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Overview

Recent scientific evidence indicates that our world is rapidly warming and that historic and current emissions of greenhouse gases (GHG) are the primary agents of this climate change.  In order to avert some of the more catastrophic consequences of global climate change, decisive action is needed to reduce emissions of greenhouse gases.  In February 2008, the Salem City Council unanimously endorsed the US Mayors Climate Protection Agreement.  This step shows leadership at the local level for developing an action plan to reduce greenhouse gas emissions, improve the environment, and move toward a more sustainable future.
Using a variety of sources, we developed a GHG emissions inventory for the City of Salem.  The inventory for the year 2007 takes into account data from the sources most municipalities use to evaluate their communities GHG emissions.  The sources we evaluated were electricity consumption, natural gas consumption, home heating fuel and propane use, waste disposal, and fuel consumption used in transportation.  Additionally, we provide yearly comparisons for some of the largest sources of GHG in the City to help frame options for the future.  Patterns of electrical consumption and their associated GHG production are evaluated for the years 2000-2007, natural gas consumption and its associated GHG production are consider for 2003-2007, and transportation is evaluated for 2005 - 2007.   

There are many different gases that contribute to global warming including carbon dioxide (CO2), methane (CH4), fluorocarbons, and nitrous oxides (NOx).  The carbon calculator we used evaluates all greenhouse gases that are produced by the sources we analyzed and provides a normalized output score in tons of carbon dioxide equivalent emissions (TCDE).  In this report, we include only the equivalent CO2 values as it provides a singular measure of greenhouse gas emissions from each sector.  
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Summary of GHG emissions for 2007
The Salem City carbon footprint for 2007 was 760,932 tons of carbon dioxide equivalents (TCDE) (Table 1).  As shown in Fig. 1, over half of Salem’s carbon footprint results from consumption of electricity.  The use of natural gas accounts for 31% of the carbon footprint, while production of carbon from transportation accounts for slightly less than 15% of the carbon footprint.  
Table 1:  Emissions of GHG and Relative Carbon Output
	
	Quantity consumed or produced
	Tons of CO2 (TCDE)
	% of Carbon Footprint

	Electricity (kWh)
	422,297,133


	390,625

	51.0


	Natural Gas (therms)
	40,780,300


	238,565

	31.0


	Transportation (vehicle miles traveled)
	170,307,032

	113,032

	14.9


	Waste (tons)

	21,897


	12,722

	1.7


	Fuel Oil (gallons)
	499,290


	5,588

	0.7


	Propane (gallons)
	62,530


	400

	0.05



Figure 1:  Emissions of carbon dioxide by sector
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Electricity
The City of Salem purchases electricity from Appalachian Power Company (APCO) and then sells that electricity to residential, governmental, industrial, and business consumers in the Salem City jurisdiction as well as to some consumers in Roanoke County.  Electrical usage in Salem has fluctuated from a low of 402 million kWh in 2000 to a high of 431 million kWh in 2004 (Table 2).  While there has been a 4.8% increase in electrical consumption in Salem from 2000 to 2008, there has not been a steady annual increase, rather consumption patterns seem to vary from one year to the next.  

Table 2 – Salem City Electrical Usage 2000 – 2007
	Year
	Electricity (kWh)
	Tons of CO2 
	% Change from 2000

	2000
	402,855,432
	372,641
	0

	2001
	396,721,038
	366,966
	-1.5

	2002
	413,652,372
	382,628
	2.67

	2003
	411,153,540
	380,317
	2.1

	2004
	425,761,875
	393,829
	5.7

	2005
	431,116,073
	398,782
	7.0

	2006
	409,279,450
	378,583
	1.6

	2007
	422,297,133
	390,624
	4.8

	Average Values
	414,104,614
	383,046
	3


Greenhouse gases that are associated with electricity use are emitted from the power plants that are located at a distance from Salem.  Accurate greenhouse gas emission estimates due to electricity require an understanding of the fuel mix that is used to generate the electricity.  As the fuel mix can vary dramatically from one region to the next, the greenhouse gas coefficients associated with electricity consumption (kWh) will vary.  For example, electricity generated from coal has more carbon dioxide (CO2) emissions per kWh than that generated from natural gas which in turn emits significantly more CO2 than hydropower or nuclear generated electricity. APCO published regulatory data (see Appendix) indicates that 88.3% of the electricity in this region is produced from coal, 10.9% from nuclear and 0.8% from hydropower.  This particular mix of electricity production results in the release of 1.85 lbs of CO2/kWh.  

Natural Gas
Natural gas is used in the community primarily for heating and cooling (boilers and furnaces), on-site electricity generation (generators), and cooking (ranges, grills) so the emissions have a stronger local impact compared to those for the power plant electricity.  Natural gas data for Salem City was provided by Dale Harless at Roanoke Gas Company which is the primary supplier of natural gas in the area.  The boundaries for this data included only Salem City using tax districts for the calendar years 2003 - 2007.  Roanoke Gas was not able to provide data from years prior to 2003.    

Use of natural gas in industry is higher than the other two sectors (Table 3).  There was a steady decline in the consumption of natural gas in Salem from 2004 to 2007 in all three sectors. Overall, consumption of natural gas declined 16.6% during this time interval.   Since GHG emissions from this source are directly proportion to natural gas usage, these emissions also showed reductions. (Table 4)
Table 3:  Natural Gas Consumption (measured in therms)
	
	
	
	

	Sector
	2003
	2004
	2005
	2006
	2007

	Residential
	10,631,239
	11,134,601
	10,339,008
	9,182,202
	9,388,256

	Government
	13,495,637
	14,061,269
	12,777,817
	11,957,015
	11,566,302

	Industrial
	19,881,870
	23,679,730
	23,253,872
	22,527,962
	19,825,742

	TOTAL
	44,008,746
	48,875,600
	46,370,697
	43,667,179
	40,780,300

	Table 4:  CO2 Emissions (tons) from Natural Gas Consumption

	
	
	
	
	
	

	Sector
	2003
	2004
	2005
	2006
	2007

	Residential
	62,192
	65,137
	60,483
	53,715
	54,921

	Government
	78,949
	82,258
	74,750
	69,948
	67,663

	Industrial
	116,308
	138,526
	136,035
	131,788
	115,981

	TOTAL
	257,451
	285,922
	271,268
	255,453
	238,564

	
	
	
	
	
	


The effect of annual temperature variation on energy use can be analyzed using the concept of a degree day.  The baseline for this degree day is specified at 65 ºF.  Days on which the average temperature is above this temperature will register as Cooling Degree Days (CDD) while days on which the average temperature is below this temperature will register as Heating Degree Days (HDD).  To determine CDD, 65 ºF is subtracted from the average daily temperature.  For HDD, the average daily temperature is subtracted from 65 ºF.  The annual amount of energy used for heating and cooling is roughly proportional to the total number of heating and cooling degree days in a year. There has been a steady decline in the use of natural gas from 2005 to 2007.  This decline cannot be linked to over all changes in HDD or CDD as there has been a combined 2.7% increase in these combined days from 2005-2007 (Table 5).  However, natural gas is used for some percentage of residential, commercial, and industrial heating but generally not for home cooling.  HDD have decreased approximately 6.5% over the 2005 – 2007 period, which may account for some, but not all, of the natural gas reduction over this same period. 

Table 5:  Heating and Cooling Degree Days for the Roanoke region obtained from National Weather Service Data (http://www.erh.noaa.gov/rnk/climate/f6/html/F6.html#ROA)

	2005
	2006
	2007

	HDD (65)
	CDD(65)
	HDD (65)
	CDD(65)
	HDD (65)
	CDD(65)

	751
	0
	658
	0
	731
	0

	647
	0
	704
	0
	854
	0

	640
	0
	506
	5
	393
	32

	251
	11
	153
	35
	297
	34

	113
	37
	123
	79
	76
	163

	9
	247
	3
	225
	4
	292

	0
	403
	0
	398
	0
	341

	0
	399
	0
	420
	0
	537

	11
	201
	65
	77
	21
	225

	186
	44
	305
	16
	137
	101

	447
	0
	435
	1
	494
	0

	864
	0
	612
	0
	659
	0

	3919
	1342
	3564
	1256
	3666
	1725

	
	5261
	
	4820
	
	5391


Additional Home Heating (Fuel Oil and Propane)
The U.S. National Census Data from the year 2000 indicated that 1122 homes in Salem City used fuel oil and 185 homes used propane.  Actual rates of consumption of these two fuels were difficult to determine directly.  Time did not allow for a survey of home owners and efforts to obtain quantities of these fuels sold annually to residents in Salem City were not successful.  As such, we used the average of 445 gallons/yr reported for the southern region of the U.S. in the Department of Energy’s 2001 Residential Energy Consumption Survey (http://www.eia.doe.gov/emeu/recs/byfuels/2001/byfuel_fo.pdf) to estimate total consumption values of fuel oil in Salem City (Table 6).  To determine associated greenhouse gas production we used the conversion factor of 22.384 lbs CO2/gallon of fuel oil provided by the Department of Energy (http://www.eia.doe.gov/oiaf/1605/coefficients.html).

Similarly, we used the average of 338 gallons of propane/yr reported for the southern region of the U.S. in the Department of Energy’s 2001 Residential Energy Consumption Survey (http://www.eia.doe.gov/emeu/recs/byfuels/2001/byfuel_lpg.pdf).   To determine associated greenhouse gas production we used the conversion factor of 12.805 lbs CO2/gallon of propane provided by the Department of Energy (http://www.eia.doe.gov/oiaf/1605/coefficients.html). While these estimates are less accurate than those for natural gas and electricity, they do provide some understanding of the relative contribution of these sources to Salem’s carbon footprint.  Combined, fuel oil and propane use account for less than 1% of Salem’s carbon footprint.
Table 6:  Annual Home Heating Fuel and Propane Consumption and GHG production
	
	Number of Homes In Salem
	Annual estimated rates of consumption (gallons/yr)
	Total Annual Consumption (gallons)
	Greenhouse Gas (tons of CO2)

	Home Heating Oil
	1122
	445
	499,290
	5588

	Propane
	185
	338
	62,530
	400.3


Waste Disposal

Landfills emit methane, a greenhouse gas at least 20 times more potent that carbon dioxide, as a result of the anaerobic decomposition of organic matter and constitute one of the largest methane sources in the US (http://www.epa.gov/methane/sources.html).   How landfills are managed influences the quantity of greenhouse gases that are released.  For example, many landfills capture methane produced by decomposers and burn it, thus releasing CO2 rather than CH4 into the atmosphere.  
In 2007, Salem sent approximately 21,867 tons of waste to the Maplewood Disposal Facility, owned by Waste Management Inc., which is located in Amelia County. This facility is a Sub Title “D” Sanitary Landfill.  We used the Methane Commitment Method which is employed in the Clean Air Climate Protection software to calculate greenhouse gas emissions due to landfill wastes.  (The CACP software is supported by ICLEI and utilized by many local governments.)  This method assigns all total lifetime greenhouse gas emissions from the waste disposed in the active year to that year.  In reality, methane emissions occur over time from a landfill, but estimating this dynamic process accurately using a Waste-in-Place Method requires waste data, inception dates, and closing dates for all city landfills.   (Note that emissions due to the transportation of the waste are not included in this analysis.)

The types of waste and waste disposal methods influence greenhouse gas production.  Specific data for the breakdown of Salem City waste for the categories in the table were not available so default values corresponding to US averages provided by the CACP software help files were used (Table 7) and as the Maplewood Facility is a D Sanitary Landfill it is considered to be a managed landfill in the CACP analysis.  As a result, we determined that 12,704 TCDE (1.7% of Salem’s carbon footprint) were released from waste production in Salem City (Table 8).
[image: image3.emf]

Transportation Fuel

Greenhouse gas emissions from transportation are dominated by the release of CO2 due to the combustion of fuels, primarily gasoline and diesel fuel.  As such, total gallons of fuel are the best data for estimation of greenhouse gas emissions.  Since fuel sales are distributed throughout the community, this information was not available.  Instead, Virginia Department of Transportation (VDOT) data on annual vehicle miles travelled (VMT) were utilized.  VDOT collects VMT data annually across the state of Virginia on a community level through a variety of methods.  While the resulting VMT cannot account for every mile travelled by every vehicle, the methods do provide a good estimate which can be compared from year to year.  This method accounts for all vehicles travelling in the community, not just vehicles registered within the community.

Table 9 shows daily and annual VMT values for Salem for 2005 – 2007 as well as the distribution of these miles for secondary, primary, and interstate roads.  VMT increased 3.1% with the majority of these miles on secondary roads.  Note that the percentage of total VMT does not correlate well with the mileage of each road type in Salem.  For example, while primary roads account for only 12.5% of the road miles in Salem, over 57% of all miles traveled were on primary roads (Fig 2).  
Table 9:  Salem Vehicle Miles Travelled
	
	

	Road Category
	2005 DVMT
	2005 Annual VMT
	% of Total Road Miles
	% of Total DVMT

	Secondary
	  157,864 
	      57,620,391 
	87.2%
	34.9%

	Primary
	  271,002 
	      98,915,905 
	12.5%
	59.9%

	Interstate
	    23,567 
	       8,602,065 
	0.3%
	5.2%

	Total
	452,434
	165,138,361
	100.0%
	100.0%

	
	

	Road Category
	2006 DVMT
	2006 Annual VMT
	% of Total Road Miles
	% of Total DVMT

	Secondary
	  163,962 
	      59,846,110 
	87.2%
	35.7%

	Primary
	  272,970 
	      99,634,046 
	12.5%
	59.4%

	Interstate
	    22,988 
	       8,390,574 
	0.3%
	5.0%

	Total
	459,920
	167,870,730
	100.0%
	100.0%

	
	
	
	
	

	Road Category
	2007 DVMT
	2007 Annual VMT
	% of Total Road Miles
	% of Total DVMT

	Secondary
	  173,335 
	      63,267,308 
	88.7%
	37.1%

	Primary
	  270,181 
	      98,615,889 
	11.0%
	57.9%

	Interstate
	    23,079 
	       8,423,835 
	0.3%
	4.9%

	Total
	466,595
	170,307,032
	100.0%
	100.0%


Figure 2:  Salem Annual Vehicle Miles Travelled
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In order to use VMT data to determine GHG emissions from transportation, fuel economy estimates for the vehicles travelling these miles must be determined to calculate gallons of fuel.  It is then easy to transform gallons of gasoline and diesel fuel to GHG emissions.    Fortunately, the VDOT data also provides VMT information broken down by Vehicle Class as shown for the 2005- 2007 data in Table 10.  
Table 10:  Salem Vehicle Miles Travelled by Vehicle Class
	
	Miles Traveled using Gasoline
	Miles Traveled using Diesel

	CACP Vehicle Category
	2007

	2006

	2005

	2007

	2006

	2005


	Full Size Auto
	13,065,755
	12,842,652
	12,712,745
	461,144
	453,270
	448,685

	Mid Size Auto
	28,744,662
	28,253,834
	27,968,038
	
	
	

	Compact Auto
	50,725,874
	49,859,708
	49,355,362
	1,998,292
	1,964,170
	194,4302

	Light Truck/SUV/Pickup
	69,457,215
	68,453,211
	66,677,396
	
	
	

	Heavy Truck
	
	
	
	4,896,103
	5,108,430
	5,208,449

	Motorcycle
	471,901
	448,375
	369,338
	
	
	

	Transit Bus
	
	
	
	486,087
	487,079
	453,447

	TOTAL

	   162,465,407 


	159,857,780

	157,082,880

	7,841,625

	8,012,949

	8,054,883




While there was a 3.1% increase in the miles traveled within Salem City from 2005 – 2007, there was actually a 0.07% decrease in GHG released from transportation (Table 11).  This apparent contradiction can be explained by the change in the particular mix of vehicle types (and their respective mileage) travelling these miles.  Overall, transportation accounted for 14.9% of Salem’s carbon footprint.
Table 11:  Salem Vehicle Miles Travelled and GHG emissions
	Year
	Annual VMT
	Tons of Carbon

	2005
	165,138,361
	113,119

	2006
	167,870,730
	110,496

	2007
	170,307,032
	113,032
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APPENDIX:  
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Table 7 – Default waste categories and values provided by CACP software





Waste Categories�
Default Percentages (%)�
�
Paper Products�
38�
�
Food Waste�
13�
�
Plant Debris�
10�
�
Wood/Textiles�
4�
�
All Other Waste�
35�
�









Table 8:  Salem City Waste and Associated GHG Production





Year�
Waste (tons)�
CO2 (tons)�
�



2007�



21,867�



12,704�
�
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