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Chapter One

1.1
Introduction 

This report tracks the anthropogenic “greenhouse gas” emissions for the Greensboro, NC community for the base year 2007 and predicts the probable amount of emissions for the year 2020. The emissions are presented in units of Tons of Carbon Dioxide Equivalents (TCDE), in accordance with the contribution of each measure to Global Warming and climate change as stated by the IPCC (Intergovernmental Panel on Climate Change (IPCC) 1996; The Climate Registry 2008). This inventory follows the IPCC guidelines for GHG quantification and reporting. The main reason for completing the “greenhouse gas” emission inventory is to determine the source(s) of GHG emissions and potential reduction measures to combat the surging concentration of GHG in the atmosphere.

1.2
Greenhouse Gases

Numerous chemical compounds in the earth’s atmosphere act as “greenhouse gases”. These gases allow sunlight to penetrate the atmosphere unreservedly. When the sunlight strikes the earth’s surface, part of its energy is absorbed and the rest is re-radiated to space as long wave radiation or infrared (heat). “Greenhouse gases” then absorb the infrared radiation and trap the heat in the atmosphere as shown in Figure 1.1. This process of heating the earth’s atmosphere as a result of the action of the “greenhouse gases” is known as the “greenhouse effect”. 
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The “greenhouse effect” is a natural phenomenon without which the earth would not be habitable.  Several naturally occurring gases including water vapor, carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and ozone (O3) exhibit the “greenhouse effect”. Carbon dioxide (CO2) is the most important “greenhouse gas” because its atmospheric concentration is increasing rapidly due to anthropogenic activities such as the burning of fossil fuel. The concentration of CO2 in the atmosphere is reported to have increased from 280 ppm to 379 ppm between the pre-industrial era and 2005 (IPCC, 2007). 

 In the absence of CFCs and ozone, the rise in CO2 has contributed approximately 70% of the present greenhouse effect and the remaining effects are due primarily to CH4 (24%) and N2O (~6%) (Houghton J. T. 1997). In addition to natural occurring GHGs, a plethora of substances containing fluorine, chlorine, and bromine also form “greenhouse gases”; however, these gases are mostly generated as a result of industrial activities (The Climate Registry 2008).

 1.3
 Human Activities and Climate Change

Concerns about human activities leading to GHG emissions and their significant influence on global climate change were first raised in the 1960s. Climate change is defined as “fluctuation in the temperature, precipitation, wind, and other elements of Earth’s climate system” (University of New Hampshire, 1990-2003). The Intergovernmental Panel on Climate change attributes the climate change over time to natural variability or to human activities.  Since the beginning of the industrial revolution nearly 250 years ago, human activities such as the burning of fossil fuels, deforestation and various agricultural and industrial practices have affected the natural balance of “greenhouse gases”, thereby enhancing the warming of the earth’s atmosphere (Adam R. et al. 2003). 

Despite the efforts and the attention to curb the problem of Global Warming as a result of the “greenhouse effect”, “greenhouse gases” continue to grow in United States. According to the current Energy Information Administration release, “greenhouse gases” (mostly CO2) were up by 1.4% in 2008 as a result of anthropogenic activities (Energy Information Administration 2008).

A recent release from the Intergovernmental Panel on Climate Change (IPCC) projects that “unless urgent action is taken, global emissions in 2030 will be 25% to 90% higher than today”. This dramatic shift will result in unprecedented change in the global climate condition and make it very difficult to predict climate conditions accurately from historical data (IPCC Report, 2007).
Due to the increase in the concentration of “greenhouse gases”, more heat is trapped in the atmosphere and less escapes back into space. From the IPCC (IPCC, 2001) the earth’s mean surface temperature is forecasted to increase from 1.4oC to 5.8oC by the end of the 21st century with higher increases in the temperatures on the land surface and lesser increases in the oceans due to the increase in the concentration of  “greenhouse gases”. An additional model run by the IPCC shows that in order to stabilize the average global warming to 2-2.4oC beyond the pre-industrial level by 2050, there must be 50-85% reduction below 2000 levels of “greenhouse gas” emissions. In response to the threat of global climate change as a result of anthropogenic activities communities worldwide are voluntarily reducing activities that result in GHG emissions.

1.4
Effects of Climate Change

Climate change is having pronounced environmental, economic and social impacts. The economic effects are estimated to be quite high and to increase as temperatures are allowed to rise. 

Many human societal elements along with the environment are sensitive to climate variability and change such as the status of human health, agriculture, natural ecosystems, coastal areas, and heating and cooling.  Temperature rise is significantly impacting the earth’s environment. Some of the observed changes resulting from temperature rise include the shrinking of glaciers, the thawing of permafrost, a delayed freezing and earlier break-up of ice on rivers and lakes, the lengthening of growing seasons, shifts in plant and loss of animal and plant species (IPCC, 2007).  
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In addition, changes such as severe weather event including droughts and storms cannot be ignored. Figure 1.2 depicts the impact of global warming on agriculture as a result of the rise in the concentration “greenhouse gases”.


1.5
Significance of GHG Mitigation 

The benefits of GHG emissions reduction in Greensboro and the surrounding area include: 

i.
Improved Service Delivery

Implementation of energy efficient facilities in Greensboro will lead to reduction in GHG emissions and also result in efficient and economical delivery of services in the city.

ii.
 Cost Reduction

Improvement in energy consumption in Greensboro through the use of energy efficient technologies will save citizens from needlessly costly energy bills. Although the initial cost of investment in energy efficient technologies may be high, paybacks after four to seven years can reasonably be expected in many cases and citizens will continue to save energy costs after this payback period. 

iii.
Food Security

Climate change can badly affect food security and worsen the problem of malnutrition at low latitudes, especially in seasonally dry and/or tropical regions throughout the world.  Crop productivity has been projected to decrease for even small local temperature increases (1-2oC).  It has also been projected that by 2020 yields from rain-fed agriculture products could be reduced to 50% of their normal quantity. Access to agro-based foodstuffs is projected to be severely affected as a result of climate change in some countries in the world.  Greensboro is not immune to the effects that climate change can have on food security.

iv. Improved Air Quality and Public Health

The health status of human beings is forecasted to be affected through, increased malnutrition and   an increase in deaths and diseases as a result of extreme weather conditions. The frequency of diseases (e.g., cardio-respiratory ailments) will likely increase due to a higher concentration of ground level ozone in urban centers. 

Improvement in the air quality could save hundreds of lives and prevent thousands of other negative health impacts each year. This improvement could save billions of dollars in healthcare costs. The savings in health care costs due to a reduction in GHG emissions could be used in other critical areas of societal need (e.g., combating crime, community beautification and so forth).. 

 v.       Reduced Allergic Diseases

 In a warmer environment with more carbon dioxide, ragweed produces significantly more pollen. Many weeds and allergenic plants will produce pollen earlier, for a longer time, and in more copious quantities, resulting in increased seasonal allergies and triggers for asthma sufferers. Thus, reduction in global warming as a result of reduction in GHG emissions will save in the health care costs associated with allergic diseases.

vi.
Improved Asset Management
Air pollution does not just affect human beings and other living organisms; it also has a significant effect on man-made items. Thus, reduction in GHG emission will help reduce economic losses from air pollution while improving the maintenance of public assets.

vii.
 Job Creation

Any attempt to reduce GHG emissions will require a degree of modernization. New jobs will be created, as old homes are retrofitted with new energy efficient devices, and public educational programs on efficient utilization of energy through application of newly developed technologies are implemented. 

Chapter Two

2.1
Emissions Inventory and Forecast

The Greensboro community Greenhouse Gas Inventory provides a comprehensive assessment of the contribution of Greensboro towards the surge in the atmospheric concentration of anthropogenic greenhouse gases. In addition, the Inventory serves as a benchmark, which will allow Greensboro to quantify the progress towards reduction of greenhouse gases in order to achieve a sustainable environment. This report includes a description of the methods and data sources used to prepare the estimates of future GHG emissions. This work serves as an initial step towards GHG emission mitigation and reduction in Greensboro and provides a model for other communities throughout the world. Estimating greenhouse gas emissions also allows Greensboro to compare its contribution to GHG emissions to that of other states and countries. 

The Greensboro community GHG Inventory provides estimates of the emissions of the primary GHGs (carbon dioxide, methane, nitrous oxide, and fluorine containing halogen substances) across a broad range of sectors (transportation, industrial, commercial, and waste). Identification of the source and the type of emissions shows if the emissions are dominated by a particular sector. This discernment allows for the prioritization of controls in the development of future control strategies. This emission inventory excludes sources such as agriculture, cement production, air and marine traffic in accordance with the standard protocol for GHG reporting in IPCC (2006). Since these sources are beyond local government control, they are accounted for in national GHG emissions’ inventories.

The community forecast allows a community to account for any growth in GHG emissions between the baseline year and a forecast year. Under a business-as-usual scenario, a community’s GHG emissions continue to grow as long as its energy consumption continues to grow. Forecasting is used to estimate the amount of GHG that a community will have to offset in order to obtain appropriate GHG growth.   Thus, the forecast is an important tool to ensure that a community meets its target for GHG reduction.

2.2
Emissions Measurement Units

Emissions of GHGs are reported in terms of their contribution to Global Warming. This contribution is usually expressed as Million Metric Tons of Carbon Dioxide Equivalent (MMTCDE). Carbon dioxide equivalent is an amount that describes, for a given mixture of GHGs, the quantity of CO2 that will maintain the same Global Warming Potential (GWP) when measured in a specific time horizon. Converting emissions of non-CO2 gases to equivalent units of CO2 allows GHGs to be compared on a common basis. 

Global Warming Potential is a means of providing a straightforward criterion for measurement of the relative radiative effects of the emissions of various gases. This index is defined as the total radiative forcing between the present time and some chosen future time that is caused by a unit mass of a gas emitted now, expressed relative to that of the amount of CO2 in the atmosphere. A time frame is needed because various gases have different lifetimes in the atmosphere. The GWP is generally defined on a time scale of 100 years, IPCC (1996).  

The CO2 equivalent for a given gas is obtained from the product of the mass and GWP of the gas. This measurement is the unit adopted by the Intergovernmental Panel on Climate Change for quantifying GHG emissions.  A list of global warming potential for conversion of non-CO2 gases to CO2 equivalent is shown in Table 2.1 (IPCC, 1996). Using the IPCC conversion factors, the CO2 equivalent for a give mixture of gases containing Methane (CH4), CO2, and N2O is obtained from the relationship shown in Table 2.2.

Table 2.1: Global Warming Potentials and Atmospheric Lifetime of several     

                 Greenhouse Gases   

	GAS
	ATMOSPHERE LIFETIME (YEARS)
	GLOBAL WARMING POTENTIAL (100 YEARS)

	Carbon Dioxide (CO2)
	50-200
	1

	Methane(CH4)
	9-15
	21

	Nitrous Oxide (N2O)
	120
	310

	HFC-134A
	15
	1,300

	HFC-404A
	>48
	3,260

	Sulfur Hexafluoride (SF6)
	3,200
	23,900


Source: (Inventory of U.S Greenhouse Gas Emissions and Sink 2003)
Table 2.2: Sample Computation of Carbon Dioxide Equivalent

	GREENHOUSE GAS 
	CARBON DIOXIDE EQUIVALENT(metric tons CO2 e)

	CO2
	CO2 (metric tons) * 1 (GWP)

	CH4
	CH4 (metric tons) * 21 (GWP)

	N2O
	N2O (metric tons)   * 310 (GWP)

	Total Emissions
	CO2 + CH4 + N2O


Thus, for the same quantity of CO2, CH4 and N2O, the contribution of CH4 and N2O to global warming is 21 and 310 respectively compared to that of CO2. The above measurement unit is adopted in this document to report the proportion of Greensboro’s contribution to global warming.

Chapter Three

3.1
Greensboro Greenhouse Gas Inventory Methodology

The greenhouse gas emissions inventory included in this report documents CO2 equivalent emissions resulting from Greensboro in 2007. The inventory accounts for energy used and solid waste generated within the city limits. For example, emissions resulting from electricity used in Greensboro but produced elsewhere, as well as the decomposition of waste generated in Greensboro and disposed of at a landfill at another location, are counted in the inventory for Greensboro.

The forecast analysis provides an estimation of how electricity, fuel use, waste, and other GHG sources production are expected to grow in various sectors under a business-as-usual scenario. The growth in the emissions is estimated using population, traffic, number in household, and energy consumption within the Greensboro city limits. The Greensboro GHG emissions inventory is categorized into the following sectors:

· Residential (Energy used: Electricity and Natural Gas)

· Commercial (Energy used: Electricity and Natural Gas)

· Industrial (Energy used: Electricity and Natural Gas)

· Transportation (Gasoline and Diesel used)

· Waste (Amount and composition of  waste generated by Residents, Businesses, and by the construction and demolition sector)

3.2
Base Year

The base year 2007 was selected due to the availability of data for this year. This selection is a departure from the method employed in the Cities for Climate Protection Program, which calls for the establishment of 1990 as a base year for a local action plan. While consistency with the Cities for Climate Protection Program in this was an important concern in this study, the availability of data was a greater concern.

3.3
Greenhouse Gas Emissions Inventory Software

Two software tools were considered for the Greensboro GHG analysis and forecast. These were the Clean Air Cool Planet software program and the Clean Air Climate Protection software program, the later was developed by Local Governments for Sustainability (formerly the International Council for Local Environment Initiatives or ICLEI). The first program is a spreadsheet based on workbooks developed by the IPCC for national inventories and adapted for institutional use.  This program was inappropriate for a community inventory without modifications. Although it has been adapted for estimation of GHG emissions in institutions, it contains GHG emission sources (e.g., refrigerant, agriculture, air travel, etc.) and emissions from other chemicals that are not included in the ICLEI CACP software.  The ICLEI CACP software is consistent with IPCC reporting protocols and uses standardized methods and conventions for GHG emissions and Criteria Air Pollutant (CAP) inventories. The ICLEI CACP Greenhouse Gas Emissions software has been developed to help local governments and communities analyze their GHG and CAP emissions in order to implement local action plans for emission reductions. 

The ICLEI CACP software covers all the “Kyoto gases”.  However, emphasis is placed on the GHG emissions most important to local governments including carbon dioxide from fossil fuels consumption and electricity production, and methane from organic waste disposal. This program converts energy and waste inputs to GHGs using factors that are unique to the user’s particular locality. The program defines a number of generic emissions reduction measures and provides a calculator template, which prompts the user for the local information needed to quantify the emission impact of a particular measure. The program also tracks the financial payback of specified measures, air pollution benefits, and other important environmental quality indicators.

The program contains numerous, pre-formatted, ready-to-print reports that provide both summary and detailed information about emissions and emission reductions, including comparisons of forecast emission levels and data on progress in meeting targeted levels of GHG emissions. The program supports all the elements of the Cities for Climate Protection local action plan including base year inventories, business-as-usual forecasts, target setting, and emissions reduction quantification. The program has two different modules – one for analyzing emissions and reductions in government operations, and one for analyzing emissions and reductions in a community-wide basis. The community analysis module is used in this study to quantify Greensboro GHG emissions and criteria air pollutants and to develop a local action plan for reduction of GHG emissions.  The community analysis module is organized into six sectors--residential, commercial, industry, transportation, waste, and "other". 

With the exception of waste and “other”, the key information used in the community analysis module is fuel and electricity consumption by sector (residential, commercial, industry, and transportation) in the community.

3.4
Emissions from Electricity and Fuels

The types of power sources that compose a utility’s electricity generation mix have a significant impact on a city’s greenhouse gas emissions.  For instance, a coal fired power plant has different emission factors than those from gas turbines or renewable energy sources such as solar, wind, or hydroelectric power.

The ICLEI CACP software calculates emissions from electricity by using emission coefficients, which indicate the amount of GHG emissions produced per unit of energy used. The emission coefficients employed by ICLEI are standard for different fuel types; however, they change for electricity consumption depending on the fuel mix used to generate the electricity in a region in which a municipality is located. The software uses regions defined by the North America Electricity Reliability Council (NERC) to decide the regional variations in electricity emissions. According to NERC demarcations, Greensboro is located in region 9-Southeastern Electric Reliability Council/Excluding Florida as shown in Figure 3.1. Although Duke Energy publishes CO2 emissions as 1.05 pounds/kWh in the Carolinas, the CACP software uses 1.4 pounds/kWh based on the fuel mix in power plants in the Southeastern Region, as indicated in Figure 3.1. The ICLEI multiplier of 1.4 pounds/kWh was used for this analysis in order to be consistent with ICLEI protocols and the analyses of other member cities in ICLEI. The CACP software uses a calendar year for emissions estimates; thus, the emissions factors for 2007 were used to estimate future emissions.

In addition, the software uses a set of criteria air pollutant emission factors for each of the residential, commercial and industrial sectors, depending on the technologies found in these sectors. Carbon dioxide emissions from biomass fuels are not included in the inventory because the burning of fossil fuels releases CO2 into the atmosphere which is not part of the natural cycle but the burning of biologically derived fuels emits CO2 that would have eventually been released in the natural cycle when wood or biomass finally dies and decomposes. Consequently, most of the biological derived fuels are not included in this analysis.
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Figure 3.1: North America Electricity Reliability Council  (CACP user manual)

3.5
Transportation Emissions

The ICLEI CACP software uses the following equation to calculate the emissions from transportation.
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 where VMT denotes vehicle miles traveled in the analysis year. The VMT component of the equation accounts for the number of trips and the number of persons per trip made by a vehicle, whereas the Emissions per VMT component takes the efficiency of vehicles into account. The CACP software uses transportation emissions of greenhouse gases and air pollutants based on average emissions of the entire on-road fleet of each vehicle type.

3.6
Solid Waste Emissions

Greenhouse gas emissions from waste and waste related measures depend on types of waste and their disposal method. The software used in this study can only calculate greenhouse gas emissions generated by solid waste and not those from criteria air pollutants due to the lack of sufficient information on waste related criteria air pollutants.

For each waste type and disposal type combination represented in the software, there is a set of five emission factors (A, B, C, D, and E) that specify tons of equivalent carbon dioxide emissions per ton of waste.

Table 3.1 Waste Related Emission Factors

	Emissions Factor
	Description

	A
	GHG emissions of methane per ton of waste at the disposal site

	B
	GHG sequestered at the disposal site, in tons per ton of waste 

	C
	GHG sequestered in the forest as a result of waste reduction and recycling measures

	D
	Upstream emissions from manufacturing energy use saved as a result of waste reduction or recycling, in tons of GHG per ton of waste

	E
	Non-energy related upstream emissions from manufacturing saved as a result of waste reduction or recycling, in tons of GHG per ton of waste


In GHG inventory only emissions at the disposal site (factors A& B) are calculated. Thus, the applicable equation in this case is given as:
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Wt = is quantity of waste type‘t’, and 

R = is the methane recovery factor, which is only applied in the case of landfill waste.

In the Community Measures and Government Measures modules of the CACP software, the impact on emissions of any particular measure depends on the difference between the emissions that occurred (after) or would occur (before) in the absence of the measure. 
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The software provides a complete list of emission factors for the waste sector.

3.7
Base Year Inventory & Forecast Data Collection

The main sources of energy for the Residential, Industrial and Commercial sectors of Greensboro are natural gas and electricity. Other sources such as coal, kerosene and renewables were also identified in 2000 population census data but their contribution to GHG emissions (0.4%) was negligible and data on these sources is not available—thus, these sources are not accounted for in this report. 

i. 
Electricity
Data on total electricity consumption was provided by Duke Energy in kilowatts hours (kWh).  The data provided by Duke Energy was already broken down into three sectors (Commercial, Industrial & Residential). The electricity data provided identifies the Commercial sector as the major user of electricity follow by the Residential and Industrial sectors.

ii.
Natural Gas

Piedmont Natural Gas is the only provider of natural gas in Greensboro. Piedmont Natural Gas provided the data for the natural gas consumption in the Residential, Commercial and Industrial sectors of Greensboro in dekatherms.  The data provided by Piedmont Natural Gas shows that the major consumer of natural gas in Greensboro is the Residential sector followed by the Commercial sector and the Industrial sector.  This data was converted to millions of British thermal units (MMBTU) and then multiplied by the emissions coefficient embedded in the CACP software. 

iii.
Transportation

The calculation of on-road vehicle emissions was based on the estimation of vehicle miles traveled (VMT) in Greensboro. Average daily vehicle miles traveled in Guilford County and the vehicle mix fraction were provided by the North Carolina Department of Natural Resources (NCDR). The data was scaled to Greensboro using the proportion of vehicles in Greensboro compared to the number of vehicles in Guilford County. The data was converted to annual vehicle miles traveled and entered into the CACP software, where it was multiplied by the emission factors embedded in the CACP software for transportation. Since the vehicle mix fraction provided was not in the required order, the transportation assistance feature of the CACP software was used to break the data down into various vehicle classes specified by the CACP software. 

iv.
Solid Waste

Data on Greensboro’s solid waste was obtained from the City of Greensboro Environmental Services Department (CGESD). The data covered the time period of 1965 to the present day. According to CGESD, there were once three landfills in Greensboro, namely landfill phase I, phase II and landfill phase III. Both of the landfills have been closed; thus, the waste is no longer disposed of in Greensboro.  However, since the waste was generated by Greensboro, it was included in this analysis. 

3.8
Base Year 2007 Inventory

The base year community greenhouse gas inventory provides a ballpark figure of all the greenhouse gases (Table 3.1) as well as the criteria air pollutants (Table 3.2) emitted within Greensboro. The sectors considered in the base year analysis were residential, commercial, transportation, and solid waste. The breakdown of the sectors is in accordance with CCP protocol.    

In the base year 2007, the community of Greensboro consumed 48,021,487 MMBTU of energy and emitted approximately 6,081,327 tons of CO2e, which was an amount equal to 0.084% of US greenhouse gas emissions in 2007 (7,282.4 MMTCO2e, EIA, 2008). As depicted in Table 1, and illustrated in Figure 3.1, the Commercial (33%) and the Residential (25%) sector were the largest source of greenhouse gas emissions in Greensboro in 2007.  Transportation accounted for 24% of the emissions and the Industrial sector accounted for 16% of the total greenhouse gas emission. The solid waste contribution (2%) to the GHG emissions in Greensboro was the least contribution among the five sectors. The Commercial, Residential, and Industrial sectors track emissions that result from electricity and natural gas used in private and public sector buildings and facilities.  The transportation sector includes emissions from private and commercial vehicles driven within the city’s geographical boundaries as well as emissions from transit and city-owned vehicles.   


                                  Figure 3.2: Community GHG Emissions in 2007

Table 3.1: Energy Consumption by Sector and Corresponding CO2 Emissions

	SECTOR
	ENERGY USED (MMBTU)
	EQUIVALENT CO2
(Tons)

	Residential
	11,220,796
	1,518,291

	Commercial
	12,551,659
	1,999,662

	Industrial
	6,920,866
	962,413

	Transportation
	17,328,166
	1,485,117

	Waste
	NA
	115,844

	Total
	48,021,487
	6,081,327


3.9
Criteria Air Pollutants (CAP)

In addition to greenhouse gases, the State Environment Protection Agency (EPA) provides national ambient air quality standards for six common air pollutants. These commonly found air pollutants (also termed the criteria air pollutants) include particle matter (PM10), ground-level-ozone (O3), carbon monoxide (CO), sulfur oxides (SOx), nitrogen oxides (NOx), and lead. These pollutants are harmful both to human health and the environment and thus, the EPA regulates them by developing human health-based and environmentally-based criteria in the setting of permissible levels. The contribution of Greensboro to the criteria air pollutants is depicted in Table 2.  Of all the criteria air pollutants emitted in the base year 2007, CO (40,248 tons) was the major CAP emission contributed by the four sectors. 

Table 3.2: Criteria Air pollutant Emission by Sector in 2007

	SECTOR
	NOx

(Tons)
	SOx

(Tons)
	CO

(Tons)
	VOC

(Tons)
	PM10 (Tons)

	Residential
	2,390
	6,372
	277
	44
	138

	Commercial
	3,170
	9,440
	323
	46
	194

	Industrial
	1,719
	4,356
	240
	36
	97

	Transportation
	4,835
	270
	39,408
	4,038
	135

	Total
	12,114
	20,438
	40,248
	4,163
	565


3.10
Residential Sector

Twenty-five per cent of the total GHG emissions in Greensboro in 2007 were from the Residential sector. In 2007, Greensboro’s population of 247,183 (Piedmont Triad Council of Gov.) with 102,357 households (Piedmont Triad Council of Gov.) consumed a total of 11,220,796 MMBTU of energy. This figure included 5,456,746 MMBTU of electricity or approximately 53 MMBTU of electricity per household and 5,764,050 MMBTU of natural gas or 56 MMBTU of natural gas per household. This energy consumption resulted in the release of 1,518,291 tons of GHG emissions.  Of the total GHG emissions in the residential sector of Greensboro in 2007, 76.5% resulted from electricity consumption and the remaining 23.5% was due to natural gas utilization. Table 3.3 depicts the energy consumption in the residential sector by source and the corresponding GHG and CAP emissions. 

   Table 3.3: Residential Sector: Base Year 2007 Energy Use, CAP & GHG Emissions

	Fuel
	Total Energy (MMBTU)
	NOx

(Tons)
	SOx

(Tons)
	CO

(Tons)
	VOC

(Tons)
	PM10 (Tons)
	GHGs

(Tons)

	Electricity
	5,456,746
	1,884
	6,352
	152
	17
	123
	1,162,175

	Natural Gas
	5,764,050
	506
	19
	125
	27
	15
	356,116

	Total
	11,220,796
	2,390
	6,372
	277
	44
	138
	1,518,291


3.11
Commercial Sector

In 2007, the commercial sector in Greensboro consumed a total of 12,551,659 MMBTU of electricity and natural gas as depicted in Table 3.4 and this sector produced a total of 1,999,662 tons of GHG emission. Table 3.4 shows energy consumption, GHG emissions, and CAP. This sector contributed 33% of GHG or the largest contribution of GHG in Greensboro. 

   Table 3.4: Commercial Sector: Base Year 2007 Energy Use, CAP & GHG Emissions

	Fuel
	Total Energy (MMBTU)
	NOx

(Tons)
	SOx

(Tons)
	CO

(Tons)
	VOC

(Tons)
	PM10 (Tons)
	GHGs

(Tons)

	Electricity
	8,096,659
	2,796
	9,425
	226
	25
	183
	1,724,422

	Natural Gas
	4,455,000
	374
	15
	97
	21
	11
	275,240

	Total
	12,551,659
	3,170
	9,440
	323
	46
	194
	1,999,662


3.12
Industrial Sector

The industrial sector of Greensboro in 2007 consumed 6,920,866 MMBTU of energy (electricity and natural gas) and generated 962,413 tons of greenhouse gases. The total energy, GHG, and CAP emissions in 2007 are as shown in Table 3.5.

   Table 3.5: Industrial Sector: Base Year 2007 Energy Use, CAP & GHG Emissions

	Fuel
	Total Energy (MMBTU)
	NOx

(Tons)
	SOx

(Tons)
	CO

(Tons)
	VOC

(Tons)
	PM10 (Tons)
	GHGs

(Tons)

	Electricity
	3,537,277
	1,221
	4,118
	99
	11
	80
	753,367

	Natural Gas
	3,383,589
	497
	238
	141
	25
	18
	209,046

	Total
	6,920,866
	1,719
	4,356
	240
	36
	97
	962,413


3.13
Transportation Sector

The transportation sector was responsible for a total of 1,485,117 tons of GHG emissions. These emissions were a result of 14,336,617 MMBTU of diesel and 2,991,549 MMBTU of gasoline consumption. According to NCDR, the estimated total number of vehicles in Greensboro in 2007 was 196232* thus, per vehicle GHG emission in Greensboro in 2007 was 7.6.

The results of the GHG and the CAP emissions as well as the diesel and gasoline consumption in 2007 are as shown in Table 3.6.

( *the estimate is based on the total number of vehicles is Guilford County and % of Greensboro population compare to Guilford County)

Table 3.6: Transportation Sector: Base Year 2007 Energy Use, CAP & GHG missions

	Fuel
	Total Energy (MMBTU)
	NOx

(Tons)
	SOx

(Tons)
	CO

(Tons)
	VOC

(Tons)
	PM10 (Tons)
	GHGs

(Tons)

	Diesel
	14,336,617
	1,632
	72
	1,348
	182
	63
	1,225,462

	Gasoline
	2,991,549
	3,202
	198
	38,061
	3,855
	72
	259,655

	Total
	17,328,166
	4,835
	270
	39,408
	4,038
	135
	1,485,117


3.14
Solid Waste

While Greensboro no longer decomposes its solid waste in any landfills in Greensboro, the contribution of solid waste generated in the community to GHG emissions must not be ignored. Greenhouse gas emissions from waste are due to organic materials decomposing in the anaerobic environment of a landfill that produces methane—a greenhouse gas 21 times more potent than carbon dioxide. Greenhouse gases from solid waste in Greensboro in 2007 accounted for 115,844 tons or approximately 2% of the total GHG emissions generated in Greensboro.
3.15
Per Capita Greenhouse Gas Emissions

Due to the variation in the natural resources from region to region, a comparison of per capita greenhouse emissions in different communities often results in ambiguous conclusions. Resources such as the fuel used to produce electricity, the availability of clean energy resources (wind, solar etc.) are not equally distributed and the type and rate of business consumption makes it difficult, if not impossible, to compare per capita greenhouse gas emissions. Although it is difficult to compare per capita GHG emissions, any measure that reduces the national level of greenhouse gases will definitely affect the levels of GHG emissions in Greensboro. In addition, the national GHG values are only computed as average values, which make comparisons impossible. The per capita GHG emissions in Greensboro in 2007 are compared with the per capita values of GHG emissions in Durham in 2005 (28.3 tons) (Durham GHG Inventory, 2005), Winston-sale in 2006 (27.9 tons) (Winston-Salem GHG inventory, 2005) and the results are displayed in Figure 3.2. 
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Figure 3.3: Per Capita GHG Emissions in Greensboro, Durham & USA

In 2007, Greensboro produced 24.1 tons of GHG per capita. The national value of per capita GHG emission in 2007 was approximately 24.3 tons (EIA, 2008 Thus, GHG emissions in Greensboro were in the neighborhood of the national average, (the national values include some sources that are not counted for in the community levels according to the CCP protocol for GHG inventory).  Typically, sources of GHG emissions such as forest, air transportation, marine transportation and so forth are not accounted for in community levels but they are accounted for in national levels. If all these sources had been counted for Greensboro, the per capital emissions in the city may have equaled the national value. Considering the end use sectors, the US per capita emission in the industrial sector was 8.7 tons, more than twice the GHG emissions (3.9 tons) per capita in the industrial sector of Greensboro.  This figure may be due to the fact that the GHG emissions from industries were not included in the community inventory under the CCP protocol.  The commercial sector was the major source of GHG emissions in Greensboro with a per capita value of 8.1 tons, which was higher than the US average value of 4.5 tons of GHG per capita. Greensboro generated less GHG emissions in both the residential and the transportation sector in 2007 than those generated in the national average. 

In 2005, the total per capita GHG emissions of Durham was 28.3 tons, which was greater than the 2007 per capita GHG value of 24.1 tons in Greensboro. The per capita GHG emission in Winston-Salem in 2006 was 27.9 tons.
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Figure 1.1: Greenhouse Effect





Figure 1.2: Impact of Climate Change 
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