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INTRODUCTION: Why conduct a Greenhouse Gas Emissions Inventory? 

Overview of the Earth’s Climate System 

Climate Change: Climate versus Weather 

 

Although weather and climate are related, they differ in what they are describing.  Weather is the local 

and present state of the atmosphere while climate is the statistical collection of average weather 

conditions at a given place, typically defined over a 30-year time period.  The meteorological variables 

which make up weather are quantified by measurements of temperature, precipitation, humidity, 

pressure, winds, and cloudiness.   Thus, climate is the mean and variability of each of these variables 

over a defined time period at a given place.  Climate can also be viewed as “concerning the status of the 

entire Earth system, including the atmosphere, land, oceans, snow, ice, and living things that serve as the 

global background conditions that determine weather patterns” (IPCC, 2007, p. FAQ 1.2). 

 

Climate change refers to the global trend of significant changes in climate since the industrial era (year 

1750), especially as related to anthropogenic (human-related) causes.  Climate patterns can be traced as 

far back as 10,000 years ago which means that the climate trends of the past 250 years can be put into 

the larger context of the planet’s climate history.  Although predicting weather beyond a few days is 

limited by the dynamic properties of the atmosphere, predicting climate change is a much more 

manageable problem; the comparison is analogous to predicting the outcome of a single roll of the dice 

versus predicting the statistical behavior of a large number of trials, i.e. many rolls of the dice (IPCC, 

2007).   

The Greenhouse Effect and Radiative Forcing 

Greenhouse Effect 

 

The Earth’s climate system is powered by solar radiation.  The amount of shortwave solar radiation that 

is absorbed by the Earth’s atmosphere and surface, approximately 240 watts per square meter (W m
-2

), 

must be counter balanced by the longwave (infrared or thermal) radiation that is emitted from every 
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surface on Earth (IPCC, 2007).  To maintain this balance, the temperature in the troposphere
1
 needs to 

be -19°C.  The global mean of the Earth’s surface temperature, 14°C, is much warmer than the 

troposphere because of the natural greenhouse effect.   The greenhouse effect occurs because thermal 

radiation emitted from the surface is absorbed by the atmosphere, including atmospheric clouds, and 

reradiated back to Earth.  An increase of the greenhouse effect means that more heat is being reradiated 

back to the Earth’s surface and warming the climate.  The amount of warming is impacted by various 

feedback mechanisms especially water vapor mechanisms and mechanisms involving clouds. 

 

The two most important greenhouse gases (GHG) are water vapor and carbon dioxide (CO2)
2
.  Water 

vapor is considered the most important GHG by the Intergovrnmental Panel on Climate Change (IPCC) 

because it is the most abundant GHG and because, in tandem with CO2, results in feedback mechanisms 

that substantially increase the greenhouse effect of CO2; water vapor almost doubles the effect of CO2 

on climate change than that of CO2 alone (IPCC, 2007).   Human activity does not directly affect the 

quantity of atmospheric water vapor
3
, but, since warmer atmospheres contain more water vapor than 

cooler atmospheres, climate change stemming from human activity indirectly increases water vapor 

substantially.   

 

CO2 is the second most important GHG because it is the most abundant GHG stemming from human 

activities; it is also long-lived, remaining in the atmosphere on average for 120 years.  More importantly, 

changes to the Earth’s climate system set into effect by atmospheric CO2 are irreversible for at least 

1,000 years after the cessation of all CO2 emissions (net zero emissions) (Solomon, Plattner, Knutti, & 

Friedlingstein, 2009).   

 

Methane (CH4), nitrous oxide (N2O), ozone, halocarbons, and aerosols (small particles) also increase the 

greenhouse effect to various degrees (see Global Warming Potential below).  The Global Warming 

Potential (GWP) of these other GHGs is higher than CO2, but they are lower in abundance than CO2.  

The atmospheric persistence of GHGs other than CO2 varies from, for example, approximately 12 years 

                                                 
1
 The troposphere is approximately 5 km above the Earth’s surface. 

2
 The two dominant gases in the atmosphere, nitrogen (78%) and oxygen (21%), have almost no greenhouse effect (IPCC, 

2007). 
3
 Human activity resulting in increased methane, CH4, can exert a small increase in water vapor due to atmospheric processes 

involving CH4 (IPCC, 2007).   
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for methane to 260 years for HFC-23 (which has a GWP of over 11,000 times greater than CO2) (EPA, 

2010).  

 

Radiative Forcing 

 

Radiative forcing (RF) is the measure of how the energy balance of the Earth-atmosphere system is 

influenced when factors that affect climate (such as greenhouse gases) are changed.  RF can be both 

natural, e.g. volcanic eruptions, as well as human induced.  RF is measured in W m
-
2 and can be 

negative, resulting in a cooling trend, or positive, resulting in a warming trend.  The impact of RF is 

seen in relation to the 240 W m
-2 

of infrared energy needed to maintain the Earth’s energy balance.   

Figure 1: Global average radiative forcing (RF) in 2005. Image copied from IPCC’s Climate Change 2007: Synthesis Report (2007, 

p. 39). 
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According to the IPCC (2007), anthropogenic RF is estimated to be +1.6 [-1.0, +0.8]
2
 W m

-2
 (2005 

levels relative to 1750 levels).  CO2 RF is estimated at +1.66 [1.49 to 1.83] W m
-2

 while CH4 RF is 

estimated at +0.48 [0.43 to 0.53] W m
-2

 (Figure 1).  

 

Global Warming Potential and CO2 Equivalent 

 

Global warming potential (GWP) is defined by the US 

Environmental Protection Agency (EPA) as (EPA, 2010): 

… a quantified measure of the globally averaged 

relative radiative forcing impacts of a particular 

greenhouse gas.  It is defined as the ratio of the time-

integrated radiative forcing from the instantaneous 

release of 1 kilogram (kg) of a trace substance relative 

to that of 1 kg of a reference gas (p. 1-6). 

 

The reference gas used in determining GWP is CO2 thus 

the GWP of CO2 itself is “1.”  The GWP of a GHG is 

dependent on the time horizon over which it is being 

measured.  The time horizon for measuring GWP agreed 

upon by parties to the United Nations Framework 

Convention on Climate Change (UNFCC) is 100 years; the 

EPA also uses the 100 year time horizon in accordance 

with UNFCC recommendations (EPA, 2010).   Figure 2, 

Global Warming Potentials, lists the GWPs for many 

GHGs according to the IPCC’s Second Assessment Report 

(SAR, 1996) and Fourth Assessment Report (AR4, 2007) 

(EPA, 2010).  The EPA (2010) points out that GWPs 

typically have an uncertainty of + 35%.  

  

CO2 equivalent (CO2e) is a standard metric used to enable 

direct comparisons of the impacts of the different GHGs in terms of their GWPs.  By convention, CO2 

Figure 2: Global warming potentials from the 

IPCC's Second Assessment Report (SAR) and 

Fourth Assessment Report (A4R).  Image copied 

from EPA’s Fast Facts, Inventory of Greenhouse Gas 

Emissions and Sinks: 1990-2008.  
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equivalent is expressed in terms of metric tons (tonnes)
4
.  GHGs with higher GWPs will result in more 

tonnes CO2e if the absolute quantity of each GHG is the same.  For example, 1 tonne of CO2 equates to 

1 tonne CO2e, 1 tonne of CH4 equates to approximately 21 tonnes CO2e, and 1 tonne of N2O equates to 

approximately 310 tonnes CO2e.  The total impacts of different GHGs can be determined by expressing 

quantities of each gas in terms of its CO2e and then adding the results.   

Evidence of Climate Change 

Global Climate Change 

 

Most of what is known about climate change has emanated from the IPCC.  The IPCC was established 

by the United Nations Environment Programme (UNEP) and the World Meteorological Organization 

(WMO) and is the leading scientific body for the assessment of climate change.  The IPCC reviews and 

assesses the most recent scientific, technical, and socio-economic information produced worldwide 

relevant to the understanding of climate change.  Multiple scientific models, representing different 

scenarios, are used to project the amount of warming due to greenhouse gases and aerosols, degree of 

climate change, and effects of climate change.   

 

Working Group I (WG I)
5
 of the IPCC (2007), report that as a result of human activities, particularly the 

burning of fossil fuels, deforestation, agriculture, fertilizer use, and industrial activities, the rate of 

increase of greenhouse gases is very likely (>90% certainty) to have been unprecedented in more than 

10,000 years.  As stated above, anthropogenic RF is estimated by WG I to be +1.6 [-1.0, +0.8]
2
 W m

-2
 

(2005 levels relative to 1750 levels).   

 

The global atmospheric concentration of CO2, the most important anthropogenic greenhouse gas, was 

379 parts per million (ppm) in 2005; this exceeds the natural range of CO2 (180 – 300 ppm) seen over 

the past 650,000 years as determined from ice cores (IPCC, 2007).   CO2 emissions have increased from 

an average of 6.4 gigatons of carbon (GtC) per year in the 1990s to 7.2 GtC per year in 2000 – 2005.  

This increase is a result of increasing fossil fuel use as well as land use changes such as deforestation 

which results in less available biomass to serve as a carbon sink.    

                                                 
4
 A metric tons (tonne) differs from a U.S., or short, ton; one U.S. short ton = 0.9072 metric tonnes or conversely 1 tonne = 

1.10231 short tons. 
5
 Working Group I of the IPCC assesses materials from the natural sciences.   
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RF resulting from methane (CH4) is +0.48 W m
-2

 with a range of 0.43 – 0.53 W m
-2

.  The global 

atmospheric concentration of CH4 was 1,774 parts per billion (ppb) in 2005; this exceeds the natural 

range of CH4 (320 – 790 ppb) seen over the past 650,000 years as determined from ice cores.  WG I of 

the IPCC (2007) reports that it is very likely (>90% certainty) that the observed increase in CH4 is due to 

anthropogenic activities such as agriculture and fossil fuel use.  

 

WG I of the IPCC (2007) reports that warming of the climate system is “unequivocal, as is now evident 

from observations of increases in global average air and ocean temperatures, widespread melting of 

snow and ice, and rising global average sea level” (WG I, Summary, p. 5).   Estimates of global average 

surface temperatures are derived by combining thermometer measurements taken every day at several 

thousand stations over land areas and thousands of measurements of sea surface temperatures taken from 

ships moving over oceans.  Surface temperatures have increased by approximately 0.74°C over the past 

hundred years.  Eleven of the twelve warmest years on record occurred between 1995–2006 (a twelve 

year span).   Average arctic temperatures increased at almost twice the global average rate in the past 

100 years.   

 

Balloon-borne and satellite measurements of lower- and mid-tropospheric temperature show warming 

rates that are slightly greater than those of the surface temperature record (IPCC, 2007).  The 

stratosphere has cooled markedly since 1979 in accordance with most model results; ozone depletion 

caused by the recent widespread use of chlorofluorocarbons is a significant contributor to stratospheric 

cooling.  

 

Global average sea level rose at an average rate of 1.8 millimeters (mm) per year over 1961-2003 with 

the fastest rate, about 3.1 mm, occurring over 1993-2003 (IPCC, 2007).  There is high confidence (8 out 

of 10 chance of being correct) that the rate of observed sea level rise increased from the 19
th

 to the 20
th

 

century.  Ocean warming and glacial and ice cap melting both contribute to sea level rise.  Observations 

since 1961 show that the average temperature of the ocean has increased to depths of at least 3,000 

meters (m) and that the ocean has been absorbing more than 80% of the heat added to the climate 

system.  Loses from the ice sheets of Greenland and Antarctica have very likely (>90% certainty) 
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contributed to sea level rise over 1993-2003.  Satellite data since 1978 show that annual average arctic 

sea ice extent has shrunk by 2.7% per decade (IPCC, 2007).    

 

Future projections of sea level rise do not include uncertainties in climate-carbon cycle feedback or the 

full effects of changes in ice sheet flow due to a lack of basis in the published scientific literature (IPCC, 

2007).  Current projections of sea level rise during 2090-2099 relative to 1980-1999 levels range from 

0.18m – 0.59m depending on the scenario (amount of radiative forcing due to anthropogenic causes) 

used in the models.  The upper ranges of sea level rise for each scenario would increase by 0.1 to 0.2m if 

the amount of melting (flow rates) from the Greenland and Antarctica ice sheets were to grow linearly 

with global average temperature change; however, these effects are not used in the models since 

scientific understanding is too limited to assess their likelihood or provide a best estimate for sea level 

rise. 

 

A warmer climate increases the risk of both droughts and floods.  Warmer climate, “owing to increased 

water vapor, leads to more intense precipitation events even when the total annual precipitation is 

reduced slightly, and with prospects for even stronger events when the overall precipitation amounts 

increase” (WG I, 2007, FAQ, 3.2).  More intense and longer droughts have been observed over wider 

areas since the 1970s and it is likely (>66% certainty) that this trend will increase in the future.  The 

frequency of heavy precipitation has increased over most land areas and it is very likely (>90% 

certainty) that this trend will increase in the future.  It is very likely (>90% certainty) that hot extremes, 

heat waves and heavy precipitation events will continue to become more frequent.   

 

The IPCC Special Report on Emission Scenarios (SRES) reports that a warming of about 0.2°C per 

decade for the next two decades is projected for a range of emission scenarios and that even if 

concentrations of all greenhouse gases and aerosols were kept constant at year 2000 levels, a warming of 

0.1°C per decade would still be expected.  Furthermore, it is indicated that decadal warming over each 

inhabited continent by the year 2030 is very likely (>90% certainty) to be at least twice as large as 

corresponding model-estimated natural variability during the 20
th

 century.   
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Climate Change in Maine 

Historical Changes and Future Predictions 

 

While public opinion polls show a general awareness among Americans of the scientific consensus that 

the Earth’s climate is changing and that anthropogenic (human) causes are a significant factor in these 

changes, most Americans regard the environment and climate change as relatively low national priorities 

(Leiserowitz, 2005).  Furthermore, most Americans rated local risks (risks that would impact 

themselves) of climate change as unlikely to occur (Leiserowitz, 2005).  This is reinforced by research 

findings that report most Americans don’t associate extreme weather events with climate change.   

 

The overall climactic trend in Maine is a warmer and wetter climate over all four seasons (Jacobson, 

G.L., Fernandez, P.A., Mayewski, P.A., & Schmitt C.V. [editors]., 2009; Wake, et al., 2009).  Analsyis 

of data collected from four meteorological stations in southern and central Maine (Farmington, 

Lewiston, Portland, and Rumford) shows a regional warming of  1.5 to 3.0° F since 1965 “with the 

greatest warming occurring in winter (1.6 to 4.9° F)” (Wake, et al., 2009, p. 2).   

 

Precipitation in Portland has increased by 0.88 inches per decade between 1891 and 2006 due primarily 

to strong increases occurring in fall (Nov. – Dec) and spring (March- May); changes in quantity of 

winter precipitation has not been observed although the number of snow-covered days has decreased in 

Portland at a rate of -7.9 days per decade (1965-2005) (Wake, et al., 2009).  The number of extreme 

precipitation events (>2” in 48 hours) between 1949 and 2006 increased by +4.1  (Wake, et al., 2009).   

 

Sea surface temperature in the Gulf of Maine has warmed at a rate of approximately 0.06° F per decade 

since 1854 for a total warming of 1.0° F during the same period (Wake, et al., 2009).  Sea level rise has 

been occurring at a rate of approximately 0.7” per decade (1912-2007) for a total rise of 12”  between 

1912-2007 (Wake, et al., 2009).   

 

Another important indicator of climate change is lake ice-out dates.  The ice-out countdown starts on 

January 1
st
 and ends once the lake is condisdered ice-free; ice-out on Sebago Lake is when the Great 

Basin, or Big Bay, is ice-free.  Ice out dates on Sebago Lake are occuring 23 days earlier than when ice-

out dates were first recorded in 1807 (Wake, et al., 2009).   
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Future predictions for climate change in Southern Maine were estimated by Wake, et al. (2009) based on 

the highest (A1 Fi) and lowest (B1) IPCC emissions scenarios in order to get a plausible range of 

climatic impacts depending on such things as population, technology, demographics, and energy use.  

Statistical downscaling of four global model simulations provide predictions for mid-century (2050) and 

end-of –century 2099 (Table 1).  Temperature is predicted to increase by 2.0° – 6.0° F by mid-century 

and 3.0° - 8.0° F by end-of-century.   Precipitation by mid-century and end-of-century will increase by 

5% and 10% respectively.   

 

Table 1: Climate predictions for Southern Maine: mid- and end-of-century.  Data from Wake, et al. (2009). 

CLIMATE PREDICTIONS: SOUTHERN MAINE 

Time Horizon 
Temperature 

Increase (F) 
Precipitation 

Sea Level Rise 

(Feet) 

By mid-century 2.0° to 6.0° Increase by 5% 9.5 – 10.3 

By end-of-century 3.0° to 8.0° Increase by 10% 11.1 – 14.3 

 

The range of sea level rise is predicted at 9.5 - 10.3 feet by mid-century and 11.1 – 14.3 feet by end-of-

century.   This prediction takes into account climate related causes of sea level rise, namely thermal 

expansion of sea water (direct cause) and melting of glaciers and ice-caps (indirect cause), as well as a 

regional non-climatic influence known as “subsidence.”  Subsidence is the sinking of the Earth’s crust 

following a post-glacial rebound (rising) of the crust.  The Earth’s crust in the Gulf of Maine is sinking 

at a rate of approximately 0.1mm per year (0.04 inches per decade) (Wake, et al., 2009).  

 

Consequences of Climate Change in Maine 

 

Impacts of climate change vary from location to location and are already being felt in the state of Maine.  

Below are some excerpts from Maine’s Climate Future: An Initial Assessment (2009)
6
 on some of these 

impacts.  

                                                 
6
 An electronic copy of Maine’s Climate Future: An Initial Assessment (2009) is available online from the Maine State 

Planning Office’s (SPO) “Planning for Climate Change” website, 
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Warming ocean temperatures can lead to the replacement of sub-arctic species that reside on the coast of 

Maine by more temperate species that will be able to out-compete Maine’s native species.   These 

changes in species compositions can impact our fisheries directly and indirectly.  Due to warming 

temperatures on the ocean floor, Atlantic cod numbers are predicted to decline in the Gulf of Maine by 

2100.  Maine fishermen have noticed significant changes in the lobster fishery, including altered growth 

and migration behavior.  Shift in species compositions can also impact other organisms that rely on 

certain species as a food source.  Other effects of ocean warming include increased harmful algal 

blooms and the arrival and/or proliferation of invasive species such as the Asian shore crab.    

 

Freshwater ecosystems are affected by changes in temperature, precipitation, and timing of significant 

aquatic events.  Changes in stream flow as a result of climate change have already been documented in 

the state of Maine; peak flows have shifted to earlier in spring and flows later in the season are lower 

than what has been observed historically.  Freezing dates and evaporation are also changing resulting in 

an advancement of lake “ice-out” dates by up to two weeks since the 1800s.  This has a direct negative 

impact on traditional Maine recreational activities such as ice-fishing, skate, skiing, and snowmobiling 

with implications for the tourism economy.   

 

Other expected changes include decreased snow depth, greater lake level fluctuations, and saline 

intrusion of coastal aquifers.  These effects will impact water-dependent wildlife such as obligate vernal 

pool species, insects, sea-run fish, and birds that feed on these species.  Societal costs of climate change 

on freshwater ecosystems include threats to water quality resulting from more frequent or more intense 

algal blooms and salt water intrusion as well as damage to water front property resulting from increased 

severity of storms.  

                                                                                                                                                                         
http://www.maine.gov/spo/landuse/techassist/climatechange.htm, or from the University of Maine’s Climate Change Institute 

at http://climatechange.umaine.edu/research/publications/climate-future.   

http://www.maine.gov/spo/landuse/techassist/climatechange.htm
http://climatechange.umaine.edu/research/publications/climate-future


2007 GHG Emissions Report: South Portland, Maine 

Section 2: Overview of the GHG Emissions Inventory Process Page 11 

SECTION 2: OVERVIEW OF THE GHG EMISSIONS INVENTORY PROCESS  

Program Utilized: ICLEI 

 

In 2007, the South Portland City Council issued a resolve (Resolve #3-07/08) that authorized the Mayor 

of South Portland to sign the U.S. Mayors Climate Protection Agreement; the resolve calls for the need 

to conserve energy, reduce energy bills, improve air quality, conserve green space, reduce traffic 

congestion, and improve transportation choices.  Toward this end, South Portland committed resources 

to developing and implementing a Climate Action Plan (CAP) and in 2010 joined ICLEI-Local 

Governments for Sustainability
7
, heretofore known as ICLEI.  ICLEI is “a membership association of 

local governments committed to advancing climate protection and sustainable development” with more 

than 600 member cities within the US and 1,100 member cities worldwide (ICLEI, n.d.).  In addition to 

South Portland, member communities in Maine listed on ICLEI’s website are Belfast, Biddeford, 

Cumberland, Falmouth, Portland, Yarmouth, and York; the Greater Portland Council of Governments 

(GPCOG) has also used ICLEI tools to conduct a regional GHG emissions inventory.  Benefits of 

membership include access to proprietary emissions inventory software, emission reduction estimation 

and prioritization programs, centralized access to supporting documents and examples of actions taken 

by other US communities, and a forum in which to interact with other ICLEI member communities.   

 

ICLEI’s programs fall into three related, but distinct, categories: Sustainable Development, Climate 

Adaptation, and Climate Mitigation.  The climate mitigation program is based on an iterative, five 

milestone methodology of which the cornerstone is the recognition of the need for, and commitment 

towards developing, a CAP by public officials and other community leaders.  Once leadership 

commitment is secured, the first step towards developing a CAP is conducting a baseline, emissions 

inventory for a given year (Figure 3).   Each milestone involves multiple steps.  For instance, milestone 

two, establish an emissions target, involves identifying a target year by which emission reductions will 

be achieved, estimating a business-as-usual (BAU) scenario for emissions in that target year
8
, and then 

                                                 
7
 ICLEI-USA’s website: http://www.icleiusa.org/.  ICLEI was initially established in 1990 as the “International Council for 

Local Environmental Initiatives,” but is now officially ICLEI-Local Governments for Sustainability. 
8
 A business-as-usual (BAU) scenario is an estimate of emissions assuming no actions are taken to reduce emissions.  

http://www.icleiusa.org/
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determining the level of emission reductions that are desired and possible given the opportunities and 

constraints within a specific community.     

 

 

  Figure 3: ICLEI- Five Milestone Methodology for Climate Mitigation.  

  Figure from ICLEI: http://www.icleiusa.org/programs/climate/mitigation 

 

CACP Software 

 

Foremost amongst ICLEI’s resources and tools is its Clean Air Climate Protection (CACP) software 

developed by ICLEI in partnership with the National Association of Clean Air Agencies (NACAA)
9
.  

South Portland’s GHG and criteria air pollutant emissions inventory was conducted using the CACP 

software, version 2.2.1b.   Including GHG emissions accounting, the CACP software can aid 

communities in four broad tasks (ICLEI & NACAA, 2003):  

1. Create an inventory of greenhouse gas and criteria air pollutant emissions for a base year. 

2. Forecast emissions growth to create an inventory of predicted emissions for a future year. 

3. Evaluate measures to reduce emissions of these [emissions and ] pollutants 

4. Prepare emissions reduction action plans (p. 6).  

                                                 
9
 The NACAA was formerly the State and Territorial Air Pollution Program Administrators and the Association of Local Air 

Pollution Control Officials (STAPPA/ALAPCO). 
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The primary GHGs estimated by the CACP are carbon dioxide (CO2), methane (CH4), and nitrous oxide 

(N2O).  The criteria air pollutants estimated by the CACP are nitrogen oxides (NOx), sulfur oxides 

(SOx), carbon monoxide (CO), volatile organic compounds (VOC), particulate matter 10 microns 

(PM10), and particulate matter 2.5 microns (PM2.5).   

 

The CACP software includes two modules used for conducting an emissions inventory: (1) government 

analysis module and (2) community analysis module.  The government analysis module looks at 

emissions stemming from government operations and is organized by sectors.   The sectors included in 

the government analysis module are: 

 

 Buildings and Other Facilities  Vehicle Fleet 

 Streetlights and Traffic Signals  Transit Fleet 

 Port Facilities  Employee Commute 

 Airport Facilities  Electric Power (Generated by government) 

 Water Delivery Facilities  Other Process and Fugitive Emissions 

 Wastewater Facilities  Refrigerants 

 Solid Waste Facilities  

 

 

The second module within the CACP software used for conducting an emissions inventory is the 

community analysis module.  The community analysis module is organized by much broader sectors: 

residential, commercial, industrial, transportation, waste, and “other.   The “other” sector is used to enter 

absolute amounts of GHGs or criteria air pollutants that are not accounted for in any of the other 

community sectors.  Government emissions calculated in the government analysis module are included 

under the “community” umbrella so should not be directly entered in the community analysis module as 

this would result in double counting of emissions.    

 

An essential companion to the CACP software was the Local Government Operations Protocol for the 

Quantification and Reporting of Greenhouse Gas Emissions Inventories (LGOP)
10

, V1.1 (2010).  The 

                                                 
10

 The LGOP uses principles and guidelines set forth by the World Resources Institute (WRI) and the World Business 

Council for Sustainable Development (WBCSD) in the GHG Protocol Corporate Standard: 

http://www.ghgprotocol.org/standards/corporate-standard. 

http://www.ghgprotocol.org/standards/corporate-standard
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LGOP was developed by ICLEI in partnership with the California Air Resources Board (ARB), 

California Climate Action Registry (CCAR), and the Climate Registry and includes comprehensive 

methodology for GHG emissions accounting including determination of organizational and operational 

boundaries.  The LGOP provides the written methodology on best use of the CACP software as well as 

the background formulas and models used within the CACP software.   The LGOP is not directed 

towards conducting a community wide GHG emissions inventory, but some of its broad principles can 

apply at the community level. 

Organizational and Operational Boundaries 

 

Before beginning a GHG emissions inventory, a community must first define its organizational and 

operational boundaries in order to determine how and what emissions should be counted.  

Organizational boundaries are based on one of two control approaches: operational control or financial 

control.  The LGOP strongly recommends that communities use the operational control approach.  

Operational control is established if the community “wholly owns an operation, facility, or source” 

and/or has the “full authority to introduce and implement operational and health, safety and 

environmental policies” (LGOP, 2010, p. 14).  An emissions inventory organized by operational control   

would count emissions from sources that meet one or both of these logical tests.   

 

Financial control is established if one of more of the following criteria is met (LGOP, 2010): 

 An operation, facility, or source is wholly owned. 

 An operation considered, for the purposes of financial accounting, a group company or subsidiary, 

and whose financial accounts are consolidated within the financial statements of the organization 

conducting the inventory. 

 An operation governing the financial policies of a joint venture under a statute, agreement, or 

contract. 

 An operation or facility that is part of a joint venture or partnership for which the majority of the 

economic benefits and/or financial risks are retained.  

 

Operational boundaries of an emissions inventory are the emission sources to be included in the 

inventory based on the type of organizational control set above, i.e. operational or financial control.  

Anthropogenic source categories for GHG emissions include stationary combustion, mobile combustion, 

process emissions, and fugitive emissions (WRI & WBCSD, 2004): 
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 Stationary combustion: combustion of fuels in stationary equipment such as boilers, furnaces, 

burners, turbines, heaters, incinerators, engines, flares, etc. 

 Mobile combustion: combustion of fuels in transportation devices such as automobiles, trucks, 

buses, trains, airplanes, boats, ships, barges, vessels, etc. 

 Process emissions: emissions from physical or chemical processes such as CO2 from the 

calcination step in cement manufacturing, CO2 from catalytic cracking in petrochemical 

processing, PFC emissions from aluminum smelting, etc. 

 Fugitive emissions: intentional and unintentional releases such as equipment leaks from joints, 

seals, packing, gaskets, as well as fugitive emissions from coal piles, wastewater treatment, pits, 

cooling towers, gas processing facilities, etc. (p. 41).  

 

Setting of operational boundaries also includes categorizing emissions as direct or indirect emissions 

and assigning the “scope of accounting” (LGOP, 2010, p. 22).  Scopes are used in order to avoid double 

counting emissions by two or more organizations.  Scope 1 emissions are direct emissions occurring 

within the set organizational boundaries.  Examples of scope 1 emissions are fuel combustion in city 

owned furnaces or boilers.  Scope 2 emissions are indirect emissions resulting from electricity purchased 

from a facility outside of the organizational boundary, and often outside of the geographic area in which 

scope 1 emissions are occurring. Scope 3 emissions are indirect emissions other than those stemming 

from purchased electricity.  Examples of scope 3 emissions are outsourced activities such as waste 

disposal; emissions stemming from EcoMaine’s waste incineration plant in Portland would be counted 

as scope 3 emissions.       

Emission Factors 

 

Since direct monitoring of emissions is cost prohibitive and not feasible for many communities, 

emissions are instead estimated using fuel use data and emissions factors.  The CACP software converts 

activity data into GHG and criteria pollutant emissions using default
11

 emissions factors.  A generalized 

formula illustrating this operation is as follows (LGOP, 2010):   

                                          

Activity data includes the type and quantity of fuel used in stationary and mobile sources and metered 

electricity usage.  CO2 emissions stemming from stationary and mobile sources are directly related to the 

quantity of fuel combusted; however, CH4 and N2O emissions are more dependent on “technology type 

                                                 
11

 Customized emission factors can be used within the CACP software. 
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and combustion characteristics, pollution/emission control technologies, and maintenance and 

operational practices” and so are more uncertain than CO2 emissions estimates (LGOP, 2010, pp. 41, 

64).  Activity data for mobile combustion CH4 and N2O emissions also includes vehicle miles traveled 

(VMT) or vehicle type (size class) and model year in order to capture differences in emissions stemming 

from specific technology.   Differences in CH4 and N2O emissions in stationary sources are estimated by 

use of average emission factors specific to residential, commercial, and industrial sectors.    

 

Emission factors are defined by WRI & WBCSD (2004) as “calculated ratios relating GHG emissions to 

a proxy measure of activity at an emissions source” (p. 42).  An emission factor is usually expressed in 

terms of quantity emissions generated per quantity energy used, e.g. lbs of CO2 / kWh or kg 

CO2/gallon).  The CACP analyses modules uses four sets of emission factors: 

1. Average GRID electricity coefficients:  

a. Regional specific electric grid coefficients taken from EPA’s Emissions and Generation 

Resource Integrated Database (eGRID)
12

.  These coefficients include emission factors for 

CO2, CH4, and N2O and take into account fuel mix used by regional electric power plants.  

The year of the eGRID coefficients chosen should be as close to the inventory year as 

possible
13

.   

i. Maine’s eGRID region is “NEWE.” 

b. North American Electric Reliability Corporation (NERC) regional coefficients for criteria 

air pollutants (NOx, SOx, CO, VOC, PM10)
14

.  The year of the NERC region coefficients 

chosen should again be as close to the inventory year as possible
15

.  

i. Maine’s NERC region is “07: Northeast Power Coordinating Council/New 

England.”    

2. Fuel CO2 emissions coefficients: 

                                                 
12

 Information on EPA’s eGRID tool, as well as emission factors by electric grid region can be accessed online at: 

http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html.   
13

 2005 was the closest available eGRID year, to the 2007 base year inventory, at the time the inventory was conducted 

(Summer 2010).  
14

 Additional information about NERC and a map of the NERC region can be accessed online at: 

http://www.eia.doe.gov/glossary/index.cfm?id=N#nerc. 
15

 2005 was the closest available NERC year, to the 2007 base year inventory, at the time the inventory was conducted 

(Summer 2010). 

http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
http://www.eia.doe.gov/glossary/index.cfm?id=N%23nerc
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CO2 emissions factors for 64 different fuel types.  CO2 emissions factors are separate 

from other GHG emissions and criteria pollutants because CO2 emissions are not 

dependent on technology types.   

3. Transport average coefficients: 

CH4, N2O, and criteria air pollutant emission factors for mobile sources.  These 

coefficients are used when vehicle miles traveled (VMT) by vehicle and fuel type is not 

known.  Emission factors are given for 14 fuel types based on the type of vehicle (e.g. on-

road/off-road), size class (e.g. passenger car, light duty, heavy duty), and average fuel 

efficiencies:  

For each vehicle/fuel combination, the software contains distance-based 

emission factors and fuel economy associated with each vehicle class. For 

each vehicle/fuel combination, the software contains historical and 

projected emission factors and fuel efficiency values for the years 1990-

2020.   This accounts for changes in the average on-road vehicle fleet over 

time (e.g. aging of the fleet) (ICLEI & NACAA, 2003, p. 18). 

 

4. RCI (Residential, Commercial, and Industrial) average coefficients: 

CH4, N2O, and criteria air pollutant emission factors for 23 fuels commonly used in the 

residential, commercial, and industrial sectors.    

 

Default emissions factors and eGRID/NERC region emissions factors used for South Portland’s base 

year inventory are included in Appendix I: Emissions Factors.  The default emissions factors (Fuel CO2, 

Transport Average, and RCI Average) included in the Appendix I were exported from the CACP 2009 

software, V2.2.1b, and were the default emissions factors used for South Portland’s 2007 base year 

inventory.  The eGRID/NERC region emissions factors are excerpted from tables provided by ICLEI
16

, 

but in the case of eGRID can also be accessed from the US EPA’s Clean Energy Resources website 

provided above.      

                                                 
16

 eGRID and NERC tables can be found within ICLEI’s online 2009 CACP User Guide, Appendix A at 

http://www.icleiusa.org/action-center/tools/cacp-software/user-guide/appendix-a-electricity-emissions-factors (password 

required).  

http://www.icleiusa.org/action-center/tools/cacp-software/user-guide/appendix-a-electricity-emissions-factors
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SECTION 3: 2007 SOUTH PORTLAND GHG EMISSIONS INVENTORY 

Government Analysis: Methodology  

Inventory Boundaries 

 

The base year chosen by South Portland officials and the Energy and Recycling Committee was 

calendar
17

 year 2007 (Jan 2007 – December 2007).  Data for calendar year 2007 was not available for 

the transit and vehicle fleet so calendar year 2008 (Jan 2008 – December 2008) data was used instead.  

Wastewater treatment N2O emissions were for fiscal year 2007 – 2008 (July 2007 – June 2008), but 

wastewater treatment emissions are estimated using formulas, i.e. they are not absolute emissions from 

direct monitoring, so a six month shift will have no effect on reported emissions.  

 

The government organizational boundary used by South Portland was determined by operational control 

rather than financial control.  This approach ensured that most government emission sources were 

included in the inventory.  The operational control test is also the approach recommended by the LGOP 

(2010).    

 

Operational boundaries for the government analysis were broadly defined by the sectors within the 

CACP software.  The sectors included in the 2007 inventory were: 

 Buildings and Other Facilities  Transit Fleet 

 Streetlights and Traffic Signals  Wastewater Facilities 

 Vehicle Fleet  Water Deliver Facilities (irrigation and 

sprinkler electricity use only) 

 

The sources included within each of these sectors are detailed under the Government Analysis: Inventory 

Results heading below.  Emissions from fuel combustion at stationary sources (e.g. boilers, furnaces, 

waste water pump stations
18

, and generators) were included in the inventory and counted as scope 1 

emissions.  Emissions from government owned mobile sources (e.g. gasoline and diesel for the transit 

                                                 
17

 Calendar years are commonly used by most international and national emission inventory standards; the LGOP strongly 

recommends using calendar year rather than fiscal year for consistency between communities.     
18

 Fuel data was not available for all pump stations for base year 2007.   For more information see details under the 

Government Analysis section of the report.  
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and vehicle fleet) were also counted as scope 1 emissions.  Purchased electricity for government 

operations (e.g. buildings, waste water pump stations, street lights and traffic signals) were included in 

the inventory and counted as scope 2 emissions. Finally, N2O emissions from the wastewater treatment 

plant were also included in the inventory and counted as scope 1 emissions.   

 

South Portland does not have operational control over Portland Water District (PWD) facilities (water 

delivery) or EcoMaine facilities (solid waste disposal).  Thus, government emissions from these sectors 

were counted as scope 3 emissions and included in the Community Analysis module.  Within the 

community analysis module, government emissions from water usage could be estimated (See Water 

Delivery under Community Analysis: Inventory Results); however, emissions from solid waste were 

provided on the community level and so an estimation of government emissions from solid waste was 

not broken out.   

2007 Inventory Data Sources 

 

A comprehensive list of on-site fuel combustion (e.g. furnaces, boilers, and generators) and electricity 

usage for buildings and facilities was not available for the 2007 inventory.  South Portland’s Accounts 

Payable and Finance departments provided billing information for stationary sources’ energy use 

categorized by department and address or, sometimes, by building name.  Often multiple sources of 

information had to be used to associate fuel usage with the correct building or facility.  Except as noted 

below, billing information provided the inventory data for locations of energy use, fuel types, quantities, 

and costs.  When necessary, hard copies of supplier bills found in house were referenced for fuel 

quantities; this was the case for almost all natural gas usage with the exception of schools’ natural gas 

usage.   

 

While it would appear most billing is handled through the accounts payable office, with the notable 

exception of schools’ electricity and natural gas usage, some minor usage billed directly to, and paid by, 

individual departments was found.   To ensure that the emissions inventory was as complete as possible, 

an inventory of energy consuming buildings/facilities along with the types of fuels being consumed was 

created while the inventory was being conducted based on financial records.  Each department was 

asked by South Portland’s Assistant City Manager, Erik Carson, and Sustainability Coordinator, Ann 

Archinhowe, to review the buildings/energy sources list for corrections, additions, and comments.  The 
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Water Resources department provided information on the existence of two diesel generators at the 

wastewater treatment plan, propane usage at seven pump stations, and diesel usage at one pump station 

that wasn’t captured from accounts payable financial records; unfortunately records from 2007 were not 

available for these sources.  The Transportation & Waterfront Department provided information on 

average annual kerosene (K-1) usage at the Bus Service’s office located at the 42 O’Neill St complex; 

records for kerosene usage were not available so the average usage (250 glns) was used for the 2007 

inventory.   

 

As noted above, electricity and natural gas is billed directly to the South Portland School Department.  

Hard copies of annual summaries of electricity and natural gas usage were obtained from the school 

department.  The summaries included quantity of fuel/electricity only, not costs.  Cost data was 

subsequently obtained from South Portland School Department’s Director of Buildings and Grounds, 

Scott McKernan.  Usage was categorized by schools.  Only one meter each for natural gas and 

electricity was listed for each school; no indication was given in the usage reports of the existence of 

additional meters at each school, e.g. for secondary buildings or outbuildings.  City employees familiar 

with the schools indicated that, most likely, the only missing usage would have been for school 

crosswalks which would have incurred minimal usage.  An important note regarding schools is that 

South Portland’s Community Center and the South Portland High School share a Central Maine Power 

(CMP) electricity meter.  Based on historical usage patterns, it was assumed that the provided electricity 

data for the high school included community center usage; a break out was obtained by Ann 

Archinohowe and usage was separated between the high school and community center for the 2007 

inventory. 

 

Outside sources of data were required and obtained for the following buildings from each respective 

supplier: 

 Water Resources, office and garage on Highland Ave: Propane usage from Maingas, Inc. 

 Branch Library/Golf Clubhouse on Wescott Ave: Propane usage from Dead River and Downeast 

Energy. 

 Fire Dept, Cash Corner Station:  Propane usage from Royal River/Broadway Industries Corp. 

 Fire Dept, Thornton Heights Station: Propane usage from Downeast Energy. 
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Fuel use data by mobile sources, i.e. vehicle and transit fleets, was provided by South Portland’s Public 

Works department.  Transit gasoline and diesel records were organized by department, i.e. fuel account 

numbers, and then by fuel key numbers and vehicle name/number.  Public Works’ data included dates of 

usage, fuel type, quantity, and cost.  Odometer readings were included on the reports, but were generally 

viewed as unreliable for the 2008
19

 year.  Vehicle type, e.g. size class and model year, was obtained 

from most departments including Public Works, Parks and Recreation, Schools, Fire Department, Water 

Resources, and the Bus Service (transit fleet).  Fuel key/vehicle numbers from each department’s vehicle 

inventory list was matched to the fuel key/vehicle number on the fuel usage reports.  The Finance 

Department also provided a comprehensive list of vehicles including make, model, and year; however, 

the Finance Department list did not include fuel key/vehicle numbers in most instances.  Vehicle types 

were not available for all vehicles on the fuel usage reports.  Emissions from vehicles of unknown size 

class and model years were calculated for CO2 only; CH4, N2O, and criteria pollutants could not be 

estimated.   

 

Fugitive wastewater treatment emissions were estimated using an ICLEI Microsoft Excel workbook 

containing formulas for estimation of methane and nitrous oxide from wastewater treatment processes.  

Positive entries within the workbook were population served, utilization of aerobic or anaerobic 

processes, utilization of nitrification/denitrification, and whether lagoons and/or septic systems were 

used.  James Jones, the Treatment Systems Manager, for South Portland filled out the workbook for 

fiscal year 2007-2008.   

Government Analysis: Inventory Results 

Overview: All Sectors 

 

South Portland’s total 2007 GHG emissions were 10,095 tonnes CO2e (Table 2).   Total energy usage 

for the same period was 113,453 million Btu (MMBtu).  Costs were approximately $3.039 million.  

 

                                                 
19

 Mobile sources’ fuel data was not available for calendar year 2007.   
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Table 2: 2007 South Portland government emissions, energy costs, and energy output by sector. 

South Portland: GHG Emissions Inventory Overview (2007) 

Sector 
Cost 
($) 

Cost 
(%) 

Energy Output 
(MMBtu) 

Energy 
Output 

(%) 

CO2e 
(tonnes) 

CO2e 
(%) 

Buildings: Heat & Hot Water 894,294.45 29.4% 54,539.1 48.1% 3,766.6 37.3% 

Buildings: Electricity 794,822.04 26.2% 17,665.0 15.6% 2,194.6 21.7% 

Total Buildings 1,689,116.49 55.6% 72,204.1 63.6% 5,961.2 59.1% 

Wastewater 399,039.96 13.1% 12,454.2 11.0% 1,833.6 18.2% 

Vehicle Fleet* 446,291.94 14.7% 19,086.4 16.8% 1,380.1 13.7% 

Lights & Traffic Signals 357,525.72 11.8% 3,993.2 3.5% 496.1 4.9% 

Transit Fleet* 143,877.30 4.7% 5,602.7 4.9% 409.9 4.1% 

Water Delivery 1715.84 0.06% 95.2 0.08% 11.8 0.12% 

Port Facilities 1193.16 0.04% 16.9 0.01% 2.1 0.02% 

GRAND TOTALS 3,038,760.41 
 

113,452.8 
 

10,094.9 
 

*Fuel usage data for the vehicle and transit fleets was not available for 2007; fuel usage data for calendar year 2008 was used 
for the 2007 base year inventory.  

 

Included sectors in the government inventory were buildings, streetlights and traffic signals (including 

holiday lights and park lights), wastewater facilities, vehicle fleet, transit fleet, water delivery (minimal 

electricity use for sprinklers/irrigation only), and port facilities (minimal electricity use at two piers and 

boat ramps).  The buildings sector was the largest contributor of CO2e with 5,961 tonnes CO2e (59% of 

total government emissions) (Figure 4).  Within the buildings sector on-site fuel combustion contributed 

3,767 tonnes CO2e (37% of government total) and purchased electricity contributed 2,195 tonnes CO2e 

(21.7% of government total) (Figure 4).  Wastewater facilities were the second largest contributor at 

1,834 tonnes CO2e (18.2%) followed by the vehicle fleet with 1,380 tonnes CO2e (13.7%).  The 

remaining sectors, transit fleet, lights and traffic signals, water deliver, and port facilities all contributed 

less than 5% each with port facilities contributing the least CO2e at 2.1 tonnes (0.02%).    
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Figure 4: Contribution of 2007 emissions by government sector including a breakout of scope 1 and 2 emissions in the buildings 

sector. 

 

Costs were highest in the buildings sector, representing approximately 56% ($1.69 million) of total 

governmental costs (Table 2).  Second highest costs were incurred by the vehicle fleet at $0.45 million 

(15%) and then wastewater facilities at $0.4 million (13%).     

  

37.3%

21.7%
18.2%

13.7%

4.9%

4.1%

0.12%

59%

South Portland CO2e (tonnes) by Sector*: 2007
(Buildings broken out by Scope) 

Buildings: Heat/Ht Wtr

Buildings: Electricity
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Vehicle Fleet

Lights & Trfc Signls

Transit Fleet

Water Del

*Port facilities were left out of pie chart; port facs. contributed 0.02% CO2e.



2007 GHG Emissions Report: South Portland, Maine 

Section 3: 2007 South Portland GHG Emissions Inventory Page 24 

Energy output by sector follows the same pattern as emissions (largest energy use to smaller energy use) 

with the exception that the transit fleet used more energy than lights and traffic signals and the vehicle 

fleet used more energy than the wastewater sector (Figure 5).  This latter point is primarily due to 

absolute N2O emissions stemming from wastewater treatment processes.  

 

 

Figure 5: Emissions and energy output by sector.  Emissions (tonnes CO2e) are shown on the primary vertical axis (left side of 

graph) and are represented by the blue bars while energy output (MMBtu) is shown on the secondary vertical axis (right side of 

graph) and is represented by the red line.    
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Although it may be less meaningful to look at absolute quantities of fuel types, along with each fuel 

type’s associated emissions, it does provide another perspective of the data and is informative in broad 

terms.  As can be gleaned from the above information, purchased electricity accounts for the majority of 

emissions (39%) (Figure 6).  On-site combustion of fuel oil was the second largest emitter of CO2e 

(30%) and along with electricity account for 69% of all CO2e emissions.   

 

  

39.0%

30.3%

10.3%

7.5%

6.3%

4.6%

1.2%
0.5% 0.4%

0.01%

Total Fuels, All Sectors (2007): % CO2e by Fuel Type

Electricity 

Fuel Oil (#1 2 4)

Transport, Diesel

Natural Gas

Transport, Gasoline

Absolute Emissions, Nitrous Oxide

Transport, Off Road Diesel

Propane

Kerosene

Transport, Off Road Gasoline

Figure 6: Energy usage by fuel type across all sectors.  Percentages represent actual CO2e emissions resulting from 

specific fuel usages. 
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The relationship between energy output (MMBtu) and resultant GHG emissions (tonnes CO2e) differs 

between different fuel types; given the same energy output some fuels, e.g. #2 heating fuel, will result in 

more GHG emissions than, for example, natural gas.   The relationship between energy output and 

emissions can be referred to as “GHG intensity” with a lower number indicating less GHG emissions for 

an equivalent energy output or, simply speaking, a “cleaner” burning fuel.  Based on the inventory 

results for South Portland’s government operations, the GHG intensity was 0.07 for most fuels except 

for the high of 0.12 for electricity and the low of 0.05 for natural gas (Table 4).   

 

Table 3: Quantities, costs, energy output, CO2e, and GHG intensity of fuels used by South Portland government operations in 2007 

(stationary sources) and 2008 (mobile sources).  

Total Fuels, All Sectors (2007): Absolute Quantities, Energy Output, & Emissions 

Fuel 
Quantity 

(Unit) 
Cost 
($) 

Energy 
Usage 

(MMBtu) 

CO2e 
(tonnes) 

CO2e:  
% of Total 

(absolute#) 

GHG 
Intensity 

(CO2e 
/Energy 

Use) 

Electricity 9,280,712.0 (kWh) 1,516,262 31,674.8 3,935.1 39.0% 0.12 

Fuel Oil (#1 2 4) 299,334.0 (US Glns) 674,545 41,510.3 3,053.8 30.3% 0.07 

Transport, Diesel 101,995.3 (US Glns) 358,620 14,144.3 1,035.5 10.3% 0.07 

Natural Gas 141,595.4 (therms) 226,219 14,159.5 753.2 7.5% 0.05 

Transport, Gasoline 71,477.0 (US Glns) 190,189 8,879.2 632.2 6.3% 0.07 

Absolute Emissions, 
Nitrous Oxide 

1.5 (tonnes) 
  

467.5 4.6% 
 

Transport, Off Road Diesel 11,904.4 (US Glns) 41,005 1,650.8 121.2 1.2% 0.07 

Propane 9,432.8 (US Glns) 21,381 858.7 54.5 0.5% 0.06 

Kerosene 4,151.0 (US Glns) 10,183 560.3 40.8 0.4% 0.07 

Transport, Off Road Gasoline 119.3 (US Glns) 359 14.8 1.1 0.01% 0.07 

TOTALS 
 

3,038,763 113,452.8 10,094.9 
  

 

CO2e tracked with energy output for most fuel types except for electricity and fugitive nitrous oxide 

emissions from the wastewater treatment plant (Figure 7).  The nitrous oxide resulted from wastewater 

treatment processes and so was not associated with any energy output.  Electricity usage resulted in 

higher CO2e emissions for an equivalent energy output relative to other fuels.  As stated in the Emissions 

Factors section of this document, the electricity emissions factors used for this inventory were not 

tailored to reflect the energy mix (fossil fuels vs. renewable energy) or technology used by Maine 
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electricity generating power plants in 2007, but are an estimation based on the region-wide energy mix 

and technology in use by all New England power plants in 2005.    

 

 

Figure 7: CO2e (tonnes) and energy usage (MMBtu) by fuel type.  Emissions (tonnes CO2e) are shown on the primary vertical axis 

(left side of graph) and are represented by the blue bars while energy output (MMBtu) is shown on the secondary vertical axis 

(right side of graph) and is represented by the red line.  Note the break in the energy output line graph (red line) at nitrous oxide- 

this is because nitrous oxide is a fugitive emission stemming from wastewater treatment processes.  
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Buildings & Facilities 

 

Forty-five buildings, ranging in size from 189,349 square feet (s.f.) to 400 s.f., were assessed for the 

GHG emissions inventory.  Energy usage in buildings resulted in 5,961 tonnes CO2e in 2007 with 63.2% 

(3,767 tonnes) of emissions stemming from fuel usage by heating plants and 36.8% (2,195 tonnes) 

stemming from electricity usage (Table 4).   The South Portland High School (SPHS) on Highland Ave 

had the highest level of absolute emissions at 1,616 tonnes CO2e.  Memorial Middle School on 

 

Table 4: Buildings’ energy summary by scope: Scope 1 (heating plant) and scope 2 (electricity usage). 

Buildings & Facilities (2007): CO2e Emissions by Scope 

Sector & Scope 
Cost 
($) 

Cost 
(%) 

Energy 
Output 

(MMBtu) 

Energy 
Output 

(%) 

CO2e 
(tonnes) 

CO2e 
(%) 

Buildings: Heat & Hot Water 
(Scope 1) 

894,294.45 52.9% 54,539.1 75.5% 3,766.6 63.2% 

Buildings: Electricity 
(Scope 2) 

794,822.04 47.1% 17,665.0 24.5% 2,194.6 36.8% 

Total Buildings 1,689,116.49 
 

72,204.1 
 

5,961.2 
 

 

Wescott Rd had the second highest GHG emissions in absolute terms at 826 tonnes CO2e.  In terms of 

size, the SPHS and Memorial Middle School are also the largest municipal buildings at 189,349 square 

feet (s.f.) and 77,074 s.f. respectively.  GHG intensity, i.e. tonnes CO2e per a consistent quantity of s.f., 

takes into account the size of the buildings being assessed and so provides a useful means of comparing 

the relative GHG emissions of all buildings.  In terms of GHG intensity, the SPHS ranked 18
th

 (8.53 

tonnes CO2e /1,000 s.f.) out of all South Portland municipal buildings and Memorial Middle School 

ranked 14
th

 (10.72 tonnes CO2e/1,000 s.f.).    

 

The range of GHG intensity was 77.88 tonnes CO2e.  The pool, located in the Community Center on 

Nelson Rd, had the maximum GHG intensity at 77.94 tonnes CO2e /1,000 s.f.  while the Armory on 

Broadway had the minimum GHG intensity at 0.05 tonnes CO2e /1,000 s.f. (Figures 8 and 9).  The light 

GHG intensity at the Armory is most likely a function of very light use of the building while the GHG 

intensity at the pool is a function of heavy usage in terms of the amount (in gallons) of #2 heating fuel 
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used to heat the pool space.  Looking at the GHG intensity of all facilities, the pool GHG intensity was 

an outlier; the second strongest observed GHG intensity was at the Police and Public Safety building 

which was 61.3% lower than the pool at 30.1 tonnes CO2e / 1,000 s.f.     

 

The median GHG intensity was 7.2 tonnes CO2e /1,000 s.f. at the “One Classroom” building (formerly 

known as the “Robotics” buildings) located on the SPHS campus.   About half (24/45 or 53%) of the 

assessed municipal buildings fell within a range of 4.3 tonnes CO2e /1,000 s.f.  The low-end of this 

range was 4.88 tonnes CO2e/1,000 s.f. seen at the Community Center (not including the pool).  The 

high-end of this range was 9.17 tonnes CO2e /1,000 s.f. seen at the Assessor’s Office located at 41 

Thomas St (City Hall Annex).   13% (6/45) of assessed buildings were below 3.0 tonnes CO2e /1,000 s.f.  

The remainder of the buildings (14/45 or 31% - not including the pool) had a GHG intensity ranging 

from 10.13 tonnes CO2e /1,000 s.f. (Wainwright Sports Complex building) to 30.14 tonnes CO2e /1,000 

s.f. (Police & Public Safety building)- a range of 20.0 tonnes CO2e/ 1,000 s.f.   



2007 GHG Emissions Report: South Portland, Maine 

Section 3: 2007 South Portland GHG Emissions Inventory Page 30 

  

BUILDINGS' GHG INTENSITY (2007): TONNES CO2e per 1,000 S.F. 
TOP 50% IN GHG INTENSITY 

(Note: Range of primary and secondary vertical scales of "Top 50%" and "Bottom 50%" Buildings' GHG 
Intensity graphs differ to better portray range of data represented in each graph.) 

 

Figure 8: GHG intensity (tonnes CO2e per 1,000 s.f.) of government buildings in 2008 and total square footage of government buildings (1 of 2).  GHG intensity (tonnes CO2e per 

1,000 s.f.) is shown on the primary vertical axis (left side of graph) and is represented by blue bars (total GHG intensity), red bars (GHG intensity stemming from heating plants), and 

green bars (GHG intensity stemming from electricity usage.  Total square footage of each building is shown on the secondary vertical axis (right side of graph) and is represented by 

the yellow diamonds.   The “Schools-One Clsrm” was the median in GHG intensity.  Approximately 53% of assessed buildings were between 4.8 and 9.2 tonnes CO2e/1,000 s.f.- a 

range of 4.3 tonnes CO2e.  The GHG intensity observed at the Community Center pool was an outlier at 77.9 tonnes CO2/1,000 s.f.  and was 61% higher than the next highest value. 
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BUILDINGS' GHG INTENSITY (2007): TONNES CO2e per 1,000 S.F. 

BOTTOM 50% IN GHG INTENSITY 
(Note: Range of primary and secondary vertical scales of "Top 50%" and "Bottom 50%" Buildings' GHG 

Intensity graphs differ to better portray range of data represented in each graph.) 
 

Figure 9: GHG intensity (tonnes CO2e per 1,000 s.f.) of government buildings in 2008 and total square footage of government buildings (2 of 2).  GHG intensity (tonnes CO2e per 

1,000 s.f.) is shown on the primary vertical axis (left side of graph) and is represented by blue bars (total GHG intensity), red bars (GHG intensity stemming from heating plants), 

and green bars (GHG intensity stemming from electricity usage.  Total square footage of each building is shown on the secondary vertical axis (right side of graph) and is 

represented by the yellow diamonds.   Approximately 53% of assessed buildings were between 4.8 and 9.2 tonnes CO2e/1,000 s.f.- a range of 4.3 tonnes CO2e.   
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Table 5: 2007 government buildings' analysis including energy cost per square foot, energy intensity (kBtu/s.f.), and GHG 

intensity.  Buildings preceded by a superscript number indicate instances where energy usage is split between two or three separate 

line items; these buildings had different square footage values for electricity and heated space or, as in the case of the Cash Corner 

Fire Station, the discernment between building sections found in data collection were maintained for data analysis.  

Buildings (2007): Cost, Energy, GHG Emissions, & Square Footage Analysis 

Department / Building Name* 
(Year Built) (Fuel Type) 

Square 
Footage 

Cost 
($) 

Energy Cost  
per Sq. Ft. 

($) 

Energy 
Output 

(MMBtu) 

Energy 
Intensity 
(kBtu** / 

s.f.) 

CO2e 
(tonnes) 

GHG 
Intensity 

(tonnes CO2e 
/1,000 s.f) 

    Rec, Pool (1978) (#2) 3,690 63,230.23 17.14 3,909.44 1,059.47 287.61 77.94 

1
  Fire, Cash Corner/Rear (1971?) (Prop, Elec) 896 7,993.73 8.92 211.02 235.51 22.82 25.47 

Maine Military Museum (1940) (#2, Elec) 704 3,912.80 5.56 231.82 329.28 17.10 24.29 

Parks, Greenhouse (1968) (#2, Elec) 960 4,757.23 4.96 269.64 280.88 20.31 21.15 

Police Garage (1972?) (#2) 1,000 3,547.54 3.55 218.05 218.05 16.04 16.04 

Bus Service, Office (1982) (Kero, Elec) 480 1,770.00 3.69 73.55 153.23 7.40 15.42 

2
  Schools, School Bus Building (1984) (#2, Kero) 6,925 23,929.15 3.46 1,379.17 199.16 101.02 14.59 

3
  Public Safety (Police/Fire Admin) (1972/1998)  

   (Elec) 
6,814 30,519.00 4.48 784.21 115.09 97.43 14.30 

4
  PW, Admin Office & Gar. Bay 1 (1930)  

   (#2, NatGas) 
6,600 20,295.12 3.08 1,354.85 205.28 89.13 13.50 

City Hall (1898) (#2, NatGas, Elec) 8,500 32,572.33 3.83 1,183.22 139.20 113.15 13.31 

Parks, Maintenance Bldng (1968) (#2, Elec) 2,800 8,803.47 3.14 436.64 155.94 35.28 12.60 

PW, Transfer Station Entrance Shed (1998) 
(Elec) 

400 1,541.99 3.85 40.17 100.42 4.99 12.48 

Schools, Hamlin (1961) (#2, Elec) 7,858 25,423.14 3.24 1,214.08 154.50 95.63 12.17 

Schools, Memorial (1960) (#2, Elec) 77,074 205,533.09 2.67 10,286.69 133.47 826.21 10.72 

Parks, Wainwright Field, CmmBldng (2002) 
(Prop, Elec) 

2,504 8,394.93 3.35 268.98 107.42 25.37 10.13 

3
  Police/Public Safety Furnaces (1972/1998) 

(#2) 
12,975 26,950.70 2.08 1,669.88 128.70 122.85 9.47 

Assessing (1955) (NatGas, Elec) 1,444 4,396.43 3.04 172.83 119.69 13.24 9.17 

Schools, SPHS (1950/1960) (#2, NatGas, Elec) 189,349 452,698.38 2.39 18,764.67 99.10 1,615.81 8.53 

Bus-Service, Garage (1945) (NatGas, Elec) 6,251 15,670.88 2.51 788.89 126.20 51.64 8.26 

Water Resources, Sewer Maint. Gar. (1980) 
(Prop, Elec) 

2,600 9,285.56 3.57 287.99 110.77 21.47 8.26 

Library, Branch, Wescott (1978) (Prop, Elec) 4,642 13,868.90 2.99 452.28 97.43 37.96 8.18 

Fire, Central (1940) (#2, NatGas, Elec) 14,288 28,921.63 2.02 1,427.98 99.94 114.41 8.01 

Fire, West End Station (2003) (NatGas, Elec) 10,698 26,222.97 2.45 1,096.59 102.50 84.00 7.85 

Schools, Robotics (One Clsrm Prgrm Bldng) (#2) 1,920 3,067.63 1.60 188.49 98.17 13.87 7.22 

Library, Public, Broadway (1970) (#2, Elec) 12,300 27,503.08 2.24 900.57 73.22 88.60 7.20 

Fire, Ferry Village Station (1920)(#2, NatGas, 
Elec) 

1,760 3,177.94 1.81 157.24 89.34 12.28 6.98 
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Buildings (2007): Cost, Energy, GHG Emissions, & Square Footage Analysis 

Department / Building Name* 
(Year Built) (Fuel Type) 

Square 
Footage 

Cost 
($) 

Energy Cost  
per Sq. Ft. 

($) 

Energy 
Output 

(MMBtu) 

Energy 
Intensity 
(kBtu** / 

s.f.) 

CO2e 
(tonnes) 

GHG 
Intensity 

(tonnes CO2e 
/1,000 s.f) 

Schools, Brown (1940) (NatGas, Elec) 31,774 74,963.00 2.36 3,079.83 96.93 219.06 6.89 

3
  Police (1972) (Elec) 6,161 12,596.70 2.04 316.00 51.29 39.26 6.37 

Schools, Dyer (1971) (NatGas, Elec) 29,278 66,455.00 2.27 2,492.81 85.14 185.91 6.35 

Rec, Wilkinson Function Hall (1950) (#2, Elec) 2,748 4,325.97 1.57 217.74 79.23 17.35 6.31 

Schools, Small (2003) (NatGas, Elec) 30,728 67,085.00 2.18 2,401.53 78.15 186.41 6.07 

Schools, Skillin (1940) (#2, Elec) 50,290 82,444.77 1.64 3,481.61 69.23 300.10 5.97 

Fire, Thornton Heights (1939) (#2, Prop, Elec) 1,628 3,636.34 2.23 122.31 75.13 9.58 5.88 

Planning & Development (1961) (NatGas, Elec) 4,546 8,214.66 1.81 383.00 84.25 26.24 5.77 

1
  Fire, Cash Corner/Front (1971) (#2, Elec) 7,250 9,025.94 1.24 539.50 74.41 40.01 5.52 

Schools, Mahoney Jr HS (1940) (#2, NatGas, 
Elec) 

62,060 90,404.18 1.46 4,085.78 65.84 340.07 5.48 

Schools, Kaler (2003) (NatGas, Elec) 30,728 59,343.00 1.93 1,997.23 65.00 165.48 5.39 

Fire, Willard Square Station (1940) (#2, Elec) 4,576 5,762.10 1.26 283.06 61.86 24.12 5.27 

Rec, Redbank Gym (1997) (NatGas, Elec) 11,674 19,479.83 1.67 777.45 66.60 61.23 5.25 

PW, Dugout & Sign Shop (1950) (#2, Elec) 4,262 5,448.73 1.28 250.02 58.66 20.93 4.91 

Rec, Community Center (2000) (NatGas, Elec) 49,888 76,049.61 1.52 2,782.95 55.78 243.25 4.88 

4
 PW, Admin & Gar. Bays 1 & 2 (1930/1950) 

(Elec) 
11,400 13,601.60 1.19 307.78 27.00 38.24 3.35 

Police Garage (Elec) 1,600 1,785.59 1.12 40.10 25.06 4.98 3.11 

Water Resources, Office (2007) (Prop) 1,360 1,786.46 1.31 63.93 47.00 4.06 2.98 

2
  Schools, School Bus Building (1984) (Elec) 42,528 26,283.71 0.62 661.84 15.56 82.22 1.93 

PW, Engineer's Bldng (1950) (#2, Elec) 1,664 943.79 0.57 38.02 22.85 3.20 1.92 

Golf Course Maint. Bldng (1979) (Elec) 1,664 873.55 0.52 18.21 10.94 2.26 1.36 

PW, Salt Shed (1985) (Elec) 5,026 873.55 0.17 18.21 3.62 2.26 0.45 

Parks, Willard Beach Beach House (1973) (Elec) 1,408 338.09 0.24 5.34 3.79 0.66 0.47 

Armory (1941) (Elec) 24,904 653.09 0.03 10.92 0.44 1.36 0.05 

4
 PW, Gar. Bay 2 (1950) (Nat Gas) 4,800 125.41 0.03 1.13 0.23 0.06 0.01 

Parks, Mill Creek Park Pumphouse (Elec) N/A 3,005.00 N/A 67.97 N/A 8.44 N/A 

*Buildings which shared an electricity meter, but not a furnace/boiler –or- vice versa –or- buildings in which the entire square footage did use 
electricity, but was not heated were split in this table to enable greater transparency.  Buildings preceded by a superscript number indicate instances 
where energy usage is split between two or three separate line items.  
**kBtu = one thousand “British thermal units.”  A BTU is a measurement of energy equivalent to approximately 1,055 joules. 
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Wastewater Facilities 

 

Operations within the wastewater facilities sector includes the wastewater treatment complex at 111 

Waterman Dr (including the primary pump station located within the complex) and 28 wastewater pump 

stations located outside of the complex.  Absolute emissions of nitrous oxide from the wastewater 

treatment process itself at 111 Waterman Dr are also included in this sector.  Water resources buildings 

located at 1142 Highland Ave were not included within the wastewater facilities sector, but were instead 

included in the buildings sector of the inventory.  Fuel usage data for eight pump stations (six using 

propane and one using diesel) was not available for year 2007.  Data on diesel fuel for the generators 

located at the 111 Waterman Drive complex was also not available but most likely any generator usage 

was minimal.  

 

Emissions stemming from wastewater facilities represented 18.2% of total government emissions.  Total 

energy usage by wastewater facilities 

was 12,454 MMBtu resulting in 

1,834 tonnes CO2e.  Facilities located 

at 111 Waterman Dive, not including 

fugitive emissions, resulted in the 

most emissions (50%/ 914 tonnes 

CO2e).  The remainder of emissions 

was divided almost evenly between 

the fugitive N2O emissions from 

treatment processes (25.5%/ 468 

tonnes CO2e) and the energy usage at 

the pump stations (24.7%/ 452 tonnes 

CO2e) (Figure 10).  

 

Looking at the wastewater treatment plan at 111 Waterman Dr, most emissions are from electricity 

usage and N2O emissions at 56.6% (781 tonnes CO2e) and 33.8% (468 tonnes CO2e) respectively 

(Figure 11).  The remainder of emissions at the complex is from natural gas usage: 6.7% by operations 

Figure 10: Percent of wastewater facilities CO2e emissions resulting from energy 

usage at the wastewater treatment plant complex at 111 Waterman Dr, energy 

usage at pump stations, and fugitive N2O emissions at the wastewater treatment 

complex. 
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buildings, 2.6% by the main pump station, 0.11% by the disinfection building, and 0.10% by the 

biosolids facility.  

 

 

Figure 11: Percent of CO2e emissions occurring at the wastewater treatment plan complex at 111 Waterman Dr.  Emissions are 

divided by heating plant for each building (all are using natural gas), electricity usage for entire complex, and fugitive N2O 

emissions.   

 

See Table 6 for more detailed usage information for wastewater facilities including electricity usage and 

natural gas usage at pump stations.  A complete list of all pump stations and associated energy usage and 

emissions is provided in Appendix II: Wastewater Pump Stations.    

  

56.6%

33.8%

6.7%

2.6%

0.11%
0.10%

2.81%

Wastewater Treatment Complex (2007): % CO2e

Treatment Compex: All electricity

Wastewater Treatment Plant: N2O

Operations Bldng, Natural Gas

Main Pump Station, Natural Gas

Disinfection Bldng, Natural Gas

BioSolids, Natural Gas
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Table 6:  Energy use, costs, and emissions at wastewater facilities in 2007.  First level classification was determined by separating 

emissions stemming from the wastewater treatment plant complex at 111 Waterman Dr from those stemming from energy usage at 

pump stations located outside of the treatment complex.  Second level classification was determined by fuel type/fugitive emissions 

and by individual buildings within the treatment complex. 

Wastewater Facilities (2007): Energy Use, Costs, and Emissions 

Group Name Quantity Cost 
Energy Output 

(MMBtu) 

Energy 
Output: 

% of Total 

CO2e 
(tonnes) 

CO2e: 
% of Total 

Treatment Compex: All electricity 1,842,500 kWh 187,107.07 6,288.3958 50.5% 781.2 42.6% 

Wastewater Treatment Plant: N2O 1.5 tonnes N/A N/A N/A 467.5 25.5% 

Operations Bldng, Natural Gas 17522.4 therms 25,683.35 1,752.2380 14.1% 93.2 5.1% 

Main Pump Station, Natural Gas 6815.2 therms 10,240.64 681.5200 5.5% 36.3 2.0% 

Disinfection Bldng, Natural Gas 298.3 therms 597.43 29.8300 0.24% 1.6 0.09% 

BioSolids, Natural Gas 264.5 therms 550.99 26.4450 0.21% 1.4 0.08% 

Sub-Total: Trtmnt Complex, Natural Gas 24,900.3 37,072.41 2,490.03 20.0% 132.5 7.2% 

TOTAL: TREATMENT COMPLEX 
 

224,179.48 8,778.43 70.5% 1,381.2 75.3% 

Pump Stations, Electricity 1,059,492 kWh 173,896.74 3,616.01 29.0% 449.2 24.5% 

Pump Stations, Natural Gas 597.6 therms 963.74 59.76 0.5% 3.2 0.2% 

TOTAL: PUMP STATIONS* 
 

174,860.48 3,675.77 29.5% 452.4 24.7% 

GRAND TOTALS 
 

399,039.96 12,454.20 
 

1,833.6 
 

*Pump station data does not include propane (6) or diesel (1) usage at eight pump stations. 

 

Absolute nitrous oxide (N2O) emissions resulting from the wastewater treatment process were estimated 

based on population served, the effluent treatment process, i.e. aerobic versus anaerobic, and whether or 

not nitrification/denitrification was used
20

.  The population served by South Portland’s wastewater 

treatment plant was 23,255, the treatment process was/is aerobic, and nitrification/denitrification wasn’t 

used.   

Vehicle Fleet 

 

Fuel data for mobile sources was not available for base year 2007 so fuel usage for calendar year 2008 

was used for inclusion in the base year mobile sources inventory.  Vehicle fleet emissions represented 

13.7% of total government emissions.  A total of 190 vehicles were included in the base year inventory.  

                                                 
20

Wastewater treatment emissions were estimated using a Microsoft Excel workbook designed by ICLEI and filled out by, 

Jim Jones, the Treatment Systems Manager of the wastewater treatment plant.  While methane emissions are possible from 

aerobic systems that are not well managed, they are generally only calculated for facilities that utilize anaerobic digesters, 

facultative treatment lagoons, and septic systems (LGOP, 2010).   
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Twenty-three vehicles used both diesel and gasoline during 2008.  Emissions from diesel and gasoline 

are calculated using different emissions factors necessitating a double listing of vehicles using both 

types of fuel; the double listing makes it appear as if there were 213 vehicles using fuel during 2008.  

Taking this latter statement in mind, 111 vehicles using diesel fuel resulted in emissions of 752.6 tonnes 

CO2e (54.5%) while 102 gasoline using vehicles resulted in 627.5 tonnes CO2e (45.5%) (Table 7).    

 

Table 7: 2008 vehicle fleet emissions, energy output, and fuel costs.  First level classification was determined by fuel type, i.e. diesel 

or gasoline.  Second level classification was determined by size classification, e.g. heavy duty, light duty,…  Refer to Appendix III: 

CACP Vehicle Classifications for an explanation on the CACP vehicle classification process.  “CO2 Only” classification  was used 

for vehicles of unknown size classification. 

Vehicle Fleet (2008*): Emissions, Cost, and Energy Use 

Vehicle 
Classification 

Number of 
Vehicles** 

Quantity 
(US Gal) 

Ave. Glns/ 
Per Vehicle 

Cost 
($) 

Cost: 
% of 
Total 

Energy  
Output: 

(MMBtu) 

Energy 
Output: 

% of Total 

CO2e 
(tonnes) 

CO2e: 
% of 
Total 

Diesel, Heavy Duty 60 54,590.0 909.8 189,347.66 42.4% 7,570.3 39.7% 554.3 40.2% 

Diesel, Off Road 22 11,904.4 541.1 41,005.17 9.2% 1,650.8 8.6% 121.2 8.8% 

Diesel, Light Duty 19 5,183.6 272.8 18,555.34 4.2% 718.8 3.8% 52.6 3.8% 

Diesel, CO2 Only 10 2,407.7 240.8 8,507.71 1.9% 333.9 1.7% 24.4*** 1.8% 

Total Diesel 111 74,085.7 
 

257,415.88 57.7% 10,273.9 53.8% 752.6 54.5% 

Gasoline, CO2 Only 54 41,289.4 764.6 110,723.99 24.8% 5,129.2 26.9% 363.6**** 26.3% 

Gasoline, Light Duty 42 29,494.3 702.2 77,680.27 17.4% 3,663.9 19.2% 262.6 19.0% 

Gasoline, Off Road 3 119.3 39.8 358.86 0.1% 14.8 0.1% 1.1 0.1% 

Gasoline, Heavy Duty 3 37.1 12.4 112.94 0.0% 4.6 0.0% 0.3 0.0% 

Total Gasoline 102 70,940.1 
 

188,876.06 42.3% 8,812.5 46.2% 627.5 45.5% 

GRAND TOTALS 213* 
  

446,291.94 
 

19,086.4 
 

1,380.1 
 

*2007 data was not available for mobile sources emissions; calendar year 2008 data was used for the base year inventory. 
**Vehicles that used both diesel and gasoline (23) were counted twice since emission factors differ based on fuel type.  Total vehicle count was 
actually 190 (213 - 23 = 190). 
***Total CO2e emissions for vehicles classified as “Diesel, CO2 Only” was as reported; vehicle classification had little/no impact on total CO2e. 
****Total CO2e emissions for vehicles classified as “Gasoline, CO2 Only” may range from 365.6 – 372.7 tonnes depending on size class and model year 
of vehicles. 

 

Emissions from mobile sources were calculated based on fuel use and vehicle type (size class and model 

year)
21

.  Vehicle types were not available for 10 vehicles using diesel and 54 vehicles using gasoline.  

Emissions for these latter vehicles are for CO2 only; CH4 and N2O emissions are not included in the 

CO2e listed in Table 7.  Unclassified vehicles burning gasoline used 41,289 gallons (glns) of gasoline 

resulting in 363.6 tonnes CO2 or CO2e.  Actual emissions (tonnes CO2e) may be approximately 0.5% to 

2.5% higher (365.6 – 372.7 tonnes CO2e) than reported emissions depending on the size class, e.g. light 

                                                 
21

 See Appendix IV for description of CACP (2009) vehicle classifications.   
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duty truck vs. passenger car, and model year.  Unclassified vehicles using diesel burned 2,408 glns of 

diesel fuel in 2008; differentiation of emissions from vehicles using this quantity of diesel based on 

vehicle type is negligible.    

 

 

Figure 12: Emissions and energy use by the 2008 vehicle fleet.  Emissions (tonnes CO2e) are shown on the primary vertical axis (left 

side of graph) and are represented by the blue bars while energy output (MMBtu) is shown on the secondary vertical axis (right 

side of graph) and is represented by the red line.   

 

Heavy duty trucks burning diesel used the greatest quantity of fuel resulting in 554 tonnes CO2e (40.2% 

of total emissions) (Figure 12).  Unclassified vehicles burning gasoline resulted in the second highest 

emissions (364 tonnes CO2e /26.3% of total emission) emissions.  Light duty gasoline burning vehicles 

emitted 262.6 tonnes CO2, the third highest emissions (19.0%) of consolidated vehicle classes.  

Appendix IV: Vehicle and Transit Fleets (2008) provides a complete list (vehicle and transit fleets) of 

unconsolidated vehicles sorted first by fuel type (diesel or gasoline) and then by model year (newest to 

oldest); Appendix IV also includes department, fuel key/vehicle numbers, fuel quantity, and cost for each 

vehicle.  
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Lights and Traffic Signals 

 

All emissions within the “Lights and Traffic Signals” sector are scope 2, purchased electricity; 

purchased electricity in this sector resulted in 4.9% of total government operations’ emissions (496 

tonnes CO2e).  Street lights make up 87.4% of CO2e emissions (434 tonnes) in this sector followed 

distantly by traffic signals at 11.2% total CO2e emission (56 tonnes) (Table 8).  The remaining 1.37% 

emissions result from minimal usage for holiday and park lights including the annual power usage for 

the Art-in-the-Park show.     

 

Table 8: Costs, energy usage, and CO2e emissions in the Lights and Traffic Signals sector.  Data reflects electricity usage by street 

lights, traffic signals, holiday lighting, and park lights paid for by the City of South Portland. 

Lights & Traffic Signals (2007): Quantity (kWh), Cost, & CO2e 

Group Name 
Quantity 

(kWh) 
Cost 
($) 

Energy Output 
(MMBtu) 

CO2e 
(tonnes) 

CO2e: 
% of Total 

Streetlights 1,022,759 331,684.00 3,490.6 433.7 87.4% 

Traffic Signals 131,230 22,598.25 447.9 55.6 11.2% 

Parks, Holiday Lights 12,875 2,327.13 43.9 5.5 1.10% 

Parks, Shoreway Path Lights 1,702 359.47 5.8 0.7 0.15% 

Parks, Erskine Park Lights 792 230.30 2.7 0.3 0.07% 

Parks, Art-in-the-Park Power 638 208.57 2.2 0.3 0.05% 

Public Works, Rumery Park Sign - 118.00 - - 0.00% 

TOTALS 1,169,996 357,525.72 3,993.2 496.1 
 

 

Transit Fleet 

 

Fuel data for mobile sources was not available for base year 2007 so fuel usage for calendar year 2008 

was used for inclusion in the base year mobile sources inventory.  Transit fleet emissions represented 

4.1% of total government emissions.  Total emissions stemming from the transit fleet sector were 410 

tonnes CO2e with 98.6% of those emissions (404 tonnes) from diesel vehicles (Table 9).  There were ten 

vehicles using diesel fuel and two vehicles using gasoline within the fleet for the base year inventory.  

Emissions for five out of the ten diesel vehicles were calculated for "CO2 only" due to unknown vehicle 

classification; however, there was no difference in the amount of CO2e based on vehicle classification so 
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all diesel vehicles are consolidated for this report.  The five classified diesel vehicles were either model 

year 1996 or 1999
22

.   

 

Table 9: 2008 transit fleet emissions, energy output, and fuel costs.  First level classification was determined by fuel type, i.e. diesel 

or gasoline.  Second level classification was determined by size classification, e.g. heavy duty, light duty,…  Refer to Appendix III: 

CACP Vehicle Classifications for an explanation on the CACP vehicle classification process.  “CO2 Only” classification was used for 

vehicles of unknown size classification. 

Transit Fleet (2008*): Emissions, Cost, & Energy Use 

Vehicle 
Classification 

Number of 
Vehicles 

Quantity 
(US Glns) 

Cost 
($) 

Energy Output 
(MMBtu) 

CO2e 
(tonnes) 

CO2e: 
% of Total 

Diesel, Heavy Duty** 10 39,814.0 142,208.70 5,521.2 404.2 98.6% 

Gasoline, CO2 Only 2 656.2 1,668.60 81.5 5.8 1.4% 

TOTALS 12 
 

143,877.30 5,602.7 409.9 
 

*2007 data was not available for mobile sources emissions; calendar year 2008 data was used for the base year inventory. 

**Emissions for five out of the ten diesel vehicles were calculated for "CO2 only" due to unknown vehicle classification; 

however, there was no difference in the amount of CO2e based on vehicle classification so all diesel vehicles are 
consolidated for this report. 
 

Vehicle classification was also not known for either of the two vehicles burning gasoline so emissions 

were calculated for CO2 only; however, differentiation of emissions from vehicles using this quantity of 

gasoline based on vehicle type is less than 0.5 tonne CO2e. 

Water Delivery (Government) 

 

Government operations included in the Water Delivery sector were electricity usage for irrigation pumps 

located at Wainwright Field and the golf course as well as minimal usage for the Mill Creek Park 

fountain pump.  Total emissions stemming from these three operations represented 0.12% of total 

government emissions (11.8 tonnes CO2e) with 98.2% of water delivery emissions (11.6 tonnes CO2e) 

stemming from the irrigation pump at Wainwright Field (Table 10).   

 

Energy usage in the delivery of water by Portland Water District (PWD) was considered a scope 3 

emission; scope 3 emissions occurred outside of the South Portland government’s organizational 

                                                 
22

 See Appendix V: Vehicle and Transit Fleets (20008) for an unconsolidated list of vehicles in the transit and vehicle fleets; 

the transit fleet was “Account# 30/Municipal Bus.”  
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boundaries.  Refer to the Community Analysis section of this report for an estimation of emissions 

resulting from government operations’ water usage. 

 

Table 10: 2007 costs, energy output, and emissions within the Water Delivery sector.  This sector includes electricity usage by 

irrigation and fountain pumps only.  Energy usage in the delivery of water by Portland Water District was considered a scope 3 

emission; these emissions were estimated in the Community Analysis portion of this report. 

 

 

    

 

 

 

Port Facilities 

 

Electricity usage at Thomas Knight Park/Pier at Knightville Landing, the Portland Street Pier, and boat 

ramps at Madison St resulted in 0.02% of total government emissions (2.1 tonnes CO2e) (Table 11).  

Usage for all three operations was minimal; the Thomas Knight Park/Knightville Pier comprised 62.4% 

of port facility emissions (1.3 tonnes CO2e).  Electricity usage at Portland Street Pier comprises 37.0%  

Table 11: 2007 emissions, costs, and energy output within the Port Facilities sector.  This sector includes minimal electricity usage 

at two piers, one of which also included usage for lighting at Thomas Knight Park, and the Madison Street boat ramps. 

Port Facilities (2007): Electricity Usage, Energy, Cost, & Emissions 

Group Name 
Quantity 

(kWh) 
Cost 
($) 

Energy Output 
(MMBtu) 

CO2e: 
(tonnes) 

CO2e: 
% of Total 

Thomas Knight Park & Pier at Knightville Landing 3,100 557 10.5802 1.314413 62.4% 

Portland Street Pier 1,836 396.22 6.2662 0.778472 37.0% 

Boat Ramps, Madison St 28 239.94 0.0956 0.011872 0.6% 

TOTALS 4,964 1,193.16 16.9 2.1 
 

 

of port facility emissions (0.78 tonnes CO2e).  Electricity usage at the Portland Street Pier includes usage 

by lessee, Waterworks Diving Service, as well as any usage at the Portland Street Pier boat ramps.  

Typically energy usage by a lessee would be outside of the organizational boundary based on 

Water Delivery (2007): Electricity Usage, Cost, and Emissions 

Group Name 
Quantity 

(kWh) 
Cost 
($) 

Energy 
Output 

(MMBtu) 

CO2e: 
(tonnes) 

CO2e: 
% of 
Total 

Parks, Wainwright Field Irrigation Pump 27,415 1331.1 93.6 11.6 98.2% 

Golf Course Irrigation Pump 483 264.95 1.6 0.2 1.7% 

Parks, Mill Creek Park Fountain Pump 10 119.79 0.0 0.0 0.0% 

TOTALS 27,908 1715.84 95.2 11.8 
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operational control; however, since the electricity meter was shared by both the lessee and government 

operations and because the overall usage was minimal, the usage at the Portland Street Pier was included 

in the South Portland government inventory. 

 

Community Analysis: Methodology 

 

The base year for the community analysis was calendar year 2007 (Jan 2007 – Dec 2007).  Data within 

the community analysis is necessarily courser grained than data within the government analysis module. 

Sectors included within the community analysis are: 

 Residential  Transportation 

 Commercial  Waste 

 Industrial   Other 

 

For the 2007 base year, it was decided by South Portland’s Energy & Recycling Committee to focus on 

government operations and to include community data only where it was easily accessible.  Data 

included in the 2007 inventory was purchased electricity usage by residential, commercial, and 

industrial sectors (scope 2); estimated fuel usage within the transportation sector (scope 1); emissions 

from municipal solid waste (MSW) disposal (scope 3); and emissions from water delivery listed as 

absolute emissions in the “other” sector (scope 3).  Scope 1 fuel usage by stationary sources was not 

estimated for the 2007 base year.  

 

Electricity data was provided by Central Maine Power (CMP) by way of ICLEI
23

.  Transportation data 

was provided by the Maine Department of Transportation (MDOT), Bureau of Transportation Systems 

Planning, Systems Management Division by way of the Greater Portland Council of Governments 

(GPCOG)
24

.  Waste data was obtained from the 2007 South Portland Municipal Solid Waste Annual 

Report sent to the Maine State Planning Office’s (SPO), Waste Management Program
25

. 

                                                 
23

 Allison Webster of ICLEI supplied community-wide electricity data; data was originally obtained from CMP by Missy 

Stults of ICLEI.  
24

 MDOT contact was Edward Beckwith, edward.beckwith@maine.gov, 207-624-3302.  GPCOG contact was Ben Lake, 

blake@gpcog.org, 207-774-9891. 
25

 The 2007 Solid Waste Annual Report was filled out by Steven S. Johnson (no title listed).  The South Portland contact 

person listed on the report was Dana Anderson, Director and Recycling Coordinator.  The Maine State Planning Office (SPO) 

contact was Lana LaPlant-Ellis, Maine Waste Management Program, Lana.LaPlant-Ellis@maine.gov. 

edward.beckwith@maine.gov
blake@gpcog.org
mailto:Lana.LaPlant-Ellis@maine.gov
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Community Analysis: Inventory Results 

Community Overview 

The 2007 base year inventory did not include scope 1 emissions from stationary sources, e.g. fuel usage 

by furnaces and boilers.  With the omission of scope 1 emissions from stationary sources, the 

commercial and transportation sectors each contributed approximately 35% (89,712 and 91,452 tonnes 

CO2e respectively) of total community emissions (Table 12).    The industrial sector was the third 

highest contributor to community emissions at approximately 17% (42,333 tonnes CO2e).  

  

Table 12: Community-wide emissions and energy usage by sector.  Scope 1 emissions from stationary sources (fuel for 

furnaces/boilers,…) was not estimated for the 2007 base year inventory.  

2007 Community Overview1 

Community Sector 
Energy Output 

(MMBtu) 
CO2e 

(tonnes) 
CO2e 
(%) 

Commercial: Electricity & Water Delivery2 736,398 91,452 35.9% 

Transportation3 1,236,889 89,712 35.3% 

Industrial: Electricity & Water Delivery 341,123 42,333 16.6% 

Residential: Electricity & Water Delivery 237,600 29,463 11.6% 

Waste (Incinerated & Landfilled)4 0 1,518 0.6% 

Totals 2,552,010 254,478 
 

1 Data does not include scope 1 emissions from stationary sources. 
2 Commercial sector data includes water delivery for government operations, but not electricity usage by 
government operations included in the Government Analysis portion of this report. 
3 Road classifications (“Federal Functional Class.”) included for this analysis were local, major/urban 
collectors, minor arterials, and other principal arterials. 
4 According to the Maine State Planning Office (SPO), landfilled tonnage was most likely underestimated by 
the reporting entity (City of South Portland) and resulted in zero emissions for this report. 
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Water Delivery (Community) 

Introduction 

 

GHG emissions associated with water usage are a function of the fuel types and quantities used in the 

provision of that water.  Energy usage in the provision of water is, in turn, mainly a function of the 

distance from the water source and the quantity of water provided.  Portland Water District (PWD) 

provides water to eleven Greater Portland 

communities including South Portland.  PWD is a 

quasi-municipality that is overseen by a publically 

elected, geographically representational board.  

South Portland does not have operational control 

over PWD facilities, and as such, GHG emissions 

resulting from South Portland water usage are 

counted as scope 3 emissions
26

.  Also, fuel types 

and quantities used by individual PWD facilities 

could not be assigned to any particular South 

Portland sector with confidence so emissions from 

water delivery for all sectors, including 

government, are counted in the community 

analysis.  However, water usage by sector was obtained as well as a calculation of total energy usage 

and CO2e in the delivery of that water enabling an estimation of energy usage and CO2e for each sector.    

Results 

Data for the determination of GHG emissions resulting from water delivery was provided by PWD
27

.  

Data included quantity of water broken down by residential, industrial, commercial, and government 

sectors.  Total water delivered was approximately 1.6 million hundred cubic feet (HCF)
28

 (Table 12).  

The residential sector used the most water (41% / 0.6 million HCF) followed by industry (34% / 0.5 

                                                 
26

 South Portland operates its own wastewater treatment plant including waste water pump stations; emissions stemming from 

wastewater treatment are included as scope 1 emissions in the government analysis.    
27

 PWD contact was facilities director, Roger Paradis. Contact info: email: rparadis@pwd.org; Tel#: 207-774-5961 x3321 
28

 1 HCF = 748.05 gallons. 

41.1%

34.4%

20.3%

4.2%

Water Usage by Sector (%)

Residential

Industrial

Commercial

Governmental

Figure 13: Percent of water delivered to each sector within 

the South Portland community.  Data was obtained from 

Portland Water District. 

file:///C:/Users/Michelle/South%20Portland%20GHG%20Inventory/GHG%20Emissions%20Report/rparadis@pwd.org
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million HCF) and commercial businesses (20% / 0.3 million HCF) (Figure 13).  Government, including 

the school district, used approximately 0.07 million HCF (4% / 67 thousand HCF).  

 

Percent CO2e attributable to each sector was estimated by applying the percent of total water quantity 

used by each sector to total CO2e generated by PWD facilities’ fuel usage (Table 12).  Percent energy 

usage attributable to each sector was estimated in this same way.   The residential sector had the highest 

water usage (41%) and so also had the highest attributable CO2e, 234 tonnes, and energy usage, 2.3 

thousand MMBtu, of all  

Table 13: 2007 community water usages (HCF/gallons) as reported by Portland Water District.  Emissions and energy usage for 

each sector was estimated using fuel usage data for Portland Water District pump stations associated with the delivery of water to 

South Portland facilities.  See Table 13 for details on fuel types and quantities used by the aforementioned pump stations.  

 

sectors.  CO2e attributed to the industrial sector was 195 tonnes (1.9 thousand MMBtu).  Commercial 

businesses followed with 115 tonnes CO2e (1.1 thousand MMBtu).  Government CO2e was estimated at 

24 tonnes CO2e (238 MMBtu). 

 

Total energy usage associated with water delivery to South Portland in 2007 was 5,647 MMBtu.  Fuel 

types and quantities associated with water delivery to South Portland in 2007 included electricity (54% / 

3,028 MMBtu), stationary gasoline (15% / 830 MMBtu), and #2 fuel (11% / 605 MMBtu) (Table 13).  

Four remaining fuels (#6 fuel, diesel, propane, and natural gas) all provided less than 10% of energy 

used with natural gas providing the least amount of energy (0.4% /20 MMBtu).   

 

2007 COMMUNITY WATER USAGE: Water Usage by Sector1 

  Quantity  
(HCF2) 

Quantity 
(Glns) 

CO2e 
(tonnes) 

Energy Usage 
(MMBtu) 

% of Total 

Residential 652,955 488,442,987.75 233.73 2,323.40 41.14 

Industrial 545,436 408,013,399.80 195.25 1,940.82 34.37 

Commercial 321,783 240,709,773.15 115.19 1,145.00 20.27 

Government3 66,973 50,099,152.65 23.97 238.31 4.22 

Totals 1,587,147 1,187,265,313 568.14 5,647.53  
1
Water quantity data provided by PWD facilities director, Roger Paradis. 

2
HCF is hundred cubic feet; 1 HCF = 748.05 glns 

3
Government figure includes usage for school district. 
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Table 14: Energy use and resultant emissions (tonnes CO2e) from water delivery by Portland Water District to South Portland 

facilities including all sectors: industrial, commercial, residential, and government.   

2007 Community Water Usage1: 
Total Emissions & Energy Usage by Fuel Type2 

Fuel Type 
(units) 

Fuel 
Quantity

3
 

CO2 
(tonnes) 

N2O 
(tonnes) 

CH4 
(tonnes) 

Energy 
Usage 

(MMBtu) 

Energy 
Usage 

(%) 

Equiv. CO2 
(tonnes) 

Equiv. CO2 
(%) 

Electricity 
(kWh) 

887,423 373.42 0.006847 0.034815 3,027.96 53.6% 376.27 66.2% 

Gasoline
4
 

(glns) 
6,684 58.85 0.000498 0.002491 830.10 14.7% 59.06 10.4% 

#2 (glns) 4,365 44.28 0.000363 0.001816 605.16 10.7% 44.43 7.8% 

#6
5
 (glns) 3,503 41.32 0.000315 0.001573 524.17 9.3% 41.45 7.3% 

Diesel
6
 (glns) 3,810 38.65 0.000317 0.001585 528.22 9.4% 38.78 6.8% 

Propane (glns) 1,232 7.07 0.000067 0.000336 112.13 2.0% 7.10 1.3% 

Nat Gas 
(therms) 

198 1.05 0.000002 0.000020 19.79 0.4% 1.05 0.2% 

TOTALS 564.64 0.0084 0.0426 5,647.53 
 

568.14  

1
Community water usage includes all sectors including government and schools.  

2
Fuel types and quantities supplied by Portland Water District (PWD) facilities director, Roger Paradis.   

3
Quantity of fuel was to supply 1,587,147 HCF water.  

4
Gasoline was classified as “stationary gasoline” in the CACP software. 

5
#6 fuel is not an option in the CACP software, per ICLEI advisement it was instead classified as “residual fuel oil” which is 

heavier than #1, 2, or 4 fuel oil.  
6
Diesel is not an option under stationary sources in the CACP software, it was assumed fuel was lighter diesel and under ICLEI 

advisement it was instead classified as #1, 2, 4 fuel oil.  

 

Total CO2e generated by use of the above fuels was 568 tonnes (Table 13).  Electricity usage generated 

66% of CO2e (376 tonnes) followed by gasoline at 10% (59 tonnes) and #2 fuel at 8% (44 tonnes).  No. 

6 fuel and diesel resulted in approximately 7% of CO2e each (41 tonnes and 39 tonnes respectively).   

Propane and natural gas contributed 1.3% (7 tonnes) and 0.2% (1 tonne) CO2e respectively.  

Discussion 

 

Since, in South Portland, emissions stemming from water delivery are defined as scope 3, discussions on 

reducing these emissions will need to be framed in terms of reducing the quantity of water delivered.  

Measures employed to conserve water can be evaluated based on reduction in water usage and then 
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related back to the amount of fuel used in the delivery of that water as done above.  However, quantity 

of water will be the absolute determinant of the performance of the conservation measures undertaken 

since any potential technology or fuel changes implemented by PWD will have a large impact on 

emissions and energy usage.   

Transportation 

 

Total estimated emissions from the transportation sector were 89,712 tonnes CO2e in 2007.  Gasoline 

powered passenger cars and light trucks contributed 48.4% (43,456 tonnes CO2e) and 35.5% (31,819 

tonnes CO2e) respectively of total transportation emissions (Table 15).   

 

Table 15: Community-wide transportation emissions, vehicle miles traveled (VMT), and energy output for 2007.  VMT for each 

vehicle classification were based on the default CACP assumptions in the Transport Assistant found in the transportation sector of 

the Community Analysis module.  VMT data supplied to GPCOG from Edward Beckwith, MDOT, Bureau of Transportation 

Systems.  VMT quantities are based on official 2007 estimates.  Refer to Appendix V for specific information on included and 

excluded VMT in the 2007 inventory. 

Community Transportation (2007): VMT , Energy Output, and Estimated Emissions 

Vehicle Classification Fuel 
VMT 

Quantity 
VMT 

% 

Energy 
Output 

(MMBtu) 

CO2e 
(tonnes) 

CO2e 
% 

Passenger Cars Alt. Method Gasoline 91,684,908 60.6% 600,550 43,456 48.4% 

Light Trucks Alt. Method Gasoline 49,019,654 32.4% 439,170 31,819 35.5% 

Heavy Duty Vehicles Alt. Method Diesel 8,169,942 5.4% 179,831 13,168 14.7% 

Light Trucks Alt. Method Diesel 1,966,838 1.3% 14,428 1,056 1.2% 

Passenger Cars Alt. Method Diesel 453,886 0.3% 2,910 213 0.2% 

Totals 
 

151,295,228 
 

1,236,889 89,712 
 

 

VMT for each vehicle classification were based on the default CACP assumptions in the Transport 

Assistant found in the transportation sector of the Community Analysis module.  Refer to Appendix V: 

Vehicle Miles Traveled by Federal Functional [Road] Classifications (FFC) for a list of included and 

omitted road types along with their associated VMTs.        
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Waste 

 

Emissions from waste management were counted as scope 3 emissions and resulted in 1,518 tonnes 

CO2e.  Waste data was taken from the 2007 South Portland Municipal Solid Waste Annual Report sent 

to the Maine SPO’s, Waste Management Program.  According to the SPO, landfilled tonnage was most 

likely underestimated by the reporting entity (City of South Portland) and resulted in zero emissions for 

this report.  Controlled incineration took place at Ecomaine.   South Portland is one of twenty-one 

Table 16: 2007 community waste tonnage and resultant emissions.  

Waste emissions were counted as “scope 3” emissions. 

 “owner/members” of Ecomaine, an 

integrated waste management facility 

comprised of a waste-to-energy facility and a 

single-stream recycling facility located in the 

greater Portland area.    

 

Types of waste and their respective shares 

had to be assigned in order to estimate 

emissions within the waste sector.  Waste shares for the “controlled incineration” disposal technology 

were based on a Connecticut Department of Environmental Protection report
29

 per the recommendation 

of Lana LaPlant-Ellis from the Maine SPO (Table 17).  The SPO advised that, because both Connecticut 

and Maine have bottle/can recycling laws, Connecticut’s waste shares would be more accurate than 

national averages in describing Maine’s waste shares.  Waste shares were further delineated by the waste 

type groupings found in the CACP software which were paper products, food waste, plant debris, 

wood/textiles, and “all other.”  100% of waste shares for the “managed landfill” technology were 

categorized as waste type “all other.”  

 

 

 

 

                                                 
29

 Connecticut State-Wide Solid Waste Composition and Characterization Study, Final Report (May 26, 2010). The report is 

available online at: http://www.ct.gov/dep/cwp/view.asp?A=2718&Q=439264.  

Community Waste: 2007 Emissions &  
Waste Production 

Disposal 
Technology 

Waste 
Production 

(tons) 

CH4 
(kg) 

CO2e 
(tonnes) 

Controlled Incineration 7678.81 72,269 1,518 

Managed Landfill* 26.68 0 0 

Totals 7705.49 72,269 1,518 

*According to the Maine State Planning Office (SPO), landfilled tonnage 
was most likely underestimated by the City of South Portland. 

http://www.ct.gov/dep/cwp/view.asp?A=2718&Q=439264.%20
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Table 17: 2007 South Portland waste shares (% and tonnage) used to  

estimate emissions resulting from controlled incineration of municipal solid waste (MSW).   

2007 South Portland Waste Shares: 
Controlled Incineration 

 
Waste 
Share 

Tonnage 

Paper Products 25.2% 1,935 

Food Waste 13.7% 1,052 

Plant Debris 18.4% 1,413 

Wood and Textiles 8.7% 668 

All Other (e.g. glass, plastic, metal) 34.0% 2,611 

Total Tonnage 7,679 
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 Climate Change in the Casco Bay Watershed: Past, Present, and Future (2009): 

http://www.cascobay.usm.maine.edu/pdfs/Climate_Change_in_Casco_Bay.pdf 

 Additional Publications: http://www.cascobay.usm.maine.edu/publications.html 

 

 

Department of Energy (DOE), U.S. Energy Information Administration (EIA): 

 Environment (US Emissions Data/GHG Reporting): http://www.eia.doe.gov/environment.html 

 

 

Environmental Protection Agency (US EPA): 

 Climate Change: http://www.epa.gov/climatechange/index.html 

 eGRID: http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html 

 Greenhouse Gas Emissions: http://www.epa.gov/climatechange/emissions/index.html 

 

 

ICLEI USA-Local Governments for Sustainability: 

 Home Page: http://www.icleiusa.org/ 

 CACP Software User Guide (Requires Password): http://www.icleiusa.org/action-center/tools/cacp-

software/user-guide 

 

 

Intergovernmental Panel on Climate Change (IPCC):  

 Home Page: http://www.ipcc.ch/ 

 Fourth Assessment Report (AR4): 

http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml#1 

 

 

Greater Portland Council of Governments (GPCOG):  

 Sustainability Initiative: Energy Use and GHG Emissions: 

http://www.gpcog.org/forums/sustainability.php#Energy.   

 GPCOG & Clean Air/Cool Planet: The Maine Energy Handbook: A Comprehensive Guide to 

Municipal Energy Efficiency and Sustainable Energy: 

http://www.pactsplan.org/documents/MaineEnergyHandbook.pdf 

 

 

http://www.arb.ca.gov/cc/protocols/localgov/localgov.htm
http://www.cascobay.usm.maine.edu/pdfs/Climate_Change_in_Casco_Bay.pdf
http://www.cascobay.usm.maine.edu/publications.html
http://www.eia.doe.gov/environment.html
http://www.epa.gov/climatechange/index.html
http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
http://www.epa.gov/climatechange/emissions/index.html
http://www.icleiusa.org/
http://www.icleiusa.org/action-center/tools/cacp-software/user-guide
http://www.icleiusa.org/action-center/tools/cacp-software/user-guide
http://www.ipcc.ch/
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml%231
http://www.gpcog.org/forums/sustainability.php%23Energy
http://www.pactsplan.org/documents/MaineEnergyHandbook.pdf
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Greenhouse Gas Protocol Initiative, The:  

 Home Page: http://www.ghgprotocol.org/about-ghgp 

 GHG Protocol Corporate Standard: http://www.ghgprotocol.org/standards/corporate-standard 

 

 

Maine Department of Environmental Protection (MDEP), Bureau of Air Quality (BAQ): 

 Emissions Inventory Program: http://www.maine.gov/dep/air/emissions/index.htm 

 Maine Climate Action Plan: http://www.maine.gov/dep/air/greenhouse/ 

 

 

Maine State Planning Office (SPO): 

 Planning for Climate Change: http://www.maine.gov/spo/landuse/techassist/climatechange.htm 

 

 

University of Maine (UM), Climate Change Institute: 

 Maine’s Climate Future: An Initial Assessment (2009): 

http://climatechange.umaine.edu/research/publications/climate-future 
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