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Introduction

Virginia Tech has completed an annual Greenhouse Gas (GHG) Inventory and Assessment since

2007 as part of its Climate Action Commitment (CAC). This provides a quantitative analysis of the
Blacksburg campus's carbon footprint and emissions sources, which enables the university to
develop detailed plans for future emissions reductions. The annual GHG Inventory and Assessment
is critical to the university's Climate Action Commitment. Without an accurate GHG assessment, GHG
emissions cannot be reduced effectively, and progress cannot be tracked from year to year.

The GHG assessment directly supports Goal 1 of the 2020 Climate Action Commitment which
targets a carbon-neutral Blacksburg campus by 2030. Carbon neutrality in this context is defined
as net-zero emissions of CO,, CH,, and N,O across the Virginia Tech Blacksburg campus operations,
based on geographic and GHG scope defined by the 2020 Climate Action Commitment. Claims of
carbon neutrality, in which all included GHG emissions are reduced to zero or offset, require a GHG
assessment to confirm compliance.

For a detailed explanation and background on greenhouse gases and the analysis methodology used
for this assessment, refer to annual reports 2019-2022. All changes to the 2023 analysis methodology
are discussed in the following report.

The greenhouse gas accounting industry is rapidly evolving and standardizing best practices. This
inventory incorporates new methodologies and data as they become available. This is consistent
across the larger global greenhouse gas accounting industry. Each year the best available
accounting methodology at the time of publication is used, and future reports may differ as industry
standardization occurs. This GHG assessment uses SIMAP, the Sustainability Indicator Management
and Analysis Platform (SIMAP) developed by the University of New Hampshire. This is a well-known
GHG analysis platform used by universities around the United States.

2023 Greenhouse Gas Inventory
Results and Scope

The following document reports Virginia Tech’s Scope 1-3 emissions on a calendar year time from
Jan.1-Dec. 31, 2023. The geographic scope in this analysis includes all Virginia Tech-owned lands
and buildings on the Blacksburg campus, buildings leased by university departments and the Virginia
Tech Foundation in Blacksburg, and agricultural operations in the Blacksburg region. Including both
the main campus and leased spaces, this inventory covers approximately 11.5 million square feet. The
scope boundaries for this report is consistent with reporting years 2019-2023 and is further detailed
in past reports: vt.edu/sustainability/reports.

All GHG emissions are converted to MTCDE, or metric tons carbon dioxide equivalent, to provide an
adequate comparison. The emissions distributions are shown in the following tables and figures.


http://vt.edu/sustainability/reports

Table 1. SIMAP GHG Emissions by Scope

Direct emissions from university
owned or controlled sources like
on-campus power plants, fleet

vehicles, and back-up generators

76,261

28

Indirect emissions from the
2 generation of purchased energy
from utilities (i.e electricity)

138,140

92

All other indirect emissions due to
campus operations (e.g. commuter
miles, water/wastewater, commercial
business travel miles, etc.)

52,961

20

Figure 1. SIMAP GHG Emissions by Scope

Scope 1
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Scope?2
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Table 2. Annual total
emissions from 2

2013 297,488
2014 284,489
PAV 269,874
2016 257,244
2017 250,867
2018 232,260
2018 280,781*
2020 213,720**
2021 285,613
2022 257,437
2023 268,362

*Baseline year
**Estimated with limited analysis
due to COVID-19 pandemic




Figure 2. Past Virginia Tech Calendar Year GHG Assessments from 2013 — 2023
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Figure 3. Virginia Tech GHG Progress
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Figure 3 shows the university's progress towards the 2020 Climate Action Commitment. The 2020
CAC increased the Virginia Tech commitment to 100 percent reduction of GHG emissions by 2030
along with an implementation plan. 2019 is the first year of analysis using the 2020 CAC and there

is a jump in emissions due to expanded scope boundaries to include a number of GHG categories
(leased and Virginia Tech Foundation properties, BT bus system, utility electricity transmission

and distribution losses, upstream methane leakage, business travel, landfill and composting, and
agricultural operation) that were not included in the past analyses. 2020 GHG emissions were lower
due to reduced operations during a full COVID year while 2019 was a rebound year with increased
GHG emissions. Factors impacting the annual emissions are further described on the next page.



Figure 4. Distribution of university greenhouse gas emissions by category
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The total estimated GHG emissions for the 2023 assessment are 268,362 metric tons CO,. This is

4.2 percent higher than the emissions of 2022. The emissions for purchased utility electricity is

the largest increase (11,299 MTCDE). This increase is due to a couple of factors. The Power Plant
generator was offline for six months in 2023 for necessary maintenance, requiring additional electric
power purchase from the utility. The carbon dioxide intensity of the utility-purchased electricity also
has a strong influence on the electricity GHG emissions which dominate the Virginia Tech emissions.
The fuel mix is shown in detail in Table 9, but ultimately the higher CO, emissions factor is due to an
increase in coal-fired generation at the utility level. Virginia Tech has little control over these utility
carbon emissions coefficients except lobbying for lower carbon utility electricity statewide or by
purchasing Renewable Energy Credits (RECs) as done in 2019.

Overall, the GHG emissions increase in 2023 is small and primarily due to grid- purchased electricity.
In the calendar year 2023, new buildings contributed about 1.5 percent additional area to the
Blacksburg campus space. While these buildings are LEED certified high performance buildings, they
still contribute additional energy loads. Additionally, there was a small increase in electricity for the
Blacksburg Transit electric bus fleet.

As seen in figure 1, the direct university emissions in scope 1account for 28 percent of the overall
footprint. The scope 2 emissions account for 52 percent of the GHG emissions. The indirect
emissions of scope 3 are 20 percent of the total carbon footprint. This scope distribution is similar
to the 2022 inventory. The distribution by category is in figure 4 and table 3.



Table 3. SIMAP GHG Emissions Results

Scope Source ((:k[g])z (MEEDZE) ((:kl;lf (M(%Eﬁ's) 'Elkzg[)] (MTEI[J]E) (IEI;TIE:IEE) (AnnuElI;I/ETutal)
1 Co-genElectricity 13,859,538 13,860 1,383 39 28 8 13,906 5

1 Co-gen Steam 40,893,817 40,894 4,080 14 82 22 41,030 15
Other On-Campus

1 . 8799,856 8800 878 2% 18 5 83829 3
Stationary Fuels

y |Direct 6,934,773 6935 127 L 86 2, 6,962 3
Transportation

g Sz 0 0 12763k 3561 7227 1973 5534 )
Animals

o |Purchased 138,507155 138597 8,295 231 142 312 139040 52
Electricity

3 FacultyCommuting 2628754 2,629 14k 4 93 25 2658 1

3 StaffCommuting 7610992 7611 416 2 29 7k 7696 3

g |Student 2045517 2946 161 L 104 28 2978 1
Commuting

g DirectlyFinanced oo\ oa 455, 10 0 5. 15 4569 2
Air Travel

3 Solid Waste 0 0 29086 812 0 0 812 0.30

3 Wastewater 0 0 9124, 255 2812 768 1022 0.8

3 FERA 8095937 8096 63186 17629 85 23 25748 10

3 T6DLosses TL48319  TAL8  LLB 8 17 7478 3

Electricity purchased on campus is a majority of the footprint (52 percent). Breaking the footprint
down by GHG chemical, 90 percent of these emissions are due to CO,, nine percent due to CH,, and
one percent due to N,0.

SCOPE TEMISSIONS

Scope 1GHG emissions are direct emissions from owned or controlled sources like on-campus power
plants, fleet vehicles, and back-up generators. The following stationary fuels, or fuels consumed on
campus are listed in table 4.

el
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Table 4. Virginia Tech Stationary Fuel Usage

Stationary Fuels 2022 2023
Virginia Tech Power Plant - Coal (short tons) 8,835 2,162 0 0 0
Virginia Tech Power Plant - Qil (gallons) 3,600 14,622 11,150 16,838 7,000
Virginia Tech Power Plant - Natural Gas (MMBtu) 1,005,230 1,008,530 1,015,091 1,125,701 1,033,495
EGG and auxiliary building natural gas (MMBtu) 130,955 122,477 118,557 130,672* 161,207
Leased space building natural gas (MMBtu)** 23,744 23,744 7,409 3,367 5,045

*Value updated from 2022 report: vt.edu/content/dam/facilities_vt_edu/sustainability/greenhouse-gas-reports/2022-GHG-Report.pdf
**Estimates were applied where direct values were unavailable. All methodology is documented in the SIMAP platform.

The Virginia Tech Power Plant is a co-generation asset that produces centralized steam and
simultaneously uses some of the steam as a by-product to generate up to 6.25 MW of electricity.
The steam-turhine -powered generator produced 13,197,748 kWh of electricity at the plant

from January 2023 — June 2023. The turbine was taken offline for the remainder of the year for
improvements. The power plant natural gas fuel usage was down 8 percent and oil consumption
was down 58 percent in 2023 compared to 2022. This is partly due to the cogeneration turbine
being offline, as well as some building retrocommissioning projects and powerplant efficiency
improvements like steam trap repairs/replacements. The following figure shows the power plant
consumption for the calendar years 2014 to 2023.

Figure 5. Power plant fuel consumption by type, calendar year 2014-2023
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The transport fuels in the campus greenhouse gas inventory include Blacksburg Transit bus system
fuels, Fleet Services, agricultural operations, and Virginia Tech private aviation services fuels.
Electricity to charge the BT electric fleet is counted as a scope 2 emission as seen in table 5.



http://vt.edu/content/dam/facilities_vt_edu/sustainability/greenhouse-gas-reports/2022-GHG-Report.pdf

Aviation fuels (jet fuel A) in table 5
includes the fuel used by the Virginia
Tech flights using the university's
planes. The emissions factor applied
to this usage was 26.325 kg CO,/
gallon. The EPA Emission Factors for
Greenhouse Gas Inventories provides
an emissions factor for Kerosene-Type
Jet Fuel as 9.75 kg COy/gallon. This is
multiplied by a radiative factor of 2.7.2

In addition to the fuel used for
agricultural operations on the
Blacksburg campus, the footprint also
includes emissions from livestock,
fertilizer and land-use. Emissions from
animals were calculated both for the
animal digestive process (enteric
fermentation) and their manure

based on the numbers of each type of
livestock in table 7.

There are different types of fertilizer
that are applied at Virgina Tech
agricultural lands as shown in

table 8. Nitrogen from the fertilizer
oxidizes to volatile N,0. Fertilizer and
animals contribute approximately
two percent of the total university
GHG emissions.

Table 5. Blacksburg Transit Bus System Fuels

Blacksburg 2021 2022 2023

Transit Buses  Fuel Fuel Fuel Units
Diesel 262,517 212110 244,723 gallons
Gasoline 23,581 21295 24,933 gallons

Electricity 10913 10,715 153,362 kWh

Table 6. Virgina Tech Transport Fuels

Virginia Tech Fleet, Agriculture

Operations, and Aviation Fuels 2023* Gallons
Fleet Services (Diesel) 30,700
Fleet Services (Gasoline) 211,564
Agriculture Operations (Diesel) 29,007
Agriculture Operations (Gasoline) 18,331

Aviation Fuel (Jet Fuel A) 63,642

*In cases where the exact fuels for agricultural operations could
not be provided, estimates based on 2019 data were used.

Table 7. Virginia Tech Agricultural Animals

Livestock (heads)  2019-21* 2022 2023

Beef cows 800 730 773
Dairy cows 1,425 500 290
Horses 10 50 36
Sheep 750 500 456
Swine 485 80 310

*Data was only provided for 2019. These values were used as
estimates in the 2019, 2020, and 2021 inventory.




Table 8. Agriculture Operation Fertilizer Analysis

Fertilizer Type TKN U D | R
Applied Liguid Dairy Manure 13.1b/kg 51,673 0.16 35,476,002
Applied Liquid Swine Manure 1.5lb/kgal 1,508 0.02 8,032,000
Applied Solid Dairy Manure 11.281b/Ton 18,837 0.56 3,340,000
Applied Solid Mixed Animal Manure 16.381b/Ton 1,875 0.82 1,450,000
Applied Synthetic Fertilizer N/A 32,700 46 71,086
Applied Synthetic Fertilizer N/A n772 30 39,240
Cattle Manure (land droppings) N/A 483,387 3 16,112,925
Sheep/Horse Manure (land droppings) N/A 7.436 3 247,875

SCOPE 2 EMISSIONS

Scope 2 GHG emissions are indirect emissions from the generation of purchased energy from utilities.

Table 9 shows the annual electric consumption on the Virginia Tech Blacksburg electric buses. The
total electric consumption was up 3.5 percent in 2023 compared to 2022. This is largely due to the
energy consumption of new buildings on the Blacksburg campus. The campus has several energy
saving initiatives to curb electricity consumption. One example is the current LED lighting upgrade
phase which includes the conversion of 20 buildings (~1.5M sq. ft.). This project is expected to save 2M
kWh, or 1.3M kg of CO,. Roughly 44 percent of campus area remains in the campuswide LED lighting
conversion project. This will yield additional future electricity savings.

Table 9. Blacksburg Campus Electric Consumption and the Virginia Tech Power Plant Electricity Generation

Electricity Category CY2019kWh CY2020kWh CY2021kWh CY2022kWh CY2023 kWh
Education and General (EGG) 144,214,379 | 129,103,468 | 124,567,951 | 122,225,361 | 124,487,705
Auxiliary 63,108,898 | 55,027,068 59,113,525 60,006,828 = 59,468,163
Steam Plant Turbine Production (25,785,220) | (11,748,217) 0 (19,800,181) | (13,197,748)
Leased Buildings* 38,429,092 | 32,664,729 | 36,881,742 | 40,208,790 39,084,208
BT Transit Electric Buses — — 108,113 10,715 153,362

*Note: This data includes some estimates, specifically for leased spaces where there is limited submetering and access to utility information.




The custom carbon dioxide emissions factors for electricity purchased from the utility, Appalachian
Power Company (APCo), were obtained from the Utility Specific Residual Mix Emissions Rate in the
Edison Electric Institute (EEI) Electric Company Carbon Emissions and Electricity Mix Reporting
Database for Corporate Customers for 2023.°

The CH, and N,O emissions values were not provided in the EEl database so these were taken from the
EPA eGrid summary tables for 2022 for the RFCW grid region as the 2023 data was not available at the
time of this report.* The 2023 custom carbon dioxide emissions factor used was 0.660 kg CO,/kWh.
This is five percent more than the electricity emissions factors in 2022 due to slightly higher coal use
and less nuclear and hydropower energy in the electric grid fuel mix.

Table 10 — Utility Emissions Factors

APCO Emission Factors (lb GHG/MWh) SIMAP 2023 Custom Emission Factors (kg GHG/kWh)

GHG 2021 2022 2023 GHG 2021 2022 2023
Carbon Dioxide (CO;) | 1,522 = 1384 | 1455 | Carbon Dioxide (CO;) 0.69 0.628 0.660
Methane (CH.) 0.095 0.095° 0.087" | Methane (CH.) 0.0000431 0.0000431 0.0000335

Nitrous Oxide (N.0) | 0.014 0014 0.012" | Nitrous Oxide (N.0) | 0.00000635 0.00000635 | 0.00000544

*2021values since updated values were not yet available from eGrid at time of analysis
**2022 values since updated values are not yet available from eGrid at time of analysis

Renewable Energy Credits

No renewable energy credits were purchased from 2020-2023. In 2019, 90,220 Appalachian Power
Company hydropower renewable energy credits (55,405 MWh) were purchased. If this equivalent
amount of renewable energy credit offsets were purchased in 2023, the net MTCDE would be reduced
15 percent.

Scope 3 Emissions

Scope 3 GHG emissions include all other indirect emissions due to campus operations, including both
upstream and downstream emissions (commuter miles, transit bus fuel, waste/recycling/compost,
water/wastewater, aviation fuel, and commercial business travel miles), utility transmission and
distribution (T&D) losses, and fuel- and energy-related activities (FERA) which includes upstream
natural gas (methane) direct leakage.




Commuting

The commuter analysis was done using the new 2023-24 Virginia Tech Transportation Services
permit data and the same 2023 transportation survey data as the 2022 analysis. There were slight
differences in both the analysis method and the data entry into SIMAP for more accuracy and
transparency. For each category, the number of commuting weeks were weighted based on the
Commuter survey data while the number of Commuters was weighted based on the permit data

but did not include daily parking app purchases for which data wasn't available. Instead of a single
weighted-student category in SIMAP as was used last year, the updated Student Commuting data
was entered separately for Graduate Commuters, Undergraduate Commuters, and Undergraduate
Residents (on campus). A few minor revisions to the Commuter survey percentages were made
based on reanalysis of the previous survey data. Students without permits who drop-off other
students were removed from the analysis since this commuting data was not well-supported by the
survey data. It is known from asking students and observing campus behavior that drop-offs are
common, and this activity should be better captured in a future survey. The number of faculty and
staff, as well as their relative percentages, were adjusted based on better Human Resources data
since the prior years' analysis inadvertently used an employee total which was too high because it
included student employees which were already captured in the Commuter analysis. Overall, Virginia
Tech permit purchases were higher this year, but GHG emissions were offset for the most part by the
better analysis method so that the total GHG emissions for Commuting was similar to the year prior.
Total commuting emissions were 1.6 percent higher in 2023 compared to 2022.

Figure 6. University Commuter Survey Results Calendar Year 2023
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Commercial Airline Travel Analysis

The university business airline passenger miles includes the trips booked through travel agencies.

In addition, this year, the fuel purchased on fuel cards or personal credit cards was provided but there
has not been resources yet to compile this additional data so it has not yet been added to the analysis.
Directly financed air travel was down 25 percent compared to last year's greenhouse gas inventory.
The directly financed air travel was two percent of the overall university footprint.

1



Solid Waste & Wastewater

In 2023, Virginia Tech produced 5,194 tons of municipal solid waste (MSW) and sent 510,280,811
gallons of wastewater to the Blacksburg Water Authority.

Fuel and Energy-Related Table 11 - Virginia Tech Waste and

Activities (FERA) Wastewater

In previous GHG inventories, upstream methane Year Total MSW Total Wastewater
; ; N Produced (tons)  Produced (gallons)

leakage from both direct use in campus buildings and

indirect use from purchased utility electricity was 2019 3,937 461,610,000

calculated using a United States average estimate of
2020 2,597 512,620,000

2.3 percent methane leakage by volume. This value was
then added manually to SIMAP as a scope 3 emission. 2021 3,510 556,819,167

SIMAP has recently added upstream emissions of

. . , 2022 4,580 516,645,201
fossil fuels to their GHG calculation under the category

of Fuel-and Energy-Related Activities (FERA). This FERA | 2023 5194 510,280,8M

category includes emissions that occur upstream

from the scope 1direct combustion of a fuelincluding extraction, production, refining, transportation,
and distribution of coal, oil, and natural gas. FERA also includes extraction, manufacturing, construction,
maintenance, and decommissioning for wind and solar energy.

This is a more accurate estimate compared to previous calculations which only included methane
leakage during distribution. This value is 17 percent higher in the new method compared to the manual
method of the previous years since the scope has increased somewhat. This inventory uses the FERA
analysis from SIMAP in this year's GHG report rather than the internal calculation in the spirit of the
Climate Action Commitment decision to include methane leakage and to use the best data available.

It should also be noted that indirect upstream emissions from fuels used to generate electricity are
also planned for the FERA calculation in SIMAP, but not yet implemented this year.

The emissions associated with losses due to electricity and natural gas distribution are 10 percent
and not under the direct control of the university, though these values scale down linearly as energy
use is reduced.




CARBON SINKS AND SEQUESTRATION

Carbon sinks refer to environmental processes which absorb carbon dioxide and remove it from
the atmosphere. Sequestration is the technical term for this process of removing carbon dioxide by
different carbon sinks.

This year, university campus tree sequestration data was reported in SIMAP as a carbon sink.
Virginia Tech records all trees on campus in i-Tree software which calculates carbon emissions
based on the number, size, and species of the trees. The 11,414 trees currently detailed in the

i-Tree database store approximately 5,811 metric tons of carbon and annually sequester about 335
metric tons of CO,. This addition to SIMAP does not subtract from the overall footprint. It is keeping
additional carbon from being released into the atmosphere; however, it is not reducing emissions.
This information is tracked to better understand how university land management practices impact
our greenhouse gas emissions.

LOOKING AHEAD

Virginia Tech continues to demonstrate its commitment to reaching carbon neutrality by funding
initiatives to lower its carbon footprint such as energy efficiency projects, exploring renewables, and
building to LEED Silver standards on new construction and major renovation efforts. In looking to the
future, opportunities are being explored to integrate data analysis of upstream food emissions to
expand this report and allow for more informed decisions regarding dining procurement efforts. For
more updates on other sustainability and Climate Action Commitment progress, please view the most
recent Sustainability Annual report.
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