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Sustainability at Dartmouth College

The Dartmouth Sustainability Initiative was created in June of 2005 to reduce the environmental footprint of the College by integrating sustainability principles and practices into academics, operations and student programs on campus.

The Sustainability Initiative builds on a history of conservation and student-led environmentalism at Dartmouth dating back to the 1970s. To achieve our goals, we work closely with the Resource Working Group, student organizations, a network of volunteer sustainability coordinators (ECO reps), and related academic departments.

As part of its Sustainability Initiative, Dartmouth produces an annual Sustainability Report that presents information on several environmental indicators and estimates the overall footprint of the College. The report is a voluntary effort to better understand our ecological impact by examining data measured around the campus and collected from vendors. Both inputs and outputs are currently measured and reported. Inputs include energy, in various forms, and water. Outputs consist of generated electricity, emissions, and solid waste. 
The Dartmouth College Energy Usage Report is a subset of the Sustainability Report and provides data on the College’s total energy use and associated atmospheric emissions. The data inputs include fuel oil and gasoline consumption, as well as generated and purchased electricity. The outputs include emitted CO2 equivalents (eCO2) and Title V pollutants. Emissions of eCO2 are estimated using a carbon calculator provided by the organization Cool Air - Clean Planet and the Title V emissions are measured values. We expect to continue refining our methods of data collection and to update reported values for eCO2 each year. Accurate reporting of energy usage and emissions is critical to Dartmouth’s goal of reducing greenhouse gas emissions through the implementation of efficiency and conservation programs and should continue to be a high priority item for the College.
I.  
INPUTS 

A. Energy Use at Dartmouth College
We begin with an examination of the various forms of energy use at Dartmouth College. Energy use at Dartmouth can be divided into three general categories: heating, electricity, and other fuel use. The first category is fuels burned for heating purposes. Of these, the most important is Number 6 fuel oil, which is burned at the college owned and operated co-generation plant to create the steam used to heat the campus, as well as some residual electricity. In addition to heating, the steam is used to produce domestic hot water and also chilled water for air conditioning. Besides the Number 6 fuel oil burned at the co-generation plant, there are fifteen Office of Residential Life (ORL) owned buildings that generate their own heat from Number 2 fuel oil. These buildings are mainly co-ed, fraternity and sorority buildings (CFS) that are not connected to the steam tunnels that heat the rest of the campus. The second category is electricity, namely the electricity obtained from the grid and purchased from National Grid Electric. The College has three main accounts with National Grid for the east, west, and north sides of campus that account for all on-campus electricity not provided by the co-generation plant. The third and final category is other fuels. These include gasoline, diesel, Number 2 fuel oil not used for heating, kerosene and propane. The diesel and Number 2 fuel oil are used to run emergency generators all across campus, as well as fuel for various college-owned vehicles. Dartmouth has a gasoline pump to which different departments are granted access, including the entire college rental fleet. There are also gasoline supplies in the Grounds and labor shops, the Boathouse, the Skiway, and at the Hanover Country Club. Not all data are available yet for FY08, due to the varying ways in which energy information is tracked, so this chart accurately represents the College’s usage through FY07.
B. Total Annual Energy Consumption at Dartmouth College (109 BTU)

The total annual energy consumption is the sum of all the measured energy consumed on campus from each of the three categories: heating, electricity, and other fuels use. Only the years after 2000 have complete energy data. Prior to that, the data for the fifteen buildings owned and operated by ORL is unavailable, both for heating use and for electric use. In order to accurately compare three categories of different energy use, each has been converted into British thermal units (BTU), which is a commonly used unit of energy. All conversion factors were taken from the Energy Information Administration’s website. For a full list of the conversion factors that were used, please see the appendices at the end of this document. 
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	Fiscal Year
	Non-#6 fuel 
	#6 Fuel Oil
	Gasoline 
	Purchased electricity 
	Total 
	%Change

	1998
	27.09
	575.94
	8.14
	67.74
	678.92
	

	1999
	30.78
	641.51
	9.94
	76.39
	758.62
	11.74%

	2000
	57.34
	689.90
	11.16
	74.85
	833.25
	9.84%

	2001
	70.31
	694.64
	11.98
	78.02
	854.95
	2.60%

	2002
	77.19
	747.00
	12.29
	85.96
	922.44
	7.89%

	2003
	82.01
	786.00
	13.42
	88.13
	969.57
	5.11%

	2004
	86.29
	806.83
	0.00
	96.36
	989.49
	2.05%

	2005
	95.02
	804.26
	12.35
	103.36
	1014.99
	2.58%

	2006
	94.42
	729.33
	10.36
	94.95
	929.06
	-8.47%

	2007
	105.40
	752.62
	12.71
	97.63
	968.35
	4.23%


C. Total Normalized Annual Energy Consumption at Dartmouth College (106 BTU/Degree Day) 

The total normalized energy consumption is the sum of all the energy consumed on the Dartmouth campus divided by the number of heating degree days in the given year in order to normalize for temperature variations. Degree day data are obtained from readings taken at the Dartmouth co-generation plant. Normalizing by degree days allows us to take into account any warming or cooling that happens in the local climate from year to year. One “heating degree day” occurs every time the average temperature for a day is 64 degrees Fahrenheit, or one degree cooler than the accepted ambient temperature for buildings of 65 degrees. If the average temperature of a day was measured at 60 degrees, then that day would count for five heating degree days, as some heat would need to be used to make up the temperature difference between the outside air and the temperature to which a building would need to be heated. The total degree days for a year can be calculated by summing all the individual differences in temperature for each day that averaged less than 65 degrees Fahrenheit. So, by dividing energy use data by degree days for a given year, one can account for any variation that may have been due to the year being either warmer or colder than is normal. This helps to smooth out the data and get rid of any peaks or valleys due to abnormally cold or hot years.
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	Fiscal Year
	Total Degree Days
	Total Energy Use (106 BTU) per Degree Day
	% Change

	1998
	6,302
	107.73
	

	1999
	6,340
	119.66
	11.07%

	2000
	6,518 
	127.84
	6.84%

	2001
	6,753
	126.60
	-0.97%

	2002
	5,866 
	157.25
	24.21%

	2003
	7,434 
	130.42
	17.06%

	2004
	6,939 
	142.60
	9.33%

	2005
	6,735 
	150.71
	5.69%

	2006
	6,402 
	145.12
	-3.71%

	2007
	6,681 
	144.94
	-0.12%






D. Consumption of No. 6 Fuel Oil (103 Gallons)

As mentioned previously, No. 6 fuel oil is Dartmouth’s main source of energy, and is burned at the college co-generation plant in order to produce both electricity and steam for the campus. Due to conservation efforts on campus and significant work by the Facilities Operations and Management office (FO&M), over the past few years oil use has been leveling off and perhaps declining, though a few more years of data will be necessary to come to a real conclusion. These data are complete through FY08.
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	Calendar Year
	No. 6 Fuel Oil Consumption (103 Gallons)
	% Change

	1995
	3,988.79
	

	1996
	3,873.07
	-2.90%

	1997
	4,022.73
	3.86%

	1998
	3,847.56
	-4.35%

	1999
	4,285.54
	11.38%

	2000
	4,608.84
	7.54%

	2001
	4,640.53
	0.69%

	2002
	4,990.32
	7.54%

	2003
	5,250.84
	5.22%

	2004
	5,390.01
	2.65%

	2005
	5,372.80
	-0.32%

	2006
	4,872.24
	-9.32%

	2007
	5,027.82
	3.19%

	2008
	4,935.00
	-1.85%




E. Normalized Consumption of No. 6 Fuel Oil (Gallons/Degree Day)

Similar to the normalization of the total energy data, the No. 6 fuel oil consumption data have been normalized by degree days to account for temperature variations from year to year. 
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	Fiscal Year
	Total Degree Days
	Oil Consumption per Degree Day (Gallons)
	% Change

	1995
	6,345
	628.65
	

	1996
	6,785
	570.83
	-9.20%

	1997
	6,711
	599.42
	5.01%

	1998
	6,302
	610.53
	1.85%

	1999
	6,340
	675.95
	10.72%

	2000
	6,518 
	707.09
	4.61%

	2001
	6,753
	687.18
	-2.82%

	2002
	5,866 
	850.72
	23.80%

	2003
	7,434 
	706.33
	-16.97%

	2004
	6,939 
	776.77
	9.97%

	2005
	6,735 
	797.80
	2.71%

	2006
	6,402 
	761.05
	-4.61%

	2007
	6,681 
	752.56
	-1.12%

	2008
	6,643 
	742.89
	-1.28%

	
	
	
	


F. Electricity (MWh)

Dartmouth purchases slightly more than half of its total electric load from National Grid, formerly known as Granite State Electric Company. These numbers have risen steadily over the years, and perhaps more so than usual this past year due to a decline in electric output from the co-generation plant that has come from conservation efforts. Looking at the total electric use over the same period, we see a much slower increase over time in the past few years, though use is definitely still increasing. Data from the west side duct bank have not been included for the years prior to 2005, which accounts for the jump in usage from FY04 to FY05.
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	Fiscal Year
	Total Purchased Electricity (MWh)
	Generated Electricity (MWh)
	Total Electricity

	1995
	19,854
	14,680
	34,534

	1996
	22,389
	13,369
	35,758

	1997
	21,936
	14,487
	36,423

	1998
	22,867
	15,205
	38,072

	1999
	25,194
	16,048
	41,242

	2000
	25,830
	18,676
	44,506

	2001
	28,242
	19,165
	47,407

	2002
	30,294
	19,199
	49,493

	2003
	27,830
	22,978
	50,808

	2004
	28,612
	22,499
	51,111

	2005
	38,575
	22,653
	61,228

	2006
	41,604
	20,942
	62,546

	2007
	40,735
	21,950
	62,685

	2008
	43,787
	21,596
	65,383


G. Gasoline Consumption (Gallons)
 
On-campus gasoline consumption is fluctuating more in recent years after an upwards trend in the first half of the decade. Gasoline usage is tracked by the main FO&M pump, along with usage at the Skiway, the Boathouse, and the Hanover Country Club, and covers usage in everything from cars to mowers. An increase in higher-efficiency or hybrid vehicles in the campus fleet may account for the recent drop. These data are tracked by calendar year rather than by fiscal year, and so are complete through 2007.
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	Calendar Year
	Gasoline Consumption (Gallons)
	% Change

	1995
	55,663
	

	1996
	73,594
	 32.21%

	1997
	74,691
	   1.49%

	1998
	65,103
	-12.84%

	1999
	79,503
	 22.12%

	2000
	89,267
	 12.28%

	2001
	95,761
	   7.27%

	2002
	98,276
	   2.63%

	2003
	107,288
	   9.17%

	2004
	92,071
	-14.18%

	2005
	98,764
	   7.27%

	2006
	82,802
	-16.16%

	2007
	101,611
	22.72%




II. 

 
OUTPUTS
A. Clean Air-Cool Planet Report
In an effort to more accurately account for its emissions of greenhouse gases, Dartmouth College, under the auspices of the Dartmouth Sustainability Initiative, undertook a Carbon Inventory report. More recently, it has conducted an analysis developed by Clean Air-Cool Planet (CACP), a group dedicated to finding and promoting solutions to global warming in the Northeast. This analysis, a Greenhouse Gas Emissions Inventory Calculator, involves inputting a variety of data, which are processed using various emission factors and calculations in order to determine total institutional emissions. The dataset includes:
· Purchased electricity

· Co-Generated electricity

· Co-Generated steam

· #2 Heating oil

· Propane

· Gasoline

· Diesel fuel

· Fertilizer used (Hanover Country Club data only so far)

· Livestock (horses)

· Landfilled waste

· Composted waste

There are no data regarding commuting or air travel emissions yet, nor any data on the impact of the Second College Grant on the College's total emissions profile. More study is required on the methodologies of computing the impact of managed forestry before that information can be included in the calculations. Similarly, more research needs to be done on ways to reliably track commuting and air travel inputs, especially given the College's comparatively remote location.

The graph below presents the final outputs of the spreadsheet as total metric tons of emitted CO2 equivalents (eCO2) per fiscal year. More detailed breakdowns of the total emissions require further investigation into the methods used to calculate intermediate points in the CACP spreadsheet.
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	Fiscal Year
	Net eCO2 Emissions (MT)

	2001
	75,060

	2002
	80,909

	2003
	83,151

	2004
	85,781

	2005
	86,826

	2006
	81,828

	2007
	87,751


B. Significant Air Emissions


Every year, Dartmouth College must complete an emissions report for the New Hampshire Department of Environmental Services to maintain its Title V Air Permit. State guidelines require that Dartmouth document its total suspended particulate (TSP), volatile organic compound (VOC), nitrogen oxide (NOx), sulfur dioxide (SO2), and carbon monoxide (CO) emissions. These data are reported by calendar year, rather than fiscal year, so the reporting is complete only through 2007.
C. Emissions by Type (Metric Tons) 

	Total Emissions (metric tons)

	Calendar Year 
	TSP
	VOC
	SO2
	NOx
	CO

	2001
	40.29
	4.93
	413.76
	117.50
	11.70

	2002
	30.07
	5.48
	399.54
	103.94
	12.65

	2003
	35.10
	5.76
	473.77
	115.87
	13.07

	2004
	35.67
	5.22
	480.01
	116.62
	13.44

	2005
	34.49
	5.39
	460.47
	107.18
	13.36

	2006
	26.27
	4.70
	423.81
	97.90
	15.76

	2007
	27.20
	6.05
	502.72
	113.29
	18.60

	
	
	
	
	
	

	% Change in Total Emissions
	
	
	

	Calendar Year
	TSP
	VOC
	SO2
	NOx
	CO

	2002
	25.4%
	11.1%
	-3.4%
	-11.5%
	8.1%

	2003
	16.7%
	5.2%
	18.6%
	11.5%
	3.3%

	2004
	1.6%
	-9.4%
	1.3%
	0.6%
	2.8%

	2005
	-3.3%
	3.3%
	-4.1%
	-8.1%
	-0.6%

	2006
	23.8%
	12.9%
	-8.0%
	-8.7%
	17.9%

	2007
	3.5%
	28.9%
	18.6%
	15.7%
	18.0%
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Appendix:  Estimation methods and conversion factors

A. Purchased Electricity
Sixty percent of the electricity used on the Dartmouth campus is purchased from National Grid. Dartmouth’s National Grid account is divided into two large main campus accounts and 30 smaller accounts for other properties and things such as parking lot lighting. The bills for the 30 smaller accounts (dating back to July, 2000) are kept on file at the office of Facilities, Operations, and Management and display electricity usage in kWh according to monthly meter readings. Unfortunately, some of the monthly readings for specific accounts were unable to be tracked down. As a method of estimating the electricity contribution of these points of missing data, the largest number of kWh used in a month for each account was inserted respectively, from July 2000 to October 2003. Therefore, the purchased electricity totals represent what should be an upper limit to electricity usage.
B. Conversion Factors (2007 EIA values)
	Type of Fuel
	Energy Content 
(million BTUs/barrel)
	Carbon Content (metric tons/billion BTU)

	Kerosene 


	5.670
	19.72

	Propane


	3.836
	14.47

	Distillate Fuel Oil 

(Diesel, #2 Fuel Oil)
	5.825
	19.95

	Residual Fuel Oil 

(#6 Fuel Oil)
	6.287
	21.49

	Motor Gasoline  

(UL gas, MG gas, Gasoline)
	5.253
	19.34

	Off Road Gas    

(60% Distillate, 40% Kerosene)
	5.763
	19.86


1 gal gasoline = 19.59 lbs of CO2
1 gal #6 fuel oil = 26 lbs of CO2
1 BTU = 1055.05585262 Joules

1 kWh = 3600000 Joules

1 kWh = 3412 BTU

1 lb = 0.0000453592 Metric Tons

1 barrel = 42 gallons

1 ton = .907185 metric ton

1 metric ton = 1000 kg

kWh to lb CO2 conversions can be found in CO2 data 2005.xls spreadsheet
C. Degree Days Explained

Some of the data in this report are normalized by heating degree day. A heating degree day is a variance of one degree cooler in the average daily temperature than the standard ambient temperature of 65 degrees Fahrenheit. The total degree days for a year can be calculated by summing the difference in temperature for each day that was cooler than 65 degrees. By dividing yearly heating data by degree days, one can account for temperature variations in a given year that may otherwise cause unexplained peaks and valleys in energy usage.

































































































� Frank Roberts, Director of FO&M (Facilities, Operations, Management). Power plant logs spreadsheets titled: “__fuel&steam” contain all of the No. 6 information by month and total purchased electricity. To schedule a meeting with Frank, speak to Judy Crossingham at FO&M.








� Intern working under Frank Roberts. CO2 Data Spreadsheet. All of the gasoline reported comes from the meter on the Dartmouth pump. However, the calculation of gasoline usage can be refined to include Vox cars as well. Contact Bill Barr at FO&M and Robin Guay at Parking for data on Vox usage.














� Energy Information Administration (EIA). 


Energy Information Administration, 1994, Table 4, Carbon Content of Fuels. Assessed via  http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/LHOD5MJQ62/$File/2003- final-inventory_annex_b.pdf


� HYPERLINK "http://www.eia.doe.gov/emeu/aer/pdf/pages/sec13_1.pdf" ��http://www.eia.doe.gov/emeu/aer/pdf/pages/sec13_1.pdf�
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