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Abstract 

Greenhouse gas emissions are a major contributor to climate change and it is important for 

organizations such as schools to understand and manage their own emissions. A greenhouse gas 

emissions inventory is a systematic approach to measuring the amount of greenhouse gases an 

organization produces. This thesis presents the results of a three scope greenhouse gas emissions 

inventory of a school, including an analysis of the sources of emissions and their relative 

contributions. The inventory includes emissions from fuel burned for heat and transportation, local 

emissions from electricity demand, as well as downstream emissions from waste and recycling. 

Based on the results of the inventory, several initiatives were identified to reduce emissions 

at the school. These included energy efficiency improvements, such as weatherization and 

electrified heating systems, electrifying buses, as well as installing rooftop PV, and finally waste 

reduction efforts focused on increasing recycling. 

The theoretical implementation of these initiatives was found to be successful in reducing the 

school’s greenhouse gas emissions. Renewable energy credits were required to fully bring 

emissions down to and even below net zero. An analysis of the emissions reductions and costs 

associated with each initiative was also presented. Overall, this thesis demonstrates the importance 

of conducting a greenhouse gas emissions inventory and implementing emission reduction initiatives 

in schools. It also provides a framework that can be used by other schools to assess and reduce 

their own greenhouse gas emissions. 
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The adoption of sustainable building and operation standards are becoming ever more 

prevalent in a world struggling to reduce its carbon footprint. Net zero initiatives have a wide variety of 

meanings across regions and industries. Some consider the start of these programs to include 

purchasing all electricity from a renewable provider. However, many programs require that most of the 

electricity to be generated on-site, and others even look for full commitment of the facility's lifecycle, 

including building materials and operation, to be entirely sustainable and as passive as possible (LEED, 

n.d. & Net Zero International, n.d.). 

Furthermore, sustainable operations aimed at decarbonization of the public education sector, 

such as schools being fully reliant on rooftop solar or engaging students and faculty in waste reduction 

practices like composting, could provide significant inspiration for students and the community to 

reconsider their own lifestyle (IJERT, 2021). Chesterfield County Public Schools (CCPS) is fully engaged 

with this vision in that they have contracted with a local solar firm to retrofit and service a dozen 

existing buildings with rooftop PV  as well as power purchase agreements (PPAs) once those installations 

are operational (Josh Davis, 2022). So far, seven facilities have started the installation process, six 

elementary schools and one county training and administration building. This is in conjunction with 

plans to build every new school and facility “solar ready” going forward, meaning they will install the 

panels as soon as the budget allows but they will not be in place when the facility initially opens (Josh 

Davis, 2022). 

This analysis will consider Greenfield Elementary School (GES) for a greenhouse gas emissions 

inventory and look into the impact of various sustainable practices. This will offer insight into the 

comparative costs or savings that result from implementations. GES was chosen for the GHG inventory 

as I have the most available connections with the administration and faculty as well as the fact that I 

coach a FIRST Lego Robotics team at this school. Given that this season’s theme is sustainable energy 

production, it would also be great to be able to use familiar case studies with the team when explaining 
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sustainability and energy efficiency. Furthermore, one of the nine school buses currently serving GES is 

one of the electric models donated by Dominion, which will hopefully allow for a very accurate 

comparison of vehicle operations under similar conditions. 

Research Statement: This project will conduct a greenhouse gas emissions inventory of Greenfield 

Elementary School by considering the following three emissions scopes: 

Scope 1) Transportation and Heating Fuel Use 

Scope 2) Electricity Demand 

Scope 3) Waste and Recycling 

Using this as a baseline, a deeper analysis will be conducted on decarbonizing through four initiatives 

aimed at achieving net zero carbon emissions: 

(1) Rooftop Photovoltaic Systems vs Green Energy Utility Riders 

(2) Electric School Buses 

(3) Waste Reduction and Recycling Initiatives 

(4) Systems Efficiency Upgrades 

Hypothesis: The most cost-effective initiative will be energy efficiency upgrades, followed by waste 

reduction, rooftop PV, and finally electric school buses will be found to reduce substantial emissions but 

will be the most expensive. 
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Literature Review 

Circularity of Net Zero Energy Building, Reduction of Carbon Footprint and Use of Renewable Energy 

Management (n.d.): This study breaks down various net zero standards and practices across the world. 

This article also goes into the rationale for pressing for adoption/adherence to these standards. While 

brief, it offers an overview of everything from building standards to government policy (Kit, n.d.). 

Overview of Scopes 1-3: Greenhouse Gas Emissions Inventories are often conducted with reference to 

three Scopes, each encompassing emissions sources further away from the source facility, operation, or 

entity being inventoried. Scope 1 includes all emissions from fuel combustion for heat or transportation, 

Scope 2 includes indirect combustion emissions from electricity demand, and finally Scope 3 technically 

has no limit and includes all further downstream emissions such as lifecycle of all supplies used, 

commuter emissions, waste, and even emissions as a result of investment assets (Anthesis, n.d.). 

Solar PV as a mitigation strategy for the US education sector (2019): This is an analysis tackling the 

potential electricity production if all educational facilities in the US installed the maximum capacity of 

rooftop solar. It is an idealized scenario but provides an excellent outline of the opportunities for 

rooftop PV in the education space (Hanus, 2019). 

Operational grid and environmental impacts for a V2G-enabled electric school bus fleet using DC fast 

chargers (2021): This is a similar study to the one above and dives into the benefits of well-managed 

charging infrastructure and how beneficial load shifting and peak shaving would be accomplished using 

school buses. This study particularly focuses on the benefits the buses’ unique operating schedules 

would lend to and how it enables them to smooth out one of the most challenging daily demand periods 

(Elliott, 2021). 
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‘Historic’ Infrastructure Bill Starts Flow of Electric School Bus Funding (2021) and Inflation Reduction Act 

Offers Latest School Bus Electrification Funding Opportunities (2022): Recent legislative developments 

such as the Inflation Reduction Act and the Infrastructure Investment and Jobs Act will provide over $6 

billion in total committed funding to purchase electric or low emissions school buses, as well as $1 

billion to build out charging infrastructure for all types of heavy duty electric vehicles (Hannon-Ekbatani, 

2021 & Lydersen, 2022). At the time of writing this, Chesterfield County has not directly requested any 

federal funding associated with the Clean Bus Program. However, two neighboring counties with 

significantly smaller populations have already received reimbursements to replace 13 of their buses with 

electric models; furthermore, neighboring Richmond City Public Schools is on the waitlist to receive 

funding for 23 electric buses (EPA, n.d.). In addition to direct grants from the Federal government, local 

utility company Dominion Energy donated 10 electric school buses to Chesterfield County as part of a 

larger round of 50 buses distributed among four counties in the central Virginia area (Dominion, n.d.). 

Dominion Energy: Electric School Buses: The local utility company plans to replace all 13,000 buses in 

service within Virginia with electric models over the next 10 years. These buses are reported to operate 

at 40% of the original maintenance cost of a propane or diesel bus (Dominion, n.d.). Beyond this 

reduced financial burden on the county, the main motivation of this initiative is the potential for vehicle-

to-grid energy storage services outside of operational hours, particularly during the summer (Dominion, 

n.d.). Furthermore, Dominion has agreed to pay for all chargers and charger maintenance for the first 15 

years of operation. Currently, there is only one of these HEV charging facilities with 12 chargers but 

several more are set to be built as demand rapidly expands (Dominion, n.d.). 

The State of Electric School Bus Adoption in the US (2021): This source breaks down the current electric 

school buses purchase commitment and adoption rates across the US. According to this article, Virginia 

is already the 5th most committed state when it comes to future ESB orders. It also goes into various 

funding systems and sources used to assist schools in this transition (Freehafer, 2021). 
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Cost Reduction of School Bus Fleet Electrification with Optimized Charging and Distributed Energy 

Resources (2019): According to a study published by the IEEE, some of the greatest benefits related to 

switching school buses to EVs come from the optimized charging situation after drop-off and before 

pick-up. Chargers that can operate bidirectionally help alleviate power strain on the grid and when 

combined with strategic battery sizing, can lead to significant cost savings for the overall system (Becker, 

2019). This study does not include an analysis of the capital expenses of either the buses themselves or 

the charging infrastructure. 

Methodology 

 Before emissions reductions can be estimated and prioritized, a baseline inventory must be 

established. The independent variables for the greenhouse gas emissions inventory are the various 

parameters unique to the school, such as monthly electricity, propane, and diesel consumed as well as 

volume and frequency of waste disposal. The dependent variable for the emissions inventory is the 

monthly emissions estimated. The independent variables for the emissions reduction initiatives will be 

site specific parameters pertaining to solar PV energy production, V2G potential, as well as the results of 

the emissions inventory. The dependent variable will be the carbon emissions theoretically reduced 

from implementing each initiative. 

Greenhouse Gas Emissions Inventory Methods 

Scope 1: Direct Combustion 

Using data from monthly propane bills covering the last 15 years, an average monthly demand 

curve could be precisely modeled. To calculate emissions, this demand was multiplied by an emission 

factor obtained from the EPA models, which estimate burning propane emits approximately 5.75 kg/gal 

(EPA, 2020). 
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Direct emissions from transportation were the second scope 1 pathway analyzed, specifically 

the 9 buses that service the school. In order to simplify calculations, neither emissions from private 

transportation, such as student drop off/pickup or faculty commuting, nor emissions from extraneous 

transportation, such as field trips, were considered. The county provided make, model, fuel economy, 

and daily cost breakdowns for all buses in the fleet last year. Also provided was a breakdown of miles 

driven for the school as well as total miles driven for the county each day for all buses that service the 

school. This allowed for fuel consumption and subsequent emissions calculations on an individual bus 

level. The emissions factor here comes from an EPA model that estimates 10.180 kg CO2 is released 

from burning one gallon of diesel (EPA, 2022). This was scaled by the number of school days in each 

month to calculate a monthly emissions estimate. 

Scope 2: Indirect Combustion from Energy Demand 

 To calculate Scope 2 emissions, another simple coefficient model was applied. This coefficient 

was derived by the EPA’s Power Profiler online model which looks at composite emissions based on 

average regional generation source. According to their research, the southeast\mid-Atlantic region 

produces an average of 282.63 kg/MWh (EPA, 2022). The school’s electricity demand was averaged by 

month over the last 15 years and multiplied by this factor to obtain average monthly emissions from 

electricity. 

The vehicle to grid emissions reduction model is also applied to the Scope 2 emissions because 

the single existing electric bus in service at the school also participates in a program to charge the bus 

using excess renewables and discharge it when the grid experiences high demand (Dominion, n.d). This 

model estimates the bus could potentially reduce about 128 kg of equivalent CO2 on every day that 

schools are not in operation (Dominion, n.d. & EPA, 2022). This is then scaled by a proportionality factor 

of the number of daily miles driven for the school divided by the total miles driven each day. 
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Scope 3: Waste and Recycling (Downstream Emissions) 

Only two scope 3 pathways were considered, emissions from recycling and landfill waste. To 

model these emissions, a theoretical waste composition was figured to be 35% food waste, 35% mixed 

paper, 15% mixed plastics, 5% aluminum cans, and 10% corrugated containers (EPA, 1997). The 

composition was based on average classroom material and the fact the school serves both breakfast and 

lunch daily. The estimated weighted average density of such a mixture was found to be about 0.079 

sTon/y3, this was derived from an EPA models that analyzes various waste densities (EPA, 2016). Using 

this information along with additional EPA models, this mixture was estimated to produce a weighted 

average of 54.77 kg CO2/y3 (EPA, 2020). The recycling composition was based on a model of 40% mixed 

paper, 30% aluminum cans, and 30% corrugated containers, which has an estimated density of about 

0.124 sTon/y3 (EPA, 1997 & EPA, 2016). Using the same EPA model mentioned above along with the 

density model, recyclables were estimated to produce 9.796 kg CO2/y3 (EPA, 2020). CCPS provided the 

volume of each dumpster, collection frequency, and cost per collection. 

Emissions Reduction Methods 

Efficiency Upgrades 

Weatherization costs were calculated by multiplying the number of doors on the school by an 

estimated cost of $27 per door, found using local rates and material prices (Lowes, n.d.). Windows were 

concously omitted from this analysis for simplicity and model accuracy. This is because calculating the 

number of doors on-site is simple using satellite images, however, the same can not be said for 

determining the number of windows. Weatherization was estimated to reduce both thermal energy 

demand and electricity demand by 20%. This figure was based on an EPA study that suggested 

weatherizing doors and/or windows could result in 20% -50% energy savings and the low end of this 

model was used (EPA, 2011). 
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The make and model of the AC systems and furnaces were provided by CCPS in order to analyze 

the impact of energy efficiency upgrades.  Due to the fact that the AC unit was replaced in 2018, a full 

HVAC overhaul and conversion to a heat pump system was not considered at this time, instead this 

analysis compared replacing the propane unit with resistive heater units for the means of emissions 

eliminaition. A quote for a replacement heater unit was not available but this electrification is estimated 

to be within $15,000-$30,000 (EPA, 2011). Refrigerator, freezer, and dishwasher make and model data 

was not available, so upgrades to those units were not considered. This data was anticipated due to the 

fact these appliances make up a significant portion of energy consumption in the average K-12 schools 

(EPA, 2011). Computer replacement will not be considered even though they are the next largest power 

consumer, mostly due to sunk cost and technical overhead involved in such an overhaul, along with 

minimal potential room for improvement. Due to a lack of publicly accessible efficiency data on specific 

models from the 1980s and inability to acquire lighting data, this analysis instead extrapolated 10% 

upgrade efficiency improvements based on the notion that burning propane is roughly 90% efficient and 

resistive heating is 100% efficient in terms of converting power demand to thermal energy (Callow, 

2016). 

Rooftop PV 

The potential solar PV production was simulated using NREL PVWatts software. This tool 

estimates hourly solar insolation and energy production data for a specific location over a year (NREL, 

n.d.). Five simulations were run to analyze the potential production from installing fixed panel arrays on 

various locations. The exact map data and parameters for the simulation can be found in the Appendix: 

Figure A.2 - A.3. System prices were estimated based on an average cost of $1.72 per Watt for 

commercial rooftop solar (NREL, 2020). 

Alternative Energy Programs 
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All demand not met by on-site solar PV production should be purchased through REC or 

equivalent programs. For purchasing clean power, Dominion Energy has four options focused on 

sustainability and reducing emissions. First is the REC Select program that costs an additional 

$2.69/MWh to source 100% from a wide range of renewables across the country (solar, wind, 

geothermal, hydro, tidal, biomass, and landfill gas) through renewable energy credits. Next up would be 

the 100% Renewable Energy program at $3.98/MWh which sources energy from solar, wind, and 

biomass exclusively in Virginia and North Carolina, however this program has a maximum demand of 

5MW. The Green Power program is the next step at $12/MWh and exclusively sources energy from solar 

and wind generation in Virginia and surrounding states. Finally, there is the Community Solar program 

which offers 100% Virginia based solar energy production for an extra $20.13/MWh, however there is a 

100% match maximum of 1 MWh (Dominion, n.d.). 

Electrification of Buses 

 Emissions reductions associated with bus electrification are two fold, primarily there is the 

prevention of CO2, NOx, and other pollutants that come from directly replacing an existing diesel bus 

with an electric model (Dominion, n.d.).  Second is the carbon emissions offset from the vehicle-to-grid 

(V2G) operations under the assumption 100% of charge comes from excess renewable generation. To 

simplify models, buses are only considered available for vehicle-to-grid operations on days without 

school as Dominion estimates it takes approximately 3 hours to completely charge a battery and each 

full charge has a capacity of 226 kWh (Dominion, n.d.). This allows for a potential for each bus to fully 

cycle twice a day and offset up to to offset 64 kg of CO2 per cycle. According to the Vermont Energy 

Investment Corporation, the average electric school bus costs under $400,000 (VEIC, n.d). 

Reductions in emissions from V2G capabilities are scaled by the ratio of miles driven for GES to 

total miles driven for the county for each bus. This is in order to adequately distribute the impact of 
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these charging offsets throughout all schools serviced, otherwise they would appear to have a 

disproportionately large impact on just the emissions associated with GES. 

Recycling Initiatives 

 The impact of recycling initiatives were calculated based on another EPA emissions model, this 

time looking at the mass of CO2 equivalent emissions avoided if a given mass of recyclable material is 

diverted from a landfill to a recycling facility. According to this model, an estimated 2.89 metric tons of 

CO2 can be avoided by redirecting a single ton of recyclable material (EPA, 2020). This model was 

further supplemented with the waste density values from earlier to form an even more accurate model 

for emissions avoidance. This combined estimate came out to approximately 44.97 kg of potential CO2 

is avoided per cubic yard of recyclable materials diverted from a landfill (EPA 202& EPA, 2016). 

According to the county provided data, they pay $2.56 per garbage dumpster collected and $2.63 for 

recycling, This means that this initiave only costs 0.07 per trash collection diverted to recycling. 

Data Processing 

My initial data analysis was conducted using Excel for unit conversions and data comparisons 

and Python for the remaining data manipulation, filtering, grouping, and plotting. Data analysis and all 

data visualization was accomplished using the Pandas data analysis package and the Plotly graphical 

analysis packages along with proprietary error correcting code that combined split payments and 

removed double charges. 

Expected Findings 

This project is expected to demonstrate significant operational cost savings from implementing 

high efficiency resistive heating and weatherization efforts. Once energy consumption has been 

mitigated, it is expected that it will be economical to supply nearly all power from rooftop PV panels. 
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Also, the next most effective way to reduce emissions will probably be from reducing waste. This can 

come from recycling or composting programs aimed especially at immediate reuse of materials rather 

than shipping them off-site. Using bioplastics for packaging school lunches is not considered feasible 

given lack of local infrastructure. It is also expected to find that electric school buses would significantly 

reduce total emissions and have the benefit of already being committed and funded by local utilities and 

Federal programs. 

The final deliverables for this project will be an analysis of the impact of implementing various 

sustainable practices in Chesterfield County Public Schools, particularly at Greenfield Elementary School. 

It will start with a greenhouse gas emissions inventory and will use this as a baseline to focus on the 

impact of four initiatives. The report will conclude with concise policy advice to the leadership at 

Greenfield Elementary and Chesterfield County and outline how to best implement these practices to 

achieve Net Zero. 

Results 

Greenhouse Gas Emissions Inventory 

The three contributing pathways of waste, electricity, and fuel consumption produced a total of 

473.7 metric tons equivalent CO2 every year. Scope 1 totalled about 143,619 kg of CO2 equivalent 

emissions from transportation and thermal fuel consumption. Annual transportation emissions from a 

variety of diesel models came to approximately 37,272 kg of equivalent CO2 from burning 236 gallons of 

diesel. The remaining 105,346 kg of CO2 comes from burning an average of 18,321 gallons of propane 

for heat. Scope 2 emissions totalled about 259,658 kg of CO2 as a result of consuming an average of 940 

MWh of electricity with roughly 6,986 kg of CO2 avoided through vehicle to grid charging programs. 

Scope 3 emissions were based on a maximum estimated waste volume of 792 cubic yards of trash and 
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150 cubic yards of recycling, which results in up to 72,430 kg of CO2 being released into the atmosphere 

each year from downstream processing and disposal associated emissions. 

 

Figure 1: Monthly Emissions [kg CO2] per Emissions Source 

Emissions Reductions Initiatives 

As mentioned above, the four initiatives analyzed were bus electrification, rooftop solar, waste 

reduction, and efficiency upgrades. In total, Greenfield Elementary School could completely eliminate its 

carbon emissions and even offset approximately 18,038 kg of CO2 annually, or 4% of its original 

emissions footprint, if all initiatives are successfully implemented, if RECs are considered applicable 

emissions reduction, this increases to about 35 tons or 7% of original emissions are offset rather than 

released. 

Heat electrification could eliminate over 105 tons of CO2 from the inventory by removing the 

contribution from burning propane for heat. However, transitioning to an electric resistive heater would 

increase electricity demand by an estimated 412 MWh annually (Wright-Hennepin, 2012). Insulation, 

weatherization, and other efficiency improvements of 20% could reduce this heat adjusted energy 

demand by 336 MWh and would lead to the following emissions curve. Figure A.1 in the appendix offers 

further context to the historic demand provided and the average monthly demand. 
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Figure 2: Impact of Weatherization and Heat Electrification on Monthly Emissions [kg CO2] 

When the proposed rooftop PV solar configurations shown in Figure A.3 were analyzed and 

applied to the demand curve adjusted for electrification and efficiency improvements, the following 

monthly power curve was produced. 

 

Figure 3: Impact of Solar PV on Monthly Electricity Demand Curve [MWh] 

However, it was deemed infeasible and unnecessary to include the lawn space in any solar 

configuration as it would have only pushed demand during the month of September over the threshold. 

Continuing forward, the maximum model considered was an all-building configuration. 
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Subtracting generation potential of the minimum (Main building only) and maximum (all-

buildings) configuration from the adjusted electricity demand and running the emissions model provides 

the following two emissions curves and reduced annual emissions to between 300 and 105 tons of CO2. 

 

Figure 4.a: Minimum Solar Installation Adjusted Monthly Emissions [kg CO2] 

 

Figure 4.b: All Buildings Covered with PV Adjusted Monthly Emissions [kg CO2] 

Purchasing all remaining energy demand through any of the local utility’s renewable power 

options costs between $2.69 and $12 per MWh and up to 1 MWh per month could be met with 

community solar for $20.13 extra; this is all on top of the current rate of $11.77/MWh. After adjusting 
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for efficiency improvements and a solar production potential, CCPS would only need to spend an 

additional $380 - $8,000  extra each year to meet GES’ remaining energy demand sustainably. 

 

Figure 5.a: Adjusted Monthly Emissions [kg CO2] After Electricity Demand Met by Minimum Solar 

Configuration and RECs 

 

Figure 5.b: Adjusted Monthly Emissions [kg CO2] After Electricity Demand Met by Solar PV on All 

Buildings and RECs 

The result of electrifying the four highest mileage buses would be a reduction of about 85,415 

kg CO2 per year. Furthermore, electrifying the remaining buses would lead to a total reduction of 

123,051 kg CO2 from direct fuel combustion avoided as well grid emissions offset by renewable 
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powered V2G storage. This is on top of the existing reduction of about 7 tons oer year for the currently 

operational ESB. 

 

Figure 6.a: Adjusted Monthy Emissions [kg CO2] with Top Three Worst Emissions Buses 

 

Figure 6.b: Adjusted Monthy Emissions [kg CO2] with All Buses Electrified 

Including a final minor adjustment of diverting one dumpster of trash to recycling per week, GES 

would further reduce their emissions profile by about 9,595 kg CO2 per year for a final greenhouse gas 

inventory of -54 tons of CO2 effectively removed through the full consideration of adjustments to 

Scopes 1-3. 
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Figure 7: Adjusted Monthly Emissions [kg CO2] with All Initiatives Implemented  

 Finally, using the cost outlined in the methodology and reduced emissions in these results, the 

following table was produced to compare the financial feasibility of of each initiative as a dollar per 

metric ton of CO2 reduced. 

Initiative Total Cost 
Metric Tons 
CO2 Reduced $/ton CO2 

Heat 
Electrification $30,000 -11.31 -$2,652 

Weatherization $513 82.63 $6.21 

Rooftop PV $1,135,200 253.38 $4,480 

REC $2,470 58.17 $42.46 

ESB $3,200,000 123.04 $26,008 

Trash Diverted $4 9.6 $0.36 

Table 8: Cost Emissions Analysis Breakdown 

Discussion 

Looking at the final cost analysis in Table 8, the first thing that may jump out is how emissions 

increase when the heaters are electrified which may seem counterintuitive. Even with a 10% 

improvement to energy consumption, it is actually dirtier if the energy comes from the grid rather than 

from locally burning propane. However, this additional demand can be met by rooftop PV and RECs. 
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One of the leading hurdles to implementing any sort of alteration of the status quo at a public 

school is that no matter how good the intention, most operational expenses, including fosil fuels 

burned, are already completely subsidized by State or Federal programs. However, given that Congress 

recently passed the largest climate action funding in history, there is significant availability for shifting 

public operations, especially schools, towards sustainability without upsetting the budget. The models 

were run in the order and grouping established to best anticipate the feasibility of each program as 

outlined below. Weatherization and HVAC costs can be recovered through grants under the Inflation 

Reduction Act (Lydersen, 2022). While funding for Solar PV is available under the same program, it was 

considered separately due to the scope, cost, and effort required for installation and grid connection. 

Electric bus funding has been established through the Clean Bus Program, created under the Inflation 

Reduction Act, however it is unclear the status or size of CCPS’s grant beyond the purchase of 10 buses 

introduced this year. Dominion states its program is only available to counties that have been approved 

for or received Clean Bus Program funds, however the EPA website indicates that Chesterfied has not 

requested or received any to date. 

One factor not previously addressed is that GES occasionally hosts a summer school program; in 

Figure A.1 this can be seen as spikes in several summers since 2016.This was not considered predictable 

behavior as it only happens when the summer school program requires additional capacity. While this 

certainly has an impact on both trash pick up schedule and electricity demand, these values were 

averaged in without any additional weight or bias despite not existing in previous years. 

While hourly power production vs demand data is very important when considering rooftop PV, 

monthly data was focused on in this analysis because the school did not have hourly demand data 

available. Further analysis might consider looking at school hours of operation to more acutely predict 

how demand could be met and what might be left over for resale. 



19 
 

Likely the largest potential for overestimating emissions comes from the trash and recycling 

models, specifically because the maximum garbage volume per dumpster was used and it is very unlikely 

that GES is reaching disposal capacity every single day they are collected. Along a similar line of thought, 

there is a very low probability of underestimating these emissions with the exception of an inadequate 

density or emissions model, which were both calculated conservatively. 

Finally, it would be worthwhile to review several potential improvements to the methodology of 

this analysis. First is the weatherization and efficiency models could use a significant overhaul by 

considering more specific qualities of the HVAC system such as unit power draw and actual thermal 

production efficiency. On this line of thought, it would be very intriguing to see the results of an 

environmental analysis determining the feasibility of geothermal heat pumps, which can operate at 

40%-70% the cost of traditional HVAC (Energy Saver, n.d.). Also, it would be imperative to perform a full 

thermal envelope test in order to also include potential upgrades to sealing windows and other gaps, 

rather than simply considering doors. The waste analysis could have its uncertainties significantly 

reduced by performing an actual waste composition analysis and dumpster capacity analysis. 

Conclusion 

These results indicate that the greatest contributing emissions source is from electricity demand 

and the most effective initiative to implement is improving energy efficiency system-wide namely 

through thermal insulation and weatherization improvements. The primary initiative should be energy 

reduction through efficiency upgrades because by improving energy efficiency, overall demand is 

minimized and thus the cost of meeting remaining demand with rooftop PV and renewable energy 

credits is further reduced. 

Compared to the results discussed, it can be seen that the hypothesis outlined above was not 

formed with the scale of each scope thoroughly considered. Specifically, the emissions eliminated from 
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the complete electrification of buses is a miniscule 10% decrease to overall emissions. However, the 

reduced emissions incurred from operating the vehicle to grid charging network is substantial.  

Furthermore, the push by Dominion Energy to electrify all school buses in the next decade is likely faster 

than Chesterfield County could have been able to facilitate by itself. However, with Dominions claims 

that they have only been conducting this program in counties that have been approved for federal 

grants, it is important for the county to prioritize obtaining these grants when applications open again. 

It is important to note that the success of these initiatives will depend on the willingness of the 

school and its stakeholders to invest in and implement them. Additionally, the long-term sustainability 

of these reductions will require ongoing monitoring and adjustments to ensure that emissions continue 

to be reduced over time. Overall, this thesis has demonstrated the feasibility and potential benefits of 

reducing greenhouse gas emissions at GES through the targeted initiatives which can be funded 

federally. It is hoped that this work will serve as a model for other schools looking to reduce their own 

emissions and contribute to the fight against climate change. 
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Appendix 

 

Figure A.1: Historic Monthly Emissions by Source Over 15 Years 

Module Type Standard 

Array Type Fixed 

System Losses (%) 14.08 

Tilt (deg) 34 

Azimuth (deg) 180 

DC to AC Ratio 1.2 

Inverter Efficiency 96 
 

Table A.2: PVWatts Simulation Configuration 
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Figure A.3 Map of Potential Solar PV Placement  
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