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1.0 Context Analysis 

1.1 Scope 

1.1.1 Utility Prices 
Winds come and go, but don’t let your utility bill grow.  Residential homeowners find 

themselves in a cycle with utility providers where they must pay for electricity no matter what 

the price is. Based on Dominion’s explanation in Figure 1, customers can only reduce their bills 

by controlling their energy use. The factors that are out of the homeowners control are the fuel 

costs and weather conditions. The two factors are considered as the main drivers of electricity 

rates. Power plants rely heavily on fuel sources such as coal and gas to power its operations. 

Also, peaks in demand during seasons such as summer put pressure on power plants and the 

electric grid forcing high operational costs.  

 

 

 

 

 

 

 

 

Figure 1 : Utility companies base their rates on multiple factors. The above Figure is from 

Dominion Power’s website and it explains to their consumers how rates are calculated [21]. 
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Figure 2: A comparison between the average retail price of electricity in the state of Washington, 

where more than half its energy production comes from renewables, and the state of Virginia, where some 

renewable sources are illegal to install.  

Since 2001, prices have been on the rise as shown in Figure 2. The Figure shows the 

average retail price of electricity between the state of Virginia and Washington state. WA State 

was chosen because according to the energy department, 64.5% of WA’s energy production 

comes from renewable sources, which should provide a clear example on how the role of 

renewable energy help out dissipate the fluctuations of utility bill price [22]. On the other hand, 

when you take a look at Virginia you notice that the price fluctuation more than Washington. 

This is because the two main drivers of prices are fuel costs and weather conditions. But in 

fairness, VA has more seasonality than Washington state, causing prices to fluctuate more. 

Moreover, when we take a closer look at the monthly utility prices as shown in Figure 3, you see 

bills go as much as $170 and as low as $84. The variability can cause financial uncertainty in 

monthly cash flow for residents. This variance can be reduced by supplementing energy 

generated by wind turbine. 
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Figure 3: A close look at what the average homeowner in the state of Virginia pay every 

month.  

1.1.2 Energy Generation 

The average homeowner in Virginia pays $130 every month and this price continues to 

increase. Virginia homeowners pay 14% more than national average. In the United States (US), 

the average household uses 901 KiloWatt Hours (kWh) per month, or 10,812 kW per year, 

according to the Energy Information Agency. In 2015 alone, the US generated about 4 trillion 

kWh of electricity through a combination energy generation processes making use of coal, 

natural gas, nuclear, hydropower, biomass, geothermal, solar, wind, petroleum and other gases. 

In which, Wind power generated 4.67% of all generated electrical energy.  

 

 

 

 

 

Figure 4: Breakdown of Energy Generated in U.S. by Percentage        Figure 5: Wind growth of 218% over 8 years 

As shown in Figure 4, coal and natural gas are by far the largest sources of electricity in 

the US, accounting for about 33% percent each. In terms of renewable resources (hydropower, 

solar, wind, geothermal, biomass), hydropower accounts for just over 5% of the national 
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generation of electricity, and wind accounts for just under 5% of the electricity generated. While 

wind did contribute less than 5%, the wind generated electricity has seen incredible growth in the 

last decade. In June 2008, 5,140 MegaWatt Hours (MWH) of electricity were generated via wind 

turbine technology. Eight years later in June 2016, wind turbine technology accounted for 16,353 

MWH of electricity produced. This is an incredible growth of 218.34% in just eight years as 

shown in Figure 5. Along with the growth of electricity generation using this technology, the 

implementation, construction and knowledge of this field are growing. Currently there are 

thirty-six states that are making use of the wind resources in their state. We anticipate that that 

number will continue to grow as wind turbine manufactures continue to find more and more 

innovative designs on the components and implementation of wind turbines.  

The scope of our project focuses on the wind turbine industry for residents in the state of 

Virginia. In June 2015, Virginia consumed 8,649 MWH (8,649,000 kWh) which makes it the 

sixteenth largest consumer of energy in the US. In comparison, the state of Texas consumed 

42,000 MWH in June 2015. For energy wind energy generation, Virginia is not one of the top 

generators in the US. Of the energy produced, wind energy accounts for less than 1% which is 

far less that the national average of 4.4%. There are many reasons for this. Currently there are no 

offshore or large wind turbine installations in the state of Virginia. This is a problem because 

Virginia has a significant wind resource potential off its east coast and in the Chesapeake Bay 

region as can be seen in the green and yellow portion of the Figure 6 below.  
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Figure 6: Wind potential off east coast and chesapeake bay  

In the past there has been an attempt to take advantage of this wind potential off the coast 

of Virginia through a project called The Virginia Offshore Wind Technology Advancement 

Project (VOWTAP). This project was led by Dominion power (the largest utility provider in the 

state of VA) and was funded by the Department of Energy (DOE). Dominion being new to this 

industry, partnered with many experts in the wind energy community such as wind turbine 

manufacturer, ALSTOM. Unfortunately, the project was plagued with setbacks. Most of these 

setback consisting of the project being over budget and behind schedule. The original proposal 

from Dominion to the DOE valued the project at 230 million dollars. Currently the project is up 

for bid from 300 million to 330 million dollars. Some other challenges that the wind industry 

faces in the state of Virginia is that most of the areas that have “good wind” or significant wind 

potential, are on federally owned and protected lands which are unavailable for wind turbines to 

be constructed on. Another challenge is that Virginia has a Voluntary Renewable Portfolio 

Standard. This means that utility providers are not required to meet a standard for the percentage 

of the energy they produce coming from renewable resources. Instead they are offered incentives 

for having a portion generated by renewable resources, but this is not an obligation like it is in 

many other states in the US. The reason utility companies choose to generate electricity through 

non-renewable resources comes down to the simple fact of dollars and cents. Wind energy 

specifically is currently more expensive to produce than coal or natural gas. However, in recent 
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years there has been a decline of in the cost to produce wind energy as the technology has 

become more and more efficient. According to a new survey of wind experts conducted by 

Lawrence Berkeley National Laboratory, the results of a survey of 163 of the world’s foremost 

wind power experts were outlined in an effort to better understand the future of wind energy 

costs and the possible technological advancement. Specifically, the surveyed experts anticipated 

wind energy cost reductions of at least 24% to 30% by 2030, and 35% to 41% by 2050 due to 

larger and more efficient wind turbines[29], lower capital and operating costs, and other 

advancements.  

1.1.3 Potential Location 

Figure 7: Potential location for wind Figure 8: Density population by county 

 

Location for potential wind energy in Virginia is in Atlantic Coast, Chesapeake Bay, and Mid 

Virginia area as shown in the Figure 7 above.  On west side of Virginia, purple, light and dark blue colors 

indicates that there’s a great wind potential but the wind is turbulent due the mountains. And if we 

compare Figure 7 with Figure 8 ( which indicated the density by county),  we can see that counties with 

dark red are more dense than light red and then yellow. Most of the population resides in the potential 

location for the production of  wind energy.  
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Figure 9 indicates that average electricity consumption are higher for Virginia households than the 

national average. Virginia homes are typically newer and larger than homes in other parts of the country. 

This data indicates that having an alternative energy source for electricity production has a great potential 

in State of Virginia. In addition, Virginia State allows it customers to send generated electricity back into 

the power grid.  

 

 

 

 

 

 

Figure 9 

1.1.4 Solar Energy VS Wind Energy in Virginia 

Solar Photovoltaics (PV) is one of the most popular renewable sources. It relies on the 
sun to generate electricity through photon conversion. PV panels have many positive features but 
when it comes to installing them in the state of Virginia, customers tend to reconsider purchasing 
them. This is simply because of the geographic nature of the state and the laws that limit their 
use. In a state such as VA, the presence of heavy trees may reduce the hours of sunlight and limit 
the power output of PV panels. An additional obstacle is the current laws that limit the use of 
such a technology. Currently, homeowners can only get PV panels through a leasing program 
from their utility provider. Also taking the chance of federal incentives from customers who wish 
to save on installation costs. According to the LA times, “When Washington and Lee University 
in Lexington, Va., installed solar panels a few years ago, for example, the local utility, Dominion 
Virginia Power, threatened legal action. The utility said that only it could sell electricity in its 
service area. The university and the solar firm it worked with had to change their lease 
arrangement and forfeit valuable tax credits” [30]. 

Wind turbine have ability to generate energy when direct sunlight is not available even 
during the night time. Turbines can be installed above or around obstructions, where as solar 
panels have to be installed on the roof. Residential wind turbines offer the ability to save money, 
decrease pollution and to increase the use of alternate renewable sources. Table 1 provides an 
example of a wind turbine and a solar panel with the same rated power of generation, at the end 
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of the day the wind turbine had a higher power output because it had the advantage of generating 
power throughout the day and night.  

 

 

TABLE 1. A comparison between a solar panel system and a wind turbine with the same rated 
power. 

1.1.5 Net Metering  

Allowing Customers to offset the cost of power drawn from utility. When a customer 
chooses net metering, dominion power replaces the meter at the customer's home with a meter 
that measures two-way flow of electricity. Net metering customers are charged only for the “net” 
power that they consume from the electricity service provider that has accumulated over a 
designated period or, if their renewable energy-generating systems make more electricity than is 
consumed, they may be credited or paid for the excess electricity contributed to the grid over that 
same period. 

Net Metering has its own benefits[6]. Producing electricity - You are taking an active 
role in producing emission-free, renewable electricity for your home, and whatever you don’t use 
goes back onto the grid. Credit for excess generation - When you generate surplus electricity, 
you will receive credit for each kilowatt hour (kWh) of electricity generated and delivered on the 
grid. According to Dominion Power, max output of the turbine is shown below: 
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1.1.6  Wind Turbine Classifications 

Wind turbines are classified into three classifications; Utility-scale, Distributed and 

Offshore. Each wind turbine is placed into one of these classifications based upon its maximum 

energy output under ideal conditions (100% wind 365days 24hours a day). Any turbine with 100 

kWhs or less falls under the Distributed classification or better known as “small wind” turbines. 

These turbines are commonly used for residential, small farm or small business applications. The 

next largest classification is Utility-scale turbines which include any wind turbine that has a 

maximum output greater than 100 kWh. Utility-scale turbines are mostly used by large utility 

companies because of their higher output compared to small wind turbines. The final 

classification is offshore wind turbines which are any turbine erected in a body of water. These 

turbines are typically on the higher end of maximum output scale because they have large 

amounts of space available and are deployed in areas with high wind potentials.  

A critical factor in the understanding of the output of a wind turbine is the capacity 

factor. The industry standard for the efficiency of wind turbines ranges from 15 to 40%. The 

capacity factor is the actual average output of the wind turbine. For example, if a 10 kW wind 

turbine is found to have an actual average output of 28,908 kWh than it has a capacity factor of 

33%. The capacity factor is also very important in calculating the projected yearly output of a 

turbine. This calculation is commonly used in deciding whether a solution is meeting a 

requirement or will be financially viable over a period of time. An residential turbine example of 

that calculation is as follows: 

10 kW x 365 days x 24 hours x 25% = 21,900 kWh  

This calculation uses a 10 kW turbine with a capacity factor of 25% over one year. Compared to 

purchasing utility power, a wind system can be a good investment because your money goes to 

increasing the value of your home rather than just paying for a service. 

1.1.7 Residential Wind Turbines Manufactures and Specs 

These are some of the world leaders in small and distributed wind: Xzeres, Bergey, and Aeolos. These 
product attributes include high efficiency design with fewer moving parts providing reduced service & 
maintenance cost; easy installation with superior performance across a wide variety of conditions and 
capturing maximum benefits in low wind speed environments as well.  
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1.2 Physical Processes 
There are two different types of wind turbines in use, the Horizontal Axis Wind Turbines 
(HAWT) and the Vertical Axis Wind Turbines (VAWT). In the case of HAWT which can be see 
in Figure 10 below, rotation of the wind turbine blades is caused by the force of lift being 
generated by the flow of air over the blades. For VAWT which can be seen in Figure 11 below, 
rotation of the wind turbine is caused by drag which is generated when air flow makes contact 
with the blades of the wind turbine. The efficiency of HAWTs are much greater than that of 
VAWTs, therefore we have focused our system on strictly HAWTs[11]. 

 

1.2.1 Components of Wind Turbines 
Small wind turbines such as the ones that would be installed in residential areas do have 

similar key components to utility-scale turbines but with some critical differences. Both consist 
of an odd number of blades which will be explained in detail in the next section. The next 
component that both utility-scale and small wind turbines share is a generator. In both 
classifications of turbines, there is a drive shaft that is connected to this generator. When this 
shaft spins, it drives the generator which generates electricity. The difference between 
utility-scale turbines and small wind turbines can be seen when looking at the drive shafts. 
Utility-scale turbines typically have two drive shafts (a low speed shaft and a high speed shaft) 
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with a gearbox in between them. Small wind turbines have a direct drive shaft that does not 
require a gearbox. This allows for the drive shaft to be connected directly to the generator[11]. 

1.2.2 Small Wind implementation: 
If wind turbines were to be implemented in residential areas, a small wind turbine will generate 

power and send it to the inverter, from the inverter the power can either be stored at a battery bank in the 
house or get sent back to the grid as shown in Figure 12.  

 

 
Figure 12 An illustration of how small wind turbines can be implemented in residential areas. 

1.2.3 Aerodynamics of Blades 
The design of the blades of a wind turbine have a significant effect on the performance of the 
wind turbine. Specifications such as material, length, width, shape and pitch are the determining 
factors that will impact the performance of the wind turbine. The reason behind wind turbine’s 
need for an odd number of blades, is to maintain stability when the turbine is rotating. While a 
wind turbine is rotating, each blades reaches the 6 o'clock position as depicted in Figure 13 
below. This position is where the bladed aligns with the tower that the turbine is mounted on. 
When this occurs, there is a disturbance of air behind the turbine blade. In the case of wind 
turbines with an even number of blades, this causes a vibration that can become destructive at 
high revolutions per minute (RPM)[9]. For wind turbines with odd number of blades, the 
vibrations is greatly reduced because there are always two blades to counterbalance the vibration 
and allow the wind turbine to continue to operate under a safe and efficient manner[9]. 

The pitch of the blades also have a significant effect on the performance of the wind turbine. 
This impact can be seen in the cut-in and cut-out speed. The cut-in speed is the minimum wind 
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speed required to generate enough lift force on the wind turbine blades to start spinning the 
blades. The cut-out speed is the maximum wind speed that the wind turbine can utilize before it 
becomes unstable and stops generating electricity. In this case there are two ways small wind 
turbines handle this situation. More expensive and advanced wind turbines have a braking 
mechanism that will maintain the RPM of the turbine at a safe rate. In less sophisticated turbines, 
the blades are designed with such pitch that when a particular wind speed is reached, a stalling 
effect occurs in which the blades no longer spin. 

  

1.2.4 Power Output 
The purpose of implementing these wind turbines is to generate clean energy through a 
renewable resource that will allow users to reduce their utility be and see stability in that bill in 
the future. To achieve this, understanding the power output of these wind turbines is incredibly 
important. The fundamental engineering law for power output of wind turbines is the Kinetic 
Energy equation. This equation is one half the mass of an object, multiplied by its velocity[9]. 

Wind cannot be represented as one mass therefore the mass will be substituted. Wind is 
represented as many small particles therefore the Mass Flow Equation is used to represent the 
mass of the air flowing over the blades[9]. 
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The final component of this equation is the coefficient of power (Cp). Cp is a measure of a wind 
turbine's efficiency. It can be found by taking the actual energy produced by a turbine divided by 
the potential energy from the wind that was available at that time.  

Cp = Wind Energy Potential
Actual Energy Produced  

 

The industry standard for this coefficient is anywhere from 15% to 40%. There is a limit that 
exists on this coefficient called Betz Limit which states that the power output of any turbine is 
limited by its efficiency. The maximum efficiency under ideal conditions (constant velocity at 
the wind turbine’s rated power speed) will be no more efficient than 59.3%. 

 

Finally the power output equation must be multiplied by a kilowatt coefficient which converts 
the energy produced from watts to kilowatts. This is the standard unit for the energy produced by 
a wind turbine. 
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There are four speeds that are critical to the power output of a wind turbine. The first being the 
cut-in speed. This is the wind speed at which the turbine will start to rotate and begin generating 
energy. The next speed is the rated speed. The rated wind speed at which the wind turbine will 
generate energy at its maximum efficiency. Cut-out speed is the wind speed at which the wind 
turbine will stop rotating for reasons of preserving structural integrity and maintaining safe 
operation. The final speed is the survival speed. This is the wind speed at which the wind 
turbine’s structural integrity will start to fail and could cause significant damage to the wind 
turbine. A sample power output curve can be seen in Figure 14. 
 

Figure 14. Sample power output curve 

 

 

1.2.5 Venturi Effect 
 

The Venturi Effect was first discovered by Giovanni Venturi in 1797. Venturi stated that 
“as a fluid flows through a constriction, the fluid’s molecules speed up”[31]. In the context of 
wind, the air molecules that make up wind can be treated as fluids when being constricted into a 
confined area. This effect can be felt through wind when traveling between building in a city. 
Where this effect is also present, is as wind travels up inclines for example at the peak of a 
mountain. In any situation where a Venturi Effect is present there will be an increased velocity in 
the wind. In the power output equation, wind velocity is cubed and multiplied by the rest of the 
components of the equation. An increase in the velocity of the wind will have a significant effect 
on the total power output for a wind turbine. In residential areas this effect could be created by 
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housed built adjacent to each other or possible the placement of trees which create a path for 
wind to funneled through.  

 

1.2.6 Tower Physics 
 

In cases where roof mounting is not possible, the use of traditional mounting solution will have 
to be used. The most common method of mounting wind turbines is using a cylindrical 
monopole.  

Drag and Force Thrust 

The drag force in the direction of the wind is the thrust. This force is trying to push a tower over 

or blow a wind turbine off the top of its tower. 

[33] 

The drag force is represented as f and in units of Newtons. The formula equals the coefficient of 

drag ( for a closed cylinder is 0.6) of a monopole multiplied by ρ which is the air density (kg/m3 ) 

A is the area intercepting the wind  (m2) and V is the wind speed in (m/s). The drag of an object 

is a function of air density, the area intercepting the wind, the speed of the wind and a 

dimensionless coefficient that represents the object’s shape and its angle to the wind. It is 

important to know the maximum amount of thrust to expect on wind turbine and tower to 

determine the needed strength of tower and size and depth of anchors. 
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Cantilever tower: (Fixed & Free end) 
 

According to the theory of beams, the monopole would be fixed on one end and free on the 
other. Due to this, the deflection theory is: 

 

W represents the load in (Newtons) times the length of the pole cubed, divided by E, the 
modulus of elasticity of a material which can be Aluminum (Ex. 69 GigaPascals) times the Area 
moment of inertia of such monopole. 

Area Moment of Inertia  

The area moment of inertia determines how stiff a structure is and is a term used to describe the 
capacity of a cross-section (profile) to resist bending. It is always considered with respect to a 
reference axis, in the X or Y direction. The larger the area moment of inertia, the less a  structure 
deflects creating greater stiffness. Since we are assuming that the monopole tower is a solid 
cylinder or disk, the area moment of inertia below should be used for such calculation regarding 
deflection at one end: 

[34] 
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2.0 Problem Definition 

2.1 Problem Statement 

Residential electricity costs are continuously increasing over the years due to the 
variability of fuel cost prices and weather conditions to a specific region meaning the seasonality 
which affect the use of electricity in the winter and summer months. Due to this fluctuations, 
utility bill costs change on a monthly basis creating an uncertainty for residents. The use of 
energy in the United States is constantly increasing especially the usage of fossil fuels which 
include coal, natural gas and nuclear energy. Renewable sources are an alternative to this 
existing problem of continuous use of fossil fuels that one day will be exhausted. Working with 
wind energy by utilizing cleaner sources of energy help to reduce our carbon footprint.  There 
are different types and styles of micro wind systems, and to choose the best wind turbine system 
for a specific consumer at a given site, a decision support system shall be in place to aid with this 
process, considering the financial, societal and environmental factors for resident owners. 
 

2.2 Need Statement 
The need for this residential wind turbine design decision support system is to mainly 

reduce the cost of utility bill for homeowners and the variability in utility bills. Currently the 
utility companies are focused on large scale wind turbines and the decision support system in 
place can be improved. There is a need for a site specific micro wind decision support system to 
gather data at that location and make the most favorable recommendations regarding to which 
wind turbine system is to be erected, taking into consideration all the inputs such as wind speed, 
magnitude and direction.  There is also a need to offset carbon use and increase the use of 
alternate renewable sources. 

2.3 Performance Gap 
Due to the variability in electrical rates and the variance in seasons residents find 

themselves stuck with the option of conserving energy to reduce their monthly electric bills. 
Moreover, by looking at the total annual bill in the last 7 years as shown in Figure 15, the 
variance is $54 over that period of time[23]. Additionally, according to EIA prices will increase 
by 18% in a report that takes six cases into account as shown in Figure 16 [24]. Therefore, the 
gap for the project is to lower the variance in utility bills. Because with a promising renewable 
source such wind energy residents will have the chance to generate their own power to eliminate 
one of the factors that drives electric bill costs to rise which is the everyday changing fuel prices. 
Also, residents will have the option to reduce their bills by net metering.  
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Figure 16: The Energy Information Agency predicts          Figure 15: What residents in VA pay on average   
an increase in the average retail price of electricity in          every year on electricity.  
the next 25 years with taking into account six cases.  

 

3.0 Stakeholder Analysis 
After the problem statement was defined and the scope of the project was narrowed, seven 
stakeholders were found. As systems engineers, we must determine the objectives of each 
stakeholder and possible tensions among them. What we determine will mitigate any problems 
that might occur in the future when the project is implemented. Table 2 shows the stakeholder 
objectives and possible tensions and Figure 17 shows the interactions among stakeholders.  
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Table 2 A list of all the stakeholders for the decision support system with their primary objectives and possible areas 
of tension. 

 

 

Figure 17: The major interactions between stakeholders in the power generation and distribution enterprise.  

3.1 Residents 
Objectives: For residents and small business, wind systems along with other renewable sources 
would help in reducing the costs of utility bills. A report released by the American Wind Energy 
Association say that 11 states that produced more than 7 percent of their electricity from wind 
energy have seen their electricity prices fall by 0.37 percent over the last 5 years, while all other 
states have seen their electricity prices increase by 7.79 percent over that time period [2].  

Along with reducing electricity prices, residents also want to reduce installation costs. Currently 
the federal government is trying to encourage residents to shift to using renewable energy. This 
is done by providing incentives such as tax cuts. According to the Energy department, a taxpayer 
can receive up to 30% of federal tax credit for the cost of installing renewable energy systems 
[3]. Also, residents will have the chance to contribute in reducing fossil fuel emissions and live 
in a healthier environment for them and for their children. According to Pew Research Center 
“Fully 89% of Americans favor more solar panel farms, just 9% oppose. A similarly large share 
supports more wind turbine farms (83% favor, 14% opposed)” [20]. Lastly, an objective for 
homeowners is to minimize the variability in electricity bill costs.  

Tensions: In the case of net metering, utility companies might impose excessive requirements on 
residents who are selling back their energy surplus. An example would be to require an 
expensive insurance policy in the event of damage to the grid. Also, Not In My Backyard 
(NIMBY) can be a possible tension between residents who are interested in investing in a wind 
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turbine and nearby neighbors who believe that wind turbines can be unsafe or they ruin the look 
of the neighborhood.  

3.2 Utility companies 
Objectives: The majority of utility companies have a clear goal which is keep their monopoly 
and keep providing reliable and safe energy to their customers. In addition, the majority of utility 
providers have yearly goals to minimize the environmental impact. Taking Dominion Power for 
instance, a certain renewable portfolio standard (RPS) by the state of Virginia is met voluntarily. 
However, Virginia’s RPS might not be voluntary anymore in the coming years. The state of 
California is an example of a state where meeting RPS goals is mandatory. According to the 
California Public Utility Commission “The RPS program requires investor-owned utilities 
(IOUs), electric service providers, and community choice aggregators to increase procurement 
from eligible renewable energy resources to 33% of total procurement by 2020” [1]. Therefore, 
when the law is passed in the future, utility companies in VA will have less burden when 
residents and small businesses are contributing in minimizing the environmental impact of using 
traditional power sources such as coal and natural gas. 

Tensions: A clear tension would be the end of their monopoly since utility companies do not 
want customers to get their energy from a new competitor. Utility companies and utility scale 
wind turbine manufacturers already have a decent relationship. Major producers of renewable 
energy such as GE and Siemens provide utility companies with large projects. However, 
small-scale wind turbine manufacturers will give residents dependency to generate their own 
energy. Lastly, a possible tension may rise between regulators and utility providers when new 
tough regulations are imposed to accelerate the shift in retiring coal and forcing utilities to invest 
in expensive renewable energy projects.  

3.3 Virginia State Corporation Commission - Division of Public Utility Regulation (PUR) 
PUR: is an oversight board that provides support to the Commission in its regulation of 
Virginia's investor-owned electric, natural gas, water and sewer utilities, member-owned electric 
cooperatives, and the telecommunications industry. Its chief function is supporting the 
Commission in its goal to ensure Virginia consumers receive adequate utility services at just and 
reasonable rates” [25]. 

Objectives: The oversight board has two primary objectives. One is to regulate just and 
reasonable rates that would satisfy both the consumer and the utility provider. Two, to ensure 
consumers receive adequate utility services. 

Tensions: A tension may rise between PUR board members, who are appointed by state 
representatives, and the state representatives who receive political donations from utility 
companies. The pressure from state representatives might make board members hold programs 
that would encourage renewable energy businesses. This is not necessarily considered a form of 
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corruption, but it is simply because the technology is still emerging and still very expensive to 
implement. However, this may not be the case in the near future after the U.S. has signed the 
2015 paris agreement, which its main objective is to reduce carbon emission, this might put PUR 
at a position to impose strict laws on utility providers. 

3.4 Federal Regulators (EPA, FERC, OSHA) 
Objectives: The overall objective is safety among all federal regulators weather if it is in 
enforcing pollution standards, regulating the transmission of electricity or establishing safety 
conditions for workers. Taking OSHA as an example, safe working conditions is developed, 
regulated and enforced. According to the American Society of Safety Engineers “The four 
leading causes of death during construction activities in the U.S. are falls, hit by/struck by, 
caught between and electrical injuries. These hazards account for 90% of workplace fatalities” 
[19] Given the fact that currently most of wind turbine maintenance work is done by workers 
who need to perform physical inspection, regulating a safe work environment is a necessity. 

Tensions: As stated before, wind energy is still emerging, and a possible tension might face 
federal regulators when there is some uncertainty of residential safety. This is simply because 
there are no cases of full residential neighborhoods with wind turbines installed as a source of 
energy.  

3.5 Renewable Energy Manufacturers 
Objectives: Small and large scale wind turbine manufacturers share the same goal which is to 
advance their production and increase their profit.  

Tension: A tension may rise between the state regulators and small renewable energy 
manufacturers when it comes to subsidies and incentives to help small businesses develop, 
produce, install, and perform maintenance on a larger scale. Also, the highest tension among all 
stakeholder as shown in Figure 17 is between the small scale manufacturers and utility 
companies because utility providers do not wish to share their monopoly and allow customers to 
generate their own power using small wind turbines. 

3.6 Neighborhood Associations  
Objectives: Similar objectives to single homeowners but with an objective for multiple to share 
the costs of buying a wind turbine. 

 Tension: Similar tensions that face single homeowners with the possible tension that would rise 
between Neighborhood Associations and PUR in terms of enforcing tough policies to share the 
energy. 
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3.7 County Zoning Departments 
Objective: To enforce wind turbine highest in accordance with the capabilities of firefighters in 
the county. 

Tension: If small scale wind turbines are in a place to capture a large number of customers, 
county zoning departments might face an increase in workload causing delays in getting permits.  

3.8 Win-Win analysis: 

Stakeholder Impact 

Residents Positive impact 

Utility companies Negative impact 

Small Renewable Energy Manufacturers  Positive impact  
Table. 2: A scenario that shows the loss of utility companies if residents start to generate their own power 

with renewable sources.  

 

If small scale wind turbine are to be implemented on a large scale and regulations become more 
lenient, there will be some winners and losers. Residents and small scale energy producers will 
benefit the most. Utility companies will not financially benefit if customers start to produce their 
own power.  

4.0 CONOPS 
A decision support system was created to find the optimal wind turbine configuration for a 
specific location. The wind characteristics at that specific location is called a micro-climate. The 
Decision Support System (DSS) consists of a wind turbine inventory, wind speed data, power 
model, cost model and a financial analysis model. The interactions of these models can be seen 
in Figure 18. The inputs for the DSS are wind speed data that spans a period of one year and also 
existing wind turbine design and performance characteristics from the wind turbine inventory. 
The system uses these inputs to compute annual power output via the power model. In addition, 
the cost model takes in the turbine and tower cost along with cost from the JEDI Data-base 
(NREL) to calculate the total cost for the system.The Financial Analysis Model then calculates 
the break-even point, Net Present Value (NPV) and annual cost. The DSS’s outputs consist of 
the best wind turbines (based on power output and cost) total cost of the system including 
installation, NPV, break-even point and the turbine’s annual cost.  
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Figure 18 Decision Support System input/output diagram 

4.1 Residential Wind Turbine Design DSS Components  

4.1.1 Wind Turbine Inventory 
The wind turbine inventory consists of a wide variety of wind turbine configurations. These 
turbines will cover the full range of wind turbines from low output turbines to turbines with 
outputs of 100 kWh. The purpose of doing this it to have the ability for the system to be applied 
to the entire range of turbines within the small wind turbine market. In the inventory, each slot 
consists of the specifications of that particular turbine (e.g. swept area, rotor diameter, rated 
power, turbine cost, tower cost). Currently the inventory consists of over forty turbines and over 
fifteen manufacturers. As wind turbine technology advances there will be new turbines with new 
designs that come to market. This inventory has the ability to grow as new wind turbines are 
developed.  
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Figure 19. The database has 40+ wind turbines  and 15+ wind turbine manufactures. 

4.1.2 Wind Speed Data 
As stated previously, wind is incredibly variable, therefore capturing the full behavior of the 
wind at a specific site requires a long period of time. To capture this variability and changes over 
every season, one year of wind speed data is used for the calculation of annual power output. 
This data is collected via the AWS TruePower software which uses Merra 2 Nasa satellite data to 
gather weather data  based on a latitude and longitude location. This software also gives the 
ability to gather data at different heights (10m, 30m, 60m, 80m). A distribution for one year of 
wind speed data can be seen in Figure 20. This data was collected for a site in Annapolis, 
Maryland. 
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Figure 20. 1 Year of wind speed data for Annapolis Maryland 
 

The distribution in Figure 20 shows that there was a high frequency of low winds at that location 
during that time period. While the frequency was greater for low winds at this site, wind turbines 
with a cut-in speed of 2.25 m/s were still able to generate energy when the winds were greater 
than that cut-in speed.  

4.1.3 Power Model 
Within the power model, it is assumed that all wind turbines in the inventory have fixed pitch blade 
design. This is a fair assumption because variable pitch designs are commonly used in larger utility-scale 
wind turbines not in residential wind turbines. The inputs of this model consist of the swept area and 
Coefficient of power (Cp) from the wind turbine inventory. In addition to using the hourly annual wind 
speed data, the power model has the capability to incorporate a venturi effect which may be present 
considered location. This will be applied through an additional coefficient which will increase the overall 
power output of the system at that location. The The output for this model is the annual power output in 
kW. This is calculated by using the power output equation. 

 

4.1.4 Cost Model 
Small wind turbine manufacturers provide a fixed acquisition cost to homeowners who are 

interested in buying a wind turbine system. The price provided only takes into account the cost of the 
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system and the shipping leaving customers with unknown costs such as installation, maintenance, and 
insurance. The cost model uses data from multiple sources to approximate the total cost of system. In this 
model a program developed by the National Renewable Energy Laboratory (NREL) called The Jobs and 
Economic Development Impacts (JEDI) was used. The program helps in evaluating the labor and 
construction costs, fees associated with permits, and taxes. Along with the JEDI model some assumptions 
were made based on previous research done by the NREL. To calculate the operation and maintenance 
costs for a wind turbine system the NREL recommends to assume a fixed cost of 0.007 $/kW produced. 
The NREL also recommends to assume that the insurance would cost 1% of the total investment cost. 
Figure 21 is a sample output for the Jedi Data-base 

Figure 21 sample output for Jedi Data-base 

An extra cost to the wind turbine system is the addition of a home battery to store unused energy by the 
wind. Tesla’s new product Powerwall II was chosen to be paired with a wind turbine. A cost of a 14 kWh 
battery was added to each wind turbine. It costs $7000 and it would last for 10 years. 

4.1.5 Financial Analysis Model 
This model is the final output for the user. It will include the final total cost of the system, the net 

present value of the investment, the breakeven point, and the annual costs over a period of twenty years. 
The total cost of the system will be derived from the cost model. The net present value will be calculated 
using the following equation where: 

Ct: Net Cash inflow During period t 

C0: Total investment costs 

r: Discount rate 

t: Number of time periods 
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Another key function of the Financial Analysis Model is to calculate the break-even point for each turbine 
in the inventory based on the wind speed data of the specific site. This is done through the calculations in 
Figure 23. 
 

Figure 23 Equations used for break-even calculation 
 

Figure 24 displays a sample of NPV values for seven wind turbines within the system. The power outputs 
were generated by using the wind speed data from Annapolis, Maryland which was then inputted into the 
financial analysis model along with the total cost of the system. This gave the displayed NPV values in 
Figure 24. 

Figure 24 Sample NPV  
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4.1 Operational Scenario  

The user of the decision support system can be a residential home owner or a neighborhood 
association who are interested in finding the wind turbine design that fit best on their property. 
The goal of installing a wind turbine on a residential scale is to reduce the variability in 
electricity prices and reduce the annual energy bill. However, homeowners are faced with 
uncertainty of the overall performance of small-scale wind turbines. The costly designs may or 
may not perform well to the point of reducing the annual energy bill or reducing the variability in 
prices. Local wind turbine manufacturers provide recommended models based on asking 
customers for the zip code. The recommended design is based on wind averages in that area. The 
issue with taking wind speed averages is that they do not take into account the microclimate for a 
specific residence. The venturi effect caused by near by surroundings such as buildings, trees and 
mountains varies from one location to another. However, the decision support system takes into 
account the microclimate for each location and interacts with the user as shown in the Figure 25 
to provide the optimum wind turbine design for the given location.  

 

Figure 25: The SysML sequence diagram shows behavior of the WTDSS with the user (residents) and some 
stakeholders. 

4.1.1 User Case Scenario 
When a resident decides to purchase a wind turbine, our decision support system shall aid in 
making the decision by performing the following: 

1. The homeowner will first go to our Wind Turbine Decision Support System (WTDSS) 
and request to find the optimum design for his/hers location. 

2. The WTDSS shall ask the user to provide the address for the location, where the wind 
turbine will be installed. 
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3. The user in this case will provide the location to our system to help in investigating the 
possibility of installation.  

4. Based on the location, the system at this point shall check with recent laws from the 
Public Utility Board at that location to see if it is legal for residents to install a wind 
turbine on their properties.  

5. If wind turbines are legal to install on the user’s property, the system shall check with the 
recent regulations from local zoning departments to find the maximum height allowed 
and other safety regulations.  

6. The system at the point shall provide a feedback to the user to show the possibility of 
installing a wind turbine. 

7. If possible to install a wind turbine, RWTDSS shall request permission from the user to 
fill required inputs and send equipments to their location to collect a site survey.  

8. If the user approves what is required in step 7, the results shall be sent to the system to 
find the optimum wind turbine design.  

9. WTDSS shall request recent wind turbine specifications from small wind turbine 
manufacturers before performing the analysis to determine the optimum design.  

10. Small wind turbine manufacturers shall send the recent specification for their latests 
models along with the costs of each turbine.  

11. The system at this point shall perform an analysis based on the given inputs and the site 
survey results and provide the user with the closest available model along with energy 
and financial reports. 

4.1.2 Graphical User Interface: 
In order to provide an accurate weather data, RWTDSS will ask the user to enter the following 

information: 
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Based on the user’s location, RWTDSS will recommend the best wind turbine configurations. The list of 
recommended designs will include a simple specifications for non-technical users and detailed 
specification for technical users.  
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5.0 Requirements 
Requirements for the residential wind turbine decision support system were derived from 

our main goal of reducing utility prices for consumers and survey and monitor a specific given 
location. We have developed these requirements through research and our sponsor’s needs. First, 
we developed the high-level Mission Requirements, which capture what our residential wind 
turbine decision support system wishes to accomplish. From these, Functional and Design 
Requirements were developed to examine how the residential wind turbine DSS would meet the 
Mission Requirements. 

5.1 Mission Requirements 
● MR1. Decision Support System (DSS) shall accept input data based on a specific location. 

● MR2. DSS shall analyze input data to determine the best existing wind turbine configurations 
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(based on cost & power output). 

● MR3. DSS shall recommend the best wind turbine configurations based on the analysis of input 
data and existing wind turbine configurations.  

5.2 Design Requirement 
● DR1. DSS shall require input wind data for specific site.  

● DR2. DSS shall consist of an inventory with the capacity up to 100 turbines. 

● DR3. Each inventory slot will consist of the specifications regarding the dimensions, efficiency, and 

cost. 
 

5.3 Functional Requirements   
● FR1: DSS shall accept at least one year’s worth of wind speed data.  

● FR2: DSS shall provide an output of the best wind turbine configuration for a given site. 

● FR2.1: The report shall consist of the specifications of the best wind turbine. (Dimensions, power 

coefficient, cost) 

● FR2.2: DSS shall produce an estimated annual energy output [kWh] 

● FR2.3: DSS shall produce financial report consisting time of return on investment, net present 

value, and total cost of the system. 

 

6.0 Initial Direction 
The original design of system incorporated two-week on-site surveys where wind data would be 
collected using anemometers connected to data loggers. This design was found to be infeasible 
because it did not accurately represent the behavior of the wind at that site. Not only does wind 
change frequently, but it also varies significantly during different seasons. For this reason, it was 
required that we utilize at least one year of wind data. The results from this initial design is 
displayed below. Data was collected for a site at George Mason University. This was done over a 
two week period from 14 Oct to 28 Oct and collected data from a weather station positioned at a 
height of  477 feet. Over that time period there was an average wind speed of 6.115 MPH and an 
average wind direction of W/NW. 
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GMU Site Survey Results 

Average Wind Speed 6.115 MPH 

Average Wind Direction W/NW 

Height 477 feet 

Max Speed 35 MPH 
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A validation test was conducted to find out what the power output would have been at the GMU 
site had a wind turbine been installed at that location during that period of time. We used the 
Xzeres Skystream 3.7 Small Wind Turbine, a small wind turbine that is available now.  

 

XZERES SkyStream 3.7 Specs  

Cut-in speed 7 MPH 

Rated Power 2.1 KW at 25 MPH 

 

Total Power Generated 118.5 kWh 

 

Wind data from the Dulles Airport area was considered to compare to the George Mason 
University site. Getting a distribution of wind over a year long period is critical to our project so 
that we can take into account the variations of wind during different seasons. Figure 28 is the 
wind data over 2016 at Dulles International Airport. 
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Figure 28 Distribution of wind data over 2016 at Dulles International Airport. Orange line 
represents the cut-in speed (7 MPH) of the XZERES Skystream 3.7. Based on the wind speed, 
this site would generate electricity 46% percent of the year with this configuration which is not 

necessarily the optimal configuration.  

7.0 Simulation Design 
Our simulation consists of using data collected from three sites. Each one consisting of very 
different environments which will give us the ability to test our system with realistic on-site data 
for multiple environments. The first site was collected for Annapolis, Maryland which is located 
on the water near the Chesapeake Bay. The next site was collected for Spotsylvania, Virginia. 
The final site was collected for Amarillo, Texas. This site was chosen because of it known high 
wind frequency and consistency. At each these sites, data will be collected every hour for one 
year.  

7.1 Simulation Objectives 
1. Collect wind speed, direction and installation height data from each site to use as inputs 

into the system 
2. Determine design specifications (number of blades, blade dimensions and height of 

installation) for a small wind turbine that will generate the most power possible for that 
specific site 

3. Perform tradeoff analysis of the design specifications optimal turbine to to existing 
turbines from current wind turbine manufacturers 

7.2 Simulation Requirements 
 

Simulation 
Requirement 

Requirement Description  

SR.1.0 Wind speed will be collected through the use of the AWS TruePower software 
for each site  

SR.1.1 Data will be in increments of one hour 

SR.2.0 The simulation shall use input of wind speed  

SR.2.1 Unit of wind speed will be meters per second (m/s) 

SR.3.0 The simulation shall shall conduct a trade off analysis on the wind turbines in 
the wind turbine inventory to determine the best turbine configuration 

SR.3.1 The best wind turbine shall be based on power output and cost 
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SR.4.0 The simulation shall determine the total cost through the cost model 

SR.4.1 The simulation shall  find the acquisition, installation, insurance and 
maintenance cost 

SR4.2 The simulation shall provide an output to the user of the best wind turbine 
configurations 

SR.4.3 The simulation shall provide the cost of the best wind turbine configuration cost, 
net present value, and return on investment 

 

7.4  Case Studies 
A Monte Carlo Simulation was conducted using three case studies (Annapolis, Maryland 
Spotsylvania, Virginia Amarillo, Texas). Each of these case studies consisted of collecting one 
year of wind speed data collected at an hourly rate for a location. This amounted for 8760 data 
points for each study. The wind speed data was applied through the system (Power Model and 
Cost Model) to find the best wind turbines for each location.  

7.4.1 Case Studies Results 
The geographical location and microclimate characteristics for each of the studies was by far the 
most significant factor in determining the amount of energy produced at that location. 
Spotsylvania, Virginia, a largely forested and rural area, had the lowest power generation with an 
average wind speed of 4.58 m/s and only produced 26% of the year considering a 2.25 m/s cut-in 
speed. The Annapolis, Maryland study, which was located along the Chesapeake Bay, then 
followed with an average wind speed of 5.45 m/s and produced energy for 32% of the year. 
Finally Amarillo, Texas had an average wind speed of 7.23 m/s and produced energy 90% of the 
year.  

 

 Annapolis, Maryland Spotsylvania, 
Virginia 

Amarillo, 
Texas 

Average Wind Speed 5.45 m/s 4.58 m/s 7.23 m/s 

Percentage of Power 
Generation of 1 Year 32% 26% 90% 
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The wind data from each of the studies was used to calculate the annual power output for each 
location. This data was then applied to all the wind turbines within the Wind Turbine Inventory. 
The results for seven of the turbines are shown in Figure 29. 

Figure 29. Case Studies power output results  

8.0 Project Plan 

8.1 Work Breakdown Structure 
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8.2 Project Schedule  
For the project schedule, it was set it up on an academic year basis. It starts from the end of 
August and goes all the way to May. For our estimation method, we chose the top-bottom 
method based on our WBS, this method has an accuracy rate of +- 35%. The method was chosen 
because this is a first time for the group to work on a project of this size. For the duration of each 
task we assumed 1 day of work equals to 8 hours. The duration of each task will be updated 
weekly in accordance with each member’s timesheet. For the next semester, the duration of each 
phase was based on the amount of information we obtained from previous students who took 
completed the course and based on the SYST - 495 syllabus.  

 

8.3 Critical Path 
The critical path for the project starts at the data collection at the MD residence and the farm in 
Fredericksburg VA. The site survey results are considered critical and if any delay occur, our 
simulation model will have to be delayed. Also, the completion of simulation design phase is 
essential to the start of the later phases in the Spring semester such as the Analysis and the 
business case phase. 
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7.4 Project Milestones 
Fall Milestones: 

Project Begins September 2, 2106 

Briefing 1 September 19, 2016 

Preliminary Project Plan October 12, 2016 

Briefing 2 October 19, 2016 

Briefing 3 November 2, 2016 

Briefing 4 November 16, 2016 

Faculty Presentation November 18, 2016 

Proposal Presentation/Final Report/ Conference Paper/ 
Draft Poster 

December 7, 2016 

Spring Milestones: 

Briefing 1 January 25, 2017 

Briefing 2 February 2, 2017 

Briefing 3 March 3, 2017 

Project Briefing - Dry Run Final Presen 
tation 

March 23, 2017 

Final Conference Paper To IEEE SIEDS April 1, 2017 

Final Deliverables  May 1, 2017 

Faculty Presentation,Final Report, Conference Paper, 
Poster 

April 21, 2017 

West Point Capstone Conference May 4, 2017 

SIEDS Conference April 28, 2017 

43 



 

 

 

 

 
 

 

7.5 Project Risks 
 

Risks S L D RPN Mitigation Strategy 

Simulation design: 
Overlooking certain inputs, limited 
constraints, output does not solve the 
problem 

8 5 6 240 Extensive simulation with various 
scenarios and wide range of inputs. 

Team: Unexpected sick leaves, lack of 
experience. 

5 4 5 100 Adding slack between tasks 

Schedule: 
Failure to meet deadlines due to high 
workload from other classes 

7 4 3 84 Tasking work based on each team 
member's strengths and availability 

Requirements: Aggressive 
performance standards, complex 
requirements. 

4 3 5 60 Diligent work between the team and 
sponsor 

Project size and complexity: 
The scope of the project is expanding 

6 2 4 48 Consistent meetings with the sponsor 

Sponsor: Reaching the sponsor 
may be difficult due to their busy schedule 

7 2 3 42 Regular appointments 

S: Severity, Likelihood, D: Detection 
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7.6 Budget 
From the project schedule that was created using Microsoft Project, the following budget was 
produced.  
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7.7 Earned Value Management 
Earned Value, Planned Value and Actual Cost 
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Interpretation: Our planned value (PV) is the authorized budget assigned to scheduled work. In 
the first couple weeks of the semester it was at a high point but later it stabilized in the fifth week 
and has remained under Earned Value, which is the measure of work performed expressed in 
terms of the budget authorized for that work.  The Actual cost (AC) is the realized cost incurred 
from the work performed on an activity during a specific time period and is illustrated by a gray 
line and has been under the EV and PV. 

 

 Cost Performance Index (CPI) & Schedule Performance Index (SPI) 

 

Interpretation: Based on the fact that both Cost Performance Index (CPI index) and Schedule 
Performance Index (SPI index) are greater than 1, this leads to the conclusion that the project is 
under budget and ahead of schedule even though at the beginning of the semester we were still 
figuring out what approach to take towards our solution and fluctuated for the first 4 weeks but 
has later remained around 1. 
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9.0 Business Case 
 

9.1 Business Plan: 

Currently small scale renewable manufacturers and distributors rely on zip codes and yearly wind 
speed averages to decide which turbine would work for their customers. However, RWTDSS will provide 
a year's worth of microclimate wind data for the consumer’s location in order to give an accurate 
recommendation to which wind turbine would function efficiently. RWTDSS will work with green 
builders in the Mid-Atlantic region to insure that the process of buying a wind turbine will be easy for 
residents and small businesses who have an interest in green energy technology. The customers will have 
an access to the decision support system via a website. Upon completion of the required information on 
the website, users will receive their Optimal Wind Turbine Package that would include: 

- Expected Annual Wind Profile. 
- List of Existing turbines that with design characteristics (swept area, coefficient of power, cut-in 

speed) that will capture the the greatest amount of wind energy available. 
- Each turbine will have total cost installed, expected annual power output and financial breakdown 

of savings per year and expected break-even point. 

9.2 Business Model: 
RWTDSS will generate profit through commission on the sale of wind turbines in the Wind 

Turbine Inventory. In addition the system will be paired with green builders in the Mid-Atlantic region to 
offer a one stop solution for both purchase and installation. Green builders have built tens of thousands 
homes in the past ten years in the Mid-Atlantic. Wind turbine manufactures will be allowed to have their 
wind turbines as part of the inventory of the RWTDSS with the agreement that 10% of sales through the 
system will be kept by the RWTDDSS Company. Wind turbine manufacturers will save money and 
generate an increase in revenue by using the RWTDDSS by eliminating need for person to be paid for 
on-site surveys. An increase in revenue will be seen through growth in a market that is currently not be 
exploited on a large scale. NREL estimates that by 2020 that small wind turbines have the potential to 
contribute to 8% of the U.S. electrical demand.  

9.3 Operational Costs: 
Since RWTDSS will be available through a website the first year costs will re-occur on the yearly 

basis. Table XX. summarizes the additional total capital needed each year.  
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Table. 3 A breakdown of the operational costs for each year. 

 

9.4 Projected Revenue: 
According to Solar Energy Industries Association (SEIA) the number of of homes that use solar 

panels in Virginia is 24,000 (32). Since the starting point for RWTDSS will be in DMV area, an 
assumption was made that the market share is 10,000 homes. The market penetration in an optimistic 
scenario is 5%, in an expected scenario is 3%, and in a pessimistic scenario is 1%. With a $24,000 as an 
average price for a wind turbine and a yearly growth of 10%, Table 4 shows the projected growth of wind 
turbines sold over 10 years.  

 

 

TABLE 4 Projected growth of the number of wind turbines sold through RWTDSS’s website. 

From the projected growth of units sold, Table 4 and Figure 30  show the expected revenue over 

10 years in three scenarios.  
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TABLE 5 Projected revenue  

 

Figure 30 Projected revenue  

9.5 Projected Profit: 

RWTDSS is projected to generated profit in an expected scenario at the end of year two, in an 
optimistic scenario at the end of the first year as shown in Figure 31 and Table XX.  
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TABLE 6 projected profit in multiple scenarios  

 

Figure 31 projected profit in multiple scenarios  
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9.6 NPV & ROI: 

 

TABLE 4 Projected Return on Investment  

 

Figure 31 Projected Return on Investment  
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