothermal heating is a ground-source heat pump that utilizes the natural heat storage capacity of the earth or groundwater to provide energy efficient heating. While installing geothermal is often expensive, we expect that these costs can be shared by neighboring commercial owners by installing one shared geothermal pump. BNAS boilers will remain Energy Star models, or others alike, in order to maintain consistent heating efficiency from this area.

BNAS - Boiler Efficiency 

CO2e Reductions: 3,500 tons/year by 2020 and 11,700 tons/year by (2050)

Monetary Savings:  Energy Star qualified boilers have an annual fuel utilization 


efficiency (AFUE) rating of 85% or greater, as compared to old boilers. 
Description:  


For this recommendation we are suggesting that BNAS upgrade to new boilers that are much more efficient (Energy Star). These Energy Star boilers are proven to be 30% more efficient; and, whether gas or oil, use 6% less energy than a standard boiler.
 They also achieve greater efficiency in the amount of fuel oil or gas they consume to heat or cool a building. For example, they utilize new combustions technologies ‘that extract more heat from the same amount of fuel’.
 Although these new boilers can be more costly to purchase up front, the difference in payment will be paid back over several years through lower energy bills. For 2020, we said that the entire commercial sector will have replaced existing boilers with Energy Star ones due to maintenance and time, or upgraded to Energy Star boilers due to commercial regulations. For 2050, we are assuming that 100% of commercial boilers will be Energy Star qualified boilers, thereby reducing emissions.   

CO2e Reduction:

2020:

· ​​​​3,500 tons of CO2e/year

2050

· 11,700 tons of CO2e/year

Cost:

· $5,500  installation cost

· $485 average annual savings

· 1.9 year payback

Implementation:

We assumed this measure will be best carried out when commercial businesses and/or buildings need to simply upgrade their boilers to new ones. Also, the commercial sector should highly encourage businesses to purchase newer, more efficient boilers in order to reduce both their greenhouse gas emissions and their monthly/yearly energy bills. 
BNAS - Fuel Switching

CO2e Reductions: 1,600 tons/year by 2020 and an additional 12,000 tons/year by (2050)
Description:  

For 2020, we recommend a 50% switch of all heating fuel to natural gas. By 2050, we recommend a 100% switch from all heating fuels (fuel oil and natural gas) to geothermal, or other carbon neutral heating methods. While installing geothermal is often expensive, we expect that these costs can be shared by the collective commercial businesses and residences located on former BNAS property by installing one shared geothermal system.

CO2e Reduction:

2020:

· 1,600 tons of CO2e/year

2050

· 12,000 tons of CO2e/year

Cost:

· Costs vary depending upon boiler installation, fuel costs, and other fuel infrastructure needed for specific energy source (natural gas vs. geothermal)

· $5,500 Installation Cost (natural gas)
 

· $14,000 Installation cost (geothermal)

·  5 year payback (geothermal)

Implementation:


A switch from fuel oil to natural gas requires a large, structural change, as it will require Brunswick to reorganize their fuel lines throughout the town. This project is somewhat mitigated by Bowdoin College’s commitment to using natural gas, which will increase the available infrastructure that BNAS can take advantage of. 


Switching to geothermal energy is also a costly endeavor. However, as of January 1st 2009, there is a federal rebate program that will pay for up to 30% of a geothermal installation, with no price cap.
 Also, it is possible for all business and residences located on BNAS to share a geothermal pump, meaning that multiple businesses and residences could also share the cost of installation, significantly decreasing the up front installation cost.
Transportation


In Brunswick, the transportation sector accounts for 55% of overall emissions, and therefore reducing transportation emissions must be high on the list of priorities. There are multiple strategies that could be used to reduce these emissions, and our recommendations focus on two types of strategies. The first is to increase fuel efficiency, thus decreasing the amount of emissions per mile driven. The second is to reduce the amount of travel occurring within the town. Our projections for 2020 and 2050 Business as Usual (BAU) transportation emissions were based on growth rates from the Environmental Protection Agency’s estimates for increases in Vehicle Miles Traveled (VMT). We calculated the annual growth rate in VMT to be 1.65% annually in Brunswick.

Corporate Average Fuel Efficiency (CAFE) Standards

CO2e Reductions: 47,000 tons by 2020 and an additional 6,700 tons by 2050

Monetary Savings:  $312 per vehicle annual savings

Description:  

CAFE standards are federally regulated benchmarks intended to increase the average fuel efficiency of light trucks and passenger vehicles.  In May of 2009, President Barack Obama announced increases to current standards, from 27.5 MPG for passenger cars and 25 MPG for light trucks to an industry average of 35.5 MPG by 2016.  By reducing the energy used per mile traveled, the carbon emitted due to transportation can be reduced without the need for major infrastructural and societal shifts.  

Because the efficiency upgrades are being phased in between 2011 and 2016, we calculated the average fuel efficiency of vehicles on to the road to be 32.21 MPG for passenger cars and 21.56 MPG for light trucks.

As transportation constitutes a large portion of the town’s GHG emissions, more efficient vehicles will be crucial to meeting our 2020 reduction goal.  Though we recognize that CAFE regulations are federal policy, they provide an opportunity for the town government to take a leadership role and to demonstrate the benefits to upgrading to more efficient vehicles.  Our goal is to replace 10% of the vehicles on the road annually with those conforming to CAFE standards.

CO2e Reduction:

2020:

· 47,000 tons total by 2020
· 9.94 % of BAU emissions
 2050:

· 53,700 tons total by 2050
· 2.05% additional of BAU emissions

Cost:

· $600 more per vehicle

· $312 average annual savings per vehicle

· 2 year payback

Implementation:


The policy for this program is has been approved by the United States Senate, and standards will take full effect in 2016.  Encouraging the purchasing of more fuel efficient vehicles and education about the financial saving due to reduced gasoline consumption will shorten the time it takes for CAFE standards to be reflected in the efficiency of vehicles on the road and lead to significant reductions in Brunswick’s carbon footprint.

Reducing Vehicle Miles Traveled in Brunswick
CO2e Reductions: 10,000 tons by 2020 and an additional 72,100 tons by 2050

Description:  

In contrast with increasing vehicle fuel efficiency, this is an approach that deals with reduction of miles traveled, or VMTs. Our goal is to reduce the total number of passenger vehicle miles traveled within Brunswick.  Because emissions from vehicles constitute 55% of the town’s total emissions, this is a measure that makes up a large portion of the town’s overall reduction goal. In the transportation sector, small shifts in the number of miles driven within the town can lead to big changes in the town’s total emissions, and that is why this is an important measure. 

Our short-term goals deal mostly with the low-hanging fruit, which in the case of transportation are still not simply achieved. Residents will need to make changes in the way that they drive to work, drive to get their groceries, and drive to pick their kids up from school. In short, they will need to drive less. Major technology changes like electric cars and mass public transit will probably be the big game changers in the long-run, but for 2020 the town’s efforts should focus on reduction. By the year 2050, heavy truck traffic will also need to be greatly reduced in the town if we want to achieve our aggressive goals. Diesel vehicles accounted for 22% of the Brunswick’s transportation emissions.

Reduction Goals:

Our goal for 2020 is to reduce passenger vehicle miles in Brunswick by 10%. This goal will be achieved by a combination of strategies that have to do with behavioral changes. These changes are important, but they will only make a difference if they happen on a wide scale, and thus the town needs to play an active role in promoting these changes. 

Our goal for 2050 is to reduce passenger vehicle miles by 90 % and reduce diesel truck miles by 70%. The 90% passenger VMT reduction goal includes inherent assumptions about technology changes by 2050. First, it assumes that a large portion of vehicles in the town will be electric cars, and with a 100 % clean electricity grid these electric cars will have zero emissions. In other words, driving an electric car in 2050 will be like reducing your own VMTs and emissions by 100%. The 90% reduction goal will be achieved by the combination of electric cars and continuing behavioral changes with driving. An ambitious goal for electric vehicles would be for them to account for 60% of vehicles in the town by 2050, and this would mean that a 30% reduction in VMTs would achieve the 90% goal. Because we expect that behavioral changes will continue to aid in VMT reduction, we also assume a zero percent growth in VMTs between 2020 and 2050. This zero percent growth rate will only be achieved with increased public transportation. If the town of Brunswick has access to a light rail or commuter rail system by 2050, that will greatly increase the ability of citizens to get out of their cars and into alternative transportation.

The second part of the 2050 reduction goal is to reduce diesel truck vehicle miles by 70%. Electric trucks would be one way to achieve this goal, but reducing VMTs by trucks is an essential step to reducing emissions. Strategies for reducing truck traffic include increased freight transportation, encouraging consumption of companies, and finding more efficient delivery routes.

CO2e Reduction:

2020:

· ​​​​10,000 tons of CO2e

· 2.12 % of BAU emissions
2050:

· 72,100 additional tons of CO2e

· 22.1% of BAU emissions

Implementation:

2020 Goal: Short-Term Strategies

The three main strategies that can achieve a reduction in VMTs in the short term all have to do with behavioral changes. The implementation strategies that we propose are mapped out below.
1) Increase carpooling and “trip bundling”


Carpooling is a great way to save time and money, make your automobile last longer, relieve daily driving stress, and do something good for the environment. GoMaine is a statewide commuter service that helps people to connect with other commuters and helps companies reduce their carbon footprint by organizing carpools among employees. If Brunswick takes a leading role in convincing local stores and businesses to take advantage of this service, the town could see visible reductions in the miles traveled within the town. The town of Brunswick currently has around 250 residents that are members of GoMaine, and many of these members commute to Portland or Augusta. While carpooling for these longer commutes reduces more emissions outside of the town than it does directly in the “Brunswick bubble,” it is still an excellent way for residents to save money and reduce their personal emissions. (For more information, please visit www.gomaine.org )

Cost Savings:

· Up to $5,000 a year for a person who commutes to Portland and finds two people to carpool with. Cost savings are based on less gas and less money spent on car maintenance (www.ridefinders.org) 


Another important aspect of reducing VMT’s is for residents to make a concerted effort to simply drive less. “Trip bundling” is a good strategy to consider: if you have major 4 errands to do before the end of the week, do them all in the same trip and all in the same general area if possible. 

2) Expand the Brunswick Explorer Bus system


The Brunswick Explorer Bus Service, funded by Coastal Trans, is scheduled to begin running in the fall of 2011. Two hybrid buses will service the greater Brunswick area from 7:30 am to 5:30 pm, with stops including the Parkview Memorial Hospital, locations at Cooks Corner, Mid-Coast Hospital, local retirement homes, and locations along Maine Street. If the bus system can be expanded to include more hybrid buses and a larger route, then it would become more accessible for every resident that wishes to do their errands in town. Increased bus ridership could directly and significantly reduce emissions within the town.Additionally if the route could be expanded to include stops in Topsham, particularly at the Topsham Fair Mall, both towns could benefit from this excellent alternative to driving. Please refer to the “Implementation Strategies” section at the end of this document for details on grants and other funding opportunities.

 3) Take advantage of the AmTrak for commuter traffic



The current proposal to expand AmTrak in Maine, which would include a stop in downtown Brunswick, could have great benefits for commuters and other residents traveling to Portland. The proposed plan connects the Downeaster and the Rockland Branch of the Amtrak, and it will greatly increase opportunities for public transit through Southern and Midcoast Maine. While use of the Amtrak to commute to Portland or travel north will not have direct effects on emissions within the town, the AmTrak has great potential to promote Transit-Oriented Development. That is, development that maximized access to public transport. As Brunswick grows in coming years, smart growth will be key in building a sustainable community.
Monetary Benefits:

· $244 million per year in transportation costs savings for resident households

· $75 million per year in state and local tax revenue

· Creation of over 17,800 jobs (including construction and O&M)

2050 Goal: Long-Term Strategies

Over the next forty years, the face of Brunswick transportation really needs to change if we want to meet our 80% CO2 reduction goal.

1) Electric Vehicles


Electric Vehicles (EVs) are personal automobiles powered exclusively by an electric motor, and store the energy in large on-board battery packs.  Plug-in EVs can be recharged using a standard 120V or 220V outlet or a specialized charging station, which will considerably reduce the time required to reach full charge.  Because the cost of energy in the form of electricity is significantly less per mile than in the form of combustible fuels, electric vehicles represent a more efficient vehicle from both financial and environmental standpoint.  Central Maine Power has a particularly “green” grid, as compared to many other places, and thus EVs represent an enormous opportunity to cause significant reductions in carbon, as well as many other pollutants, emitted due to transportation. Due to the many benefits and few drawbacks of EVs, we suggest that by 2050, 60% of passenger car should be electric vehicles.  Many predictions indicate that, despite the market share gap between then and now, an increasing percentage of vehicles will be electric, especially as battery technology develops.  


Though payback period is currently 10 year, as technology continues to develop, we expect it to decline dramatically and electric vehicles will comprise a large portion of the market share, especially considering the $7,500 federal rebate.  However, in order to promote the purchase of electric vehicles, simple measures like preferred parking could make a difference. In California, numerous infrastructural changes have been made to encourage the purchase of EVs.  Companies are beginning to create networks of high-speed battery charging stations which extend their effective range, and thus make them an even more viable option.  An infrastructure that supported electric-powered vehicles would drastically increase the practicality of EVs and, coupled with renewable-energy based electricity grid, would create cleaner, greener communities

Cost (based on the 2011 Chevy Volt):

· $32,500
, 

· $835 average annual savings per vehicle

· 10 year payback

2) Invest in Mass Transit: Light Rail

While the Brunswick Explorer Bus System and the Amtrak are good short-term investments, a major reduction in VMTs will require public transportation that is accessible to everyone. Light rail transit, if built within the framework of existing freight rail lines, could be suitable for a lower density environment like Maine’s. A light rail system could allow more frequent stops, more connections between smaller towns to cities, and would be used more by commuters than the AmTrak. 

3) Transit-Oriented Development

By maximizing access to public transport, town planning can achieve a sustainable Brunswick. Strategies include denser development near public transportation, more frequent and accessible stops for public transportation, and more connections between types of public transport (i.e. transfers between train and bus).

4) No More Diesel Trucks: Thinking Locally and Efficiently


A revitalization of the current railroad system to increase freight traffic is the number one way to reduce diesel traffic, and plans for this have already started at the state level. The town of Brunswick can do their part in reducing heavy truck traffic by encouraging consumption in local products, which will decrease the amount of product shipment. Companies will also need to play a central role in investing in cleaner vehicles, and creating more efficient and less frequent delivery route.

Implementation Suggestions and

Financial Strategies

Community Engagement

One of the most important parts of a successful climate action plan is the involvement of the community. In order for people to have an interest in the town initiatives, they need to be involved in the process. They need to know that the outcome will directly affect them and that they have a say in the proceedings. This sense of ownership is key for community support.

One component of creating community ownership is instigating and facilitating discussion. This includes, but isn’t limited to, discussions among town decision makers, employers, employees, students, parents, special interest groups, as well as citizens of other towns, near and far. The more people involved in discussions about the community, the better.

Subject matter doesn’t need to be limited to carbon emissions and reduction. Discussions about what the community looks like now, where it is headed, and what people want the community to look like all have constructive potential and are important to the topic of climate change. It is there that the discussion of strategy comes into play.

Lowering Upfront Costs

One of the primary barriers to many implementation measures is the steep upfront costs of investing in new, more efficient, or cleaner technologies. A person might be sold on the idea of weatherizing her house, but the upgrades for her particular home exceed her budget. Among our recommendations for obtaining grant approval, we have two suggestions to overcome this barrier.

First, there is the government bond plan. The local government raises money from investors to create an energy efficiency fund. Individuals and businesses throughout the community then apply for a loan from this pool of money in order to cover some of the upfront costs of upgrades. Once approved, the loans would be paid back through increases in the property taxes of those who took them out.

Second, there is a very similar idea for banks. Individuals and businesses of the local community apply for large-sum loans from the bank to make major improvements to the energy efficiency of their home. The loan is then added to the mortgage of the house or building to which improvements were made. Both of these scenarios alleviate the problem of insurmountable upfront costs by spreading the expense out over time.

Support Research & Development

Research and development (R&D) of new technologies is expected to play a significant role in coping with climate change. The component of R&D most suitable for attention at the level of this particular town is that of technological infrastructure. Brunswick needs to be ready to support them when new technologies take off. For example, if it is going to be electric cars, there must be charging stations around town with easy access. Even if the town is not ready to commit to one particular technology, it is time to talk with potential charging or re-fueling sites within the town about committing to the new technology once the technology is getting underway. We recognize the chicken-and-egg aspect of technologies like this, but it is important to do what we can to make the transition as seamless as possible.

Grants, Loans, Rebates, Tax Credits, and More Financial Incentives

Note: the following is taken directly from Maine Renewable Energy and Energy Efficiency Incentives, an EPA New England information sheet from April 2009.

Federal:

Energy Efficient & Energy Improvement Mortgages

• Credits a home’s energy efficiency in the mortgage itself

• Gives borrowers the opportunity to finance cost-effective, energy-saving measures

• Energy Efficient Mortgages (EEM) fund new homes that are already energy efficient

• Energy Improvement Mortgages (EIM) allow borrowers to include the cost of energy-efficiency improvements in existing homes without increasing the down payment

• Sponsored by federally insured mortgage programs

• Visit energystar.gov – enter “Mortgage“ in the search box

Residential Renewable Energy Tax Credits

Credit available for systems placed in service by 12/31/2016:

Applies to qualified systems for photovoltaics, solar water heat, wind, fuel cells, geothermal heat pumps, solar electric technologies.

Credit is up to 30% of the cost.

Credit limit:

• No limit on solar photovoltaic electric systems

• $2,000 for solar water heating

• $500 per 0.5kW for small wind (<100kW) up to $4,000

• $500 per 0.5kW for fuel cells

• $2,000 for geothermal heat pumps

• Visit dsireusa.org - click “Federal Incentives,“ then scroll to “Personal Tax Credit“ and click on “Residential Renewable Energy Tax Credit“

Residential and Corporate Energy Conservation Subsidy Exclusion

• Electric utility customers joining an energy conservation program may receive a:

· Reduction in the purchase price of electricity

· Non-refundable credit against the price of electricity

· Rate reduction that is not included in income and not taxable

• Visit dsireusa.org – click “Federal Incentives,“ then scroll to “Corporate Exemption“ and click on “Residential Energy Conservation Subsidy Exclusion (Corporate)“ or scroll to “Personal Exemption“ and click on “Residential Energy Conservation Subsidy Exclusion (Personal)“

USDA Rural Energy for America Program (REAP)

• Promotes energy efficiency/renewable energy for a gricultural producers and rural small business

• Grant program open to commercial, schools, local state and tribal governments, rural electric cooperatives, agricultural, public power sectors

• Maximum limit of grant equals 25% of project cost with various caps

• Visit www.rurdev.usda.gov/rbs/farmbill

Tribal Energy Program

• Federal grant program to promote tribal energy efficiency with eligible systems, including passive solar space heat, solar space and water heat, photovoltaics

• Visit eere.energy.gov/tribalenergy

State:

Voluntary Renewable Resources Grants

• Applies to solar thermal electric, photovoltaics, wind, biomass, hydroelectric, geothermal electric, fuel cells, municipal solid waste used in conjunction with recycling, tidal energy

• Open to Maine-based nonprofits (including communitybased nonprofits), electric cooperatives, quasi-municipal corporations and districts, and community action programs

• Funding supports small-scale demonstration projects showcasing value and cost-effectiveness of renewable energy

• Grants available only during specified times

• Grant amounts vary by project, maximum grant up to $50,000

• To be eligible for funding, renewable-energy resources:

· must qualify as a small power production facility under Federal Energy Regulatory Commission rules OR

· must not exceed 100 megawatts in capacity and use one or more of the above-listed resources to generate electricity

• Visit efficiencymaine.com/renewable_programs_voluntary.htm

Efficiency Maine - Business (Non-Residential) Rebate Program

• For qualified refrigerators/freezers, lighting, chillers, heat pumps, air conditioners, energy management systems/ building controls, motors, custom orders pending approval

• Open to commercial, industrial, non-profit, school, state and local government, agricultural, institutional sectors

• Retrofits receive rebate up to 35% of total project cost

• New construction, major renovations and replacement of failed equipment receive rebates up to 75% of incremental cost

• Maximum rebate $100,000 per applicant, per calendar year

• Customers must be grid-tied

• Visit efficiencymaine.com/business_programs.htm

Efficiency Maine—Residential Lighting Rebate Program

• Applies to lighting

• Open to residential sector

• $2 instant rebate on ENERGY STAR compact fluorescent light bulbs (CFLs)

• $12 instant rebate on certain other ENERGY STAR lighting fixtures

• Visit efficiencymaine.com/retail_programs.htm

Efficiency Maine—Small Business Low-Interest Loan Program

• For funding Maine Public Utilities Commission (MPUC) approved energy conservation measures

• Open to commercial sector

• Eligible businesses have <$5 million in sales or <50 full-time employees

• Loan amounts vary by project, maximum loan $35,000

• 3% interest rate; term varies

• Energy audit by MPUC or licensed auditor must identify necessary improvements

• Projects subject to site monitoring

• Visit efficiencymaine.com/business_programs_sblilp.htm

Efficiency Maine—Solar and Wind Energy Rebate Program

• Applies to solar water heat, solar space heat, photovoltaics (PV), wind

• Open to residential, commercial, industrial, state and federal governments, agricultural, institutional sectors

• Rebate amounts vary by system type and size

• Eligible PV systems may not exceed 100 kW

• Wind systems must be grid-tied

• Certification requirements for installers

• Ownership of Renewable Energy Credits remains with customer/producer

• Visit efficiencymaine.com/renewable_programs_solar.htm

Home Energy Loan Program (HELP)

• For qualified dehumidifiers, water heaters, furnaces, boilers, caulking/weather-stripping, duct/air sealing, building insulation, windows, doors, roofs, home energy audits, heating system repair, solar water heat, biomass, geothermal heat pumps

• Open to residential/low-income sector

• Loan amounts vary $2,800 - $30,000

• Loan terms up to 15 years with a fixed interest rate of 3.95% (subject to change)

• Visit www.mainehousing.org/PROGRAMSHelp.aspx?ProgramID=32

Utility:

Northern Utilities—Commercial Energy Efficiency Rebate Programs

• For qualified water heaters, chillers, furnaces, boilers, heat recovery, programmable thermostats, building insulation, custom orders pending approval, low-intensity infrared heating, fryers

• Open to multi-family residential, commercial, industrial, schools, local government, institutional sectors

• Base rebate equals 50% of qualified installation cost, maximum of $50,000

• Scoping study rebate for large businesses equals 50% of cost up to $7,500

• Additional equipment rebates for high efficiency space and water heating equipment: $25 - $1,000

• Visit northernutilities.com/business/eneraudit.htm

Northern Utilities—Residential Energy Efficiency Rebate Programs

• For qualified water heaters, furnaces, boilers, programmable thermostats, caulking/weatherstripping,

duct/air sealing, building insulation, windows, doors, faucet aerators, low-flow showerheads

• Open to residential, commercial sectors

• Rebate amounts vary by type of equipment and installation

• Maximum incentive amounts:

· Space-heating and water-heating equipment: $1,350

· Home energy assessment rebate: $150

· Weatherization: Up to $1,500

• Visit northernutilities.com/forhome/eneraudit.htm

Maine State Contacts:

Efficiency Maine Utilities Commission

(866) 376-2463 (ph)

(207) 287-3831 (TTY)

efficiencymaine.com

Maine State Housing Authority

(877) 544-3271 (toll-free)

Federal Contacts

US Department of Agriculture

REAP Grant

(800) 670-6553

US Environmental Protection Agency, EPA New England

Cynthia Veit

(617) 918-1666

veit.cynthia@epa.gov

John Moskal

(617) 918-1826

moskal.john@epa.gov

Other Suggestions for Individuals, Businesses, and Organizations

HEATING and ELECTRICITY

Fuel Switching:  Switch your home or business to natural gas or a renewable energy source for space and water heaters. Check out the Solar and Wind Energy Rebate Program.

Energy Audit: A home energy auditor will assess the energy efficiency of your home or business and help you make informed decisions saving money and energy. A basic audit is available for free for smaller businesses from Efficiency Maine.

Weatherization: Make improvements to your home or business such as insulation, weatherstripping, caulking, and safety-related repairs. Central Heating Improvement Program grants can help with costs for low-income residents, and the Efficiency Maine Business Program offers cash incentives and free advice.  

Appliances: Replace inefficient appliances with Energy Star qualified products, from fans to commercial ice machines and more.

Compact Fluorescent Lighting: Replace old bulbs with CFLs.

Friendly Energy Competitions: Encourage energy efficiency among businesses in your industry or on your block by organizing a friendly energy competition.

TRANSPORTATION

Reduce Vehicle Travel Miles: Bike, walk, take the bus. Check out plans for the new Brunswick Explorer bus and the possibility of the Amtrak stopping in Brunswick. Consider electronic communication rather than face-to-face when appropriate.

Carpool: Share a ride to work to save money, reduce your footprint, and enjoy company on the commute. Businesses can encourage carpooling among employees. For more info, visit gomaine.com

Employee Parking: Businesses can encourage alternative transportation strategies by compensating employees for giving up their parking space.

Alternative Fuel Vehicles: Look into buying an electric, hybrid, or biofuel car for personal use or for a business fleet.

Alternative Fuel Infrastructure: Install or encourage the installment of alternative fuel dispensing facilities. For example, local businesses could provide electric car outlets for employees and the public, with a co-benefit of attracting more potential customers.
OTHER IDEAS

Contact Local Decision-Makers: Send letters and emails to town councilors about changes you want to see in your community.

Generate Discussion: Talk with friends, co-workers, and family about the issues you find most important. Organize or get involved in community discussions about specific issues or broader ideas and aspirations. Think big.

Collaborate: Create agreements among businesses and other organizations to encourage one another to be more energy efficient and share ideas about how to go about it. 

Buy Local: That doesn’t refer to food alone, but also goods and services. Brunswick and Topsham have a lot to offer. Support local businesses and reduce the travel miles of products you buy.

Focus on Co-benefits: There are a lot of financial, safety, and community building reasons to adopt some of these suggestions beyond reducing the carbon footprint.

For More Information:

Grants, Loans, and Financial Support:

www.efficiencymaine.com

www.maine.gov/oeis

www.mainehousing.org

www.dsireusa.org
 Other Initiatives and Useful Sites:

www.iclei.org

www.gomaine.com

www.nrcm.org

www.energystar.gov

www.maine-street-station.com

www.sacregionblueprint.org

www.envisionutah.org

CONCLUSION

It is important to keep in mind the timeline for reductions. Though some of the measures called for in this document may seem drastic, their implementation will occur in a world that is fundamentally different from that of today. As the realities of the situation change, so must the goals and methods outlined in this document. If the science of climate change reveals that reductions must be stricter, the town should adjust the overall reduction goals. Additionally, many of the reduction methods described here use technologies either available today or that should be available within the next few decades. It is quite possible that other technologies could surpass those envisioned in this document. There is no panacea for greenhouse gas emissions; rather small initiatives that Brunswick, as well as any other town, can take to achieve and maintain sustainability.
APPENDIX

Transportation

Understanding the breakdown of the annual vehicle miles traveled in the towns of Topsham and Brunswick was challenging given the amount of traffic that traverses major roads including I-295 and Route 1. We were also concerned about how to approach our recommendations to the towns of Topsham and Brunswick with such a large portion of the travel on these roads being tourist traffic.  It was our assumption that the towns wouldn’t be able to significantly curtail the vehicle miles traveled by those individuals representing the ‘tourist traffic’ or the traffic passing through Topsham and Brunswick via I-295. This prompted us to consider what Topsham and Brunswick’s emissions would look like after omitting major roads and tourist traffic. We classified tourist traffic as any vehicle miles traveled by a non-resident passing through or within the towns of Topsham and Brunswick.  The Maine Department of Transportation conducted the National Passenger Transportation Survey in 1995, which revealed that transportation classified as “social-recreational” travel represents 30.7% of all vehicle miles.  The National Passenger Transportation Survey provides an accurate assessment of how much travel is considered to be tourist transportation year-round for 1995 which we used to calculate annual emissions in Topsham and Brunswick for our 2008 baseline inventory.

We considered four different scenarios regarding the vehicle miles traveled in Topsham and Brunswick. For our first scenario, we considered all of the vehicle miles traveled within the towns as recorded by The Maine Department of Transportation. This number accounted for those emissions produced on I-295 and Route 1 as part of the total emissions in our analysis. The second scenario was to exclude all of the emissions produced from I-295 and Route 1. The third scenario was to exclude the “social-recreational” emissions (30.7% of all VMTs). Our fourth scenario took into account our survey data where we asked town residents to estimate how many miles they drive per week and the fuel efficiency (miles/gallon) for each of their vehicles. Taking into account the percentage of miles driven within Topsham and Brunswick that these residents recorded, we were able to extrapolate an estimate of total gallons used in a year in the town. The concept of looking at the towns as a ‘bubbles’ seemed to be most consistent with our analyses, which is why we decided to use the first scenario in our final report and presentations. Although the first scenario has the largest emissions of all four scenarios and the I-295 traffic and tourist traffic may be challenging to reduce, we feel as though including these emissions in our baseline provides the most comprehensive look at the town’s overall vehicle miles traveled.


Figure 1. Brunswick’s transportation emissions for year 2008 based on information from Maine Department of Transportation, the National Passenger Transportation Survey, and the survey conducted by the Environmental Capstone Seminar.






Brunswick’s overall emissions for year 2008 based on information from Maine Department of Transportation, the National Passenger Transportation Survey, and the survey conducted by the Environmental Capstone Seminar.
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