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Abstract.  In Virginia the cost of electricity has increased by approximately 3.2% over the past ten 

years (EIA, 2016). The decrease in cost of photovoltaic solar systems has caused an increase in the 

amount of solar panel system users. This leaves electricity distribution companies with the options of 

either (1) maintaining current business models or (2) adopting a business model that provides 

customers the option to generate energy through solar panels. Using Geographic Information System 

(GIS), a model representing the potential solar energy generation for rooftops was created. The output 

is then compared to total energy demanded by serviced residential homes to find the profitability of 

each alternative. The initial results lead to the conclusion that, due to Virginia’s current regulations 

and overall state on solar energy, alternative (1) is the most viable. Sensitivity analysis combined with 

loss mitigation strategies show the environments in which alternative (2) becomes more viable. The 

system created will be a feasibility test of implementing solar energy into a small-scale utility 

company’s business model. 
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Executive Summary 

Context Analysis. Solar energy is harnessed using solar panels that are mounted onto effective areas 

of houses, buildings, etc. where the panels will receive direct sunlight. The technology being used is 

photovoltaic (PV) which is the more common type of panel used. The PV panel absorbs photons 

which in turn knocks electrons loose, causing electricity generation. There are three main types of 

panels, monocrystalline, polycrystalline, and thin-film. The type of panel that produces the most 

energy efficiently is the monocrystalline variation. Solar panel efficiency for this type of panel is 

currently at approximately 18% efficiency, but it is on the rise as technological advances occur. It is 

important to note that there will be a maximum efficiency capacity of about 30% (Matasci, 2017). 

Panel prices are currently at $220 wholesale and once again, as technology progresses, prices will 

continue to decline. These estimates are from the basis of installing Hanwha Q Cell 4.1, a modern PV 

panel (Q.auntum, 2017). Finally, as previously discussed, electricity prices are also rising at an 

average rate of 3.2% a year. 

Solar Panel Technology. Solar energy is considered stochastic in nature, due to the varying and 

constantly changing factors involved with its generation. It can be tracked on a daily and monthly 

basis as random but following a trend. Solar panel installation must consider all potential limitations: 

surface area of roofs, shade, weather, azimuth/slope of the roof, and solar irradiance in area. The solar 

radiation potential of a region affects the overall solar energy generation potential. Solar radiation 

encompasses the energy that can be produced due to the direct sunlight a region receives per year. 

For Virginia the solar radiation potential is between 4.5 and 5.5 kWh/m2/day (Lopez, et al. 2012).  

Stakeholder Analysis. The main tension that exists between the stakeholders at hand are between 

the government entities and power generation facilities. Government regulations and policies have 

the potential to greatly affect profits for these power plants and NOVEC, especially with changes in 

energy regulations. One of the main policies is the solar Investment Tax Credit (ITC) which currently 

credits a 30% reduction on taxes for the ownership of solar panel systems. Recently a policy has gone 

through reducing the ITC percentage over the next few years from 26% to 22% and will continue to 

decay (DSIRE, 2018). It is important to understand that government policies are not predictable and 

changes in energy regulations will greatly impact how utility companies like NOVEC shape their 

business models, making solar penetrations very unpredictable. 

Northern Virginia Electric Cooperative (NOVEC) is a not-for-profit electric distribution company 

providing services to nearly 160,000 residents and businesses throughout Virginia. However, 95% of 

NOVEC’s customer base are residential homes in counties such as Loudoun, Fairfax, Prince William, 

Fauquier and Stafford County. (NOVEC, 2017). The retained earnings of the company are distributed 

back within NOVEC to help the company expand and provide services to customers. Their mission 

as a not-for-profit cooperative is to meet customer needs first. 

Problem Statement. As solar penetration levels rise in Virginia, NOVEC will begin to lose revenue 

from the loss of traditional energy being distributed in their network. NOVEC will be forced to change 

pricing and bills by raising electricity prices to compensate for growing infrastructure costs. To 

restate, the current energy environment in Virginia is as follows and trends are predicted to continue: 

.1% solar penetration, $0.12/kWh cost of solar, $0.13/kWh cost of electricity, and 18% efficiency. 

Need Statement. There is a need to analyze the effects of increasing amounts of solar energy users 

in NOVEC’s distribution network on their current business model. Furthermore, there is a need to 

identify the feasibility of new business models that incorporate solar energy into their distribution 

network. 

Concept of Operations. The two alternatives being considered are: (1) the do nothing alternative and 

(2) implementing solar panels into the distribution network. The first alternative will continue with 

the current NOVEC business model, ignoring the solar energy being produced in their system, 
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allowing SolarCity to capture this market, and finally being regulated to net meter excess solar energy. 

The second alternative proposes to begin selling solar panels to their customers. The solution as a 

whole considers three separate parts, energy demanded by residential homes, potential solar energy 

generation of these homes, and finally an optimal business model.  

Energy Demand Data. Electricity demanded by homes has a high variability and thus averages were 

used. These averages were derived from the EIA’s average demand for Virginia in combination with 

the 2016 SEOR analysis on NOVEC homes (Criste, Hoffman, and Grant 2017). 

Geospatial Information Systems Analysis. The main aspect of the model that needs to be 

stochastically modeled is the potential solar energy generation of NOVEC serviced residences. A 

Geographic Information System (GIS) model with the ArcGIS tool were used to develop a process 

and method to analyze homes serviced by NOVEC. In order to model a given region, many aspects, 

such as raster data, address points, and more, need to be inspected, fit, and clipped to create the final 

layer that represents NOVEC’s service region in Loudoun County. Digital Elevation Models (DEM) 

provided by ArcGIS analyze the final NOVEC layer against: time of year, zenith angle, shading, roof 

size, and slope, to output potential solar energy. The GIS model outputs satellite imaging of homes 

along with average solar potential energy on a monthly aggregation level in kWh for an entire layer 

or an individual home. The model’s changing parameter is the solar penetration or amount of solar 

users in the model in order to find the various effects of solar users on the two alternatives. The output 

in kW/m2/month is then converted to total kWh by the following equation: 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑘𝑊ℎ 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 =  𝑋 (𝑘𝑊/𝑚^2/𝑚𝑜𝑛𝑡ℎ)  ∗  60(𝑚 2)  ∗  (.18) 

Here the unknown “X” variable is the output of the model for each home or an overall layer. Finally 

to conclude the solar potential energy outputs, panel degradation was applied at approximately .06% 

decrease in efficiency a year over a 20 year lifespan (Q.auntum, 2017). 

In order to choose the proper business model alternative, the current model must be used to find the 

effects of solar energy. With the GIS model and Energy demand output data, the amount of energy 

not distributed by NOVEC’s network is determined. The energy directly correlates with the amount 

of cash flow that NOVEC receives from their network. Any energy created by solar energy systems, 

currently directly cuts into NOVEC’s cash flow. The values associated with the revenue of the 

alternatives was derived from NOVEC’s customer bills which have delivery costs and electricity costs 

associated with it, equating to about $0.13/kWh. The profit from selling solar panels in alternative (2) 

result in about $10,000 after wholesale costs, installations, and more. 

GIS Model Results. The model generates solar potential energy for specifically selected homes or 

an overall layer containing a multitude of homes. The below figures show the results in a baseline 

case for three different types of homes in the NOVEC region. Each figure compares the energy 

demand and potential solar energy generated outputted by the GIS model. 

A more optimal house can offset upwards of 69% of their total Based on an analysis of about 4800 

homes, the average NOVEC serviced home only offsets an estimated 49% of its energy demanded 

over the course of a year. Finally, a poor home only offsets about 38%. The distribution of home 

outputs for the month of July gives a look into how many homes fall into each category of poor, 

average, and optimal. Poor Homes account for about 10% of the population at about 600 kWh in July, 

while the optimal home produces about 1300 kWh in July, placing it in the top 10% of homes. 

Inputting GIS Model results into NOVEC’s business model. Based a on a very limited survey 

conducted, homeowners might want to save an estimated $10,000 over their 20 year investment on a 

solar system to want to invest. This means that for the average NOVEC home, they will not be able 

to reach this goal, as they only break even after about 19 years into their investment, and only profit 

about $2,000 after 20 years. For a more optimal home as shown previously, NOVEC would lose about 
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-$4,000 per optimal home after panel profits. While the optimal customer would see a $10,000 profit 

at a 14 year return on investment period. With the small-scale survey’s results, these leads to the result 

that 10% of NOVEC’s current customer base are willing to move to solar energy as of 2018. With 

this current market, it seems unlikely that solar penetrations in Virginia will reach a point where 

NOVEC should invest in alternative (2). To add future scenarios and further analysis, in 5 years, the 

trends of solar and electricity costs lead to the following values: electricity costs = $0.154, 20% solar 

panel efficiency, ~$0.12/kWh for solar panels and a carbon tax equating to an extra + $0.001. 

The results with these new business model inputs leads to an average home having a $13,000 profit 

over its lifecycle and the optimal having $27,000. This is also not including the ITC previously 

accounted for due to the fact that it will be removed for residential homes by 2022. With this, NOVEC 

should be prepared for a large growth in solar penetration as shown in Figure 10. The figure 

demonstrates the dollars per year per customer needed to recoup losses due to the loss in traditional 

energy distribution revenue. For alternative (1), NOVEC will need to charge $174/customer/year to 

recuperate losses, but with alternative (2), NOVEC charges $98/customer/year. This mitigation in 

loss may be worth the risk for NOVEC and this gap will only increase at higher penetrations. 

A proper business model must be able to show the effects of changes in the business model inputs 

associated with the model and system built. In this case, the feasibility of solar energy has the potential 

to be highly variable depending on the sensitivity of its factors. The factors that were tested were 

nearly identical for the customer’s and NOVEC points of view. Sensitivity analysis points to 

electricity costs and solar energy production on the homes to be the leading factors for customers 

getting additional benefits from going solar. 

With the current state of energy prices and state government policies, implementing solar energy into 

NOVEC’s distribution system is not currently justifiable. The risk to mitigate the losses of a third-

party panel provider is far too high to justify moving into an entirely new market. The current solar 

penetration being at .1% and with a conservative rise to 1% in 10 years, the losses of to SolarCity can 

be recouped minimally from the entire NOVEC service region. Thus, the final recommendation is to 

keep the current business model.  

It is also important for NOVEC to be prepared for when alternative (2) becomes more viable. In this 

case, the sensitivity analysis shows that customer will be increasingly likely to move to solar energy 

when electricity prices reach approximately 18 cents/kWh and when solar systems can provide 

approximately 9000 kWh a year. Coupled with the GIS and business model results, these factors may 

be reached in as soon as 5 years, especially with political changes. This is the point when NOVEC 

should reevaluate the two alternatives with a more in-depth survey to their customers. 

 

 

 

 

 

 

 



  

9 

Context Analysis 

Solar Trends 

A study was conducted by the Energy Information Administration (EIA) using data from 1990 up 

until 2012, which showed that energy consumption is following an upward trend. In Figure 1 it is 

shown that the majority of the demand has traditionally been from expendable resources such as 

natural gas and coal. However, the EIA has predicted a large growth in renewables over the next 20 

years. In contrast to the large growth in renewables, it is predicted that the demand for coal energy’s 

rate of growth will being to diminish in the near future (Doman, EIA, 2016). 

 

Figure 1. EIA Study on World Energy Consumption (Doman, EIA, 2016) 

The overall cost of electricity in the United States is also on the rise. This means an increased price 

for users, which leads to lower satisfaction levels. This also means overloading on traditional 

electrical power plants and higher costs for distribution companies. In Figure 2 it shows that over the 

past 10 years in Virginia total electric industry prices, measured in cents per kilowatt hours, have 

been on an upward trend (EIA, 2016). The EIA specifically records the average price for residential 

homes for cents per kilowatt hours. 
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Figure 2. Retail Sales of Electricity in cents per kWh (EIA, 2016) 

Data drawn from this same set of data and it was used to show the percent difference in price for each 

year. This leads to an average increase on a yearly basis. The average increase of cost for Virginia 

per year was 3.21% (EIA, 2016). Figure 3 below shows the data from figure 2 with exact numbers. 

 

Figure 3. Electricity Cost per year from EIA (EIA, 2016) 

The overall efficiency of solar panels has also been on an upward trend. As shown in Figure 4, the 

max efficiency of solar panels used to increase at a snail’s pace; a few percentage points in decades. 

Now, the max efficiencies reached are jumping up multiple percentage points each year. In January 

of 2016 the National Renewable Energy Laboratory reached an efficiency of 29.8% (solarcellcentral). 

The theoretical max efficiency is assumed to be around 33% for a single junction solar cell. The 

average solar panel converts around 14% of its energy into electricity so there is still a long way to 

go for panel efficiency for residential users (Northwestern). 



  

11 

 

Figure 4. Solar Panel Efficiency Timeline (Matasci, 2017) 

The cost of solar energy has also been on a downward trend. Figure 5 shows the gross cost per watt 

of solar energy over time. It also shows the percentage decrease, solar is now cheaper than ever before 

and expected to continue decreasing in price. 

 

Figure 5. Cost of Solar per year (Matasci, 2017) 

Solar Penetration Levels. The average solar penetration rate, or amount of solar energy generated 

in an area, per state in the United States is 1.4%. The percent of solar penetration in Virginia where 

NOVEC services is only 0.1% which correlates to the number of people NOVEC services for net 

metering (Anderson 2017). In this case NOVEC services 155 people for net metering and they service 

160,000 homes and businesses (NOVEC 2017). In Figure 6 a few of the states with the highest and 

lowest percent solar penetration are shown. Virginia is behind many other states even without 

including outliers like California and Hawaii, figure 7 shows the amount of solar energy installed in 
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Virginia each year. This means that there is plenty of room for improvement when it comes to 

increasing the number of people serviced for solar energy.  

 

Figure 6. Solar Penetration by State - Jan-Oct 2016 in MegaWatt Hours (Anderson 2017) 

 

 

Figure 7. Installed MW of Solar Energy in Virginia (SEIA, Wood Mackenzie, 2018) 

Solar Technology 

Solar Panels and System. Solar energy is harnessed using solar panels that are mounted onto 

effective areas of houses, buildings, etc. where they will be most likely to be hit by light. There are 

two main types of solar panels, Photovoltaic (PV), and Solar heating and cooling (SHC), PV is the 

more common type of panel used. The PV panel absorbs photons which in turns knocks electrons 

loose, causing electricity generation. Photovoltaic panels are manufactured with three components 

kept in mind: Silicon molecule structure, lifetime, and size. Panels are made of silicon, and the 

“pureness” of the silicon, or structure of the molecules, is how efficient a solar panel is in converting 

the energy that is inputted to a usable output. Finally, there are different sizes and capacities of solar 

panels. 
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Figure 8. Photovoltaic Cells at Work (MySolarProjects, 2011) 

The three components lead to the three main types of PV panels: monocrystalline, polycrystalline, 

and thin-film panels. The different types are the byproducts of how efficient, how long they last, and 

their shape and size. The monocrystalline panel is the most efficient panel, having the highest 

symmetry in silicon structure. These panels are identified by their non-rectangular shape and are used 

rarely in systems. The thin-film solar panel is a mass-produced panel, it requires the lowest amount 

of effort to create, leading to lower costs, but lower efficiency ratings. These panels balance between 

cost effectiveness and efficiency. Monocrystalline panels with high efficiency and Polycrystalline 

panels with high cost efficiency are used on residential areas in general. 

A solar panel generally refers to the system of cells, 60 or 72 cell panels, that are contained within 

the panel itself. For residential systems, the latter is very rarely used. A 72-cell panel would produce 

larger amounts of energy due to the panel being simply larger, but does not necessarily mean that the 

panel is better. The problem with 72 cell panels is that they are often not made to be easily installed 

onto different types of roofing. A panel must be flexible in that it can form to a magnitude of different 

roofs. A failure to do so makes the 60-cell panel more viable. A solar system size is also measured to 

the amount of panels and how much energy will be generated (Maehlum, 2017). In Virginia a system 

max size is a 20kW system (Virginia State Government, 2017). 

 

Figure 9. Solar Panel System (CoSolar, 2017). 
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Figure 9 demonstrates how a battery less solar panel system typically works within a system. 

Photovoltaic panels generate electricity feeding into an electricity current inverter. A centralized 

inverter to convert the energy from DC to AC, the controller to regulate energy, and feeds the energy 

into the system or grid. 

A solar panels energy is in DC and is connected to an inverter in various ways to convert the energy 

to AC. This allows for the solar panel’s harnessed energy to be converted and put into the electricity 

panel. There are a few choices in the type and system of an inverter.  

The most common is the centralized “string” inverters. In this system, panels are in parallel and 

connected through strings to a central inverter. A central inverter is the lowest cost option, making it 

the standard option. Being a singular entity, central inverters are easier to maintain and are generally 

more appealing. 

The next type of inverter that can be considered is the micro-inverter type. This system has multiple 

inverters attached to each part of the solar panel grid. Micro-inverters will allow for high performance 

of the system for a larger cost and maintenance. This is due to maximizing the variability in building 

roofs and allowing for individual performance monitoring of panels (energysage, 2017). 

Solar Panel Maintainability and Reliability. Solar panels overtime loses their overall efficiency 

due to the panels degrading in quality and obstructions on the cells. The Hanwha Q-cell being a    high 

grade solar panel for the current market though, guarantees customers a warranty that follows the 

decrease in efficiency over the panels estimated 25 year lifespan to be linear (Q.antum, 2017). 

 

Figure 10. Q-Cell efficiency over time (Q.antum, 2017) 

Panel efficiency can also be decreased by around 5% due to obstructions like dust, snow, leaves, etc 

(Evergreensolar, n.d.). This lowering in reliability and performance isn’t something that needs to be 

worried about due to the fact that the panels are angled in a way that rain generally is enough to 

maintain the solar panels. In general, solar panel maintenance is rarely required. A meter that feeds 

information to the user and provider displays the performance of panels and will notify when a panel 

may need to be changed. 

Solar Costs. Due to the initial penetration rate of .1%, NOVEC must purchase panels upfront to 

prepare for the .1% rate. As discussed above, this will require a large sum of money to wholesale 

purchase the Q Peak panels. That initial capital investment will most likely be taken out of NOVEC’s 
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annual investments along with other ventures once more information is collected from a financial 

standpoint. Figure 11 shows the costs to purchase enough panels to cover the initial penetration and 

Figure 12 shows the costs to pay for installation. The numbers calculated in both figures below, are 

estimates based on the current market and initial assumptions.  

Cost for Panels   

Cost Per Panel  $220  

Panels required per house 33 panels 

Initial .1% penetration (houses) 155  

Total Costs for Panels ~$1.1 Million 

Figure 11. Panels. Initial cost of panels to cover .1% penetration rate (CivicSolar 2017) 

 

Estimated Cost for Installation  

Number of installers 4 

Hours required per house 6 

Initial .1% penetration (houses) 155 

Rate per Installer $50 

Total Cost for Installation ~$190,000 

Figure 12. Installation. Initial cost of installation for .1% penetration rate 

The price of $220 is the price of the solar panels in today's market. It is assumed that the price of solar 

panels will steadily decrease while the efficiency increases. The $220 per panel factors in the price 

of shipping (Q.antum, 2017). Since NOVEC is purchasing a large amount of these panels, solar panel 

manufacturers are much more likely to offer deals and promotions to NOVEC.  

Solar Energy Generation Factors 

Stochastic Energy. Solar energy is considered stochastic in nature, due to the varying and constantly 

changing radiation amount in a given area. Solar panel installation must consider all potential 

limitations: surface area of roofs, shade, weather, azimuth of the roofs and solar radiation or overall 

sunlight the region receives. All factors must be considered in order to ensure that correct panels are 

installed, correct payment rates are determined for the customers and that solar energy is in fact 

profitable for the NOVEC service region under study. These variables make solar panel 

implementation stochastic in nature, which causes an unsolidified rate or specified way to install 

panels onto a house. Solar energy over many years can be shown in a time series model and will 

display how strongly stochastic solar energy generation is. 
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Figure 13. The Stochastic Nature of Solar Energy (SOLARGIS n.d.) 

The above figure is a Typical Meteorological Year (TMY) data set for photovoltaic solar energy 

generation. This graphic was generated by a solar generation simulation tool known as SolarGIS, a 

software that advertises its capabilities to make time series model with a very large price tag. The 

figure is used to demonstrate stochastic energy for solar energy and is not generated by this report 

currently. These are time series models for yearly data sets and when combined it is shown how 

stochastic solar energy is. It is an uncontrolled source, but the trends lead to its data being relatively 

predictable. The trends can be attributed to the multiple variables associated with solar energy 

generation. Most prominently how much energy can be generated in specific times of day and most 

notably monthly. 

Solar Radiation. The amount of solar radiation in a region affects the overall solar energy generation 

potential of a region. Solar radiation encompasses the energy that can be produced due to the direct 

sunlight a region receives per year. For Virginia the solar radiation potential is between 4.5 and 5.5 

KWh/m2/day (Lopez, et al. 2012). From the figure below taken from the National Renewable Energy 

Laboratory (NREL), it shows that Virginia falls in the middle when it comes to overall solar radiation 

potential per day in comparison to the rest of the states 
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Figure 14. NREL Story Map of Photovoltaic Potential Across the United States (Lopez, et al. 2012) 

Surface Area of Roof. The surface area of a roof must be evaluated when determining the number 

of solar panels that can be contained on a single-family home. If the surface area of the roof is small 

compared to a larger roof size, the number of panels that can be placed on that roof is decreased, 

along with the maximum solar energy potential for that rooftop (Bahill and Chaves 2010). For the 

purposes of this proposal only houses that are 2000 square feet to 4000 square feet will be considered, 

due to solar energy data taken from a 2000 square foot single family home.  

Shading. Shade refers to obstacles that may cast a shadow over top of the roofs and or panels, 

blocking sunlight for periods of time. A few examples that could reduce the amount of direct sunlight 

a rooftop receives are shade caused by trees, parts of the roof itself and other structures such as taller 

buildings (Bahill and Chaves 2010). Solar panel systems must maximize the time they are exposed 

to sunlight to be effective. To address the issue of shadows reducing the amount of solar energy that 

is produced on a single rooftop; the study will focus on neighborhoods or rooftops that have minimal 

shading conflicts.  

 

Figure 15. (DirectEnergySolar, 2015) 
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Weather. Weather is a factor that needs to be considered when determining the potential solar energy 

produced in a single region. During different times of the year, for example summer months versus 

winter months, have different maximums in terms of solar radiation potential. During the summer 

months there is more direct sunlight and longer periods of time the sun is out. The weather disruptions 

that occur during summer months deal mainly with rain. During the winter months, there are shorter 

days and less direct sunlight. The weather disruptions that occur during these months include anything 

from an overcast to a snowstorm, all of which can influence solar energy production. The variance in 

weather and sunlight from season to season can greatly reduce the amount of solar energy produced 

from month to month. This leads to the trends that can be seen in the monthly data. Monthly trends 

can be seen in a time series data set. Therefore, solar energy is generally studied and recorded at the 

monthly level. Any lower has too many variables to consider and any higher will not display the 

stochastic nature of solar energy. 

Azimuth Angle. The azimuth angle of a roof refers to the roof orientation and slope; the direction of 

a house’s orientation directly impacts this total solar radiation amount over a day. The buildings that 

have the highest optimal solar radiation levels are buildings, or in the case of this proposal, houses 

that are oriented directly southward or southwest (Elmore, et al. 2017). The slope of the roof and or 

the solar panels will also be taken into consideration when looking at NOVEC service regions that 

would produce the most solar power. This is depicted in the image shown below. 

 

Figure 16. Azimuth Angle (Collector Orientation n.d.) 
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Northern Virginia Electric Cooperative 
 

Northern Virginia Electric Cooperative (NOVEC) is a not for profit electric distribution company 

providing services to over 160,000 residents and businesses throughout Virginia. Formed in 1981, 

the purpose of NOVEC is to provide electricity to their customers (NOVEC, 2017). The profits of the 

company are distributed back within NOVEC to help the company expand and provide services to 

customers.  

Organization Structure. As a not for profit company, NOVEC is owned by its customers who elect 

the board of directors. Nine directors are elected as representatives of each jurisdiction to help 

NOVEC make decisions that will benefit the company and the customers. Each member on the board 

serves a four-year term before they are either re-elected, or another representative is elected based on 

the customer’s votes. NOVEC also has over 300 employees who each play a vital role in maintaining 

services and assisting with customers’ issues (NOVEC, 2017). As the new business model gets 

introduced to NOVEC, the board of directors and decision makers for NOVEC will have to be 

convinced to change the proposed direction of the company.  

Customers. With over 160,000 customers, NOVEC provides services to a variety of users including 

residential users, commercial users, and schools. A couple of notable businesses that NOVEC 

provides services to are AOL, Verizon, and AT&T (NOVEC, 2017). However, 95% of NOVEC’s 

customer base are residential homes in counties such as Loudoun, Fairfax, Prince William, Fauquier, 

and more. The figure below highlights areas in blue to show the areas that services are delivered to 

throughout parts of Virginia.  

 

Figure 17. Illustrating the areas which NOVEC provides services to (NOVEC 2017) 

Current Energy Distribution System. Figure 17 depicts the whole system that is produced by the 

power generation plant all the way to when that energy reaches the customer. NOVEC purchases this 

energy at a wholesale price of about 3 cents/kWh from Pennsylvania Jersey Maryland Power (PJM). 

NOVEC then redistributes this energy to commercial and residential customers.  
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Figure 18. NOVEC’s distribution network 

Throughout NOVEC’s grid, most of the service lines and cables are buried underground to decrease 

outages. One of the biggest benefits of underground cabling is that it eliminates disruption due to 

extreme weather like snow, heavy rain, and storms (NOVEC, 2017). NOVEC prides themselves on 

the reliability of the system and uptime which is better than competitors such as Dominion and BGE. 

For the calendar year of 2015, NOVEC reported a reliability rate of 99.99% to show the power of the 

current grid and system. The figure below reiterates the fact that using underground cabling, increases 

the uptime especially during storms.  

 

 

Figure 19. NOVEC Facts (NOVEC, 2016) 

Growth of NOVEC. Since NOVEC is a not for profit company, they release annual reports for 

customers to see the updates, changes, and any news regarding the company. The annual reports 

include most of the financial gains that NOVEC has received throughout the year. Among these 

annual reports, NOVEC reported the amount of power they have sold to customers throughout the 

last five years.  
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Figure 20. Illustrating NOVEC’s growth regarding amount of kWhs sold (NOVEC, 2016) 

Figure 20 shows the linear growth of NOVEC in terms of the energy that is sold to customers. This 

increase is a result of two main factors. The first factor is that NOVEC has been expanding the areas 

of services and obtaining more customers. The other factor is that residential and commercial 

customers are simply using more energy through everyday uses of appliances, electronics, or even 

charging cars. This increase helps solidify the gap that exists for NOVEC. NOVEC needs to research 

this market as more residents begin using solar panels. If energy is produced via renewable resources, 

NOVEC will purchase less energy from PJM leading to a decrease in revenue.  

Given NOVEC’s background and customer base, it is important that NOVEC keeps up with the 

market trends to continue to grow as a company and provide services to customers across Northern 

Virginia. Tapping into the solar panel market would allow NOVEC to potentially capture a new 

market base and help the environment at the same time. This could allow NOVEC to succeed where 

they previously failed due to customers purchasing solar panels from a third-party vendor like 

SolarCity.  

Gap Analysis 

The performance gap within NOVEC exists due to the risk of their current business model system 

failing to reach the potential market. Within their performance gap, there exists a potential loss in 

profitability over time. Currently, NOVEC distributes electricity produced by Pennsylvania Jersey 

Maryland wholesale power and net meters for customers that have third party solar panel systems on 

their homes. NOVEC has the potential to move toward integrating and providing solar energy 

solutions to their customers. This gap also exists because there is a risk of NOVEC failing to identify 

the increasing amounts of solar energy being produced in their distribution network by third party 

providers and the failing to identify when they need to increase the costs of traditional energy 

generation and how it will affect utility companies.  
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The goal of the following analysis is to close this performance gap by identifying and analyzing the 

current and potential business models that NOVEC can capitalize on to follow the demand of the 

market.  

Stakeholder Analysis 

The objective of the stakeholder analysis is to breakdown all the relationships as NOVEC begins 

infiltrating the solar energy market. It is used as a method to understand how each party cooperates 

with each other. This can include positive relationships that lead to win-win scenarios and tensions 

that must be overcome to successfully accomplish the goal of the new system.  

Primary Stakeholders:  

1. Utility Companies (NOVEC) 

In this business model, NOVEC is the utility company that will be penetrating the solar market to 

gain a market share. The goal is to be able increase the profits as a company while gaining market 

share in the solar industry. NOVEC will have to invest a large sum of money to get this operation 

underway and penetrate the target market. NOVEC will have to finalize the business plan, deal with 

constant technological advancements, and be competitive with the market rates. Moving towards 

incorporating solar energy into the distribution system is a huge step due to the advancements of 

technology and push by government policy. NOVEC is responsible for adjusting to a changing market 

all while distributing electricity to the designated customers.  

2. Homeowners/Energy Users 

Homeowners are the next biggest stakeholders due to the investment they are making as they set the 

market. Depending on the payment plan selected, owners will have to pay a large amount of money 

up front or be locked in a contractual obligation for up to twenty years. If NOVEC does not have fair 

services in terms of solar energy, the users will not be choosing to change from traditional services. 

Since NOVEC’s residents are paying NOVEC for a service, the residents have the power to elect the 

board of directors at annual meetings and elections.  

3. Traditional Power Plant Generation Facilities 

Power generation facilities are the stakeholders causing most of the chaos. The idea of solar energy 

cuts into their market and reduces the amount of energy that they are selling to companies like 

NOVEC. If NOVEC residents are using renewable sources for energy production, NOVEC would 

purchase less energy from facilities such as Pennsylvania Jersey Maryland (PJM). On the other hand, 

government entities are fighting back and forth to implement a carbon tax on companies such as PMJ 

for burning large amounts of fossil fuels.  

4. Engineers/Installers 

In most instances, companies like NOVEC hire contractors to install solar panel units on residential 

areas. Since NOVEC will be installing these panels internally, NOVEC will have to train the 

engineers to properly consult, install, and troubleshoot panels on resident’s homes. This includes 

product development, system design, and maintenance. At the same time, engineers will oversee 

maintaining NOVEC’s current facilities as they are currently doing to ensure services are continued 

without interruptions.  

5. Government agencies/State government 

The state and local governments are already making laws and regulations to the solar market in order 

to find the most optimal outcome for all parties involved. This could mean an implementation of 

carbon tax or increased tax credits for the parties who purchase the panels. The government's job is 
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to make sure that the renewable energy produced by this system does not hurt anyone and has a 

positive outcome. The government also regulates utility companies, for example requiring a company 

like NOVEC to credit customers for net metering and setting capacities/limits in regard to solar 

energy. 

6. Board of Directors 

The board of director who are elected by NOVEC’s residents, are responsible for making executive 

decisions that will be in favor of NOVEC all while keeping the other shareholders in mind. This 

includes decisions that will determine the future direction of company. Being a Not for Profit 

company, NOVEC’s board of directors has a direct interest in the company’s profits and revenue. 

Secondary Stakeholders:  

1 . Private Solar Panel Companies 

With the increased demand of solar panels, manufacturers would need to increase the supply to meet 

the market's demand. With a growing market, it causes competition between the companies who 

produce and sell these panels. The international competition leads to a race to produce the best product 

with a price point that will sell in the respective market. 

2. Lobbyist 

Lobbyists are listed as a secondary stakeholder since they do not have direct impact on NOVEC but 

do play a small role in decisions that will affect distribution companies. The lobbyists’ role is to abide 

by the wishes of whichever market they are employed for. In this case, PJM would likely have 

lobbyists to prevent the push for a carbon tax that would cause PJM to pay millions of dollars due to 

the amount of fossil fuels they burn. While on the other side, there are environmental agencies like 

Environmental Protection Agency(EPA) will be pushing for an expansion of the renewable energy 

market. This expansion can be tempting NOVEC and customers by increasing tax benefits and credit 

towards a new solar panel system.  

 

Figure 21. Stakeholder Analysis Breakdown 
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Tensions and Win-Win Scenario. The table below shows the tensions within the stakeholder 

diagram and if there is a win-win scenario for both parties involved in the tension. In some scenarios, 

there is not a win-win scenario since the two stakeholders are directly competing or fighting for 

different causes.  
 

Stakeholder Stakeholder Tension Win-Win Scenario  

Government 

Entities 

Power Generation 

Facilities 

Implying that the carbon tax gets 

implemented, the power generation 

facilities will be forced to pay a 

higher fee to burn fossil fuels. This 

price increase will get passed down 

to NOVEC and eventually to the 

customers. Policies that support 

renewable energy and deter CO2 

emissions in general affect power 

generation facilities. 

In most cases, the 

government is attempting to 

move to a greener 

environment while the 

power generation facilities 

are doing the exact 

opposite. Any decision 

made by the government 

will collide directly with 

the power generation 

facilities business model. 

There is no win-win 

scenario.  

Power 

Generation 

Facilities 

Private Solar 

Panel Companies  

With the increase of renewable 

energy, less energy is required from 

power generation facilities causing 

to a slow decline in demand.  

Solar panels are taking 

business away from 

generation facilities due to 

the decrease of energy 

needed. There is no win-

win scenario.  

Private Solar 

Panel Companies 

NOVEC Private solar panel companies are 

selling directly to the customers 

which means that NOVEC is losing 

that aspect of the market which has 

a huge profit margin.  

Private solar companies and 

NOVEC partner up. 

NOVEC buys panels from 

solar companies and sell to 

customers.  

 

Figure 22. Tensions and Win-wins 

Competitors 

Since NOVEC will be a late bloomer in the solar market, it is important to learn from the success and 

mistakes of competitors that currently have a market share. Given the market, current electricity 

distribution companies around the area are Dominion Energy and Baltimore Gas Electricity (BGE). 

Both Dominion and BGE are much larger than NOVEC is in terms of the number of customers they 

provide services to. NOVEC is a Not-for-Profit company in comparison to Dominion and BGE, 

which are For Profit companies. As a Not-for-Profit NOVEC charges their customers with the goal 

of meeting the costs required to keep their company afloat while Dominion and BGE charge their 

customers enough to make a profit. At the same time, Dominion and BGE already have a foot in the 

door in the solar panel market and have various options for customers who are interested in a solar 

panel system. Below is a comparison of the three electric distribution companies within NOVEC’s 

surrounding areas.  
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 NOVEC Dominion BGE 

# of Customers 160,000  6 million  1.25 million  

# of Employees 308 employees 16,200  3,200 

Revenue in 2016 $468 million $11.7 billion $3.23 billion 

Investment in 

Solar 

N/A $979 million   $15 million 

Cap on Net 

Metering  

1% of peak-load for the 

previous year (Open EI) 

1% of peak-load for the 

previous year (OpenEI) 

10% of peak-

load for the 

previous year  

Solar energy 

efforts 

-Net Metering 

-Fauquier County 

Livestock Exchange 

-Net Metering 

-Solar Partnership 

Program with 

schools/universities 

-PPA 

-Goal to use 8 million 

panels by 2018 

-Net Metering 

-Provide 

estimation, 

consultation, 

installation, and 

maintenance of 

solar system for 

customers 

Figure 23. Comparing Competitors of NOVEC 

Dominion Energy. Dominion Energy is one of the biggest energy distribution companies in the 

United States with over 6 million customers (Dominion 2016). With such a big market share, 

Dominion has reported a revenue of over 11 billion dollars in 2016 and control of the market 

(Dominion 2016). With 11 billion in revenue, a company like Dominion can set aside a large sum of 

money to start investing in solar energy and that is just what Dominion has done. Over the last few 

years, Dominion set goals for themselves in order to slowly use renewable energy rather than buying 

from generation facilities. For example, Dominion set a goal to use eight million panels by the year 

of 2018, but they were able to achieve that goal one year earlier than the target date (Dominion 2016). 

This was done by partnering up with schools and universities in the state of Virginia and working 

with large businesses to install panels on the roofs.  

As far as promoting solar systems for residential homes, Dominion has a large amount of 

documentation listed on their website regarding benefits of a solar system and how customers can be 

rewarded. This customer education is important because it plants the seeds for the customers to know 

how solar panels can be beneficial. Along with that documentation, Dominion has many pages 

discussing the benefits of net metering for the customers and how it affects the monthly electricity 

bill. Giving another option to customers, Dominion allows residents to enroll in a Solar Purchase 

Program Plan which allows Dominion to install panels on a roof, and then they compensate the 

customer for the amount of energy generated throughout each month.  
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With Dominion Energy being such a big company, it is borderline impossible for NOVEC to compete 

on the same level, but lessons can be learned. NOVEC can improve upon the customer education 

aspect of net metering but once a new business model gets implemented, NOVEC can look for 

partnerships around the Northern Virginia area to grow the solar panel system offerings and provide 

more information regarding all the services to customers to increase the education of the residential 

homes.  

Baltimore Gas and Electric. Baltimore Gas and Electric (BGE) is right in the middle in terms of 

size compared to Dominion and NOVEC. BGE provides services to about 1.5 million residents in 

various parts of Maryland (BGE 2017). Like Dominion, BGE does a great job of customer education 

regarding solar panel installations. Within the website, they discuss the partnership with Sunrun, the 

steps it takes to install solar panels, and finally the technology behind solar panels. During the process, 

BGE and Sunrun provide estimations, consultation, installation, and maintenance for the customer 

(BGE 2017). This differs from NOVEC’s current approach which does not advertise any solar energy. 

Baltimore Gas and Electric has a very similar business model to the one that will be introduced to 

NOVEC which includes four different options for customers along with internal consultation and 

installation. BGE and Sunrun work together to help customers during all phases of the process but 

NOVEC will be doing this all alone with very little help from outside of the company. It is important 

to look at the factors that BGE takes into consideration when consulting in regard to how many panels 

will be efficient for each house.  

SolarCity. SolarCity is the largest distributor of solar panels in the US, making it perhaps the most 

important competitor to look at for electrical companies looking to venture into solar energy 

distribution. SolarCity has provided solar panels to over 300,000 homes and is the lead in solar panel 

technology, reliability, and innovations. 

SolarCity’s success can be attributed to how they accommodate to their customers. The process they 

use to evaluate a customer’s solar energy viability goes as follows: site audit, engineering, permitting, 

installation, final inspection, utility interconnection, and monitoring/maintenance. Every part of the 

process is handled by SolarCity and the respective electric company that provides service to the 

customer who is looking to integrate a solar system.   
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Figure 24. Solarcity’s payment options (payment options, n.d.) 

SolarCity accommodates the markets need through a business model that provides customers with 

many payment options shown in Figure 24. Solarcity offers four payment methods: leasing panels, 

purchasing panels, loan payments, and finally a power purchase agreement (PPA). Each method 

contains its benefits and disadvantages which can be geared towards the customers’ demands and 

requirements. However, for the residential homes that SolarCity provides services to, power purchase 

agreements (PPA) are the most viable from a financial perspective. PPAs allow for customers to pay 

for the energy that their solar panels produce and requires zero cost up front. On the other hand, PPA 

minimizes the return on investment for the customer but makes the option more financially appealing 

and realistic for residents who are interested in implementing a new system. The benefits of a PPA 

fall in favor of a company like SolarCity since the financial foothold on the Government incentives 

(ITCs) favor SolarCity. A down fall of the PPA is the maintenance required for the panels. Since 

SolarCity owns the panels, they are in in charge or repairs in the slim chance that the system needs to 

be repaired. PPAs are not necessarily unique to SolarCity, but this option for the customers is one of 

the main driving forces behind SolarCity’s success (payment options, n.d.). 

SolarCity has been successful, but still has not been turning a profit as of the year 2016. Its stock had 

been rising before its buyout by Tesla in 2016 but was not profitable. SolarCity has not made a profit 

since being bought out by Tesla. This is mainly due to the operation costs and acquisitions costs that 

Tesla keeps pouring back into the company. SolarCity invests a large amount of capital into 

expanding infrastructure throughout many states across the county. A benefit for a company like 

NOVEC will is that NOVEC will not run into this problem since the operations will be done locally 

causing a reduction in operations costs. While looking at SolarCity and their methods is helpful, one 

must understand that to turn a profit, one may not be able to simply copy their model (Hoium, 2016). 
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Through design alternatives and multiple business models, the profitability of the different pricing 

options detailed by SolarCity can be analyzed. Using their pricing structures as a baseline is a practical 

option. 

It is important to understand that these companies are for profit, while NOVEC is a not-for-profit 

company. 

Impacts on Society 

The United States is one of the world’s leaders in carbon dioxide (CO2) emissions (UCSUSA, 2017). 

Greenhouse gas effects are clear and present and there is very little the federal government is doing 

to affect this. Recent policy changes have made lowering the US’s emissions seem even more 

unlikely. Solar energy’s main positive impact is the potential to lower the use of non-renewable, 

carbon dioxide emitting, energy sources. Solar energy is a clear alternative to energy sources like 

electrical plants that burn fossil fuels, and even the “greener” source of natural gas. Solar Energy is a 

clean energy source, but it is not completely emission free. It is true that the panels and creation of 

the energy itself does not release CO2, but processing and manufacturing the necessary tools to 

generate the energy does release CO2, though at lower quantities. Statistically, manufacturing solar 

panels causes around 0.1 lbs of CO2 per kWh (UCSUSA, 2017). While Coal generates nearly 2 

lbs/CO2/kWh. Solar energy has the potential to take over 40% of the United States’ energy needs 

(UCSUSA, 2017). 

Solar energy and photovoltaic systems, which will be discussed in further detail, have the potential 

to impact the environment through less obvious ways. This renewable energy solution does not cause 

visual intrusions and require massive land ownership for a wind turbine system (Babu and George 

2017, 76). Residences and commercial ventures can easily apply solar panel technology seamlessly 

into their current systems. This leads to less waste chemically and no disturbances to external systems 

or stakeholders. Wind turbines make a large amount of noise and is a large reason why solar panels 

are the most viable for commercial distribution (Babu and George 2017, 78). 

Solar energy’s impact on the environment is a positive one, but it also affects the market and user’s 

purchasing decisions. As Solar energy use rises, companies that do not actively seek and provide 

alternative energy sources will fall behind. Customers who are adamantly seeking cleaner sources of 

energy and “green” companies will omit companies that have no alternative to their traditional sources 

of energy that have a negative impact on the environment.  

The figure below displays the differences in amount of carbon emissions for different sources of 

energy generation. This reiterates the idea that solar energy emits very little CO2 due to 

manufacturing, while coal emits a large amount of CO2. 
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Figure 25. Environmental Impacts of Different Sources of Energy (Chubu, 2014) 

Thus, investing and researching into solar energy as a potential business prospect is important when 

thinking in the long term. 

Government Influence 

As growing concern over society’s dependence on finite energy resources increases, the future of 

incorporating alternative energy resources into current power distribution networks becomes more 

likely. In Virginia, there have been several actions taken towards increasing the development and 

access to solar energy in governmental and residential areas. 

Current Policies and Regulations. Earlier in 2017, Governor Terry McAuliffe signed 11 bipartisan 

senate and house bills that allows funding to go to departments and programs that aim to increase the 

access to solar energy and other renewable forms of power ("Governor McAuliffe Signs Clean Energy 

Legislation" 2017).  A few of the 11 bills that were signed into law include; Senate Bill 1258, 1393, 

1394 and 1395. The first one, Senate Bill 1258, renames the Virginia Solar Energy Development 

Authority to the Virginia Solar Energy Development and Energy Storage Authority. The bill also 

outlines the new duties of the authority to include the research and development of solar energy 

endeavors for the state, along with working with various nonprofits and industry leaders to promote 

renewable energy and its storage (Virginia State Government 2017). 

The second bill that was signed into law by Governor McAuliffe was Senate Bill 1393. This bill 

requires the two big power companies, Dominion Virginia Power and Appalachian Power to conduct 

pilot programs that introduce solar energy to their customers. In this bill it is explained that the 

companies must exclusively use energy derived from the sun for these programs and must provide 

business options such as asset purchase agreement or power purchase agreement (Virginia State 

Government 2017). The Senate Bill is an example of Virginia moving toward a future of more 

renewable energy and in some cases pushing the major companies in Virginia to begin exploring new 

ventures. While NOVEC is not required under law to begin these programs, it would be more 

beneficial to be above the curve of solar energy programs in order to maintain its foothold in northern 

Virginia.  
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The two other bills, Senate Bill 1394 and 1395, pertain to smaller solar energy generation endeavours. 

Senate Bill 1394 outlines that small agricultural generators or farms that use solar panels to produce 

solar energy, may sell back the energy that is produced to the main utility in which it derives the 

remainder of their power. However, the bill also had the condition that the small agricultural 

generators must enter into a power purchase agreement with the utility that sells the energy generated 

at a rate that is compliant with the rate determined by the State Corporation Commission (SCC) 

(Virginia State Government 2017). Senate Bill 1395 allows smaller solar energy projects to obtain 

permits. The bill also increases the classification of a small solar energy project from 100 megawatts 

to 150 megawatts (Virginia State Government 2017).  

Governor McAuliffe signed Executive Order 36 on December 10th, 2014. The Executive Order 

allowed The Division of Energy within Virginia’s Department of Mines, Minerals, and Energy to 

create the loan program VirginiaSaves (Virginia State Government 2014). This program allows 

residents and businesses to acquire loans to invest in solar panels and solar energy projects. The 

program aims to incentivize the development of solar energy projects through the provision of funds. 

Through the creation of this program the Virginia government is taking more steps toward solar 

energy and renewable energy resources, along with the encouragement of increased information for 

the public on these new energy endeavors (CleanSource Capital, LLC 2016).  

One notable trend to follow is the effects of the government’s Investment Tax Credit (ITC) toward 

solar energy implementation in the US. The Investment Tax Credit allows for owners of solar panels 

to get a 30% tax break for the panels. The figure below demonstrates the changes in amount of solar 

energy installed over the years and notes the years where the ITC policies were modified or expanded 

(Business Energy Investment Tax Credit (ITC) n.d.). One thing to note about the ITC is that it drops 

to 26% in 2020, then 22% in 2021, and finally after 2021 it drops to 0% for residential and 10% for 

commercial. 

 

Figure 26. Yearly U.S Solar Installations (Solar Energy Industries Association n.d.) 

Furthermore, the ITC was modified in December of 2015 and extended to more forms of renewable 

energy. This exemplifies the government's push for renewable energy. 
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Figure 27. Renewable Energy Tax Incentives (Business Energy Investment Tax Credit (ITC) n.d.) 

Another way the government helps solar energy are the Solar Renewable Energy Certificates (SREC). 

One SREC is produced for every 1000 kwh of energy generated, these SREC’s are then available to 

be sold on the market for a price, though this price varies from state to state. These certificates are 

available in nine states currently, New Jersey, Massachusetts, Pennsylvania, Maryland, Ohio, 

Delaware, North Carolina, California, Illinois, and the District of Columbia (SRECTrade). 

Future Environmental Goals and Policies. In December of 2015, Governor McAuliffe set an 

environmental goal that government buildings should receive 8% of their power from solar energy 

over the next three years (Portnoy 2015). Furthermore, on November 16th, Virginia regulators met 

and discussed the possibility of installing a carbon emissions cap on power plants by the year 2020 

and have a required emissions decline of 30% (Associated Press, 2017). Most of affected power plants 

do not currently seem to affect NOVEC, but with more policies moving toward affecting their 

wholesale energy, NOVEC needs to identify new sources of energy. 

Another policy that is very likely to be implemented in the future is a carbon tax. A carbon would 

increase the amount PJM charges for electricity which would then cause a trickledown effect to the 

end user. The carbon tax can currently be estimated to be around $42 / ton of CO2 which would 

increase electricity costs by $0.01/kwh (Incropera, 2016).  

Virginia and Other States. An advantage that NOVEC and Dominion currently have over BGE, is 

the capacity on net metering. Virginia utility companies only have to provide net metering for up to 

1% of the peak load while Maryland utilities are required to provide net metering for up to 10% of 

the peak load. This gives NOVEC the flexibility to allow customers to net meter up to the optimal 

point to maximize profits and reduce wasting the renewable energy.  

Virginia also has lower electricity prices than Maryland and other states surrounding it. This leads to 

solar being a less enticing option as grid electricity is already so cheap. Adding that with the fact that 

Virginia doesn’t have an SREC market available to them makes it hard for solar to penetrate the 

market. In Figure 28 below, you can see that the price of electricity in Virginia is cheaper than many 

states around it. Virginia is also lower than the national average price of electricity which is $0.1213 

/ kWh (EIA, 2016).  
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Figure 28. Neighboring States Average Electricity Prices WITHOUT Delivery Costs (EIA) 

An increase in delivery cost can help to increase the revenue gained from solar, however this also 

hurts the customer as they must pay more. The state of Nevada tripled the fixed fee that customers 

must pay and reduced the credit customers earned for net metering. This resulted in SolarCity, 

SunRun, and Vivint Solar all leaving the state as no customers were willing to switch to solar after 

that as shown in Figure 29 below. 

 

Figure 29. Nevada Residential PV 2015-2016 (Muro and Saha, 2016) 
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Government influence is the factor that has the potential to make solar energy a non-zero sum game 

for a small utility company. Their policies and regulations directly impact NOVEC’s revenue, while 

the effects of solar will be generally offset to their customers. 

Limitations of Solar 

Solar energy can only generate energy when the sun is shining, leading to inherent limits with it as 

an energy source. 

Net metering. One of the main components and topics to understand for solar energy is net metering. 

Net metering affects the utility companies and solar panel system users. Net metering occurs when 

solar energy is being generated and the solar outputs of a system exceed the energy demanded by the 

system, in this case, a residential home. Energy can be fed back into the grid of NOVEC’s distribution 

system with a grid tie inverter. This makes the meter run backward and feeds energy back into the 

system to be used elsewhere for NOVEC. This means that NOVEC needs less energy from the 

wholesale provider PJM and customers are credited for the excess energy they produce. This is a 

positive for both stakeholders involved, but it also has its limitations. At a point, NOVEC will want 

a capacity limit on the amount their system allows for net metering. When there is too much excess 

energy that there is nowhere for the energy to go at peak hours, NOVEC will still be required by the 

government to credit their customers. Government policies exist in order to enforce this rule. 

Currently, the limit set in place by Virginia is 1% of a utility's peak load for the previous year 

(OpenEI, 2015). Government entities regulate the net metering capacities and enforce that utilities 

credit customers, but utility companies are pushing back. The diagram below illustrates how net 

metering works and is incorporated in the system. Overgeneration risks are a problem for a utility 

company and thus need to be kept in mind for future business models. 

 

 

Figure 30. Cycle of Energy (Tarbi, 2013) 

The Duck Curve. The figure below shows the power demanded for each hour of the day in 

California. This figure is one of the main problems with solar energy known as “The Duck Curve” 

because of the animal it resembles. The figure shows that there is a steady demand for energy from 

12AM to around 8AM because most users are asleep so there isn’t much shift in the energy demand. 

Starting at 9AM to 5PM the energy demand starts to drop drastically because most people go to work 

or school, so they aren’t home. However, this is also when the most solar energy is generated and one 

of the main problems with solar is there is not currently a way to store the energy efficiently, so it 

goes mostly to waste. Then starting around 6PM to 11PM the energy demand is at its highest when 

people go home and start using appliances and turning on the lights. 

Net metering is one way to combat the wasted energy during the overgeneration period. Though this 

does not do anything to combat the fact that energy power plants still cannot shut down during the 

overgeneration period because they will not be able to turn back on and get to full power by the time 

the energy demand starts to rise again. 
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Figure 31. The Duck Curve (Albertus, 2014). 

Limitation Solutions 

To reduce the duck curve and to make renewable energy like solar energy more sustainable and 

substantially take over the energy market, there needs to be a way to store excess energy generated 

in peak hours. This energy will be used during the ramp time of the duck curve and if enough energy 

is stored, has the potential to completely remove traditional energy generation and usage from the 

equation. This is a potential and the technology and infrastructure is not currently close enough for 

this to be a realistic option in the coming years. This is still an important aspect to study and 

understand for solar energy because it is a potential design alternative for a utility company and for 

users/customers.  

There are many forms of energy storage that can be used on small scale projects like residences, but 

also large scale, bulk energy storage methods, that can be utilized by utility companies as a larger 

form of storing energy. 

Batteries. Batteries to be used for solar energy such as TESLA’s Powerwall are currently not being 

used as effectively and as much as one may believe. With the presence of net metering, batteries are 

not currently able to completely remove a home from the electrical grid. Bulman in his study notes 

an important aspect of battery technology today in that manufacturing the batteries is extremely 

expensive and volatile. Prices for lithium and other raw materials are often extracted from places 

where their economy could change in an instant like the Congo (Bulman, 2015). TESLA may be 

advancing the technology, but with this innate volatility in their market, batteries are at an unstable 

position. Traditional battery storage is being spearheaded by TESLA and their solar efforts at 

SolarCity. SolarCity was acquired by TESLA for over a billion dollars in 2016 (Hoium, 2016). Their 

focus is to further the technology and push solar energy to their limits. Their most advertised solution 

in terms of energy storage is the PowerWall battery. The PowerWall is a lithium-ion battery used for 

residential homes to store excess solar energy. In the first few weeks of its creation, Powerwall sold 

50,000 units (Hill, 2012). Powerwall is pushing battery technology and usage to its boundaries and 

toward the direction energy storage should be seeking. Tesla’s website advertises 100% off the grid 

needs with Powerwall. This means that all the energy a user’s home will require will be generated 

from solar panels. They also advertise that a Powerwall could store enough power to provide power 

to a home for over 7 days of outage. Powerwall can supply this energy due to their ability to have a 
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13.5 kWh usable capacity, 100% depth of discharge, and 90% efficiency. Customers must be willing 

to pay over $6,000 for a Tesla Powerwall unit. Depending on a home’s size and energy needs, multiple 

Powerwalls will be required to stay 100% off the grid (Tesla, 2017). Profitability and positives will 

vary from home to home due to the stochastic nature of solar energy, but it is unlikely that customers 

will be willing to pay such a large upfront cost for this technology. For a company like NOVEC to 

provide and sell batteries at the same level and grade as Tesla, an initial investment would likely be 

too large to justify. 

Pumped Hydroelectric Bulk Energy Storage. Pumped hydroelectric storage (PHES) is being used 

today by the United States to a considerable extent. PHES currently has an installed capacity of 20,858 

MW, making the US the third largest PHES country. The PHES system is the most widely used 

electricity storage technology today, making it a very viable solution. Current systems float around a 

60% efficiency for the roundtrip of the generated electricity versus the energy needed to pump water 

backward (Letcher, 2016). The efficiency of these systems is relatively low in comparison to a battery, 

but one must remember the scale of bulk energy storage is much larger than battery systems. A 

company like NOVEC has the potential to use this along with solar energy to pump water back into 

the upper reservoir during off peak hours, or when solar energy is being generated, and be used during 

peak hours when solar is not generating energy.  

Practically for a company like NOVEC, this system is less viable. There are a lot of key issues with 

it in terms of resources. There is a chance that there will also be large pushback developing these 

systems in Northern Virginia. If a company was able to pass these hurdles, PHES would be a viable 

option to help with energy demands in the Duck Curve. 

With both energy storage methods in mind, energy storage is not within the scope of the study due to 

the high costs, current technological capabilities, and resources required for NOVEC. It is still 

important to understand that this is a potential solution and business model for future studies. Thus, 

these limitations must be resolved through identifying the limits and making suggestions to utilities 

on how to act accordingly with these limitations kept in mind. 
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Concept of Operations  

Problem Statement 

As solar penetration levels rise in Virginia, NOVEC will begin to lose revenue from the loss of 

traditional energy being distributed. NOVEC will be forced to change pricing structures by raising 

electricity prices to compensate for growing infrastructure costs. 

The above statement is further expanded upon by the following: Solar energy penetration in May 

2016 was 1.4% in the United States, in Virginia it was 0.1%, meaning there is a large room for 

expansion based on current averages in the nation (Anderson 2017). The current cost of solar is 

estimated to be around $0.12 per kWh and has been trending downward over the past years as the 

cost of panels continue to decrease.  Finally, current average cost of electricity for Virginia residences 

is at $0.12 per kWh and has been rising in Virginia and in the nation over the past decade (EIA 2016). 

Need Statement 

There is a need to analyze the effects of increasing amounts of solar energy users in NOVEC’s 

distribution network on their current business model. Furthermore, there is a need to identify the 

feasibility of new business models that incorporate solar energy into NOVEC’s distribution network. 

Method of Analysis 

Approaching the Problem. In order for NOVEC to be prepared for the potential changes and 

continuation of energy trends in the United States, alternatives or changes to their current business 

model were created. The current business model is evaluated against these same parameters and a 

potential change to the business model incorporating solar energy was evaluated. The gap in 

performance can be closed by implementing solar, but the risks involved must be outweighed by the 

cost benefit of a new business model. It is also important to understand that alternatives need to be 

analyzed as NOVEC’s current business model may be the best option moving forward.  

At the current time or with the energy factors in Virginia, solar may not be the alternative to move on 

with. Thus, the analysis will also be able to provide a timeline of when solar penetration will reach a 

critical point and when this penetration level will rise. It will also indicate to NOVEC when factors 

regarding energy will reach a similar critical point. This point may have already passed or has yet to 

come. 

Scope 

The implementation of solar energy for the entirety of NOVEC’s distribution network has multiple 

branches and alternatives as an entire system. The analysis conducted will be focusing on in on 

residential homes. Furthermore, the modeling conducted uses data and focuses on homes located in 

Loudoun County. This sector of Northern Virginia was selected because it is a region that has a high 

enough gross average income and resources to invest into solar energy. 

For the model, the scope was narrowed to evaluate a range of home types, but it was ensured that the 

solar generation factors were accounted for in the transfer functions of the model. The input raster 

data and images of rooftops surveyed are created by a manual process through the ArcGIS 10.4 

software. Here they are cleansed to remove images and rooftops that do not accurately represent 

NOVEC homes that can potentially install solar systems. Once the model creates its outputs, the 

values are generated on a monthly aggregate level. This level of generation of data is used because a 

more detailed scope like daily or hourly data will have a high variance and lose its value in a feasibility 

study. Furthermore, moving at a higher-level scope such as quarterly would not produce enough 

results for net metering and not show the stochastic trends involved with solar energy. 
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The time frame in which the model is generated is 2017, but the costs and values associated are 

projected over 20 years for the business model and savings. This 20-year window leads to 2028 for 

current results, and 2033 for future results. The time periods also relate to the plausible solar 

penetration levels associated. Growth is varied, and the scope reflects that. 

The business model was scoped down due to the regulations by the Virginia state government 

regulations policies. Solutions generated were narrowed because utilities are restricted in how they 

are able to spread out their costs. NOVEC is will need to recoup their losses by charging their 

customers more, but also be prepared to face losses from their profit lines due to less traditional 

energy being purchased. The values gathered here were scoped to be extrapolated from the cost 

breakdown of a customer's bill. 

Design Alternatives 

In order to properly create a new business model, multiple models need to be analyzed and tested. 

Design Alternative One. The first alternative that will be analyzed is the “do nothing” alternative. 

In NOVEC’s case, this is sticking with their current distributions system. They continue to buy 

wholesale energy, provide electricity, and credit customers that own solar panels from a third party 

due to net metered energy. The figure below visually displays the sequence of events and movement 

of money and energy through NOVEC’s distribution system. 

 

Figure 32. Design Alternative One: NOVEC’s Current Distribution System 

Starting from the left most box, Pennsylvania Jersey Maryland Wholesale Power plant, the black 

arrow shows the path of energy moving through the system. Wholesale electricity is purchased by 

NOVEC so that it can be distributed to residences in their network. This energy is then moved to the 

customers that do not have solar energy installed. Energy created by solar panels generated by third 

party systems on NOVEC residences moves leftward back into the NOVEC distribution network to 

be redistributed to other residences. This energy that is being redistributed is essentially free energy 
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for NOVEC to use to distribute instead of buying it wholesale from PJM. This also has an inherent 

limit because if the solar penetration reaches a limit, that will be identified in the results, of the 

necessary energy in the NOVEC system at a specified time, there is the possibility in that the excess 

net metered energy will have nowhere to go. This means that NOVEC will credit customers if there 

are no net metering limit policies in place and thus will lose money. 

Following the important paths of money, NOVEC purchases wholesale energy from Pennsylvania 

Jersey Maryland at a specified rate, generally at ⅓ of the retail rate. NOVEC is then required to credit 

solar energy system residences for the energy that is redistributed into their network. NOVEC is 

forced to pay for this excess energy at a rate generally near the retail rate that their energy is provided 

at. 

In this scenario, NOVEC has the potential to incur large losses with solar energy systems becoming 

more prevalent in their distribution network and as systems get more efficient. This all leads to 

increased amounts solar energy being generated in their system, meaning less electricity needs to be 

provided and overall less sales. NOVEC also runs the risk of losing more profits with risks of larger 

electricity costs that will come from pressure on power plants like PJM to reduce carbon emissions 

by entities like the government. As this pressure increases and policies like a carbon tax become 

implemented, stakeholder tensions rise, leading to NOVEC paying more for the wholesale energy, 

but less customers to distribute to. Another policy that NOVEC would want to place is to limit the 

amount of net metered energy they need to credit for their customers, this is related to the limits of 

net metering. 

Design Alternative Two. The second alternative that will be compared to the first is to find what 

happens if NOVEC directly supplies solar panel systems to their customers. This allows NOVEC to 

benefit or minimize losses as solar energy becomes more prominent. This is a larger risk for NOVEC. 

Changing business models will lead to larger investments needing to be made into a newer market. 

The red notes the changes to the previously shown operational scenario diagram. Once again, the 

primary lines of energy / cash movement are displayed. What changes in this instance is shown in 

red, NOVEC now can capture profits from solar energy. NOVEC will still provide net metering 

services as in design alternative one.  
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Figure 33. Design Alternative Two: Integration of Solar Energy 

Customers will continue to be credited for their net metered energy, but the limits still are a potential 

problem. Becoming invested into solar energy, NOVEC can minimize the adverse effects of policies 

that hinder power plants like PJM due to carbon emissions. The main question at hand for alternative 

(2) is whether the risks are outweighed by the cost benefit for NOVEC. 

The alternatives will be compared by finding the potential losses or potential increase in revenue from 

different parameters of solar penetration levels. 

Procedure to analyze the alternatives. To analyze the two alternatives and their feasibility for 

NOVEC, the following procedure was created and used. 
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Figure 34. Method of Analysis 

The above figure demonstrates the method of analysis for evaluating the two alternatives. The shaded 

“Solar Energy Generation” box is used to generate data based off model results. The model outputs 

potential solar energy produced on NOVEC serviced homes. This is data that does not currently exist 

for most places and especially for rooftops serviced in such a specific area such as NOVEC’s. The 

tool used for modeling the rooftops is the ArcGIS model that uses input data that is created to analyze 

raster images of rooftops. The model allows for user inputs to change the values in which the transfer 

functions are calculated on the raster images. The model outputs data in the form of heat map imaging 

of rooftops and values associated with the pixels produced for the potential solar radiation in that 

area. Further explanation of the model will be introduced in future sections. This value is then 

compared to Energy demand data that is generated through previous studies on a month to month 

basis. This leads to the amount of energy solar produced in NOVEC’s system is offset by solar energy 

being produced by rooftops. This is a problem for NOVEC because they now are supplying less 

energy, but users are still connected and putting strain on the distribution network. The other non-

solar customers will now be affected by this in the form of cost increases. They become especially 

prevalent when the meter runs backward for net metering and for infrastructure is used instead of 

offsetting the peak time loads. 

The parameters that are changed in this instance is the amount of homes that are moving toward solar 

energy. This indicated the amount of energy offset by solar panels on a home to home basis and for 

x% solar penetration. This change in parameter directly affects which alternative is the best option. 

High solar penetrations will likely lead to alt (2) being the more optimal option, while if the market 

is not suitable in Virginia for solar panel systems currently, a lower penetration will occur making alt 

(1) the better option. The potential target market is a large factor in lowering the risk for NOVEC if 

they were to move to alt (2). The outputs from comparing the potential solar generation versus the 

total energy demand will give an understanding of this target market, and once again the loss of 

energy distributed. The problem occurs when NOVEC needs to keep customer costs low, but also 

ensure that operating costs are met. The risks involved with each alternative are apparent, but one 
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way or another NOVEC will need to recoup these losses and the customers are the ones to face those 

consequences of solar penetration levels rising. Which alternative keeps risks low and prices as low 

as possible. 
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Requirements   

Mission Requirements 

MR 1. The system shall seek to minimize potential losses in profit and operating costs. 

MR 2. The system shall focus on regions currently serviced by the utility company. 

MR 3. The system shall seek to minimize customer costs. 

MR 4. The system shall incorporate current infrastructure from the business. 

MR 5. The system shall produce and identify feasible business models and plans of action to 

account for changes in energy policy and trends. 

The mission requirements each set out to accomplish a main criterion for the system, the utility 

company involved, and the customers affected. The first requirement is to ensure that depending on 

the strategy, NOVEC will recoup the losses from solar penetration levels rising in order to meet 

operating costs. NOVEC wants to minimize this loss due to the fact that with larger losses, the more 

the customer is affected which goes directly against their vision statement. The second mission 

requirement is to ensure that the model and method of analysis are directly representative of the region 

NOVEC services. Changing regions or using values, inputs, and different parameters will lead to a 

drastically different result for many aspects of the model. The GIS model is sensitive to the region 

and types of homes modeled, the cost breakdowns are different for various utility companies 

especially a not-for-profit, and customer prices are different depending on the state. The fourth 

mission requirement is to ensure that the current structure of costs is being added to the overall 

equation due to the fact that solar energy users are not completely independent from the grid. 

The below Requirements hierarchy displays the organization of the functional and design 

requirements for the system. 

 

Figure 35. Requirements Hierarchy 
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Functional Model Requirements 

The following outlines the functional requirements for the proposed GIS model. They outline what is 

required of the model in order to find accurate data to incorporate into a potential business model for 

NOVEC. 

FR 1.1 The system model shall output overall potential kilowatt hours per month of NOVEC’s service 

area from 2018-2033. 

FR 1.2 The system model shall incorporate solar panels whose efficiency levels decay linearly. 

FR 1.3 The system model shall be representative to NOVEC’s current customer base in terms of 

region modeled. 

FR 1.4 The system model shall compare the solar output to the electricity demanded and record 

excess as net metering monthly. 

Functional Business Requirements 

The following functional requirements outline the needed variables and options for the proposed 

business plans. 

FR 2.1 The system’s business model shall incorporate and analyze the effects of buying panels in 

the business model options. 

FR 2.2 The system’s business model shall continue net metering. 

FR 2.3 The system’s business model shall adhere to Virginia and Federal regulations and policies 

on solar energy. 

FR 2.4 The system's business model shall incorporate potential effects due to a carbon tax. 

Functional System Requirements 

The system functional requirements outline overall necessities for the overall system and the 

components in the system. 

FR 3.1 The system shall minimize wasted excess solar energy due to net metering. 

FR 3.2 The system shall allow the customers or NOVEC to replace the panels. 

FR 3.3 The system shall use centralized and grid tie inverters. 

FR 3.4 The system shall account for the decreasing prices of stochastic energy generation. 

FR 3.5 The system shall account for Government Incentive Tax Credit (ITC) for solar energy 

integration for panels owned by NOVEC, currently 30% but decreased over time. 

Functional Requirements. The functional requirements are necessary to specify what the system 

will do and what it needs to capture. 

 

Design Panel Requirements 

The design alternatives below outline the necessary specifications for the base photovoltaic panels 

used in the model and system. 
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DR 1.1 The system shall incorporate solar panels that won’t decay below 80% of their initial 

efficiency over their 20-year lifespan. 

DR 1.2 The system shall use panels that cost no more than $220 per panel at wholesale. 

DR 1.3 The system shall have solar panels with a minimum initial efficiency of 18%. 

DR 1.4 The panel’s decay shall be: Year 1 = 100% (98%), Year 5 = 95%, Year 10 = 93%, Year 12 

= 92%. 

DR 1.5 The system shall use an inverter with minimum 98% conversion efficiency. 

Design Model Requirements 

The design model requirements specify the specifications for the model inputs. 

DR 2.1 The system model shall have an initial penetration of 0.1% 

DR 2.2 The system model shall account for growth in penetration (1%, 2%, 4%, 8%, 16%, 30%) 

DR 2.3  The system model shall be stochastically aggregated at the monthly level. 

DR 2.4 The system model shall have a net metering credit price of $0.06 after cost of delivery. 

DR 2.5 The system model shall have a panel installation price of ~$220. 

Design System Requirements 

The design system requirements are the overall specifications for the system. 

DR 3.1 The system shall have an uptime of 99.99%, reflecting NOVEC’s previous reliability 

standards 

Design Requirements. The numbers in these requirements have been deemed accurate through 

research online into NOVEC, electricity and solar costs, etc. Also, through data from current residents 

serviced by NOVEC in addition to data from reports from the GMU SEOR department. 
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Data Collection  

Electricity Demand Data 

In order to understand and analyze the effects of solar energy production in NOVEC’s distribution 

network, it is necessary to find the amount energy that is demanded by a residential home. The first 

reason why electricity data is needed is to analyze the first design alternative of NOVEC’s current 

network with net metering. To find the amount of solar energy net metered and amount of credit 

toward customer energy bills, electricity demanded must be compared to the solar energy outputs. 

Electricity demanded by a home is largely varied due to many factors in individual homes 

contributing to electricity usage. The trends that follow electricity used will be aggregated at the 

monthly level. This gives a reasonable trend, but also data accurately represents realistic energy 

usage. 

NOVEC Region Electricity Demand. In order to find how much electricity is used by NOVEC 

residences, data collection done by the 2016 SEOR department was used. The report details energy 

used by specifically NOVEC regions in the form of monthly Weibull distributions (Criste, Hoffman, 

and Grant 2017). This data is the data that will be directly compared to solar energy outputs of 

NOVEC regions done by the modeling of the region. Having data that directly represents the NOVEC 

region that can be compared to the solar outputs of the same assumed region leads to a higher 

authenticity of the model. The below figure displays the Weibull distribution shape and scale 

parameters on a monthly level.  

 

Figure 36. Monthly Weibull Distributions (Criste, Hoffman, and Grant 2017). 

Using these Weibull distributions and MATLAB, randomly generated data sets for n number of 

residences were created. The code below creates a random data set with n = 150, meaning it creates 

150 electricity outputs for 150 residential homes. The value of n = 150 was chosen in order to match 

the initial solar penetration level of 0.1% along with the net metering current capacity of an estimated 

155 NOVEC customers. 
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Figure 37. Sample of MATLAB code for data collection 

The below table is a small sample of the randomly outputted values for Energy demanded by average 

NOVEC residences. There is a large variation but looking at the data as a whole it represents the 

entire Weibull distribution. 

 

Figure 38. Sample of data extracted 

The plot below displays the results in a histogram for the above excel data. The outputs of the 

randomly generated Weibull distribution have a large variance and taper into large electricity demand 

values. This displays the results for n=150 or 0.1% solar penetration. 

 

Figure 39. Histogram of data extracted 

The function can be changed however to display a larger number of residence, for example the below 

figure displays the results for n = 1500 or a 1% solar penetration. These values will change in analysis 

and thus this is a necessary step for changing solar penetrations. 



  

47 

 

Figure 40. Histogram of n=1500 data extracted 

A brief check on the data extraction method showed that a Weibull probability plot was used in 

MATLAB. This mimic the behavior of a Quantile-Quantile plot traditionally used to verify a datasets 

distribution. The below figure shows the line of probability that the data set presented follows a 

Weibull distribution. The results below show the probability that the data for the n=150 dataset follow 

a Weibull distribution. The skewness in the Weibull probability plot can be associated with the fairly 

low sample size (n) value chosen. 

 

Figure 41. Data collected verification 

The same verification of the data can be made for the n=1500 generated dataset. Notice that this data 

set more closely represents the Weibull distribution with the same parameters. There is less variance 

with a higher sample size. 
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Figure 42. n=1500 Data collected verification 

In order to find the average electricity demand by NOVEC residences, a combination of the Weibull 

distribution discussed above and a report by the EIA were used to find the monthly demand of the 

homes. First, the weibull distribution outputted results month by month which can be added up to 

find the annual demand of an NOVEC home. Based on the report conducted by previous students in 

the SEOR Department, each month’s percentage was derived based on the annual demand. For 

example, in 9.75% of the annual demand was for the month of January.  

 

Figure 43. Demand of NOVEC Homes on Month to Month Basis 

Running the same MATLAB functions for each month, a data set of 150 homes over an entire year 

was created. This is a predicted energy demand data set that can be averaged monthly in order to 

compare to the monthly solar energy outputs. In the figure below, the values of kWh used by NOVEC 

residential customers on average per month is shown, based on the 2016 SEOR department report 

and data collection. 



  

49 

Looking at the above figure, one can immediately notice the trends for NOVEC electricity demand. 

Thus, there is a high probability for net metering in April and November based speaking only in 

lowest electricity needed on a monthly basis. There is a large probability that there will not be net 

metering in these months due to the fact that solar energy potentials in specific months does not 

necessarily correlate with electricity demanded.  

 

Figure 44. Average NOVEC Customer Demand output flow 

Modeling  

In order to get the most accurate value for energy demanded by NOVEC customers a month, the 2016 

SEOR reported values were compared and mixed with research data. Unfortunately, the report 

conducted by the SEOR students stated that the average NOVEC home has an annual consumption 

of about 16,000 kWh which is much higher than the national average and about 20% higher than the 

reported average in the state of Virginia (EIA, 2016). As reported by the Energy Information 

Administration, the monthly average demand of a Virginia home is 1,120 kWh or 13440 kWh per 

year. The graphic below illustrates the demand on a month to month basis. As shown by the graphic 

above, the 2016 SEOR predicted NOVEC energy demand was compared to researched data for 

Virginia average yearly demand in order to create a more accurate energy demand curve. Taking the 

Weibull distributions in a yearly measurement, the percentages of total demand for each month was 

found. These percentages on a monthly basis were applied to average NOVEC demand over a year, 

giving the final demand per month by the average NOVEC customer. 
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Figure 45. Final Average NOVEC Energy Demand 

The final curve is shown above that is used in comparison to the potential solar energy generated by 

NOVEC rooftops. These are discrete averages for a month to month basis that is fit for all the model 

outputs. 

Geospatial Information Systems Analysis 

Geospatial Information Systems Background. For centuries maps have been primarily used for 

location purposes; however, in the era of rapidly advancing technology, computer generated maps 

can now be used to display data and information that ranges from demographic to energy resources 

in a geographic area. These computer-generated maps are built using software that is classified as 

Geographical Information Systems (GIS). GIS bridges the gap between various forms of data and 

geographical regions. GIS is a tool that is often used to analyze, generate and show trends in data that 

is linked to specific geographic locations (GIS Best Practices: GIS for Renewable Energy 2010). 

Geospatial Information Systems has the capability to create a map of a region that incorporates 

various layers; datasets with multiple fields of information within the layer. These maps are created 

using tools found in GIS software like ArcMap, from Esri software, to display a wide range of topics 

such as locations of volcanic eruptions and earthquakes on fault lines and how the data could be used 

to predict which cities would be impacted the most, to the analysis of regions around the world that 

have a higher feasibility in renewable energy resources such as wind turbine placement, geothermal 

energy and solar panel installation (Edelson 2014).  

The solar energy potential will be analyzed using the software Esri ArcMap 10.5.1. This software 

will allow the analysis of data sets obtained and analysis of raster images for quantitative values for 

the solar energy generation factors listed earlier in the report.  

Geospatial Information Systems Data. NOVEC operates in five counties, Fauquier, Fairfax, Prince 

William, Loudoun and Stafford County. Each of these counties collects various forms of GIS data, 

however due to the lack of uniformity among datasets and data collection, not all five counties where 
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NOVEC is located could be analyzed. For the purposes of the proposal, the scope for the NOVEC 

region that would undergo GIS analysis was reduced to Loudoun County, Virginia. This decision was 

made due to the fact that Loudoun county had the most extensive GIS data sets located in a 

geodatabase; a database that has data files called shapefiles that contain values with geographic 

attributes, and a raster image of Loudoun County from 2016. The specific data files that will be used 

from the Loudoun geodatabase are the building polygon shapefile, address point shapefile and  parcel 

polygon shapefile. The building polygon layer is a layer composed of polygons that outline every 

building in Loudoun County. The address point layer has the address and square footage of each 

building attached to points representing every building in Loudoun County. The parcel polygon is a 

layer that has polygons that are the outlines of all the neighborhoods in Loudoun County. In the model 

this information will be used to determine which neighborhoods and specific buildings NOVEC 

should focus solar energy resources. Other data that was obtained was the 2016 Loudoun County 

raster image. The raster image is an orthoimage that is taken via satellite that is organized in a matrix 

of pixels that store data from the geographic location such as temperature and other quantitative data 

(Esri ArcGIS n.d.).  

Creation of the NOVEC Layer. Once the data from Loudoun County was obtained, the files were 

opened on the Esri ArcMap Software and were refined based on the determined region of analysis. 

NOVEC service region is not expansive over the entire region of Loudoun County, which is 

depicted in the map below. The yellow portions within the Loudoun County map represent the area 

serviced by NOVEC. A concentrated area of NOVEC customers exist in the lower corner of the 

county boundaries and is outlined in red. For the analysis this region is the determined region for 

GIS analysis. 

 

Figure 46. NOVEC Service Region for Analysis (Northern Virginia Electric Cooperative n.d.) 

To begin creating a workable layer representing NOVEC in the model, first the Parcel shapefile was 

taken, and the clip tool was used to extract the data sets such as neighborhoods located in the 

designated region. This created a new layer within ArcMap labeled “NOVEC Service Layer”. This 

layer was then used as the base layer for the clipping of the other layers used from the geodatabase. 

Next the Buildings shapefile was taken and clipped to extract all the buildings that are located in the 

“NOVEC Service Layer”. The Address shapefile was also clipped in the similar process to obtain all 



  

52 

the addresses and square footage of the homes in the service layer. The two layers were then clipped 

to show buildings and their respective addresses that were within the range of 2,000 and 3,000 square 

feet. This range will be used for the initial pool to determine 3% of NOVEC customers that will be 

solar panel users. A section of the NOVEC layer that depicts the parcel, building and address layer is 

shown below.  

 

 

 

 

 

 

 

Figure 47. Initial NOVEC Layer 

After these layers were created, the raster image of Loudoun County was clipped to the bounds of the 

NOVEC Service Layer using the extraction tool in the Spatial Analyst Toolbox. This tool allows data 

points within the base layer to be extracted and a new layer created. This will allow the model to 

focus its analysis of solar radiation, shading and azimuth to the region outlined, thus reducing the 

amount of time needed for the analysis. The two images below show the overall NOVEC GIS layer 

and the combination of the raster image, address points and building outlines.  
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Figure 48. Overall NOVEC Layer 

Figure 49. Combination of GIS layers 
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In order to obtain accurate photovoltaic potential output from the model; the layers within the bounds 

of the NOVEC service layer had to go through a data cleansing to remove unnecessary data. The two 

layers that went through the most data cleansing were the building polygon layer and the address 

point layer. During this data cleansing process, small sheds and separate garages were removed from 

the building layer using the selection and edit function on ArcMAP, which allowed the polygons to 

be selected and permanently removed from the file. In NOVEC’s customer base, 95% are residential 

sites, therefore for the purpose of the analysis, commercial buildings along with unfinished housing 

developments were also removed from the building layer. In the address point layer; the points that 

were removed from the file were address points that had no associated building or open land and 

address points that did not match up with NOVEC serviced homes. By removing these unnecessary 

data points, the processing time for using the solar radiation tool was reduced. The image below 

shows data points, circled in red, that were later removed due to the data cleansing. Once the data was 

reduced to accurately depict the region of analysis, functions from the spatial analyst toolbox could 

be used to output the photovoltaic potential per home per month in the region.      

Figure 50. Example of Data Cleansing  

GIS Model Flow Diagram. The diagram below depicts how the NOVEC layer is comprised of the 

original GIS layers from Loudoun County reduced to a specific NOVEC Layer. This layer is the later 

in which the GIS analysis was done. Once there was a uniform layer, the data was split into three data 

sets comprised of 1,600 homes. Within the model; after the datasets were determined, each dataset 

was analyzed using the Solar Radiation tool within Esri ArcMap. Using the Solar Radiation tool from 

the spatial analyst toolbox, the photovoltaic potential for each rooftop was determined on a monthly 

basis, and from this information, the amount potential kilowatt hours produced from the installation 

of solar panels.   
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Figure 51. Model flow diagram 

 

Formation of GIS Model Results. Once the overall NOVEC Layer was built, the houses within the 

NOVEC service region were split up into three test data sets, shown in the image below, with each 

data set comprised of 1,600 homes. The first data set was considered low density in respects to the 

proximity of the houses to one another. The houses in the low-density region are more sparsely spread 

out in comparison to the other data sets two and three, which are medium and high density, 

respectively. The image below is a visual representation of each data set and its location in the 

NOVEC service region. 
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Figure 52. Loudoun County with data sets highlighted 

The ArcMap spatial analyst tool that was used for the primary data analysis was the Solar Radiation 

tool. In order to run the analysis on specifically the rooftops rather than the entire region, the rooftops 

of individual homes had to be extracted into a raster layer using the extraction tool within the spatial 

analyst toolbox. The image below illustrates how the tool takes in as input the extracted layer of 

rooftops and based upon the parameters such as z-factor, calculation direction, diffuse model type, 

month and year, outputs the amount of potential solar energy in kilowatt hours per meter squared per 

month per region. The z-factor parameter accounts or the factor of conversion for the elevation of a 

raster file to the horizontal x and y coordinates. Calculation direction describes the viewshed 

calculation within the settings of the solar radiation tool. The viewshed calculation is a representation 

of the sky that is visible from a certain location, in this case the rooftops of the homes, and it accounts 

for the zenith angle and the azimuth angle that is associated with the position of the sun in regards to 

the rooftop. The parameter diffuse model type accounts for the type of sky that will be modeled during 

the analysis by the solar radiation tool. The type of sky that was selected for the potential for the 

rooftops was STANDARD_OVERCAST_SKY which is a diffuse radiation model, meaning it 

evaluates the amount of solar radiation directly hitting the rooftop based on the zenith angle generated 

from the viewshed calculation. The tool was run on a monthly basis for the year of 2017 to generate 

the varying amounts of solar potential for the rooftops; by changing the month within the default 

settings, the calculation direction and in effect, the values generated from the diffuse model type 

changed from month to month (Desktop.ArcGIS). 
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Figure 53. Solar Radiation Tool flow 

Once the solar radiation tool generated photovoltaic potentials for each month of the year 2017, the 

software outputted new raster files per month which showed the variation of the solar energy 

generation potential on the rooftops. The variation was depicted in the form of a heat map, in which 

the gradients of blue to red indicate the level of intensity from low to high of direct sunlight on a 

rooftop. An example of the raw output of the solar radiation tool is shown below. 

 

Figure 54. Raw Output of Solar Radiation Tool Sample Outputs 
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However, the raw values outputted by the solar radiation tool were had too much variation in terms 

of a pixel with a high value of direct sunlight placed adjacent to a pixel with a low value for direct 

sunlight. In order to reduce the variation in the values, the Filter tool found in the neighborhood 

toolset, located in the spatial analyst toolbox. Within the Filter tool, there is an option to smooth out 

the values using either a high pass filter or a low pass filter on any input raster; for the purposes of 

reducing the variation or “noise” of the original pixel values, the low pass filter was chosen. The low 

pass filter takes the average of the three by three matrix surrounding an outlying pixel value and 

replaces the outlier with the corresponding average. This allowed for pixels with any uncharacteristic 

values to be replaced with more representative values in terms of direct sunlight for the region of the 

roof. This final output of the pixel values was then used to determine the amount of solar energy 

produced and analyzed for the business model. An example of how the heat map changed due to the 

use of the low pass filter is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55. Heat Map with Low Pass Filter  

Model Assumptions 

In order to create an adequate model, some assumptions must be made about the inputs used or data 

used. These assumptions are documented in order to understand the limitations of the model. 

 

● Baseline values for panel, efficiency, etc. are appropriate starting values 

● 33 panel systems will be installed on homes or a 9.9kW system (Modern 2000 sq ft Home) 

● Trends in solar energy panels and costs will continue 

● Chosen region of Loudoun represents NOVEC serviced residences as a whole 

● Data used from SEOR 2016 department is valid for NOVEC energy demand 

● Monthly aggregation level will display necessary amounts of net metered energy 

● Government regulations and restriction on panels for specific residences will be ignored 

● Degradation rate of panel efficiency is linear 

● The 3% of homes modeled is representative of NOVEC’s entire region 
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Model Results 

Once the solar radiation tool was run on each of the three data sets; the results were compared against 

the energy demand data generated. In order to simplify the results and process, homes were broken 

down into three categories of solar production: poor, average, and optimal solar homes in terms of 

energy produced. The images shown below constitute a good solar production month, July, as the 

pixilation would be vastly different for a month like January. 

 

Figure 56. Poor Raster image output of solar area radiation tool for July 

A Poor Solar Producing Home. The above figures display the raster image of a poor home’s solar 

energy potential in the month of July. The blue indicates areas with poor conditions for solar panels 

and the yellow, orange, and red areas show optimal placements for panels. The home’s poor 

performance as a southwest facing home is largely due to the amount of angles on the rooftop, 

elevation differences on the rooftop, and shading from trees. As shown, the majority of a poor home’s 

area solar radiation output image is blue. A home similar to this will be producing about 5,100 kWh 

a year from a 10-kW solar system installation. 

 

Figure 57. Solar Produced by the poor home in a year 
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The graph above displays the month to month energy produced in kWh by the solar panels versus the 

energy demanded on average by NOVEC customers for the respective months. As expected, the 

production is highest in the summer months and lowest in the winter months due to the position of 

the sun. This system overall would offset about 39% of energy demanded by this house in a year. An 

important aspect to note about this home is that it does not net meter in any month, thus is not able to 

receive any credit for excess energy produced on their monthly bill. This makes solar panels an 

unprofitable investment for this specific customer. NOVEC can assume that these homes will not be 

moving toward solar energy onto their homes from a third-party supplier or in alternative (2), from 

NOVEC. 

The Average Solar Producing Home. The average NOVEC home can expect a large increase in 

solar energy produced in comparison to the poor producing home. Visually, the solar image displays 

a higher density of optimal spots for solar panels. This home also has a large number of angles, as do 

most modern homes, but are set with larger surface areas that are uncovered on higher elevations. 

 

Figure 58. Average Raster image output of solar area radiation tool for July 

Below is the same solar production versus energy demand graph shown previously for the poor 

producing home. The distribution of energy produced by solar panels is similar but has higher peaks 

in the summer months. The average home offsets about 50% of the total energy demanded in a year 

or about 6600 kWh a year. 
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Figure 59. Solar Production 

This home does have excess energy produced in one month, April. As shown by the overlap of the 

red energy produced by solar line over the blue energy demand line. This means that NOVEC will 

credit for excess energy produced and also require even less energy from PJM. 

A more Optimal Solar Producing Home. Finally, a home that has the potential for a large amount 

of solar energy production is depicted below. 

 

Figure 60. Optimal Raster image output of solar area radiation tool 

Only two angles on the rooftop, southwest facing, high elevation, no nearby shading, make this home 

produced about 9200 kWh a year. This will offset nearly 70% of its yearly energy demanded. 
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Figure 61. Solar Production highlighting net metering 

Here the curve is once again similar compared to the average and poor home, but with higher peaks. 

The net metering months are highlighted by the overlap region shown in green. This includes three 

months: April, May, June, and July. The net metering incurred here is substantial, creating about 1000 

kWh a year in excess. 

Now that the amount of solar energy produced by NOVEC has been found, the amount of homes that 

lie in each category can be found. This leads to the potential market in Virginia as well as what kind 

of solar growth can be expected due to the cost benefits customers can currently expect with their 

homes based on the mode. 

 

Figure 62. Distribution of model outputs per home 

The above histogram displays the distribution of solar energy outputs for the month of July for the 

homes found in one data set of about 1600 homes. This graphic was generated using a tool to 
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consolidate pixels in the data set that represented the mean values on homes for a given month’s 

output. From this it was found that the poor solar producing home made up about 10% of the data 

set’s homes, the optimal about the top 10%, and the average fell slightly below the true mean. 

Projecting these values to NOVEC’s entire service region or assuming that the 3% of NOVEC homes 

modeled can be representative of their service region, the potential losses in energy distributed can 

be found at any solar penetration level.  

This histogram was generated using the aggregate tool in ArcGIS 10.4 by consolidating cells on the 

rooftop cutouts. It takes mean values on the rooftops and generates a pixel that combines about 100 

cells together. This leads to the ~2000 consolidated pixels generating the distribution for July which 

shows the biggest difference in solar generation in a month when comparing different types of homes.  

 

Figure 63. Total energy offset by solar per penetration level 

By assuming the model results are representative of NOVEC’s entire service region, the solar 

penetration value can be changed and evaluated at multiple measurements. The homes that will move 

toward solar first will be the homes that benefit more from it. At 15% solar penetration the energy 

values associated are as follows: Alternative (1) would produce about 320 million kWh in energy 

distributed to 24,000 customers. If these homes were to go solar, they would produce about 200 

million kWh and net meter about 16 million kWh. This solar energy offsets about 10% of the total 

energy that NOVEC distributes to their residential customers (~2.1 billion kWh). 

These energy outputs lead to the business model inputs. 
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System Verification and Validation   

Verification 

To verify the model results and data collected, the values are compared directly to measured data 

from a modern 2000 sq ft. home located in Maryland. The home owns a SolarEdge inverter paired 

with 33 Hanwha Q-Cell panels from SolarCity. The system size is 9.9 kW, nearly the limit and is 

estimated to produce 8,000 kWh yearly. This is nearly the capacity for Virginia system sizes. 

SolarCity provides the month to month solar energy produced by the solar panel system and the 

energy demanded by the home. 

Energy Demanded Verification. By using the below figure, average energy demanded curve, the 

electricity demanded by the average NOVEC residential customer data can be verified. By pulling 

the dataset from the Data Collection section and averaging the amount of energy demanded per month 

by the 150 residences sample size a similar upper curve can be created. In the below figure, the red 

line represents the energy demanded by the modern 2000 sq ft. home, the same curve but scaled 

differently as the above figure of Solarcity’s estimations. The blue line represents the data generated 

by the 2016 SEOR department’s average residential NOVEC customer’s energy demand. Comparing 

the data allows verification of the data’s accuracy and precision. Visually looking at the graph there 

is a fairly large difference in energy used on average versus the modern 2000 sq ft. home, but overall, 

the trends of energy use are very similar. Energy demanded by a home has a large variability and the 

modern 2000 sq ft. home on average seems to be constantly using slightly less energy than the average 

NOVEC home. This can be attributed to varying house sizes, electrical appliances, and more. One 

important note to mention is that in August, the modern 2000 sq ft. home offset some of its energy 

demanded by BGE by installing a new geothermal heat pump (HVAC) system.  

 

Figure 64. Average electricity demanded monthly versus modern 2000 sq. ft home 

Solar Energy. A similar study can be conducted on the monthly solar outputs generated by the 

proposed model. This data should reflect the trends and similar values to the modern 2000 sq. ft. 

home. This will verify that the data generated by the model is accurate and that it will validate that 

requirements for the model were met. The figure shows the verification home versus the three 

categories of homes in NOVEC’s service region. The home is outfitted with Hanwha Q-Cells G4.1 

300W series panels. These panels start at essentially an 18% solar energy conversion efficiency 
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rate. This will be the baseline efficiency value used in the modeling. This value will rise based off 

of solar energy trends over the years and will be considered in the predictive model. The 

degradation rate of the panels that will be used in the predictive modeling also stem from the 

Hanwha Q-Cells. Next is the inverter which is a SolarEdge#SE7600A with a conversion efficiency 

of 98%.  

 

Figure 65. Average electricity demanded monthly versus modern 2000 sq. ft home 

The curves on the figure above show that the model’s results match the distribution of potential 

solar energy generation as the modern 2000 sq ft home. If the home were in NOVEC’s service 

region, it would fall between the optimal and average solar producing home range. With the 

assumption that this Maryland home is close enough to the Northern Virginia area, the model 

results are given validity and the procedures involved with the GIS model were correct. 

The verification home generates about 7950 kWh over a year. This equates to about a $5,500 return 

on investment after 20 years after an upfront cost spread out of $22,000. This value is also 

compared in further sections that analyze customer savings based on how much solar energy is 

produced as it directly correlates to NOVEC’s revenue and potential profit from both alternatives 

and solar penetration levels rising. 
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Figure 66. Average electricity demanded monthly versus modern 2000 sq. ft home 

By breaking up the model results into three separate datasets, the values were compared to find the 

variability in the model results. The results show a low amount of variance between the data sets. 

This may be due to the fact that 1600 samples were taken in each data set. For the overall potential 

solar outputs, a 95% confidence interval shows 6600 +/- 13 kWh. This shows this extremely low 

variance between the datasets once again. 

Now that the model outputs have been validated and verified, they become the inputs for the 

business model or costs. 
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Business Model 

NOVEC’s current business model has a poor job of accounting for the effects of solar energy and 

how renewable energy can change the cost structure for both NOVEC and their customers. In order 

to create a new sustainable business model for NOVEC, all of the different cost factors need to be 

laid out and broken down by category to see how the revenue of NOVEC is accumulated. An 

important factor to consider in a business model is the purpose and goal of that respective company. 

NOVEC is a not for profit with the purpose of “providing customers with reliable energy at a 

reasonable cost” (NOVEC).  

The goal of the following section is to consider all costs that allow NOVEC to operate as a successful 

cooperative all while considering the shift towards renewable energy for residential users. The 

purpose of this section is to show if it is possible for NOVEC to have a business model while 

supplying panels to their user base and if it is not possible, how can NOVEC recoup losses as more 

homeowners switch to solar.  

Breakdown of Customer Bill. The most important cost to consider in the business model is the bill 

breakdown of a NOVEC customer. This is NOVEC’s stream of revenue that allows the company to 

pay for all expenses and continue to grow as co-op. A portion of this revenue is set aside to account 

for investment opportunities that might arise in the near future or pay for the growing infrastructure. 

An example of the customer bill is displayed below in figure number 67 As seen below, the 

customer’s monthly bill can be broken down into three different categories. The first category is the 

distribution service, also known as delivery charge. This delivery charge includes a $15.00 flat fee 

for all residence for being connected to the grid. Next, there are two charges associated with the 

amount of kWh a homeowner uses. For the first 300 kWh, the homeowner pays $0.02109 per kWh 

and $0.1609 for any kWh over that 300 thresholds. NOVEC explained how this delivery charge is 

used to pay for internal expenses such as administrative expense, IT expenses, employees’ salaries, 

etc. The next category is the two taxes depicted in figure 67 The first is a local utility tax which is a 

flat fee and the second is a consumption tax that users pay based on the amount of electricity used in 

that bill cycle. NOVEC does not have much control over these two tax rates since they are established 

by the Commonwealth of Virginia. The third and final category is the electricity supply charge. This 

rate is a standard rate of $0.09731 per kWh. About one third of the electricity supply charge is used 

by NOVEC to pay for the wholesale purchase of energy from PJM. The rest is used to pay for the 

infrastructure that NOVEC has built and invested in. NOVEC calculates and adjusts this rate based 

on projections of how much PJM will charge for the purchase of wholesale costs and how much the 

infrastructure expenses accumulate to.  
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Figure 67 Depiction of A NOVEC Customer’s Bill 

Breakdown of Selling Panels to Customers. If NOVEC decides to sell solar panels directly to 

customers, the high profit margins will benefit NOVEC. If a customer decides to purchase solar 

panels, in effect, they would purchase less electricity from utility companies. In some cases, 

customers require 70% less electricity with solar panels. Since this will decrease the revenue for the 

utility company, selling panels directly to the customer helps minimize the revenue lost. Figure 68 

illustrates the cost breakdown for NOVEC if they become a provider and sell panels to the customer. 

 

Figure 68. Cost Breakdown of NOVEC Providing Panels Directly to Customers 

The Hanwha QCell Q.Peak G4.1 300W panels can be purchased from a variety of solar panel 

wholesalers with each having a variation of prices. Most providers had a price around $230 per panel 

with a discount when purchased in bulk (Q.uantum). This price was used as a baseline for the 

breakdown illustrated in figure 68. With each house requiring an average of 33 panels, that would 

equate to about $7,600. Very little maintenance is required for the Q.Peak G4.1 panels but a 

conservative number of $1,200 was set aside for maintenance and clean up. Installation cost was 

calculated assuming that four installers would need six hours to successfully install the panels on a 

home at a rate of $50 per hour.  Finally, a portion was set aside for inverter costs, permits, paperworks, 

and any unexpected expenses that would have to be covered by NOVEC. Based on quotes received 

from SolarCity and Sunrun, panels are sold with three times markup.  Using all of the values 

calculated above, NOVEC can expect to charge a residential customer about $22,000 to install and 

maintain 33 solar panels over the life of the 20-year contract.  
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Potential Savings by Switching to Solar for an Average Producing Home. Given that the average 

producing home offsets about 50% of its energy use by switching to solar, the first step was to find 

out how much they would be saving over the lifespan of the contract which is 20 years. Since most 

of NOVEC’s homes fall within the range of average producing, this would be their biggest market 

especially if they want to penetrate a big portion. Based on a demand of an average NOVEC home, 

with a 3% increase in the price of electricity, a homeowner can expect to pay about $48,000 in the 

next twenty years. However, by switching to solar, that same customer can expect to pay $30,000 to 

NOVEC for that same time span. After considering the $16,000 that customer would pay for solar 

panels after a 26% tax credit, that brings the respective customers total to $46,000. All in all, the 

average producing home would only save $2,000 over a 20-year window, breaking even towards the 

end of year 19. Figure 69 illustrates how much a customer can expect to pay for electricity over 20 

years in the two alternatives of doing nothing and by switching to solar. From a financial standpoint, 

this is not enough of an incentive for a homeowner to make this investment and pay thousands of 

dollars up front just to save $2,000 and breakeven on the investment in year 19. This value equates 

to about a 110% return on investment (ROI) in the 20-year life cycle cost. The net present value 

(NPV) for the average customer is a low value that also points to the solar panel investment being not 

a worthy investment. The NPV = -$6,400 with a discount rate of 3% over 20 years. 

 

 
 

 

Figure 69. Running Sum of the Two Design Alternatives, Doing Nothing or Switching to Solar 

 

This scenario is not favorable for the customer, but it is favorable for NOVEC since they will have 

an increased revenue if they sell the panels to that customer. As discussed above, the average customer 

would pay roughly $48,000 for traditional electricity but if NOVEC was to supply that customer with 

the panels, NOVEC would be getting a little over $52,000 from that customer. This increases 

NOVEC’s revenue on that potential customer by about $4,000 Unfortunately, with the customers 

only saving so little, NOVEC has no reason to invest in this market and make the leap.  With that 

being said, NOVEC also does not have worry about competitors such as SolarCity or Sunrun selling 

panels to the customers since customers will not see a huge cost benefit.  
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Potential Savings by Switching to Solar for an Optimal Producing Home. Knowing that the 

average NOVEC home would not make the switch to solar, the next step was to find the threshold of 

how much homeowners want to save by switching to solar. SolarCity conducted a survey of 1,400 

customers who currently own solar systems and 82% of those customers said the primary motivator 

for switching to solar was the cost benefit. Unfortunately there was not good surveys and research 

conducted to find the exact amount that homeowners would want to save in order to invest in solar 

panels. After conducting a survey within the group, more than 50% of homeowners said they would 

want to save at least $10,000 over the 20 year lifespan in order to switch to solar energy. After looking 

at the model results and production rates, a home would need to produce around 9,300 kWh in order 

to save at least $10,000. Looking at the distribution of NOVEC’s homes, less than 10% of NOVEC’s 

homes produce enough to save the homeowner at least $10,000. An important note is that although 

the customer saves money, NOVEC comes out with a net loss even if they were to provides the panels 

to the customer. Figure 70 illustrates the savings of a customer who produces enough electricity from 

the solar panel system to save $10,000. Contrary to the average home, an optimal home would break 

even in year 14 of switching to solar energy. This value equates to about a 146% return on investment 

(ROI) in the 20 year life cycle cost. The net present value (NPV) for the average customer is a low 

value that also points to the solar panel investment being not a worthy investment. The NPV = $0 

with a discount rate of 3% over 20 years. This is without the value of net metering, thus the NPV is 

slightly in the positive. 

 
 

Figure 70. Running Sum of Two Alternatives for an Optimal House 

 

Conservative Growth of Market Penetration. Referring to the Potential Solar Energy Production 

in July Distribution histogram, most of NOVEC’s current residence production falls around the 

production of the average producing home shown. Given that the average home would only save 

about $2,000, there will not be a big demand for NOVEC to worry about the residence shifting to 

solar energy. Due to this small potential market, a small exponential equation was created to project 

a 1% penetration rate. Equation 1 was used to come up with an exponential growth that will account 

for a 1% penetration over the next 10 years. This 1% penetration accounts for 1600 NOVEC homes.   

 

𝑦 = 40𝑒(3611𝑡) + 120 𝑤ℎ𝑒𝑟𝑒 𝑡 = (0: 10 𝑦𝑒𝑎𝑟𝑠)                                         (1) 

 

As more and more customer switches over to solar, NOVEC will need to recoup the money lost by 

customers not purchasing electricity. NOVEC being a not for profit, they have established an 

equation that will allow the company to cover all expenses and account for future expenditures such 

as infrastructure growth. Comparing the two design alternatives, NOVEC loses millions of dollars 
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as the penetration grows even at 1%. In year 10, NOVEC loses $31 million with the design 

alternative of NOVEC doing nothing. If NOVEC decided to go with the other design alternative of 

providing panels to their customer base, they would need to recoup $15 million. The amount lost in 

alternative two is much less due to the high profit margins on the panels that covers a portion of the 

loss. Even then, NOVEC needs to find a sensible way to account for the money lost by customers 

switching to solar. One strategy is spreading that cost across all of the customer base to be able to 

operate successfully as a not for profit.  

Figure 71 below illustrates how much of an increase each household can expect for the whole year. 

Highlighting the highest increase in year 10, the average customer can expect about a $10 raise in 

their annual bill given NOVEC decides to continue their current distribution network. Meanwhile, if 

NOVEC decides to mitigate the loss by selling panels, that same customer would only see a five 

dollar increase for the years bill. Given that the difference between the two alternatives only equates 

to a five-dollar difference, it is not recommended for NOVEC to take the risk of changing becoming 

a solar panel provide to customers. Given NOVEC follows this recommendation, customers can 

expect an increase of about 85 cents on their monthly bill. From the customers point of view, this 

number is not high enough for customers to become displeased.  

 
 

Figure 72. Increase of Customers Electric Bill Based on Design Alternatives 

 

Looking Ahead. With the ever-changing market in electricity and solar technology, NOVEC 

should always be looking several years ahead in the future to make projections of the market. With 

a few changes in policy, NOVEC can be forced to change the existing business model. Based on 

trends that have occurred over the last several years, projections have been made to look five years 

into the future. Figure 72 displays changes that can occur in terms of price and technological 

efficiency by the year 2030. 
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 Now  Cause of 

Increase 

In 5 Years 

Electricity Costs with 

Delivery (per kWh) 
$0.133 3% Increase 

per year 

$0.154 

Carbon Tax (per 

kWh) 
$0 Govt. Policy 

Changes 

$0.0084 

Solar Efficiency 18% Advances in 

Technology 

20% 

Cost of Panels $22,700 Decrease in 

Manufactur

e Costs 

$20,000 

Figure 73. Projections for the year 2023.  

 

 Assuming the price of electricity increases roughly 3% every year, this would increase the price of 

electricity to around $0.155 per kWh.  With policy changes and new regulations, prices can increase 

even higher. The one policy accounted for is the carbon tax that has a high probability of being 

enforced in the near future. This tax would force all parties to increase prices of electricity and 

cause residence to pay even a higher price on electricity. With technological advancements, solar 

panels can increase in terms of efficiency leading to a greater production for homes that decide to 

purchase solar panels. Along with that, the production of panels can become much cheaper due to 

greater competition and demand as more homes and business find solar panels to be a viable option. 

With all these factors changing, the customer is now in a better position to see greater savings. 

Figure 74 illustrates the running sum for both the average customer and optimal customer for the 

next twenty years. The average NOVEC customer would breakeven on their investment in year 13 

rather than year 19 along with a total savings of $13,000. This number is much higher compared to 

the current rates that would only save that customer $2,000. The optimal customer’s savings jumps 

up by $17,000 totaling to saving of $27,000.  
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Figure 74. Running Sum based on Projections in the year of 2023 

 

With these projections, over 60% of NOVEC’s customers would save at least $13,000 with some of 

houses saving upwards of $20,000. In this case, NOVEC should be worried about a big chunk of 

homes switching to solar. Due to the high savings for most of NOVEC’s residence, an aggressive 

approach was planned for. This approach accounted for 15% of homeowners migrating to solar 

totaling to 24,000 homes in the next 10 years. With a big number of homes switching to solar, 

NOVEC sees a big portion of the annual revenue evaporate. With a 15% penetration, if NOVEC 

decides to stick with design alternative one of doing nothing, they would lose $570 million over the 

next 10 years. The blue line in figure 74 illustrates the increase of a NOVEC residence bill on an 

annual basis. If NOVEC was to change the business model and go with design alternative two, that 

loss would be mitigated to $310 million and the annual bill for the customer would increase by 

about $98 as illustrated below. Considering this will lower the total revenue lost by about $260 

million, the customers would not see a smaller increase in the annual bill. Considering these two 

factors, it would greatly benefit NOVEC to switch to design alternative two to not only mitigate 

losses but consider as to how their electricity bill is affected.  
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Figure 75. Annual Increase in Electricity Bill for NOVEC residence with 15% Penetration 

In speaking with NOVEC, one factor that interested the co-op was how this would affect just the 

distribution service charge rather than both the delivery cost and the usage charge. The reason to 

this curiosity is that NOVEC uses the distribution charges for internal expenses such as employee 

salary and administrative expenses, while the usage charge is used to pay for purchasing wholesale 

energy and infrastructure costs. The amount of money needed to be recouped for just the delivery is 

expected to be much lower than the cost of the overall bill due to the delivery charges being a small 

portion of the monthly bill. Nonetheless, calculations indicated that an optimal home would pay 

about $147 less per year for distribution services while an average home would pay about $118 less. 

Sticking with the aggressive approach of a 15% penetration, the amount of revenue lost from 

distribution service quickly adds up. At a 15% penetration, NOVEC would see a reduction of about 

$3 million. Again, all 160,000 of NOVEC’s residence would see an increase in the monthly 

electricity bill. An estimated increase of the monthly bill is shown below in figure 76.  
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Figure 76. Monthly Increase in Customer’s Distribution Service  

These cost factors and final business model results need to finally be tested as to how they change 

the overall profit and customer savings in these 20 year periods. This will indicate to NOVEC the 

important cost factors and the critical values that need to be reviewed. 
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Sensitivity Analysis 

In order to locate when factors in the business model lead to alternative (2) being more viable, 

sensitivity analysis was conducted. The process involved with the sensitivity analysis involved 

creating a tornado diagram that reflected potential changes in the parameters of the business model. 

The reasoning behind the values chosen are shown in the table below. 

 

 Low Base High 

Electricity Cost Discount on current 

trends. Do not expect 

to get much lower 

than current rate 

Current Rate Expected cost of 

electricity in next 10-

12 years 

Delivery cost Discount on current 

trends. Do not expect 

to get much lower 

than current rate 

Average of Current 

Rate 

Double the current 

rate 

Solar Production Poor producing home 

in NOVEC’s Region 

Current Production of 

Average home  

Optimal producing 

home in NOVEC’s 

region and 

technological 

advancements  

Carbon Tax N/A Current Rate $42/ton = ~1 cent 

increase 

Solar Costs 10% price decrease in 

panels 

Current Cost 22000 is how much 

customer pays before 

tax credit 

Now with the baseline established as the current environment in Virginia and with the low and high 

factor changes, the changes can be shown in the customer’s point of view and NOVEC’s. 
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  Low Base High 

Electricity Cost 

($/kWh) 
0.08 0.09 0.17 

Delivery Cost ($) 0.016 0.018 0.035 

Solar Production 

(kWh) 
5100 6600 9200 

Carbon Tax ($)  N/A 0 42 

Solar Cost ($) 15000 16800 22000 

The tornado diagram displays the changes in the return on investment for a customer moving to solar 

energy with new values for the business model parameters. The green region or shaded region on the 

tornado diagram represents when the customer can expect to see profits of about $10,000 after 

breaking even. This value is highlighted due to the small-scale survey conducted and is the region 

that NOVEC should be the wariest of. As this is when they can expect to see a large growth in solar 

penetration at these values for the specific factors. The top of the tornado diagram displays the effects 

of electricity prices changing for a customer, which has the biggest impact on solar panel system 

profits for a customer. With the price of electricity reaching a high of $0.17/kWh, customers will see 

a return of $14,000 on their upfront investment on solar panels. As historical trends show, electricity 

costs are rising in Virginia at an estimated ~3.2% a year. Thus, it is very plausible that this electricity 

high will be reached and even surpassed. The next factor that has the highest effect is for when solar 

production which at about ~9600 kWh will cause the customer to reach that same $10,000 profit 

threshold. It is important to note that this value does not include the credit gained from net metering 

and as such will give the customer even more gains. The next factors have less of an effect on the 

customer as they are expected to increase less than the previously mentioned factors. It is important 

to note that solar panel costs have an inverse effect on their profits as the others. 
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Figure 77. Increase of Customers Electric Bill Based on Design Alternatives 

Next, the same sensitivity analysis is applied in NOVEC’s point of view to demonstrate how similar 

factors affect their revenue or changes in profit. A similar approach was made with similar parameters 

or factors being accounted for, with the main change being the carbon tax was removed as a factor 

and the wholesale electricity costs were added. 
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 Low Base High 

Solar Panel Profit 

($) 
8000 10000 18000 

Electricity Cost ($) 0.08 0.09 0.17 

Delivery Cost ($) 0.016 0.018 0.035 

Solar Produced 

(kWh) 
5100 6600 8600 

Wholesale 

Electricity Costs ($) 
0.026 0.032 0.056 

Figure 78. Sensitivity Analysis Factors for NOVEC 

Based on this sensitivity analysis, the tornado diagram for NOVEC shows a similar result as the 

customer’s point of view. NOVEC is able to gain the most amount of potential profit from electricity 

costs rising for their customers. This means that in order for NOVEC to recoup their losses, electricity 

costs are the most effective option to change as they directly control it, besides government regulation, 

and has the greatest effect on their profits. The next factor that increases profits is the solar panel 

price at which they are sold to their customers. The problem that occurs with increasing the profit 

here is that competitors have the potential to sell panels at a more competitive price, creating a smaller 

market for NOVEC to target.  
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Figure 79. Increase of Customers Electric Bill Based on Design Alternatives 

Sensitivity analysis helps find the factors in which NOVEC needs to be the most aware of in terms 

of changes for how to approach each alternative’s viability. 

With the culmination of the model results, energy demand, business model results, and sensitivity 

analysis, the final conclusions or recommendations are made. 
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Conclusion 

Final Recommendations 

Based on the results from the GIS model and the business case revenue and profits for 

customers/NOVEC, final recommendations regarding the two alternatives were made. The structure 

of the final recommendations are as follows: 

 

Figure 80. The Final Recommendation Process 

With the current energy environment in Virginia the recommendation is to proceed with alternative 

(1), or moving along with the current business model. This is due to the fact that the most sensitive 

factors regarding solar energy benefits, electricity and solar production on homes, are not at a point 

where NOVEC will be outweighing the risks involved with moving into a new market with the cost 

benefits at this time. In order for NOVEC to meet the first mission requirement, distributing their 

losses from solar energy will require a marginal increase in electricity for their customers. Also with 

alternative (2), NOVEC will still be seeing an overall loss and thus is not giving a profit at any time.  

There will be a critical point when alternative (2) does become the more viable option though. This 

will be when the energy factors in Virginia reach critical values shown by the sensitivity analysis, 

when policies begin to shift favoring renewables, and when more customers reach a return on 

investment high enough to move to solar. As penetrations rise, as they realistically will never decline, 

the effects of moving to solar will continue to push non-solar users to move to solar as it will affect 

them indirectly. This means NOVEC needs to be prepared early with their analysis and to be aware 

of the analysis provided in this report. 

Based on the losses found in the 5-year region and the aggressive solar penetration growth prediction, 

NOVEC should re-evaluate the alternatives and further the analysis in 3-5 years. This time frame is 

when policies changes are likely to happen due to election season and when factors are predicted 

reach the critical point. During this span, it is very likely that alternative (2) will become the more 

plausible alternative. 

Future Studies for NOVEC 

NOVEC should build on the analysis conducted in order to get a better understanding of their timeline 

regarding solar energy and also to increase the accuracy of the findings. The first step is to conduct a 

survey in order to increase the accuracy of the $10,000 value found as this is a critical number that 

determines the point when solar penetration growth becomes exponential. The analysis can then be 

fine-tuned to reflect the new ROI value. Thus, showing when NOVEC has a reliable target market 

and can reduce the risk of going solar by doing direct marketing. 

More studies on different solutions to the problem and the accuracy of the modeling of homes and 

the respective cost values can also be increased. Automating the process will also reduce a lot of load 
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on hardware and labor hours. More advanced GIS software is being implemented and used today, 

with higher licensing prices that can increase accuracy and ease of use. Furthermore, the potential 

solar energy demand outputs from the GIS could have been simulated against the electricity demand 

data to create a more accurate model of the randomness involved in these NOVEC homes. Instead of 

using a discrete average for the demand, a varied distribution per month based on the Weibull 

distributions could have been fit against the model outputs as a large-scale simulation. This would 

make the system or model even more accurate in terms of the stochastic process. 
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Business Case 

Target Market and Competitors. Larger energy distribution companies like Dominion and NOVEC 

already are able to run analysis on this level for homes in their region. While this product would still 

be useful to them, the main target market is smaller power companies who don’t have the capital 

available to them for a venture like this. Competitors such as SolarCity and SunRun are companies 

with business models are centered around solar energy. However, our advantage is that while these 

companies talk and sell directly to the homeowners, we will be targeting the energy companies as 

whole who can then sell solar energy to homeowners on their grid. There are also existing tools like 

the National Renewable Energy Laboratory (NREL) Solar Advisor Model (SAM) that performs a 

similar analysis. However, tools like SAM fail to capture the same amount of data and tailor their 

functionality toward a specific customer. 

Marketing and Sales Strategy. In order to properly demonstrate that this product and process 

functions as expected, a proof of concept with NOVEC, a Virginia electricity provider, will be used 

to show other companies with similar resources the value that the product can provide. As trends in 

solar energy and electricity continue for Virginia, and with the continued changes in energy policy, 

the need for a product like NOVA Solar Proposal’s will be a necessity for any distribution company 

looking to stay afloat. A successful proof of concept will then lead to more business opportunities 

with similar companies and cooperatives. While this process is will start slowly, government policies 

and decreasing solar costs will push companies to purchase this product. 

Financial Analysis. To get this business up and going, there will be a list of expenses that will need 

to be accounted for. Other than the salary, other financial burdens include purchasing four top of the 

line computers along with two ArcGIS licenses. In order to use ArcGIS and be efficient as possible, 

two members will enroll in a class provided by Esri to take an in-depth dive into using the spatial 

analysis tool within ArcGIS. As far as marketing goes, the goal is to spend a small amount of money 

to market the service and set up a website to show what services are offered on behalf of the company. 

Finally, miscellaneous expenses include office supplies, travel expenses, conferences, among other 

unexpected expenses.  

 

Item Quantity Cost ($) Total Cost ($) 

Systems Engineers/Consultant 4 75,000 300,000 

Computers- Dell Precision 7520 4 1,029 4,116 

ArcGIS License 2 1,500 3,000 

ArcGIS Training (Spatial Analysis with ArcGIS 

Pro) 2 1,815 3,630 

Licensing and Permits 1 2,000 2,000 

Miscellaneous Office Supplies 1 1,000 1,000 

Website 1 5,000 5,000 

Marketing Expenses 1 5,000 5,000 

Miscellaneous Expenses 1 35,000 35,000 

    

Total Costs:   $358,746 

 

Based on initial market research, there are over 230 utility companies that are comparable to 

NOVEC in terms of number of customers. NOVEC is used as the baseline due to them being the 

proof of concept. Knowing that there are 230 companies gives the business a very specific target 
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market to approach and pitch the services to. After the initial year, the company expects a steep 

learning curve which will allow for a greater penetration of the market. Based on initial results, the 

NOVA Solar Proposal has estimated that a company like NOVEC would profit around $400,000 a 

year if 155 of their customers switch to a solar system compared to pulling traditional electricity 

from the grid. This sets a fair price of $250,000 for NOVA Solar Proposal’s services. At this price, 

NOVA Solar Proposal is expecting to break even towards the end of year three.  

 

Year 

Expenses 

($) 

Running 

Expenses ($) 

Number of 

Services Sold 

Cost For 

Services ($) Profit ($) 

Running 

Profit ($) 

1 358,746 358,746 1 250000 -108,746 -108,746 

2 538,119 896,865 2 500000 -38,119 -146,865 

3 565,025 1,461,890 3 750000 184,975 38,110 

4 593,276 2,055,166 3 750000 156,724 194,834 

5 622,940 2,678,106 4 1000000 377,060 571,894 

6 654,087 3,332,193 5 1250000 595,913 1,167,807 

7 686,791 4,018,985 6 1500000 813,209 1,981,015 

8 721,131 4,740,115 6 1500000 778,869 2,759,885 

9 757,187 5,497,303 6 1500000 742,813 3,502,697 

10 795,047 6,292,350 6 1500000 704,953 4,207,650 

11 834,799 7,127,149 6 1500000 665,201 4,872,851 

12 876,539 8,003,688 6 1500000 623,461 5,496,312 

13 920,366 8,924,054 6 1500000 579,634 6,075,946 

14 966,384 9,890,439 6 1500000 533,616 6,609,561 

15 1,014,704 10,905,142 6 1500000 485,296 7,094,858 

16 1,065,439 11,970,581 6 1500000 434,561 7,529,419 

17 1,118,711 13,089,292 6 1500000 381,289 7,910,708 

18 1,174,646 14,263,938 6 1500000 325,354 8,236,062 

19 1,233,379 15,497,317 6 1500000 266,621 8,502,683 

20 1,295,048 16,792,364 6 1500000 204,952 8,707,636 

This market analysis leads to a break even on investment at year 2. The number of services sold grows 

exponentially due to the predicted increases in solar penetration along with factors creating a trickle-

down effect in the coming years. The profitability of the service at the end of 20 years is a conservative 

$ 8.7 million dollars due to a stagnant profit value on each contract sold. 
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Project Management    

Risk and Mitigation 

 

Risks Severity Likelihood Detection RPN Mitigation 

Critical Task: 

Behind 

schedule for 

simulation of 

current system 

and model for 

proposed 

network 

distribution 

9 6 6 324 

Start on the 

network model and 

simulation as soon 

as possible. Stay on 

schedule as much 

as possible to avoid 

falling behind 

schedule 

Not enough 

houses have 

the appropriate 

sunlight 

penetration on 

their rooftops 

9 4 5 180 

Keep the initial 

solar energy model 

to .1% of NOVEC 

customers 

Stakeholders: 

Limited 

cooperation 

from NOVEC 

in support of 

Solar energy 

resources 

7 9 7 441 

Obtain data from 

other companies 

more willing to 

assist the research, 

use resources to 

find data on 

internet, and use it 

as a base for the 

simulation 

High upfront 

costs to low 

user base 

(Model likely 

will be based 

on increased 

penetration) 

6 9 8 432 
Account for in 

model/simulation 
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NOVEC does 

not have 

enough money 

to invest into 

the system 

9 4 6 216 

Research 

alternative 

investment avenues 

Failure to 

satisfy 

stakeholders’ 

objectives 

7 3 6 126 

Agile modeling to 

run the progress by 

respective 

stakeholder to 

make sure 

requirements are 

met 

Regulations in 

individual 

counties such 

as property 

laws and 

zoning; adding 

roadblocks for 

implementing 

solar panels 

5 5 5 125 

Develop a 

simulation that 

effectively adheres 

to the regulations 

while providing 

maximum solar 

energy usage 

Regulations in 

Virginia 

Government 

prohibiting 

Solar energy 

5 5 4 100 

Develop a 

simulation that 

effectively adheres 

to the regulations 

while providing 

maximum solar 

energy usage 

Cost of 

consulting will 

be lost if 

NOVEC 

customers do 

not purchase 

PPA 

4 8 2 64 

Use accurate 

models before 

sending consultants 

Team: 
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Failure to meet 

deadlines due 

to high 

workload from 

other classes 

5 5 9 225 Time Management 

Loss of team 

member(s) 
10 1 8 80 

Provide assistance 

for any team 

member that needs 

additional help 

Simulation: 

Making too 

many 

assumptions or 

using too many 

averages when 

a lot of the data 

is stochastic 

7 6 5 210 

Limit the number 

of assumptions 

used in the 

simulation and base 

the simulation off 

of data provided by 

modern 2000 sq ft 

Background Information: 

GIS data 

collection 

varies from 

county to 

county 

6 7 3 126 

Find contacts that 

can provide access 

to GIS data that 

pertains to the 

project and is 

standard for the 

counties in 

NOVEC 

distribution 

network 

Communication with Sponsor/ Stakeholders 

Restricted 

information 

flow with 

sources from 

NOVEC 

7 9 5 315 

Use Information 

provided by 

modern 2000 sq ft 
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Work Breakdown Structure 

Below is a high level view of the work breakdown structure. 

 

Gantt Chart 

The Gantt chart has gone through many changes and attempts to capture the tasks that will be needed 

throughout the project’s lifespan. The flow at times mixes between waterfall and more of a spiral 

project type. To capture the spiral nature of many of the earlier tasks, the star and end dates of tasks 

reflect often longer terms or may not directly represent what was worked on during that time period. 

Critical Path was unable to be shown correctly through a figure. Essentially the future essential tasks 

include what is shown by the predecessors in the Gantt Chart. The Gantt is shown below. 

 



  

89 

 

 

 



  

90 

 

 

Budget 

 

Total Estimated Time for 

Project Completion 

34 weeks + 1 short week 

 

1,295 hours in total 

Total Estimated Time for 

Project Team weekly 

10 hours a week per team 

member 

4 time members 

40 hours a week total for team 

Salary per hour per team 

member (including overhead, 

salary, etc.) 

$50 / hr + Misc. Costs 

Total Budget ~$65,000  

 

Earned Value Management 

An error in the amount of grace period for the last few weeks of project completion was made. Thus 

a few weeks needed to be added. 
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Final CPI = 0.97 

Final SPI = 1.00 
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Appendix and Documentation 

Documentation for the creation of the NOVEC Layer: 

 

1. Upload the Loudoun county GIS data file to the computer and unzip the file  

2. Once the Esri ArcMap software is open use the ArcCatalog function to set a path to the folder 

containing the data in the geodatabase 

3. Use the add data function to add the Loudoun County layer, the Building polygon layer, Parcel 

polygon layer, and Address points layer.  

4. Use the same add data function to then add the Loudoun Orthoimagery raster file from 2016 

5. Use the selection tool to generate a selection polygon on the Parcel polygon layer 

6. Select the region that is the lower right-hand corner of Loudoun County 

7. Right click on the layer shown in the data panel on the left of the data window and select 

“Create a layer from selected features”  

8. Once the new selection layer is created, right click the layer again and select export data; this 

will allow the selection layer to be permanent within the Loudoun County geodatabase. 

9. Save the layer in the geodatabase with an accurate naming convention  

10. Next the building polygon layer must be reduced to points within the bounds of the NOVEC 

polygon layer using the Clip tool found in the Extraction toolset within the Analysis toolbox 

in ArcMap 

11. When operating the Clip tool, use the Building polygon layer and the input feature and the 

NOVEC polygon layer and the clip feature. Specify the Clip tool to output all data that is 

“completely within the clip layer”, leave all remaining defaults the same 

12. Save the output feature to the geodatabase with an accurate naming convention 

13. Repeat this process for the Address point layer, using it as the input layer and the NOVEC 

polygon layer as the clip feature 

14. To reduce the Loudoun County Orthoimage raster; the Extract by Polygon tool in the 

Extraction toolset found in the Spatial Analyst toolbox was used   

15. The in_raster when operating the Extract by Polygon tool was the original Loudoun County 

Orthoimage and the polygon used as the defined area of extraction was the NOVEC polygon 

16. The extraction_area setting was set to INSIDE, so all the pixels within the boundaries were 

extracted and outputted to a new raster; in this analysis the new raster was named NOVEC_R 

and saved to the geodatabase 

17. Once the NOVEC specific layers were created, any original layers and selection layers were 

removed from the data view panel 

18. The only layers that remained or were added to the data view panel using the add function 

were, NOVEC_R, NOVEC polygon layer, NOVEC building layer, and the NOVEC address 

points  
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19. After the NOVEC layer was created, data points had to be removed in order to reduce the 

computing time when running the Area Solar Radiation tool; the data that was removed were 

building polygons and address points assigned to commercial buildings, unfinished buildings, 

small sheds or garages and address points of open land 

20. The removal of these data sets was done using the Editor toolbar in ArcMap. The specific 

layers were selected for editing and to begin the process of editing, the option of “start editing” 

was selected 

21. Any feature that matched the requirements for being removed were selected while in editor 

mode and were deleted. This process could be expedited using the selection tool and creating 

a new layer and deleting based on points within that layer, however for this analysis any 

uncharacteristic features were automatically deleted.  

22. Once the Building and Address layers were cleansed, the three datasets on which the analysis 

would be done were chosen 

23. The three datasets were comprised of a neighborhood in the upper left-hand corner of the 

NOVEC layer and the second and third datasets were a neighborhood located in the center 

and a neighborhood in the lower right-hand corner of the NOVEC layer, respectively. In each 

dataset 1,600 homes were chosen 

24. The three datasets were made into three new layers, named according to which dataset it was 

and was saved in the geodatabase. The layers were created using the selection tool and 

exporting the selection data within the NOVEC building layer to the geodatabase 

25. Using the dataset layers, the rooftop cutouts for each data set were obtained using the Extract 

by Polygon tool in which the in_raster was the NOVEC_R raster and the polygon were the 

three dataset building layers extracted to the geodatabase. The output was a raster file that 

contained only the pixels that fell within each of the building outlines of the building polygon 

layer, these pixels where the pixels of each individual rooftop of each building in the dataset 

layers 

26. Using the raster files of the rooftop cutouts of the buildings in each dataset as the input raster; 

the Area Solar Radiation tool from the Solar Radiation toolset found in the Spatial Analyst 

toolbox was used to determine the potential solar radiation per rooftop per month 

27. For each data set the Area Solar Radiation tool was used per month, meaning that the 

time_configuration setting for the tool was set to TimeMultiDays in which the start date was 

the beginning of a month and the end date was the last day of the month. This analysis was 

done for the months January to December for the year 2017 

28. The other parameters that were changed within the tool was the z factor, calculation direction 

and diffuse model type. Each of these parameters accounted for the conversion of elevation 

to horizontal coordinate units, the number of angles considered for viewshed calculation and 

the diffuse radiation model, respectively 

29. Once this tool was run for each month per dataset with the same parameters as listed in the 

previous step; the number of output rasters were 36 heat map rasters of individual rooftops 

(12 heat rasters per dataset) 

30. The runtime for each month while using the Area Solar Radiation tool was around 20 minutes, 

so for one dataset the run time was roughly 240 minutes or 4 hours. In total the runtime for 

the raw solar radiation output was 720 minutes or 12 hours (240 minutes x 3 datasets) 
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31. In order to reduce the variation or “noise” of direct sunlight values per pixel outputted, the 

Filter tool in the Neighborhood toolset found in the Spatial Analyst toolbox was used. Within 

the Filter tool, the low pass filter was used and changed any outlying values into more 

characteristic values that would be outputted in the section of rooftop the pixel represented 

32. The low pass filter was used on each of the raw solar radiation outputs per month per dataset, 

therefore the number of new smoothed raster layers was 36 as well. 

33. The runtime for the low pass filter was roughly a minute per raster image, so the runtime for 

a single dataset was roughly 12 minutes. In total the runtime for the low pass filter for three 

datasets was 36 minutes. 

34. The direction of the individual houses was also considered and whether or not it had an effect 

on the solar radiation output raster, therefore three houses facing North/South, East/West and 

Northwest/Southeast were extracted using the Extract by Polygon tool and the solar radiation 

tool was run using the three raster layers as inputs 

35. Again, the Area Solar Radiation tool was run in the exact same way for the original three 

datasets except this time for the three chosen homes. The number of outputted rasters was 36 

heat map rasters (12 heat rasters per home) 

36. The runtime for the Area Solar Radiation tool for the three homes was roughly three minutes 

per month, so for a single home for 12 months; the runtime was 36 minutes. In total, the 

runtime for 12 months for three individual homes was 108 minutes or one hour and eight 

minutes 

37. The Filter tool was also used on the three homes raw solar radiation output in the exact same 

way as it was for the original three datasets. This outputted 36 additional heat rasters (12 heat 

rasters per home for three home)  

38. The runtime for the Filter tool for the three homes was very minimal that the recording of the 

time taken was not necessary 

39. All of the heat rasters obtained from running the Area Solar Radiation tool were saved to the 

geodatabase  

40. The overall runtime for the entire heat analysis for the original three datasets of 1,600 homes 

each and the three individual homes was 864 minutes or 14 hours and four minutes 
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After the solar production for each month has been outputted from the GIS model, please refer to the 

excel sheet called “Template for Estimates of Cost Savings”. The kWh production for each respective 

month can be entered on the first sheet. The boxes where the kWh production should be entered is 

highlighted in orange. The rest of the excel sheets will auto populate and adjust accordingly. The 

sheets will display how much a customer can expect to save depending on the price increase.  

 

 

 

 

(See Attached .gdb , excel, and matlab files for full data and code used) 


