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This feasibility study explores the potential for reducing greenhouse gas (GHG) emissions in the delivery industry by evaluating Armada’s Long-Range drone solution against conventional transportation methods. The project aims to assess whether Armada’s drone technology, powered by an internal combustion engine (ICE), can positively reduce GHG emissions within a 155-mile delivery range. The comprehensive study considers environmental impacts, delivery frequency, reasons for delivery, and remote community requirements while also defining its limitations. Through a structured approach, the study begins with SMART goals linked to key objectives and a meticulous project decomposition and morphology analysis. This analysis identifies core components, current state, desired state, and gaps in employing drone technology for significant GHG emissions reduction. Finally, the project highlights the potential for regulatory changes, the continuous evolution of standards, future emission reductions, and cleaner propulsion technologies as areas of concern and opportunity.
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[bookmark: _Toc1976454486][bookmark: _Toc148452872][bookmark: _Toc148455183][bookmark: _Toc148570902]Chapter 1
1.1 [bookmark: _Toc542164523][bookmark: _Toc148452873][bookmark: _Toc148455184][bookmark: _Toc148570903]Project and Sponsor Background
Project Background
In 2021, Transport Canada identified 182 remote Canadian communities throughout Canada (Transport Canada, 2021). The same year, the Arctic Research Consortium of the United States identified over 60,000 people inhabiting 240 remote communities in the state of Alaska (Fried, 2022). Access to these remote communities is usually by plane or helicopter, such as delivery of groceries, toiletries, everyday-use items, building materials, mail, medical, medications, and more. 
The frequency and payloads delivered to these remote communities vary greatly. However, one thing is certain: resulting greenhouse gas (GHG) emissions, specifically CO2, are extremely high, especially when the package is something small, light, and can easily be delivered by a more environmentally friendly drone. 
Sponsor Background
Armada Defense Corps was founded by a small group of aerospace engineers and tech enthusiasts passionate about augmented and artificial intelligence. Over the years, they have developed a range of advanced aerial systems used by the Canadian military, law enforcement, and other government agencies for various applications. They believe advanced aerial systems have the potential to transform the way we live and work and are fully committed to being at the forefront of this revolution.  
Our project sponsor representative, Kamyar Tehrani, has an extensive background in augmented and artificial intelligence, tech, entrepreneurship, and innovations and advancements in the aerospace and military industries. He has been instrumental in developing cutting-edge unmanned aerial system (UAS) technologies for the Canadian military and aviation security industry. Mr. Tehrani is highly motivated and continually pushes the boundaries of what is possible, putting him in pivotal leadership roles driving forward aerospace technology’s capabilities and safety standards. 
[bookmark: _Toc978461005][bookmark: _Toc148452874][bookmark: _Toc148455185][bookmark: _Toc148570904]1.2 Problem Statement

The airplanes and helicopters used to deliver parcels to remote Canadian and Alaskan communities are often old, rarely loaded to full capacity, and release hundreds of thousands of pounds of CO2 into the atmosphere with every trip. Armada’s internal combustion engine (ICE) drone can transport payloads of 44 lbs at a distance of 155 miles, giving it access to about 70% of these remote communities. This study will investigate how Armada’s drone can reduce CO2 emissions for air-delivered parcels to these communities by 70% when compared to traditional methods.
[bookmark: _Toc1890326137][bookmark: _Toc148452875][bookmark: _Toc148455186][bookmark: _Toc148570905]1.3 Key Objective

This study aims to assess the effectiveness of Armada’s Long-Range solution in mitigating greenhouse gas emissions by up to 70% in comparison to conventional air transport methods for deliveries within a 155-mile radius. 
[bookmark: _Toc489083898][bookmark: _Toc148452876][bookmark: _Toc148455187][bookmark: _Toc148570906]1.4 Project Scope 
 	The scope of this project is the use of simulation models to execute GHG emissions comparison specific to carbon dioxide (CO2) emissions between traditional last-mile air parcel transport. The study is limited to remote Alaskan and Canadian Arctic communities and has a maximum single parcel payload of 44 lbs, as illustrated in Figure 1. 
[image: ]
[bookmark: _Toc148467871][bookmark: _Toc148468269]Figure 1 Project scope is specific to CO2 emissions resulting from air parcels.
The Following is considered out of scope:
· Technical design
· Engineering
· Copyright for sales, manuals, etc.
· Product testing and experimentation
· In-depth market research and projections
· Legal and regulatory lobbying
· Financial assessments and costings
· Anything not specifically listed in the scope of this project
[bookmark: _Toc1680543474][bookmark: _Toc148452877][bookmark: _Toc148455188][bookmark: _Toc148570907]1.5 Limitations 
	Reasonable assumptions were made to construct simulation models, such as averaging the fuel efficiency of aircraft. The following factors are not considered as part of environmental factors such as headwind and tailwind, aircraft’s carbon footprint of manufacture, and maintenance.
[bookmark: _Toc1696338260][bookmark: _Toc148452878][bookmark: _Toc148455189][bookmark: _Toc148570908]1.6 Chapter Summary 
In this opening chapter, we delve into the background of the project. The problem is introduced succinctly with the promise of a novel solution involving drones. The project’s key objective is outlined, focusing on evaluating the potential reduction in greenhouse gas emissions using Armada’s Long-Range delivery solution within a 155-mile range, compared to conventional transportation methods. 
The chapter also defines the project’s scope, which encompasses various aspects such as environmental impacts, delivery frequency, reasons for delivery, and the requirements of remote communities. It explicitly outlines its limitations, excluding technical design, engineering, copywriting, product testing, market research, regulatory matters, and anything beyond the predefined project scope.
[bookmark: _Toc2145667752][bookmark: _Toc148452879][bookmark: _Toc148455190][bookmark: _Toc148570909]Chapter 2
[bookmark: _Toc178597860][bookmark: _Toc148452880][bookmark: _Toc148455191][bookmark: _Toc148570910]2.1 SMART Goals 

[bookmark: _Hlk148459821]The feasibility study adheres to the SMART+ framework to ensure our research’s effectiveness and ethical conduct. 
 Specific: our project evaluates the impact of Armada’s Long-Range drone compared to traditional aircraft delivery methods to remote Arctic communities. 
· Measurable: assesses if the Armada drone can reduce GHG emissions, specifically CO2, by at least 70% when compared to traditional air transport. 
· Attainable: by employing a multifaceted research approach encompassing data collection, emissions modeling, and comparative assessments against traditional delivery systems.
· Relevant: Armada is aligned with the urgent global concern of reducing GHG, which directly relates to environmental awareness.  
· Time Bound: The project completion is geared to satisfy the project’s sponsor requirements. 
Figure 2 illustrates the SMART objectives summary as the key considerations to evaluate and characterize the feasibility study goals.
[image: ]
[bookmark: _Toc148467872][bookmark: _Toc148468270]Figure 2 The feasibility study adheres to the SMART+ framework to ensure our research’s effectiveness and ethical conduct.

[bookmark: _Toc949774918][bookmark: _Toc148452881][bookmark: _Toc148455192][bookmark: _Toc148570911] 2.2. Project Decomposition and Morphology 

The following section clarifies this project’s decomposition and morphology, providing a structured framework for assessing the viability of employing drone technologies to reduce GHG emissions in the delivery industry significantly. By methodically analyzing these environmental impact assessments, we aim to illuminate the path toward a more sustainable and environmentally responsible long-range drone delivery system. 


[bookmark: _Toc358873027][bookmark: _Toc148452882][bookmark: _Toc148455193][bookmark: _Toc148570912]2.2.1 Project Decomposition 

Assessing a long-range drone system’s feasibility with the primary focus on mitigating GHG emissions presents an intellectually stimulating and environmentally conscientious endeavor. Figure 3  illustrates the deconstruction of the project into its core components, allowing for a systematic evaluation of each facet’s current state, future aspirations, and the gaps between them.
[image: ]
[bookmark: _Toc148467873][bookmark: _Toc148468271]Figure 3 The Project structure is based on seven core steps designed for systematic evaluation of the problem

1. During project initiation, the scope and objectives focus on assessing the feasibility of reducing GHG emissions through a drone system. Similarly, scope exclusions were defined, stakeholders and robust communication plans and channels, ensuring a well-structured and effective academic approach to the project’s commencement.
2. Within the framework of the Environmental Impact Assessment (EIA), an in-depth examination was conducted. The GHG emissions linked to conventional delivery methods were assessed. Subsequently, a comprehensive analysis was carried out to gauge the potential emission reductions achievable through the long-range delivery drone system. Followed by calculating the anticipated GHG reductions across a spectrum of competition-based
3. In the context of Drone Technology Evaluation, a comprehensive examination was undertaken. Initially, the technological prerequisites for the delivery drone were assessed, encompassing factors such as range, payload capacity, and delivery frequency.
4. In the Risk Assessment phase, the team pinpointed technology and stakeholder-related risks and then devised strategies to mitigate them effectively.
5. Under the Data Collection and Analysis phase, extensive data gathering took place. The team collected data on various traditional delivery methods, spanning performance, energy usage, and GHG emissions. Simultaneously, data on drone performance, energy consumption, and emissions were also acquired.
6. For Communication and Reporting, concise reports and presentations were prepared to share the feasibility study findings with the project’s stakeholder sponsor, with a focus on emphasizing the environmental benefits of the proposed drone system.
7. In the ongoing academic research, the Project Conclusion and Recommendations segment succinctly summarizes the key findings of the feasibility study. It currently provides recommendations on whether to proceed with the development of the drone system and outlines the next steps for implementation if the project is deemed feasible.


[bookmark: _Toc1689335715][bookmark: _Toc148452883][bookmark: _Toc148455194][bookmark: _Toc148570913]2.2.2 Project Morphology

The swimlane flowchart illustrated in Figure 4 provides a comprehensive understanding of the project’s anatomy and execution by defining the key components and processes involved in assessing the feasibility of reducing GHG emissions through a long-range delivery drone system from initiation to conclusion. 
[image: ]
[bookmark: _Toc148467874][bookmark: _Toc148468272]Figure 4 The swimlane flowchart provides a comprehensive view of the project’s key stages. 

[bookmark: _Toc1350683681][bookmark: _Toc148452884][bookmark: _Toc148455195][bookmark: _Toc148570914]2.3 Analytical Process 

The primary focus of this study is on CO2 when calculating greenhouse gases. While we are aware that the other greenhouse gases produced, such as methane (CH4) and nitrous oxide (N2O), are also important contributors to global warming, CO2 tends to receive the most attention due to its sheer abundance, long-term effects, and direct connection to human activities, particularly the burning of fossil fuels. 
Regarding the GHGs produced per unit volume of energy, the combustion of jet fuel and gasoline produces a similar amount of CO2 for a given energy output. Jet fuel (Jet-2) commonly has a specific density of approximately 6.80 pounds per gallon (lb/gal) at 60 degrees Fahrenheit. 
At the same time, gasoline, such as that commonly used in automotive vehicles and the drones in this study, often exhibits specific densities that vary slightly depending on precise formulations and seasonal blends. For this study, we use the common specific density for gasoline of 6.25 lb./gal at a temperature of 60 degrees Fahrenheit. (Fuels - Densities and Specific Volumes, 2003).
To calculate the amount of CO2 produced from burning 1 gallon of C8H18 hydrocarbon fuel, we utilize the stoichiometric ratio for the theoretical combustion reaction to occur. The stoichiometric air-fuel ratio is simply the ideal theoretical air-fuel ratio for complete combustion. (x-engineer.org, 2023). This process is summarized in Figures 5 & 6.
The explanation is given by the following equation showing that for every mole of C8H18 hydrocarbon fuel that is burned, we produce 8 moles of CO2. 
C8H18 + 12.5 O2 → 8 CO2 + 9 H2O
Calculating the number of moles of hydrocarbon fuel in 1 gallon: 
We use the molar mass of C8H18 = 114.26 g/mol 
Converting this to pounds per mole @ 1 lb. = 453.592 g 
Molar mass of C8H18 = 114.26 g/mol / 453.592 g/lb. = .252 lb./mol 
[image: ]
[bookmark: _Toc148467875][bookmark: _Toc148468273]Figure 5 The use of the stoichiometric ratio for the theoretical combustion reaction to occur was used to estimate CO2 emissions. 
 [image: ]
[bookmark: _Toc148467876][bookmark: _Toc148468274]Figure 6 According to these calculations, burning 1 gallon of C8H18 hydrocarbon fuel will produce approximately 19.26 pounds of CO2. 


Calculating the moles of C8H18 in 1 gallon:
Given our calculated molar mass of C8H18 = .252 lb./mol   
Given our above common specific density for gasoline = 6.3 lb./gal 
Moles of C8H18 in 1 gallon = Mass of C8H18 / Molar mass of C8H18 =  
6.25 lb. / 0.252 lb./mol = 24.8 mol 
We then use the stoichiometry to calculate moles of CO2 produced:
Moles of CO2 produced =  
Moles of C8H18 * (8 moles CO2 / 1 mole C8H18) = 
24.8 mol * 8 = calculate moles of CO2 produced 
We then calculate the mass of CO2 produced:
Molar mass of CO2 = 44.02 g/mol 
Convert this to pounds per mole:  
44.02 g/mol / 453.592 g/lb. = 0.097 lb./mol 
The resulting mass of CO2 produced is equal to:
Moles of CO2 produced * Molar mass of CO2 = 
198.4 mol * 0.097 lb./mol = 19.26 lb. 
Technological Conclusion:
According to these calculations, burning 1 gallon of C8H18 hydrocarbon fuel will produce approximately 19.26 pounds of CO2. 
[bookmark: _Toc1912174726][bookmark: _Toc148452885][bookmark: _Toc148455196][bookmark: _Toc148570915]2.4 Secondary Data Collection 

Information concerning remote community delivery services is generally scarce. Flight records are typically held by charter or delivery companies and are not accessible to the public. Until specific aircraft are identified, and comprehensive data and measurements are gathered, assumptions and averages must be utilized on similar feasibility studies. These data sets, as seen in Appendix A, were collected from industry authorities and based on the aircraft used by UPS and CPS. The selection of these sources was strategic, ensuring access to comprehensive information on prevalent aircraft models, fuel consumption rates, and cargo capacities.
[bookmark: _Toc563122720][bookmark: _Toc148452886][bookmark: _Toc148455197][bookmark: _Toc148570916]2.5 Analytical Model
The simulation models created for this study were developed to create a comprehensive assessment. The independent variables influencing the resulting emission of last-mile air parcel transport are identified on the cause-and-effect diagram seen in Figure 7. 
[image: ]
[bookmark: _Toc148467877][bookmark: _Toc148468275]Figure 7 The independent variables influencing the resulting emission of last-mile air parcel transport are identified on the cause-and-effect diagram. 
The diagram highlights the difference between Armada’s drone and traditional air transport payload. Delivery range and frequency of delivery have a direct impact on the dependent variable defined as the CO2 emissions in pounds as a result of air-parcel transport. 
[bookmark: _Toc657988198][bookmark: _Toc148452887][bookmark: _Toc148455198][bookmark: _Toc148570917]2.6 Simulation Process Architecture 

[bookmark: _Hlk148461530]Once the independent and dependent variables were defined, a transportation network model, seen in Figure 8, was created. The transportation network model provides a comprehensive visualization of the total CO2 emissions in pounds emitted by each type of aircraft and its corresponding destination. 
The model’s decision variables are defined as the CO2 emissions in pounds emitted are represented by the numbers on each of the arcs that connect to each of the respective nodes that represent the different types of aircraft and their corresponding miles to their destination. To transcribe the problem into a formal linear program, let
Xij= Number of CO2 lbs. emissions to each destination
The objective function of the Linear Programming model is to reduce the number of emissions of CO2 as the result of last-mile air-parcel transport, and it is defined as follows:
Minimize
Y= 300X1A+600X1B+900X1C+1200X1D+1500X1E+ 350X2A+700X2B+
1050X2C +1400X2D+1750X2E+2X3A+4X3B+6X3C+8X3D+10X3E
[image: ]
[bookmark: _Toc148468276][bookmark: _Toc148467878]Figure 8 The transportation network model provides a comprehensive visualization of the total CO2 emissions in pounds emitted by each type of aircraft and its corresponding destination. 

	The decision variables are limited to a supply of 1,000 lbs. of parcel, which is based on the minimum quantity of parcel in weight required by the US Postal Service to issue deliveries to remote communities in Alaska. Similarly, the demand is limited to 44 pounds of parcel, which is the maximum payload the Armada’s drone can carry.
The LP programming model is represented in the tableau seen in Table 1 (Appendix B), in which two scenarios are contemplated to evaluate the difference between the current state of the traditional air parcel and the desired future state incorporating Armada’s drone as a solution to reduce CO2 emissions. Figure 9 illustrates the assumptions and limitations of the simulation models. 

[image: ]
[bookmark: _Toc148466608][bookmark: _Toc148469188][bookmark: _Toc148534781]Table 1 The coefficients represent the CO2 emissions in pounds as defined in the Linear Transport Network Diagram.

[image: ]
[bookmark: _Toc148468277]Figure 9 List of limitations and assumptions considered in the simulation model’s architecture.



The causal diagram seen in Figure 10 assesses the effects of range, payload, number of deliveries, and the inherent CO2 emissions. The observations made in this model provided valuable insights. For instance, a greater payload capacity may necessitate larger, less fuel-efficient aircraft, potentially increasing emissions. Conversely, a longer range might enable more efficient routing, reducing emissions. The period between deliveries influences the frequency of flights, which, in turn, impacts emissions. 
[image: ]
[bookmark: _Toc148468278]Figure 10 The diagram illustrates the factors affecting fuel efficiency that contribute to Aircraft emissions.
 The simulation process architecture was conducted using a matrix generated through an Excel-based interactive table (Appendix C). The values in this simulation table are determined in Pounds of CO2 emissions per mile, per pound of cargo transported. 
[bookmark: _Toc148570918]  2.7 Chapter Summary

In summary, our feasibility study adheres to the SMART+ framework, ensuring both the effectiveness and ethical conduct of our research. Furthermore, we recognize that data pertaining to remote community delivery services is limited. During this section, the independent variables responsible for CO2 emissions are recognized in the cause-and-effect diagram. With this information, the basis for an LP programming model was developed. Lastly, the limitations of the assumptions and limitations of the LP and simulation models are identified prior to the execution of the model’s predictions.
[bookmark: _Toc148570919]Chapter 3

[bookmark: _Toc447120195][bookmark: _Toc148452890][bookmark: _Toc148455201][bookmark: _Toc148570920]3.1 Results of the I/O Process when Exercised
 
Two LP models were developed using Excel’s Solver to optimize transportation strategies, see Table 2 (Appendix B). The initial model, employing traditional aircraft, yielded an objective function value of 231,000 lbs. of CO2 emitted. In contrast, the second model, featuring Armada’s Drone technology, significantly reduced emissions, resulting in an objective function value of 1,320 lbs. of CO2 emitted. This substantial reduction highlights the environmental benefits of adopting Armada’s drones, which replaced all other aircraft types within the limits and characterization of these specific scenarios. 
[image: ]
[bookmark: _Toc148466609][bookmark: _Toc148469189][bookmark: _Toc148534782]Table 2 The use of Armada Drone technology significantly reduced emissions.
However, these models have inherent limitations, failing to consider non-linear flight characteristics, including factors such as take-off and landing dynamics, wind influences, temperature fluctuations, cargo weight variations, flight frequency, and other logistical intricacies like specific flight patterns.  
[bookmark: _Toc1060801566][bookmark: _Toc148452891][bookmark: _Toc148455202][bookmark: _Toc148570921] 3.2 Results of the Simulation Process when Exercised 

In order to account for variations in cargo weight and delivery distances, an interactive heat map table was introduced (Appendix C). The heat maps seen in Tables 3 and 5 are excerpts of an Excel interactive slide bar matrix in which the weight required can be adjusted to different transport scenarios. 
As the weight increases, the number of Armada drones required also increases. Modifying the total delivery weight of 1,805 lbs requires 42 Armada drones. This weight serves as a tipping point. Beyond this threshold, using a single Robinson R44 Helicopter proves more efficient than employing 42 of Armada’s drones, provided all packages are destined for the same location. 
Percent CO2 Reduction Simulation Tables Transporting 44 lbs.
[image: ]
[bookmark: _Toc148466610][bookmark: _Toc148469190][bookmark: _Toc148534783]Table 3 Heat table simulation model showing CO2 emissions per mile transporting 44 lbs of cargo. Armada’s drone emits significantly less CO2 in this loading scenario compared to all other traditional air transport methods listed. 

At the same time, Tables 4 and 6 (appendix B) represent the percentage of CO2 reduction efficiency of the Armada drone in comparison to the aircraft listed in the tables. This nuanced approach enhances the accuracy of our evaluation and refines our strategic decision-making process.
[image: ]
[bookmark: _Toc148466611][bookmark: _Toc148469191][bookmark: _Toc148534784]Table 4 CO2 reduction table, by percentage compared to the Armada drone. 1 Armada drone transporting 44 lbs of cargo is 98%-100% more efficient than traditional air transport methods listed in this table. 
Percent CO2 Reduction Simulation Tables Transporting 1,805 lbs
[image: ]
[bookmark: _Toc148466612][bookmark: _Toc148469192][bookmark: _Toc148534785]Table 5 The heat table shows the tipping point where the Robinson R44 helicopter emits less CO2 per mile, transporting 1,805 lbs of cargo compared to 22 Armada drones.

[image: ]
[bookmark: _Toc148466613][bookmark: _Toc148469193][bookmark: _Toc148534786]Table 6 CO2 reduction table, by percentage compared to the Armada drone. The Robinson R44 helicopter percentage is negative in some cases, meaning it is more efficient than the 22 Armada drones required to lift 1,805 pounds of combined cargo. 
[bookmark: _Toc923736247][bookmark: _Toc148452892][bookmark: _Toc148455203][bookmark: _Toc148570922]3.3 Analytical Model – Input / Output Model 

Reducing GHG emissions from 231,000 lbs of CO2 to 1,230 lbs of CO2 emitted far exceeds Armada’s desire to reduce GHG emissions in this sector by 70%. Nonetheless, the simulation models are not entirely realistic. For context, not every package will weigh under 44 lbs, and some may be too bulky for a drone to carry. 
Furthermore, some remote communities are not accessible by the drone’s operational range, and the drone cannot operate in high winds like their larger, more capable traditional aircraft counterparts. Therefore, traditional aircraft and transportation methods cannot be completely eliminated. Several additional assumptions had to be made to explore a more reasonable combined solution,  
Assumptions:  
· 70% of remote communities are accessible by the Armada drone 
· 422 total communities x 70% = 296 accessible communities 
· POO to POD distance is 75 miles (150-mile round trip) 
· Traditional aircraft are utilized equally for deliveries 
· 296 accessible communities / 8 aircraft types = 37 deliveries for each aircraft 
· Traditional aircraft fly to each community one time each week 
· Armada drones fly to each community six times each week 
Using the Excel solver function, we optimized the number of flights required by traditional aircraft types to achieve a 70% and an 80% reduction in GHG emission solution. These calculations also considered the resulting GHG emissions from the Armada drones that would be making six weekly trips, while traditional aircraft made only one weekly trip to each community. 
As a result, we determined that traditional aircraft usage would have to be reduced from 37 trips per aircraft type every week to about ten trips per week to achieve an 80% reduction in GHG emissions. This number would only have to be reduced to about ten weekly trips to achieve a 70% reduction in GHG emissions. In both cases, the Armada drone could make deliveries to the delta number of communities six times per week. We recommend using the traditional aircraft transport method for specific deliveries outside the Armada drone’s capabilities.  
[image: ]
[bookmark: _Toc148466614][bookmark: _Toc148469194][bookmark: _Toc148534787]Table 7 Excel solver calculations showing required reduction in traditional air transport flights to achieve 70% and 80% reduction in CO2 emissions. Methods must be reduced from 27 trips to 10.608 trips to achieve a 70% reduction and 6.908 trips to achieve an 80% reduction. 
[bookmark: _Toc1942574715][bookmark: _Toc148452893][bookmark: _Toc148455204][bookmark: _Toc148570923]3.4 Synthesis of Findings 

Our linear programming model demonstrated how the Armada drone could be used to reduce GHG emissions from 231,000 pounds of CO2 per trip to 1,320 pounds of CO2 per trip for deliveries up to 155 miles round trip. 
Our simulation table showed how the efficiency of the Armada drone compares to traditional transportation methods under different load capacities and distances out to 750 miles. Specifically, the simulation table shows how the Robinson R44 helicopter became more efficient than 42 Armada drones transporting 1,805 lbs of cargo. 
After making additional assumptions and combining the results from these two models, we determined that the Armada delivery drone system can reduce GHG emissions by 70% in the remote community parcel delivery industry. 
[bookmark: _Toc1780784355][bookmark: _Toc148452894][bookmark: _Toc148455205][bookmark: _Toc148570924]3.5 Risk to Analysis

There are three factors identified as potential risks hampering the deployment of Armada’s drone for last-mile deliveries. Figure 11 illustrates the likelihood and impact of each of the risk factors. Future environmental concerns could lead to future legislation with stricter regulations. Similarly, civilian aviation regulatory changes are considered a moderate risk since they could affect the efficiency of drone operations due to restrictions in flight patterns. Lastly, Supply chain disruptions pose a moderate to high impact risk because they could hinder the timely production of drones to satisfy the optimum number of drone deployments. 
[image: ]
[bookmark: _Toc148468279]Figure 11 Risk assessment of factors impacting the implementation of Armada’s Drone as a solution to reduce CO2 emissions on last-mile air parcel transport.

 The Failure and Analysis Mode and Effect Analysis (FMEA), seen in Table 8, identifies three possible failure modes affecting the operational stage of the Armada Drone. These failure mode mitigation statuses remain open for Armada to review and implement the necessary actions.[image: ]
[bookmark: _Toc148466615][bookmark: _Toc148469195][bookmark: _Toc148534788]Table 8 The FMEA lists three open potential failure modes that could affect drone deployment during its operational stage
[bookmark: _Toc1247995176][bookmark: _Toc148452895][bookmark: _Toc148455206][bookmark: _Toc148570925]3.6 Chapter Summary 

Our LP model rendered two objective function values: one showing the current state of CO2 emissions from traditional air transport methods and one showing how much the Armada drone could reduce CO2 emissions under perfect circumstances. Our simulation model expanded our research to investigate how changing cargo capacity would impact CO2 emission for the Armada drone. Finally, by combining these findings, we were able to offer a more comprehensive and realistic solution to reducing CO2 emissions in this industry by 70%, utilizing a fair combination of airplanes, helicopters, and Armada drone systems.     
[bookmark: _Toc148570926]Chapter 4

[bookmark: _Toc707427174][bookmark: _Toc148452897][bookmark: _Toc148455207][bookmark: _Toc148570927]4.1 Feasibility Key Question Objectives Answered 

To reduce GHG emissions resulting from air deliveries to remote Canadian and Alaskan communities by 70%, each traditional aircraft type needs to reduce its round-trip deliveries from 37 trips per week to 10 trips per week. The delta of 27 delivery trips can be fulfilled with 216 armada drones to service all accessible communities. 
As an added benefit and to partially compete with traditional aircraft’s higher payload capacity, Armada drones will make deliveries six days per week, meaning some remote communities could receive mail on a near-daily basis. Assuming Armada can produce 300 drones per year, the critical number of drones required to fulfill delivery requirements adequately can be achieved in 260 days. 
Instituting a safety factor of 2 would allow Armada to rapidly package and ship new drones to existing and future customers for all reasons (maintenance, new orders, replacement orders, to name a few). This number can be achieved in about 520 days, assuming there are no issues or breaks in production. 

[image: ]
[bookmark: _Toc148468280]Figure 12 To reduce CO2 emissions by 70%, it will take replacing 37 airplane deliveries for a combination of ten airplane deliveries combined with 162 drone deliveries per week.
[bookmark: _Toc1820944089][bookmark: _Toc148452898][bookmark: _Toc148455208][bookmark: _Toc148570928]4.2 Gap Analysis 

GHG emissions resulting from aircraft, internal combustion engines, and parcel delivery services is an extremely complex science. Figure 13 illustrates the gaps detected in this feasibility study. Although our models serve as adequate representations of the real world for the scope of this project, six gaps are identified.
1. Aircraft Types:  Through extensive research, our team identified eight of the most common types of airplanes and helicopters used in this industry. Nonetheless, diverse configurations of types of aircraft and other transportation methods are not considered in this study.
2. Engine efficiency: Internal combustion engine efficiency varies significantly depending on age, maintenance, quality of fuel, air temperature, elevation, wind direction, weather conditions, and more. For our simulations and calculations, we assumed constant efficiencies for each type of aircraft based on research.  
3. Loading Scenarios: Data on real-world deliveries to remote communities is not readily available. The true number of deliveries, type of aircraft, and the actual amount of cargo on board the aircraft for each community varies widely. 
4. Modeling: The models assume linear fuel consumption and do not consider weather conditions and specific flight patterns that could affect the CO2 output per mile.
5. Armada Drone:  A prototype delivery drone has not yet been constructed and tested. Once this is done, simulations and models can be conducted using the drone’s real flight characteristics and capacities.  
6. Implementation: Open-source delivery data to remote communities in Canada and Alaska is not readily available. Thus, limited data combined with logical assumptions were used as variables in our simulation models; this includes Armada’s ability to establish a network of delivery drones able to support deliveries in remote areas. 
[image: ]
[bookmark: _Toc148468281]Figure 13 Replacing assumptions with field research and the inclusion of additional variables such as weather and flight patterns are essential to close the gaps inherent to this theoretical assessment. 

[bookmark: _Toc1498005060][bookmark: _Toc148452899][bookmark: _Toc148455209][bookmark: _Toc148570929]4.3 Summary of Lessons Learned 

Through a linear programming model, the superior efficiency in terms of CO2 emissions of Armada’s long-range delivery drone compared to commonly used airplanes and helicopters was made apparent through two LP models and simulation tables. The simulation models showcased different loading scenarios and the percent CO2 reduction the Armada drone could achieve for these diverse situations compared to traditional aircraft. 
Last, by combining the results of the linear programming model and interactive simulation model with additional assumptions on delivery frequency to remote communities, a solution combining traditional aircraft and the Armada drone was proposed. This solution reduces CO2 emissions by 70%, increases the number of deliveries received by remote communities, and still incorporates traditional aircraft transportation methods for transporting parcels and equipment outside the drone’s capabilities. 
Lessons Learned
1. Data collection. Data pertaining to remote community delivery services is not plentiful available. Flight records are generally maintained by the charter or delivery company and are not available to the public. Additionally, flight characteristics and efficiency vary, even between similar aircraft. Factors like maintenance, oil and fuel quality, time of year, age of aircraft, and age of engine factor into the efficiency and environmental effects of each aircraft. Assumptions and averages need to be made until specific aircraft are identified and data and measurements are collected.  
2. Delivery frequency. Every community receives parcels and deliveries differently. Some receive deliveries once every week regardless of the number and weight of parcels, while other communities receive deliveries after the number of parcels surpasses a set weight. To account for this, we made reasonable assumptions accounting for delivery frequency in our models.
3. Assumptions and community-specific models. To account for delivery weights, delivery frequency, type of aircraft used for deliveries, and more, we made reasonable assumptions that were required to continue progress with simulation models and solution derivation. As Armada receives contracts to use their drone in specific communities, change the variables in the models to match those more realistic in that specific community; this will yield more accurate CO2 emission reduction results. 
4. Loading scenarios. Chartering an entire Cessna 208 or Robinson R44 aircraft to deliver life-saving medication, a drive belt for heavy machinery, or oil filters for a remote cannery operation is neither cost-efficient nor environmentally friendly. Scenarios like this are ideal for the Armada delivery drone. 
[bookmark: _Toc864777233][bookmark: _Toc148452900][bookmark: _Toc148455210][bookmark: _Toc148570930] 4.4 Recommended Next Steps 

Moving forward, we recommend that Armada Defense Corps runs official tests on their drone’s capabilities and efficiency once a prototype is constructed. This will allow accurate data necessary for the design of future 4D simulation models, yielding more refined results. As a fielding plan is developed, pull information and delivery data for geographical areas and communities Armada is specifically targeting. This refined and more accurate data can be used to run the region and community-specific simulation models and accurately determine if the Armada delivery drone system is suitable for those real-world parameters. 


[bookmark: _Toc148570931]Appendices

[bookmark: _Toc148570932]Appendix A: Aircraft Fuel Efficiency and Range Data Table


[bookmark: _Toc148570933]Appendix B: Linear Programming Tables with Excel Solver results and sensitivity Analysis
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Appendix A_Transport data Fuel Efficiency.xlsx
Fuel Efficiency Data

				Aircraft Fuel Range and Effciciency



				Vehicle Description		ref #		Vehicle Range           (nmi)		Vehicle Range           (mi)		Fuel capacity (gal)		Fuel Efficiency     (mi / gal)		Max Payload (Lbs)

				Plane

				Beechcraft King Air B100		1		1,325		1,524.8		420.0		3.6304		1,500

				Cessna 208 Caravan				1,000		1,150.8		332.0		3.4662		2,000

				De Havilland Canada DHC-6 Twin Otter				800		920.6		420.0		2.1920		3,000

				Piper PA-31 Navajo Chieftain				1,000		1,150.8		176.0		6.5385		1,200

				Helicopter

				Airbus AS350 A Star		4		349		401.6		143.0		2.8085		1,507

				MD 500E		2		130		149.0		64.0		2.3281		1,343

				Bell 205				300		345.2		143.0		2.4142		4,990

				Robinson R44 Ravan 11		3		300		345.2		29.5		11.7028		995

				Drone

				Armada TS-1C 85CC W (45 HP)						745.0		1.585		470.0315		33





References:
1.  Frawley, G. (1997). The International Directory of Civil Aircraft 1997/98. Australian Aviation.
2.  MD Helicopters, LLC. (2023, April). MD 500E Helicopter Specifications. MD Helicopters.com. Retrieved September 12, 2023, from https://www.mdhelicopters.com/wp-content/uploads/2023/05/MD-500E_Product-Spec_May-2023.pdf
3.  Robinson Helicopter Company. (2020, January). R44 Raven II and Clipper II. robinsonheli.com. Retrieved September 12, 2023, from https://robinsonheli.com/wp-content/uploads/2020/01/raven_2_brochure.pdf
4.  Single engine Airbus AS350 B2 (A-Star). (n.d.). Bristow Group Inc. https://www.bristowgroup.com/fleet/single-engine/airbus-as350-b2-a-star





image28.emf
Appendix B_LP Tables  and Solution.xlsm


Appendix B_LP Tables and Solution.xlsm
Tableau_Includes Drone

								Linear Programing Tableau

												Including Drone

										Delivery in miles

								Vehicle Description		50		100		150		200		250		Supply (total parcel lbs)

								Fix wing		300		600		900		1,200		1,500		1,000

								Rotary wing		350		700		1,050		1,400		1,750		1,000

								Armada TS-1C 85CC W (45 HP)		2		4		6		8		10		1,000

								Demand (total parcel lbs)		44		44		44		44		44



								OFV		1,320.00



										Delivery in miles

								Vehicle Description		50		100		150		200		250		Supply (total parcel lbs)				Supply (total parcel lbs)

								Fix wing		0.00		0.00		0.00		0.00		0.00		0.00		<=		1,000

								Rotary wing		0.00		0.00		0.00		0.00		0.00		0.00		<=		1,000

								Armada TS-1C 85CC W (45 HP)		44.00		44.00		44.00		44.00		44.00		220.00		<=		1,000

								Demand (total parcel lbs)		44.00		44.00		44.00		44.00		44.00



								sign		=		=		=		=		=



								Demand (total parcel Lbs)		44.00		44.00		44.00		44.00		44.00
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Answer Report 1_Includes Drone

		Microsoft Excel 16.0 Answer Report

		Worksheet: [linear programing_V7.xlsm]Tableau_Includes Drone

		Report Created: 10/18/2023 9:51:58 PM

		Result: Solver found a solution.  All Constraints and optimality conditions are satisfied.

		Solver Engine

				Engine: Simplex LP

				Solution Time: 0.094 Seconds.

				Iterations: 6 Subproblems: 0

		Solver Options

				Max Time Unlimited,  Iterations Unlimited, Precision 0.000001, Use Automatic Scaling

				Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

		Objective Cell (Min)

				Cell		Name		Original Value		Final Value

				$E$12		OFV Delivery in miles		1,320.00		1,320.00

		Variable Cells

				Cell		Name		Original Value		Final Value		Integer

				$E$16		Fix wing Delivery in miles		0.00		0.00		Contin

				$F$16		Fix wing Including Drone		0.00		0.00		Contin

				$G$16		Fix wing		0.00		0.00		Contin

				$H$16		Fix wing		0.00		0.00		Contin

				$I$16		Fix wing		0.00		0.00		Contin

				$E$17		Rotary wing Delivery in miles		0.00		0.00		Contin

				$F$17		Rotary wing Including Drone		0.00		0.00		Contin

				$G$17		Rotary wing		0.00		0.00		Contin

				$H$17		Rotary wing		0.00		0.00		Contin

				$I$17		Rotary wing		0.00		0.00		Contin

				$E$18		Armada TS-1C 85CC W (45 HP) Delivery in miles		44.00		44.00		Contin

				$F$18		Armada TS-1C 85CC W (45 HP) Including Drone		44.00		44.00		Contin

				$G$18		Armada TS-1C 85CC W (45 HP)		44.00		44.00		Contin

				$H$18		Armada TS-1C 85CC W (45 HP)		44.00		44.00		Contin

				$I$18		Armada TS-1C 85CC W (45 HP)		44.00		44.00		Contin

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$E$19		Demand (total parcel lbs) Delivery in miles		44.00		$E$19=$E$23		Binding		0

				$F$19		Demand (total parcel lbs) Including Drone		44.00		$F$19=$F$23		Binding		0

				$G$19		Demand (total parcel lbs)		44.00		$G$19=$G$23		Binding		0

				$H$19		Demand (total parcel lbs)		44.00		$H$19=$H$23		Binding		0

				$I$19		Demand (total parcel lbs)		44.00		$I$19=$I$23		Binding		0

				$J$16		Fix wing Supply (total parcel lbs)		0.00		$J$16<=$L$16		Not Binding		1000

				$J$17		Rotary wing Supply (total parcel lbs)		0.00		$J$17<=$L$17		Not Binding		1000

				$J$18		Armada TS-1C 85CC W (45 HP) Supply (total parcel lbs)		220.00		$J$18<=$L$18		Not Binding		780





Sensitivity Report 1_with Drone

		Microsoft Excel 16.0 Sensitivity Report

		Worksheet: [linear programing_V7.xlsm]Tableau_Includes Drone

		Report Created: 10/18/2023 9:51:59 PM

		Variable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$E$16		Fix wing Delivery in miles		0		298		300		1E+30		298

				$F$16		Fix wing Including Drone		0		596		600		1E+30		596

				$G$16		Fix wing		0		894		900		1E+30		894

				$H$16		Fix wing		0		1192		1200		1E+30		1192

				$I$16		Fix wing		0		1490		1500		1E+30		1490

				$E$17		Rotary wing Delivery in miles		0		348		350		1E+30		348

				$F$17		Rotary wing Including Drone		0		696		700		1E+30		696

				$G$17		Rotary wing		0		1044		1050		1E+30		1044

				$H$17		Rotary wing		0		1392		1400		1E+30		1392

				$I$17		Rotary wing		0		1740		1750		1E+30		1740

				$E$18		Armada TS-1C 85CC W (45 HP) Delivery in miles		44		0		2		298		1E+30

				$F$18		Armada TS-1C 85CC W (45 HP) Including Drone		44		0		4		596		1E+30

				$G$18		Armada TS-1C 85CC W (45 HP)		44		0		6		894		1E+30

				$H$18		Armada TS-1C 85CC W (45 HP)		44		0		8		1192		1E+30

				$I$18		Armada TS-1C 85CC W (45 HP)		44		0		10		1490		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$E$19		Demand (total parcel lbs) Delivery in miles		44		2		44		780		44

				$F$19		Demand (total parcel lbs) Including Drone		44		4		44		780		44

				$G$19		Demand (total parcel lbs)		44		6		44		780		44

				$H$19		Demand (total parcel lbs)		44		8		44		780		44

				$I$19		Demand (total parcel lbs)		44		10		44		780		44

				$J$16		Fix wing Supply (total parcel lbs)		0		0		1000		1E+30		1000

				$J$17		Rotary wing Supply (total parcel lbs)		0		0		1000		1E+30		1000

				$J$18		Armada TS-1C 85CC W (45 HP) Supply (total parcel lbs)		220		0		1000		1E+30		780





Tableau_Without_Drone

								Linear Programing Tableau

												Traditional Aircraft



										Delivery in miles

								Vehicle Description		50		100		150		200		250		Supply (total parcel lbs)

								Fix wing		300		600		900		1,200		1,500		1,000

								Rotary wing		350		700		1,050		1,400		1,750		1,000

								Demand (total parcel lbs)		44		44		44		44		44



								OFV		231,000.00



										Delivery in miles

								Vehicle Description		50		100		150		200		250		Supply (total parcel lbs)				Supply (total parcel lbs)

								Fix wing		0.00		-0.00		0.00		0.00		0.00		-0.00		<=		1,000

								Rotary wing		44.00		44.00		44.00		44.00		44.00		220.00		<=		1,000

								Demand (total parcel lbs)		44.00		44.00		44.00		44.00		44.00



								sign		=		=		=		=		=



								Demand (total parcel Lbs)		44.00		44.00		44.00		44.00		44.00
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Answer Report 1_Exclude Drone

		Microsoft Excel 16.0 Answer Report

		Worksheet: [linear programing_V7.xlsm]Sheet7

		Report Created: 10/17/2023 2:59:43 PM

		Result: Solver found a solution.  All Constraints and optimality conditions are satisfied.

		Solver Engine

				Engine: GRG Nonlinear

				Solution Time: 0.172 Seconds.

				Iterations: 7 Subproblems: 0

		Solver Options

				Max Time Unlimited,  Iterations Unlimited, Precision 0.000001, Use Automatic Scaling

				 Convergence 0.0001, Population Size 100, Random Seed 0, Derivatives Forward, Require Bounds

				Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

		Objective Cell (Max)

				Cell		Name		Original Value		Final Value

				$E$16		OFV Delivery in miles		0.00		231,000.00

		Variable Cells

				Cell		Name		Original Value		Final Value		Integer

				$E$20		Fix wing Delivery in miles		0.00		0.00		Contin

				$F$20		Fix wing		0.00		-0.00		Contin

				$G$20		Fix wing		0.00		0.00		Contin

				$H$20		Fix wing		0.00		0.00		Contin

				$I$20		Fix wing		0.00		0.00		Contin

				$E$21		Rotary wing Delivery in miles		0.00		44.00		Contin

				$F$21		Rotary wing		0.00		44.00		Contin

				$G$21		Rotary wing		0.00		44.00		Contin

				$H$21		Rotary wing		0.00		44.00		Contin

				$I$21		Rotary wing		0.00		44.00		Contin

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$E$22		Demand (total parcel lbs) Delivery in miles		44.00		$E$22=$E$27		Binding		0

				$F$22		Demand (total parcel lbs)		44.00		$F$22=$F$27		Binding		0

				$G$22		Demand (total parcel lbs)		44.00		$G$22=$G$27		Binding		0

				$H$22		Demand (total parcel lbs)		44.00		$H$22=$H$27		Binding		0

				$I$22		Demand (total parcel lbs)		44.00		$I$22=$I$27		Binding		0

				$J$20		Fix wing Supply (total parcel lbs)		-0.00		$J$20<=$L$20		Not Binding		1000.0000002

				$J$21		Rotary wing Supply (total parcel lbs)		220.00		$J$21<=$L$21		Not Binding		779.9999998





Sensitivity Report 1_Exclude Dr

		Microsoft Excel 16.0 Sensitivity Report

		Worksheet: [linear programing_V7.xlsm]Sheet7

		Report Created: 10/17/2023 2:59:43 PM

		Variable Cells

								Final		Reduced

				Cell		Name		Value		Gradient

				$E$20		Fix wing Delivery in miles		0		-50

				$F$20		Fix wing		-0.0000002		-100

				$G$20		Fix wing		0		-150

				$H$20		Fix wing		0		-200

				$I$20		Fix wing		0		-250

				$E$21		Rotary wing Delivery in miles		44		0

				$F$21		Rotary wing		44.0000002		0

				$G$21		Rotary wing		44		0

				$H$21		Rotary wing		44		0

				$I$21		Rotary wing		44		0

		Constraints

								Final		Lagrange

				Cell		Name		Value		Multiplier

				$E$22		Demand (total parcel lbs) Delivery in miles		44		350

				$F$22		Demand (total parcel lbs)		44		700

				$G$22		Demand (total parcel lbs)		44		1050

				$H$22		Demand (total parcel lbs)		44		1400

				$I$22		Demand (total parcel lbs)		44		1750

				$J$20		Fix wing Supply (total parcel lbs)		-0.0000002		0

				$J$21		Rotary wing Supply (total parcel lbs)		220.0000002		0
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Appendix C_CO2  Simulation Table.xlsx


Appendix C_CO2 Simulation Table.xlsx
Co2 Emisssions



						Lbs. of CO2 Emissions per Mile																				Percentage of Reduction of Lbs. CO2 using Armada TS-1C 85CC W (45 HP)

				Delivery miles		Beechcraft King Air B100		Cessna 208 Caravan		De Havilland Canada DHC-6 Twin Otter		Piper PA-31 Navajo Chieftain		Airbus AS350 A Star		MD 500E		Bell 205		Robinson R44 Ravan 11		Armada TS-1C 85CC W (45 HP)		Armada TS-1C 85CC W (45 HP) Total number of trips Co2 emissions		Beechcraft King Air B100 Co2 reduction		Cessna 208 Caravan % Co2 Reduction		De Havilland Canada DHC-6 Twin Otter % Co2 Reduction		Piper PA-31 Navajo Chieftain % Co2 Reduction		Airbus AS350 A Star % Co2 Reduction		MD 500E % Co2 Reduction		Bell 205 % Co2 Reduction		Robinson R44 Ravan 11 % Co2 Reduction

				50.00		6,362.86		6,662.63		10,530.63		3,529.55		8,219.50		9,921.42		9,563.63		1,972.68		48.35		1,063.70		83.28%		84.03%		89.90%		69.86%		87.06%		89.28%		88.88%		46.08%				       1 Lb                                            2000 lbs.

				100.00		12,716.05		13,325.26		21,070.93		7,059.10		16,439.00		19,833.17		19,127.26		3,945.36		87.03		1,914.66		84.94%		85.63%		90.91%		72.88%		88.35%		90.35%		89.99%		51.47%

				150.00		19,078.91		19,987.89		31,601.56		10,598.32		24,658.50		29,754.59		28,690.89		5,918.04		135.38		2,978.36		84.39%		85.10%		90.58%		71.90%		87.92%		89.99%		89.62%		49.67%

				200.00		25,441.77		26,640.85		42,132.19		14,127.87		32,887.67		39,666.34		38,254.52		7,890.72		183.73		4,042.06		84.11%		84.83%		90.41%		71.39%		87.71%		89.81%		89.43%		48.77%

				250.00		31,794.96		33,303.48		52,672.49		17,657.42		41,107.17		49,587.76		47,818.15		9,863.40		232.08		5,105.76		83.94%		84.67%		90.31%		71.08%		87.58%		89.70%		89.32%		48.24%				Parcel Weight		967

				300.00		38,157.82		39,966.11		63,203.12		21,186.97		49,326.67		59,509.18		57,381.78		11,836.08		270.76		5,956.72		84.39%		85.10%		90.58%		71.88%		87.92%		89.99%		89.62%		49.67%

				350.00		44,520.68		46,628.74		73,733.75		24,716.52		57,546.17		69,420.93		66,945.41		13,808.76		319.11		7,020.42		84.23%		84.94%		90.48%		71.60%		87.80%		89.89%		89.51%		49.16%				Number of Trips		21.9772727273

				400.00		50,883.54		53,291.37		84,264.38		28,246.07		65,765.67		79,342.35		76,509.04		15,781.44		367.46		8,084.12		84.11%		84.83%		90.41%		71.38%		87.71%		89.81%		89.43%		48.77%				Roundup number of trips		22

		=		450.00		57,236.73		59,954.00		94,804.68		31,785.29		73,985.17		89,254.10		86,072.67		17,754.12		406.14		8,935.08		84.39%		85.10%		90.58%		71.89%		87.92%		89.99%		89.62%		49.67%

				500.00		63,599.59		66,616.63		105,335.31		35,314.84		82,214.34		99,175.52		95,636.30		19,726.80		454.49		9,998.78		84.28%		84.99%		90.51%		71.69%		87.84%		89.92%		89.54%		49.31%

				550.00		69,962.45		73,269.59		115,865.94		38,844.39		90,433.84		109,096.94		105,199.93		21,699.48		502.84		11,062.48		84.19%		84.90%		90.45%		71.52%		87.77%		89.86%		89.48%		49.02%

				600.00		76,315.64		79,932.22		126,406.24		42,373.94		98,653.34		119,008.69		114,763.56		23,672.16		541.52		11,913.44		84.39%		85.10%		90.58%		71.88%		87.92%		89.99%		89.62%		49.67%

				650.00		82,678.50		86,594.85		136,936.87		45,903.49		106,872.84		128,930.11		124,327.19		25,644.84		589.87		12,977.14		84.30%		85.01%		90.52%		71.73%		87.86%		89.93%		89.56%		49.40%

				700.00		89,041.36		93,257.48		147,467.50		49,442.71		115,092.34		138,841.86		133,890.82		27,617.52		638.22		14,040.84		84.23%		84.94%		90.48%		71.60%		87.80%		89.89%		89.51%		49.16%

				750.00		95,394.55		99,920.11		158,007.80		52,972.26		123,311.84		148,763.28		143,454.45		29,590.20		686.57		15,104.54		84.17%		84.88%		90.44%		71.49%		87.75%		89.85%		89.47%		48.95%



												1lb                                                   2000lbs

								Parcel Weight		967

												Number of Trips				21.9772727273

										Roundup number of trips						22



C02 Emission per Lb of Parcel Comparisson  



Beechcraft King Air B100	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	6362.86	12716.050000000001	19078.91	25441.77	31794.960000000003	38157.82	44520.68	50883.54	57236.729999999996	63599.59	69962.45	76315.64	82678.5	89041.36	95394.55	Cessna 208 Caravan	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	6662.63	13325.26	19987.890000000003	26640.850000000002	33303.479999999996	39966.11	46628.74	53291.37	59954	66616.63	73269.59	79932.22	86594.849999999991	93257.48	99920.11	De Havilland Canada DHC-6 Twin Otter	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	10530.630000000001	21070.93	31601.56	42132.19	52672.49	63203.12	73733.75	84264.38	94804.680000000008	105335.31000000001	115865.93999999999	126406.24	136936.87000000002	147467.5	158007.80000000002	Piper PA-31 Navajo Chieftain	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	3529.5499999999997	7059.0999999999995	10598.320000000002	14127.869999999999	17657.420000000002	21186.97	24716.52	28246.07	31785.289999999997	35314.840000000004	38844.39	42373.94	45903.49	49442.71	52972.26	Airbus AS350 A Star	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	8219.5	16439	24658.5	32887.67	41107.17	49326.67	57546.17	65765.67	73985.17	82214.34	90433.84	98653.34	106872.84	115092.34	123311.84	MD 500E	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	9921.42	19833.170000000002	29754.59	39666.340000000004	49587.76	59509.18	69420.930000000008	79342.349999999991	89254.099999999991	99175.52	109096.93999999999	119008.68999999999	128930.11000000002	138841.86000000002	148763.28	Bell 205	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	9563.630000000001	19127.260000000002	28690.890000000003	38254.520000000004	47818.15	57381.780000000006	66945.41	76509.040000000008	86072.67	95636.3	105199.93000000001	114763.56000000001	124327.18999999999	133890.82	143454.44999999998	Robinson R44 Ravan 11	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	1972.68	3945.36	5918.04	7890.72	9863.4	11836.08	13808.76	15781.44	17754.12	19726.8	21699.48	23672.16	25644.84	27617.52	29590.2	Armada TS-1C 85CC W (45 HP) Total number of trips Co2 emissions	Delivery miles	50.00	100.00	150.00	200.00	250.00	300.00	350.00	400.00	450.00	500.00	550.00	600.00	650.00	700.00	750.00	1063.7	1914.66	2978.3600000000006	4042.06	5105.7599999999993	5956.7200000000012	7020.42	8084.12	8935.08	9998.7799999999988	11062.480000000001	11913.440000000002	12977.14	14040.84	15104.539999999999	



Co2 Emissions traditional Aircraft









Percentage of CO2 reduction using Armada's Drone



50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00 500.00 550.00 600.00 650.00 700.00 750.00	

Beechcraft King Air B100 Co2 reduction	Cessna 208 Caravan % Co2 Reduction	De Havilland Canada DHC-6 Twin Otter % Co2 Reduction	Piper PA-31 Navajo Chieftain % Co2 Reduction	Airbus AS350 A Star % Co2 Reduction	MD 500E % Co2 Reduction	Bell 205 % Co2 Reduction	Robinson R44 Ravan 11 % Co2 Reduction	0.83282674772036469	0.84034833091436867	0.89898989898989901	0.69863013698630128	0.87058823529411766	0.89278752436647169	0.8887765419615774	0.46078431372549022	

Beechcraft King Air B100 Co2 reduction	Cessna 208 Caravan % Co2 Reduction	De Havilland Canada DHC-6 Twin Otter % Co2 Reduction	Piper PA-31 Navajo Chieftain % Co2 Reduction	Airbus AS350 A Star % Co2 Reduction	MD 500E % Co2 Reduction	Bell 205 % Co2 Reduction	Robinson R44 Ravan 11 % Co2 Reduction	0.84942965779467683	0.85631349782293176	0.90913262964662689	0.72876712328767113	0.8835294117647059	0.90346172598732322	0.8998988877654196	0.51470588235294112	

Beechcraft King Air B100 Co2 reduction	Cessna 208 Caravan % Co2 Reduction	De Havilland Canada DHC-6 Twin Otter % Co2 Reduction	Piper PA-31 Navajo Chieftain % Co2 Reduction	Airbus AS350 A Star % Co2 Reduction	MD 500E % Co2 Reduction	Bell 205 % Co2 Reduction	Robinson R44 Ravan 11 % Co2 Reduction	0.84389254941713121	0.85099177552007743	0.90575275397796817	0.71897810218978098	0.87921568627450974	0.89990250243743908	0.89619143916413879	0.49673202614379075	

Beechcraft King Air B100 Co2 reduction	Cessna 208 Caravan % Co2 Reduction	De Havilland Canada DHC-6 Twin Otter % Co2 Reduction	Piper PA-31 Navajo Chieftain % Co2 Reduction	Airbus AS350 A Star % Co2 Reduction	MD 500E % Co2 Reduction	Bell 205 % Co2 Reduction	Robinson R44 Ravan 11 % Co2 Reduction	0.84112504751045236	0.84827586206896555	0.90406242827633698	0.71389459274469536	0.87709497206703912	0.89809848854217456	0.89433771486349856	0.48774509803921573	

Beechcraft King Air B100 Co2 reduction	Cessna 208 Caravan % Co2 Reduction	De Havilland Canada DHC-6 Twin Otter % Co2 Reduction	Piper PA-31 Navajo Chieftain % Co2 Reduction	Airbus AS350 A Star % Co2 Reduction	MD 500E % Co2 Reduction	Bell 205 % Co2 Reduction	Robinson R44 Ravan 11 % Co2 Reduction	0.83941605839416056	0.84668989547038331	0.90306590783917751	0.71084337349397597	0.87579393083980239	0.89703588143525748	0.89322548028311433	0.48235294117647065	
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