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FY2019 GHG Inventory
Boundary and Scopes
The boundary and scopes included in the FY2019 greenhouse gas (GHG) inventory, as shown in Table 1, are the same as those used in the FY2010-2015 and FY 2017-2018 GHG inventory values reported in the University of San Diego (USD) Climate Action Plan (CAP). 

[bookmark: _Ref454187202]Table 1 University of San Diego GHG Emissions Inventory Categorized by Scope
	Direct GHG Emissions
	Indirect GHG Emissions

	Scope 1
	Scope 2
	Scope 3

	Stationary Combustion
Campus Fleet Fuel Combustion
Fertilizers

	Purchased Electricity
	Water Consumption
Solid Waste Generation
Wastewater Generation
Student and Employee Air Travel 
Student and Employee Commuting
Generation of Electricity Consumed in Transmission and Distribution System (T&D System losses)


[bookmark: _Toc466555621]Summary of GHG Emissions
In 2019, total GHG emissions from all scopes were estimated at 25,020 metric tons of carbon-dioxide equivalent (MT CO2e). Figure 1 shows the comparison between the FY2019 GHG emissions and the Climate Action Plan Target. Based on FY2019 and previous inventory results, the emissions trend is at or below the path to achieve 2020 targets.

[bookmark: Comparison]
Figure 1: Comparison of GHG Inventory and Emissions Target (University of San Diego)

Figure 2 shows emissions for the nine categories considered and compares results for FY2010 (CAP baseline), FY2018, and FY2019. Total GHG emissions in FY2019 is 17% lower than FY2010 and 5% higher than FY2018. Student and employee commuting, purchased electricity, and air travel continue to contribute the most to the GHG emissions. Combined, these three categories account for 80% of the total. As explained in Section 2.2.1, even though overall consumption declined, emissions from purchased electricity remained about the same. This is because the emission factor for grid purchased electricity was 16% more carbon intensive in 2019. If the electricity consumption remains steady and the grid purchased electricity become cleaner after the 2020 RPS mandate of 33% renewable energy, USD might experience a higher emission rate compared to the region due to the high emission factor of fuel cells. Similar to FY2018, contribution of fertilizer application to the overall GHG emission in FY 2019 continue to be very low. 


[bookmark: _Ref40458176][bookmark: _Ref461016715]Figure 2 : Fiscal Year GHG Emissions by Sector
Direct emissions (Scope 1) accounted for 16% of the total emissions in FY2019 with the rest of from indirect emissions (26% from Scope 2 and 58% from Scope 3). The distribution of emissions in each category and scope along with the percentage change compared to the last inventory is presented in Table 2. There was a 5% increase in total FY 2019 GHG emissions compared to FY 2018. Most categories had little decrease in the emission. One exception was solid waste generation, which showed a significant decrease of 25%. There was a significant increase of 32% in the student and employee air travel in FY 2019 compared to FY 2018. 








[bookmark: _Ref456776494]Table 2 University of San Diego FY2019 GHG Emissions by Category and Scope 
	Emission by Scope and Category 
	MT CO2e
	% Change compared to FY 2018

	Scope 1 Total Emissions
	3,990 
	-2%

	Stationary Combustion
	3,402
	-3%

	Campus Fleet Fuel Combustion
	578
	4%

	Fertilizers for landscaping
	10
	0%

	Scope 2 Total Emissions
	6,554 
	-1%

	Purchased Electricity
	6,554
	-1%

	Scope 3 Total Emissions
	12,648
	-4%

	Solid Waste Generation
	523
	-25%

	Water and Wastewater
	279
	-5%

	Student & Employee Air Travel
	6,637
	32%

	Student & Employee Commuting
	6,748
	-2%

	T&D System Losses
	289
	8%

	Total Emissions (Scope 1-3)
	25,020
	5%

	Sum may not add up to totals due to rounding.


Trend in Each Emissions Category
The emissions and trend in each sector are discussed in detail in the following sections. 
Scope 1 Direct GHG Emissions
Scope 1 includes direct emissions from stationary combustion, campus vehicle fleet fuel combustion, and fertilizers.
Stationary Combustion
Figure 3 shows the total natural gas consumption for USD. The consumption for stationary combustion includes the natural gas consumed for cooling and generation of heat and steam. USD deployed natural gas fuel cells in December 2017 for electricity generation. For about half of FY2017, fuel cells were used as a source of electricity in addition to the purchased electricity and from the grid and on-campus solar PV. This increased the consumption of natural gas in 2017, as shown in Figure 3. Overall natural gas consumption further spiked in FY 2018 and FY 2019 because the fuel cells were deployed for the entire fiscal year.  The emissions due to fuel cells is included in the purchased electricity category under Scope 2 because USD does not have operational control over them. 



[bookmark: _Ref40460001][bookmark: NG_Consumption]Figure 3: Natural Gas Consumption (therms)
Campus Vehicle Fleet Fuel Combustion
Figure 4 shows the percentage changes in the vehicle fleet fuel consumption since 2010. All the percentages are calculated with respect to the 2010 consumption values. Compared to FY 2018, diesel consumption decreased slightly in FY 2019, while gasoline consumption increased slightly, and natural gas consumption increased steeply. 
 

  


[bookmark: _Ref40684404]Figure 4: Percentage change in Fleet Fuel consumption since 2010.
Campus Landscaping Fertilizers
Synthetic fertilizers are used for landscaping on the USD campus. Table 3 shows the amount and type of fertilizers used and the corresponding emissions. The Intergovernmental Panel on Climate Change (IPCC) Tier 1 method was used to estimate the emission rates. This method uses the nitrogen content in a fertilizer to estimate its emission rate. 

[bookmark: _Ref40257736]Table 3: Emissions from Fertilizer Use
	Type of Fertilizer
	Amount of 
fertilizer (kg)
	Emission rate 
(kg CO2e/kg)
	Emissions 
(MT CO2e)

	Eco Green 12-4-6
	11,340
	0.62
	7.0

	Milorganite 6-4-0
	9,072
	0.31
	2.8


Scope 2 Electricity Indirect GHG Emissions
Emissions from purchased electricity are the only emissions included in Scope 2 indirect emissions. Purchased electricity includes both on-campus solar PV and fuel cells in addition to the grid electricity.
[bookmark: _Purchased_Electricity][bookmark: _Ref40458937]Purchased Electricity
In FY 2019, emissions remained almost the same as FY 2018 levels. Even though there was a slight decrease in the overall electricity consumption, overall emissions remained roughly the same. This is because there was an increase in the carbon intensity of electricity purchased from the grid (Figure 5 and Table 4). This emission factor in FY 2019 changed due to an increase in the unspecified power and decrease in the renewable sources in Calpine’s energy mix. We assume that unspecified power is fueled mostly by fossil fuels and has a higher emission factor. Electricity purchased from the grid increased by 4% in FY 2019 compared to FY 2018, which also contributed to the decline in emissions in this category. 


[bookmark: _Ref58307255]Figure 5: Electricity Consumption (purchased and on-site generation) and GHG emissions 
[bookmark: EF_comparison]Table 4: Comparison of emission factors
	Fiscal Year
	GHG emissions due to overall electricity consumption)
	Calpine emission factor (lbs. CO2e/MWh)
	Fuel Cells emission factor (lbs. CO2e/MWh)
	Percentage of electricity provided by fuel cells

	2017
	6,774
	604
	733
	17%

	2018
	6,609
	566
	733
	34%

	2019
	6,554
	654
	733
	31%


Scope 3 Other Indirect Emissions
Scope 3 indirect emissions includes the largest number of categories, including water consumption, solid waste generation, wastewater generation, student and employee air travel, student and employee commuting, and generation of electricity consumed in transmission and distribution system (T&D system losses).
Solid Waste Disposal
Figure 6 shows the trend in the solid waste generated by the USD from 2010 – 2019. The tonnage of solid waste disposed increased in FY 2018 and decreased in FY 2019. This was due to an increase in the roll-off bin tonnage in 2018, as seen in Table 5. Recycling and composting disposal increased in FY 2019, which increased the total tonnage of solid waste for FY 2019 compared to FY 2017 even though the waste disposed is comparable for the two fiscal years. 

[bookmark: _Ref40684895]Figure 6: Solid Waste Disposal
[bookmark: tonnage_distribution]Table 5: Waste Disposal tonnage distribution
	Fiscal Year
	Commercial bin tonnage
	Roll-Off bin tonnage

	2017
	922
	520

	2018
	922
	886

	2019
	908
	447



Water and Wastewater
As shown in Figure 7, total water consumption slightly decreased in FY2019. Associated emissions also decreased by 5% over FY 2018 values. The emission rate for the FY2019 wastewater disposal is the ratio of emissions reported by the Point Loma Wastewater Treatment Plant (WWTP) to California Air Resource Board under the Mandatory Reporting Program (MRR) and the total effluent flow at the treatment plant. The latest data available for effluent flow rate were for the year 2017, so the emission factor calculated is for the year 2017. This emission factor is used for both FY 2018 and FY 2019 because the effluent flow data are not available for these years.  

[bookmark: _Ref40684848]Figure 7: Water Consumption

Student and Employee Air Travel 
Figure 8 shows that total miles associated with air travel directly financed by USD for faculty, staff and students. A significant increase in student air travel in FY2019 compared to FY2018 contributed to the overall increase in overall air travel. Miles are derived based on airfare expense using a conversion factor of $0.16 per passenger mile. Student air travel miles include athletic team travel.



Figure 8: Students and Employees Air Travel Miles.
Figure 9 shows air miles for study abroad. USD consistently has among the highest level of study abroad participation compared to similar universities. Since 2010, air miles have increased by 97%. FY2019 study abroad air miles are 19% higher than FY2018. There was a significant increase in the air miles travelled in FY 2019 due to intersession travel in 2019. Many students in the Buenos Aires program went to the Rio de Janiero program and many students in the Munich program went on to the Amsterdam program. All the data collected and the method followed are similar to the FY2018 GHG inventory.


[bookmark: _Ref40684827]Figure 9: Study Abroad Air Travel Miles
[bookmark: _Ref466552470]Student and Employee Commuting
Student and employee commuting taken together have the highest level of GHG emissions, about 27% of total. By comparison, student and employee air travel (27%) and purchased electricity (26%) have slightly lower emissions. Figure 10 compares annual commuter miles and the rate of emissions per mile. Emissions from this category were about the same in FY 2019 as in FY 2017 and FY 2018.

[bookmark: _Ref40342080]Figure 10: Student and Employee Commuting
The sources for miles and emission factors for fiscal years 2010-15 and fiscal years 2017-18 are different. Data used to estimate FY2017, FY2018, and FY2019 emissions from student and employee commuting were collected from a survey conducted in 2018. Whereas data from parking permits sold, student and employee address zip codes, and a commuter survey were used to estimate GHG emission calculations for fiscal years 2010-15. The vehicle emission factors for FY 2019 were estimated by multiplying the FY 2018 USD vehicle emission rate with the ratio of San Diego regional 2019 to 2018 CO2e emission rate. The data for San Diego regional passenger cars and small to medium trucks were acquired from the EMFAC 2017 database. EMFAC (EMission FACtor) is a model developed by the California Air Resources Board to estimate the official emissions inventories of on road mobile sources in California.
Generation of Electricity Consumed in Transmission and Distribution System (T&D System Losses)
USD had more on-site generation in FY2019 and FY2018 than FY2017, which reduced the amount of purchased electricity and, in turn, the transmission and distribution losses in these years (Figure 11). There was an increase in the emission factor of the grid purchased electricity in FY2019, as discussed in section 2.2.1, which led to an increase in the emissions generated by the transmission and distribution losses in FY2019. 


[bookmark: _Ref40684801]Figure 11: Transmission and Distribution losses
Limitations in Developing the GHG Inventory
Student and Employee Commute Emission Rates Calculation
EPIC acquired data required to calculate the FY2017 and FY2018 student and employee commute emission through a survey conducted in 2018. EPIC does not have the exact data on commute distance and frequency to calculate the exact emissions. So, we estimated the emission rate for 2019 by scaling the 2017 emission rates by the ratio of San Diego regional 2019 to 2017 CO2e emission rates. 
Student and Employee Air Travel Mileage Calculation
EPIC does not have data on the specific routes and the number and locations of the layovers for each flight taken by students and employees. Instead, we estimated an average distance for each flight based on the destination. For the FY2019 inventory, there was an inconsistency between the data obtained from the Ahler Center and the International Center regarding the Graduate Business School’s Study Abroad travels. We assumed the Ahler Center’s data to be more accurate for our calculations.  
Differences Compared to the FY2018 Inventory
The calculation methodology and data sources used to calculate the 2019 GHG emissions were same as 2018 and no new changes were made this time.
[bookmark: _GoBack]Data Requirements for Future GHG Inventories
Several factors regarding data could affect future GHG emissions estimates. 
Student and Employee Commute
Because student and employee commute is one of the highest emissions categories, data quality and completement can have a large impact on overall emissions. To ensure the most accurate estimate of the distance travelled by the students and the employees, the following data would be needed:
· The address of the commuter
· Estimated frequency of the commute
· Make and model of the vehicle
· Primary fuel(s) used by the vehicles (electricity, gasoline, diesel, hybrid) 
Until FY 2017, most of this data was obtained from the parking permits, as seen in Table 6. For the FY 2017 inventory, a commuter survey was taken across campus and the data from this survey was used to calculate the information required to estimate the GHG emissions generated by the student and employee commute.  We have been using the same survey data for the FY 2018-20 inventories. 

For FY 2020, due to virtual classes and the work from orders, the old survey results likely will no longer be viable. A new survey should be conducted to ensure the accuracy of the data. And if possible, this survey should be conducted at least every two years to maintain this accuracy or until the parking permit data becomes more granular. 
[bookmark: differences]Table 6: Differences in data sources
	
	FY10 -15
	FY17–20

	Number of Commuter
	# of Parking Permit sold each year and commuter survey (5% drivers do not have permit)
	2018 commuter survey
and student and employee headcount

	Commute Distance
	Student and Employee address zip code
	2018 commuter survey

	Vehicle Emission Rate (Types of Vehicles)
	Vehicle information from parking permit
	

	Commute Frequency
	2016 Commuter Survey
	



Estimating the Impacts of COVID-19
COVID-19 will affect nearly every aspect of the FY2020 inventory. Most categories will reflect reduced activity due to limited in-person classes and work on campus. For example, lower electricity and water use will be reflected in billing and tracking data. However, it may be difficult to accurately estimate the impact that COVID-19 had on emissions from the student and faculty commute. It would be necessary to estimate the number of students, staff, and faculty that attended campus on average during the months with limited campus activity. One solution could be using data from the daily COVID-19 survey to estimate the total number of students and faculty who travelled to campus. Further discussion and research are needed to determine the best way to address this potential data challenge.  
Heating, Ventilation and Air Conditioning (HVAC)
The current inventory does not report the emissions due to refrigerant leakage because refrigerant data are unavailable. Including this data in future inventories would improve the overall emissions estimate.
Stationary Combustion	2010	2011	2012	2013	2014	2015	2017	2018	2019	1101836	933605	921442	843211	752738	653735	721269	660092	641445	Fuel cells	2010	2011	2012	2013	2014	2015	2017	2018	2019	282435	570577	570577	
Total Natural Gas Consumption (Thousand Therms)




Gasoline Consumption (Gallons)	2010	2011	2012	2013	2014	2015	2017	2018	2019	0	6.6559886100729668E-3	3.6803701726285817E-2	3.5308773803167826E-2	8.1544758853888594E-2	4.3459690336358783E-2	5.1581776116746837E-2	-5.3836981669337838E-3	3.6304324612916085E-2	



Diesel Consumption (gallons)	2010	2011	2012	2013	2014	2015	2017	2018	2019	0	-0.90445859872611467	0.15923566878980891	1.6114649681528663	2.4458598726114649	3.1114649681528661	2.9235668789808917	3.1560509554140128	2.7356687898089174	



Natural Gas Consumption (MMBtu)	2010	2011	2012	2013	2014	2015	2017	2018	2019	0	-2.7331092262340023E-2	-0.16512953826497237	-0.1114167141306774	0.1324358947222585	0.66737149119093642	0.20442540966572495	0.57707906798642272	0.69837446987831275	



Grid Purchase	76%	76%	59%	59%	63%

2010	2011	2012	2013	2014	2015	2017	2018	2019	32570.962	25448.062000000002	24238.545999999998	24962.931	24618.106	25054.243999999999	19449.928	14424.276	15035.369000000001	On-campus PV	7%	7%	7%	7%	6%

2010	2011	2012	2013	2014	2015	2017	2018	2019	0	705.00444999999991	1934.9735243760911	1927.5371499999999	1914.2861400000002	1905.2962399999999	1791.8324253000001	1764.6002279999998	1547.8830499999999	On-campus Fuel Cell*	17%	17%	34%	34%	31%

2010	2011	2012	2013	2014	2015	2017	2018	2019	0	0	0	0	0	0	4360.1332999999995	8328.387200000001	7281.3844000000008	GHG Emissions	9905.5196908349535	7883.8668854666503	8121.7418109917362	8649.2987743443628	8406.5790201771688	8584.3152945309375	6774.1821346121087	6609.2651739917474	6553.6063318573269	Fiscal Year


MWh


GHG Emissions (MT CO2e)




Waste Disposal	77%	77%	67%	67%	76%	76%	80%	80%	64%

CY2010	FY2015	FY2017	FY2018	FY2019	1803.4919999999995	1568.9468000000002	1442.4	1808.21	1355.46	Recycling + Composting*	23%	23%	33%	33%	24%	24%	20%	20%	36%

CY2010	FY2015	FY2017	FY2018	FY2019	535.21000000000038	768.06914999999969	463.26	460.59	747.04	Year


Tons generated




Domestic Water Use*	2010	2011	2012	2013	2014	2015	2017	2018	2019	82.681562	67.937743999999995	56.714645553581789	65.132690024839448	64.144366000000005	59.338092000000003	57.979266363999997	64.602515999999994	60.882711999999998	Irrigation Water Use	2010	2011	2012	2013	2014	2015	2017	2018	2019	24.647480999999999	22.558154999999999	27.771241446418212	30.146801975160553	31.197583999999999	23.962928000000002	24.678235480000001	29.693356000000001	28.317784	Fiscal Year


Million Gallons




Student - Air Travel Miles**	2010	2011	2012	2013	2014	2015	2017	2018	2019	3919943.3749999991	3976458.1249999972	4349478.8124999991	5413672.9374999981	3661611.9999999995	2344476.0000000051	3349894.1250000061	2332379	4791051.625	Faculty and Staff Air Travel Miles	2010	2011	2012	2013	2014	2015	2017	2018	2019	3480991.9999999977	4591928.6249999991	5168067.8749999963	4764079.15625	4703675.6874999972	5026995.0000000056	8003834.437500013	7451529.2499999991	7742125.125	Fiscal Year


Air Travel Miles*




2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	10618878	13393460.240000002	13268577.400000002	15486452.999999989	15369478.800000003	13942064.4	15233308.799999991	16900484.799999993	17517305.519999996	20894914.400000013	Fiscal Year


Thousands of Air Miles*




Student Commute Miles	2010	2011	2012	2013	2014	2015	2017	2018	2019	11864623.099730469	11206171.940700859	10881808.34231811	10456732.277628081	10251834.501347756	10274755.269541826	12473429.76	12473430.76	12473431.76	Employee Commute Miles	2010	2011	2012	2013	2014	2015	2017	2018	2019	8275924.4774994943	9256873.8652335834	9126053.1492184121	8611151.798107069	9791150.8709361665	10212901.187669966	9116532.4800000004	9116533.4800000004	9116534.4800000004	Student Commute Emission Rate	400.60598922371895	398.23569233990497	396.76216123977423	396.74251621603878	395.93265678739544	392.32588694356889	322.95524607262877	320.74238132209098	314.46037283130153	Employee Commute Emission Rate	404.40575417115309	404.97103273588488	405.83405757025287	405.23088460934343	401.95409440060143	396.46091276020445	318.2881990468349	316.10589019340705	309.9132773980524	Fiscal Year


Thousands of Miles*


Emission Rate (g CO2e per mile)




2010	2011	2012	2013	2014	2015	2017	2018	2019	693.38637835844725	551.87068198266604	568.52192676942195	605.45091420410597	588.46053141240225	600.90207061716615	372.71175567886746	268.80746806868791	289.28007302887329	Fiscal Year


GHG emissions (MT CO2e)



Target Emissions	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	30301.190029621655	25756.011525178408	18181	15151	GHG Inventory	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	30301.190029621655	28049.086412247521	28202.730232133115	28500.181537927492	27570.519409567059	26541.977761053324	0	24901.279022343107	23850.823448990952	25019.622726398142	Target	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	30301.190029621655	29846.672179177331	29392.154328733006	28937.636478288681	28483.118627844357	28028.600777400032	27574.082926955707	27119.565076511382	26665.047226067058	26210.529375622733	25756.011525178408	24998.510372660567	24241.009220142725	23483.508067624884	22726.006915107042	21968.5057625892	21211.004610071359	20453.503457553517	19696.002305035676	18938.501152517834	18181	17575	16969	16363	15757	15151	Baseline Emissions	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	30301.190029621655	Fiscal Year


GHG Emissions (MT CO2e)




Student and Employee Commuting	27%
29%
27%

2010	2018	2019	8099.8705534208002	6882.5478163920179	6747.735080944547	Student and Employee Air Travel	13%
21%
27%

2010	2018	2019	4017.7214549797172	5031.5937229330211	6637.0638000285853	Purchased Electricity	33%
28%
26%

2010	2018	2019	9905.5196908349535	6609.2651739917474	6553.6063318573269	Stationary Combustion	20%
15%
14%

2010	2018	2019	5926.4609172344808	3501.267901087906	3402.3602601051552	Solid Waste	2010	2018	2019	696.02819808184881	697.84903290592922	523.11758597876951	Campus Fleet Fuel Combustion	2010	2018	2019	532.31899242853262	555.12272731542339	577.93297830840322	Water and Wastewater	2010	2018	2019	429.88384428287452	294.3696062962195	278.52661614648201	Transmission and Distribution losses	2010	2018	2019	693.38637835844725	268.80746806868791	289.28007302887329	Fertilizers 	2010	2018	2019	10	10	Fiscal Year


GHG Emissions (metric tons of CO2e)
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