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Solar photovoltaic (PV) technology represents a promising method to prevent dangerous global climate change, however full solar penetration demands substantial surface areas, possibly encroaching on arable land. To avoid repeating the mistakes of previous attempts to convert agricultural land to energy, arable land currently used for crops with known health hazards can be considered for conversion. Tobacco is the leading cause of avoidable death globally, and despite increasingly stringent controls on tobacco, economics provides an incentive to continue tobacco production. However, with the economics of PV ever improving, this study investigates the potential economic benefits of photovoltaic conversion of farms during tobacco's decline. This study analyzes key factors influencing conventional tobacco farming economics in the U.S. over a sensitivity of realistic future values. Then tobacco crop profit is compared to a sensitivity analysis covering the profits of solar PV farming on the same land. The results show that considering existing electric prices, escalation rates, and installed costs, PV farm substitution for tobacco farming makes economic sense in many U.S. cases already. In a case study of North Carolina, 30GW of PV power capacity was found to be economically viable on existing tobacco farms and if conversion took place over 2,000 premature deaths could be prevented from pollution reduction alone. This meets the State's peak summer loads. Land use policies are discussed to facilitate such land use conversions for the benefit of the economy, the environment and human health.
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*Large arable land conversion to solar PV farms to meet growing demand *Decline in tobacco farming economics, potential arable land for PV farming *Growing PV economics, sensitivity analysis on tobacco and PV farming key factors *Calculation of tobacco and PV farming profit over 25 years with various sensitivities *Many cases where PV farming is more profitable than tobacco farming

Introduction

Rapid growth in solar photovoltaic (PV) global production capacity [START_REF] Masson | European Photovoltaic Industry Association "Global Market outlook for Photovoltaics from 2014 2018[END_REF], improvements in the solar energy conversion efficiency [START_REF] Green | Solar cell efficiency tables (Version 45): Solar cell efficiency tables[END_REF], and improved financing mechanisms [START_REF] Alafita | Securitization of Residential Solar Photovoltaic Assets: Costs, Risks and Uncertainty[END_REF] have all resulted in a radical decline in the price of solar electricity. This decline has resulted in a levelized cost of electricity that is now less expensive than traditional power in many regions [START_REF] Branker | A Review of Solar Photovoltaic Levelized Cost of Electricity[END_REF]. Thus PV represents an economical method of providing for a growing fraction of society's electrical needs. This is important as the total global energy consumption has increased substantially and it is projected to reach 34,454 TWh by 2035 [START_REF]World Nuclear Association "World Energy Needs and Nuclear Power[END_REF]. To prevent dangerous global climate change [START_REF] Moss | The next generation of scenarios for climate change research and assessment[END_REF][START_REF]Energy and Climate Change" World Energy Outlook Special Report[END_REF] and avoid externalities associated with other alternative energy sources [START_REF] Pearce | Thermodynamic limitations to nuclear energy deployment as a greenhouse gas mitigation technology[END_REF], this power will need to be supplied by renewable energy sources [START_REF] Pearce | PhotovoltaicsA Path to Sustainable Futures[END_REF][10][START_REF] Policymakers | The National Conference of State Legislatures[END_REF][START_REF] First | Renewable Energy Policy Network for the 21st Century[END_REF][START_REF] Jacobson | Providing all global energy with wind, water, and solar power, Part I: Technologies, energy resources, quantities and areas of infrastructure, and materials[END_REF].

To produce thousands of TWhs with solar electricity will involve the use of considerable land area [START_REF] Zweibel | A solar grand plan[END_REF]. Although much of this needed demand can be met with aggressive building integrated PV and rooftop PV [START_REF] Wiginton | Quantifying rooftop solar photovoltaic potential for regional renewable energy policy[END_REF][START_REF] Nguyen | Automated Quantification of Solar Photovoltaic Potential in Cities[END_REF][START_REF] Ha | The Application of LiDAR to Assessment of Rooftop Solar Photovoltaic Deployment Potential on a Municipal District Unit[END_REF][START_REF] Duke | Accelerating residential PV expansion: demand analysis for competitive electricity markets[END_REF][START_REF] Hoffmann | PV solar electricity industry: Market growth and perspective[END_REF], to meet all demands while avoiding the costs and negative externalities associated with conventional grid expansion [START_REF] Fouillet | Excess mortality related to the August 2003 heat wave in France[END_REF][START_REF] Vine | Adaptation of California's electricity sector to climate change[END_REF][START_REF] Klinenberg | Are You Ready for the Next Disaster?[END_REF], some arable land could be converted to PV farming.

Previous attempts to convert crop land to energy (e.g. ethanol production) have been blamed for rising global food prices and an expansion in hunger related suffering and mortality [START_REF] Lester | Why Ethanol Production Will Drive World Food Prices Even Higher in 2008[END_REF][START_REF] Lagi | UPDATE February 2012The Food Crises: Predictive validation of a quantitative model of food prices including speculators and ethanol conversion[END_REF][START_REF] Albino | Food for fuel: The price of ethanol[END_REF][START_REF] Fargione | Land Clearing and the Biofuel Carbon Debt[END_REF][START_REF] Heimlich | Use of U.S. Croplands for Biofuels Increases Greenhouse Gases Through Emissions from LandUse Change[END_REF]. A more sensible and universally beneficial policy would first target energy production on arable land that currently grows crops with known health hazards and, consequently, shrinking economic markets. This would result in both a private and a social benefit. As the health-related dangers for tobacco [START_REF]WHO report on the global tobacco epidemic, 2011: warning about the dangers of tobacco[END_REF][START_REF]WHO report on the global tobacco epidemic, 2013: enforcing bans on tobacco advertising, promotion and sponsorship[END_REF][START_REF] Barendregt | The health care costs of smoking[END_REF][START_REF] Murray | Global mortality, disability, and the contribution of risk factors: Global Burden of Disease Study[END_REF][START_REF] Peto | The future worldwide health effects of current smoking patterns[END_REF] are well known to the medical community (tobacco use causes ~ 6 million deaths per year globally and represents the leading cause of preventable deaths [START_REF]WHO report on the global tobacco epidemic, 2011: warning about the dangers of tobacco[END_REF]), it presents a suitable target crop. Despite substantial effort by public health officials to institute control policies [START_REF] Jha | Curbing the Epidemic: Governments and the Economics of Tobacco Control[END_REF][START_REF] Fichtenberg | Association of the California Tobacco Control Program with declines in cigarette consumption and mortality from heart disease[END_REF][START_REF] Wakefield | Impact of tobacco control policies and mass media campaigns on monthly adult smoking prevalence[END_REF][START_REF] Farrelly | The impact of tobacco control programs on adult smoking[END_REF], the U.S. Department of Health and Human Services considers the use of tobacco an epidemic [START_REF]Ending the Tobacco Epidemic: A Tobacco Control Strategic Action Plan for the US Department of Health and Human[END_REF] and controls have even been placed internationally such as the WHO's Global Treaty on Tobacco Control, which places broad restrictions on the sale, advertising, sponsorship, promotion, shipment, and taxation of tobacco products [38]. Despite these restrictions, economics provides an incentive to continue tobacco production. However, with the economics of PV ever improving, it may provide an economically beneficial path for tobacco farming decline. This paper investigates the economic impact of substituting solar photovoltaic farms for tobacco farms in the U.S. First, a sensitivity analysis on key factors influencing conventional agricultural economics is performed over a sensitivity of realistic future values including: i) crop yield (pounds/acre); ii) crop price ($/pound), iii) agricultural costs ($/acre/year) and iv) the profits ($/acre/year). Then the tobacco crop profit, is compared to a sensitivity analysis covering the profits of PV farming including: i) price per unit power installed ($/ W), ii) solar energy production as a proxy for conversion efficiency (kWh/acre), iii) electricity rates ($/kWh) and iv) revenue earned per unit area ($/acre). The tobacco estimates are generous as tobacco demand in north America is falling due to public health efforts. These values are then used to determine the potential profit for the farmers ($/acre) for tobacco crop substitution with solar photovoltaic farming. Finally, a selection of policy mechanisms are explored to evaluate methods to facilitate the land use conversions from tobacco farming to solar electric production for the benefit of the economy, the environment and human health.

Materials and Methods

Traditional Tobacco Agriculture Value Over 25 Years of Land Use

A case study is performed for tobacco growth in North Carolina [39,40]. The yield ranged from 2,389 in 2009 to 2,148 pounds/acre in 2015. The decrease in yield from the year 2015 onwards is primarily due to the end of the Tobacco Transition Payment Program (also known as the tobacco buyout) in 2014, which saw federal government payments towards tobacco producers and tobacco quota holders come to an end [41][START_REF]Tobacco Transition Payment Program Fact Sheet[END_REF][START_REF] Van Der Hoeven | Tobacco Buyout Issues: Inherited or Gifted Tobacco Quota Buyout Installment Contracts[END_REF]. This along with the reduced incentive for the intensive labor and complex farming techniques required for tobacco farming, caused by a decrease in demand due to the strict anti-smoking policies and tax regulations [START_REF] Womach | Consumption, and Export Trends[END_REF][START_REF] Liang | 6. Measuring the Impact of Tobacco on State Economies[END_REF][START_REF] Huntrods | Tobacco Profile[END_REF] lead to the decrease in the yield of tobacco. The price for tobacco was $1.61/pound in 2013. Based on USDA National Agricultural Statistics Services the yield is assumed to increase 1.5% per year and the price to increase 1% per year for 25 years.

The profits (Ptob) [$/acre/year] earned by a farmer from conventional tobacco agriculture is:

Ptob = Y * C -E (1)
Where Y is the yield [pounds /acre/year], C is the crop price [US$/pound] and E are the expenditures [US $]. E is held constant at $4,000/acre following [START_REF]Tobacco Production Manual[END_REF]. The cost of tobacco farming is extremely high in comparison to food crops due to high pre-harvesting variable & harvest variable costs [START_REF]Tobacco Production Manual[END_REF][START_REF] Eberly | Extension Agent, Farm Business Management[END_REF][START_REF] Foreman | Tobacco Production Costs and Returns in[END_REF][START_REF] Reed | 2012 FlueCured tobacco production guide[END_REF]. The values of profit per acre of tobacco farming are graphed as a function of time for the sensitivities.

Solar Photovoltaic Farm Value Over 25 Years of Land Use

By analyzing the land usage and requirements for solar PV farms in the United States of America, the acres of land used to produce solar power can be evaluated [MW/acre] [START_REF] Ong | Landuse requirements for solar power plants in the United States[END_REF]. The packing factors are taken from the worst case published scenario of 0.109 MW/acre to the average NREL studied packing factor of 0.1266 MW/acre [START_REF] Ong | Landuse requirements for solar power plants in the United States[END_REF].

These packing factors are used to create a model one acre PV solar farm at the locations for the case study from Section 2.1. Solar Advisor Model (SAM) (v2015.1.30, 64 bit) is used to determine the energy output (MWh/year) for the above packing factors. Table 1 summarizes the values used and the resulting energy outputs, which are then used as inputs into the economic model described below. A sensitivity analysis is performed on the rates of 5, 10, 15 and 20 cents/kWh, which envelope the ranges in the standard rates of electricity, using three historical electrical rate escalations of 1) 0.3% (from 2010), 2% (2016 projected) and 5.7% (from 2008) [52], representing the low, average and high cases, respectively. To be clear these electric rates are generic as they can represent either a displaced generation rate at the lower end (e.g. for a utility) up to a displaced residential consumer rate at the higher end (e.g. for a microgrid or PPA). Depending on the electricity market a decision maker is targeting, the appropriate rate in the range can be used for analysis as the sensitivity covers the entire range.

The levelized cost of electricity (LCOE) produced by the PV followed the calculation from Branker et al. [START_REF] Branker | A Review of Solar Photovoltaic Levelized Cost of Electricity[END_REF]:

(2)

Where:

T=Life of the project (years) t= year t E t =Energy produced for t [kWh] I t =Initial investment/cost of the system including construction, installation, etc. The values for the PV LCOE parameters are lifetime T= 25 years, initial investment (It ) was given by P nominal times the cost per unit power was taken over a range : $0.80/Wp, $1.00/Wp, $1.50/Wp and $2.00/Wp [START_REF]Technology Roadmap Solar Photovoltaic Energy[END_REF], M t +O t was set at 1.5% of It and d was taken to be 0.5% [START_REF] Branker | A Review of Solar Photovoltaic Levelized Cost of Electricity[END_REF]. The ranges of initial investment costs are taken to cover all possible scenarios.

The SAM is also is used to calculate the LCOE values for the case study location using the above assumed parameters. In addition, indirect costs like sales tax, land costs, engineering costs, grid connection costs were folded into the It and were not considered independently in SAM. The tax & insurance rates along with salvage values have also not been considered. Finally, no incentives are considered.

The two packing factor cases are 109 kW/acre and 126.6 kW/acre respectively. I(t) is calculated by multiplying the cost per unit power ($/Wp) with the packing factor values. Table 2 tabulates the results of LCOE calculation using the above parameters. 

Comparison

Finally the results of Section 2.1 and 2.2 are compared to find scenarios where conversion of tobacco crop land to solar photovoltaic production provides economic incentives for farmers. This data is plotted over an extrapolated 25 year time frame to obtain the net present value of investing in farm conversion.

Results

Profits ($/acre/year) from tobacco farming using equation 1 and assuming a yield increasing 1.5%/year and the price increasing 1%/year for 25 years is determined. It should be pointed out here that these are inherently conservative and thus optimistic assumptions for the price increases for tobacco given the large global efforts in the public health community to reduce tobacco demand.

The sensitivity analysis on the effective rate with three escalations rates (0.3%, 2.0%, 5.7% annually) on the bench mark electric rates of 5, 10, 15 and 20 cents/kWh is shown in Figure 1. In order to compare the profitability of PV farms with conventional farming the data and Fig. 1 are combined in equation 3 to generate profits shown in Figure 2 for case 1 packing factor of 109kW/acre. In Figure 2, $0.80/Wp, $1.00/Wp, $1.50/Wp and $2.00/Wp cost for PV systems is compared to the profits from tobacco farming. Similarly, Figure 3 shows the profitability of PV farms with conventional farming the data for case 2 packing factor 126.6kW/acre. Negative values of PV profits indicate that the PV substitution were not economic alone and were omitted for Figure 2 and 3 for clarity. It should be pointed out that this is why for example in the case of $2.00/Wp at 10 cents/kWh and 15 cents/kWh at an increase rate of 5.7%/year the values are shown far to the right on the x-axis as PV systems make economic sense only around the year 2020 and 2026, respectively.

As can be seen in Figure 2 and3, at an escalation rate of 5.7% per year, standard rates of 10, 15 and 20 cents/kWh, the PV systems prove to be more profitable than tobacco farming, when the cost per unit power is either $0.80 or $1.00/Wp and in a few cases, even at $1.50/W and $2.00/Wp. When the highest rate of 20 cents/kWh is considered, even with escalation rates of 0.3 % and 2.0 % per year, the profits obtained from PV systems installed for $1.00/Wp or below are higher than the profits from tobacco farming. Since the rate of 5 cents/kWh at all $1.00/Wp cases generate negative results of profits, they are not displayed. 

Economic Impact

As can be clearly seen from Figures 2 and3, PV farming makes more economic sense than tobacco farming when the generated electricity is sold at a low of 10cents/kWh at 5.7% escalation rate per year at $2.00/W and below cost price, as well as at a high of 20cents/kWh at 0.3% escalation rate per year at $1.00/W and below price per unit power. Considering the former, with the current average USA residential and commercial rates rated around 12 and 10 cents/kWh, respectively [52] escalating at a projected rate of 4% annually [52], PV farm substitution for tobacco farming makes economic sense in many cases already. This is particularly the case if the PV farm can arrange a power purchase agreement (PPA) with consumers or utilities.

The rapid decreasing installed costs of PV [START_REF] Feldman | Historical, Recent, and Near Term Projections 2014 Edition[END_REF][START_REF]Renewable Energy Technologies: Cost Analysis Series Solar Photovoltaics[END_REF][START_REF]Solar Industry Data[END_REF] as well as the government incentives offered for installing PV systems in most regions of the United States [START_REF] Goodrich | Residential, Commercial and Utility Scale Photovoltaic(PV) System Prices in the United States: Current Drivers and Cost Reduction Opportunities[END_REF][START_REF] Davidson | US Residential Photovoltaic (PV) Systems Prices, Q4 2013 Benchmarks: Cash Purchase, Fair Market Value, and Prepaid Lease Transaction Prices[END_REF] has built a very strong case for investing in large scale PV systems. With some regions in United States already averaging electricity prices of 18-23 cents/kWh [52] (e.g. Houghton, MI; Connecticut; Alaska) PV farming may already make financial sense if PPAs or microgrids can be arranged. Utility PV systems are already being installed in in the U.S. for less than $1.00/W [START_REF]Solar Industry Data[END_REF].

For example, in North Carolina itself, which is used in the PV simulations, the average residential rate is $0.11/kWh [52]. The results show that electricity generated from solar farms with realistic installation costs (e.g. $2.00/W) there is potential profit to be made for tobacco farm conversion to solar farms if agreements can be made with North Carolina's electric customers. This year (2017) the utility-scale solar systems were priced at an average of $0.99/W to $1.08/W [START_REF] Walton | Report: Utilityscale solar prices drop below $1/watt for first time[END_REF], so this criteria is now readily met. With an average of 232,000 acres used for tobacco farming in North Carolina [START_REF]guide Flue cured Tobacco[END_REF], and an average packing factor of 0.1266 MW/acre used in the study would produce an approximately 30 GW of solar power. Interestingly, the net summer capacity for North Carolina is 30.068GW and the state generates 125,936,293 MWh [START_REF] Eia | North Carolina Electricity Profile[END_REF]. Although the peak power rating is similar to the that needed in North Carolina, it should be pointed out that the capacity factor for solar is not 100% so could not supply all of North Carolinas electrical needs with tobacco farm area alone unless aggressive efficiency measures were put in place. However, to put this significant amount of power value in perspective, consider that the Solar Energy Industries Association expects the entire U.S. PV installed capacity to only reach 40GW in 2017 [START_REF] Kenning | US solar installed capacity to reach 40GW by[END_REF].

Health Impacts

It is important to note if the elimination of tobacco farming in the U.S. coinciding with a smoke free nation, more than 480,000 deaths per year in the United States from cigarette smoking and nearly 42,000 deaths resulting from secondhand smoke exposure would be prevented [START_REF]The Health Consequences of Smoking-50 Years of Progress: A Report of the Surgeon General[END_REF]. This represents a total of over half a million premature deaths prevented in the U.S. directly. In addition as the PV generated electricity would off-set less economic coal-fired electricity additional lives would be saved. A recent study found that if all coal-fired electricity production were eliminated by PV in the U.S. approximately 52,000 premature deaths would be prevented [START_REF] Prehoda | Potential lives saved by replacing coal with solar photovoltaic electricity production in the US[END_REF]. To accomplish this, 755 GW of U.S. PV installations are needed [START_REF] Prehoda | Potential lives saved by replacing coal with solar photovoltaic electricity production in the US[END_REF], so the percent of this total can be used to determine the additional lives (LA) saved following:

L A = ( P 755 GW ) ×52,000 (lives) ( 3 
)
where P is the power in GW for a given location. So for example, using equation 3, the 30 GW of potential PV that would replace North Carolina's tobacco fields would save over another 2,000 lives per year. As the primary and secondary health benefits of replacing tobacco with PV production are overwhelming and the economics are positive land use policies to encourage this transition are warranted.

Land Use Policy Impacts

The results found in this techno-economic analysis provide a strong case for a method to convert tobacco farms to economically more productive uses in general, however, there are practical limitations that any tobacco farm would need to overcome and appropriate land use policy could aid in the transition. The primary limitation is the capital cost of the PV system (e.g. a 10 MW PV farm priced at $1.00/W costs $10 million dollars) and tobacco farmers may not have either the capital or access to loans of that magnitude to enable the investment. There are several policy mechanisms that could be used to increase the rate of conversion by assisting the access to capital for the investment. These policies could expand past conventional land use policies such as zoning and take advantage of policies normally confined to the manufacturing sector. These policies can be enacted by the federal government to overall strengthen the U.S. economy while preventing more than 100X as many premature deaths every year than 9/11, the worst terrorist attack in U.S. history.

In the case where federal leadership is not available individual tobacco-producing states like North Carolina can implement the following policies at the state level. The policy suggestions are listed in order of increasing impact: (i) an income tax holiday, (ii) loan guarantee for construction, (iii) partially subsidize construction, and (iv) full construction subsidy. Each of these policy recommendations will be evaluated in turn. It should be noted that these are all positive reinforcing policies that only provide extra incentives to increase income for current land owners. Similarly, policies meant to increase the rate of tobacco farming decline (disincentive policies) could be used such as (v) tax land if it is used for tobacco farming, (vi) rezoning to separate tobacco farming into a special class and then eliminate it or (vii) simply ban all tobacco farming. As Geoghegan has pointed out there are many approaches to incentivizing desirable land use such as open space [START_REF] Geoghegan | The value of open spaces in residential land use[END_REF] and the income tax code can effect land use patterns. By offering farmers an income tax holiday at the federal or state level for conversion of tobacco farms to PV farms the economic profitability outlined in this paper are made stronger and provide a clear policy support to land owners. This, however, would result in the tax income loss from the existing tobacco production without replacing it with the more lucrative solar electricity value generation. For a revenue neutral approach, the increased taxes the government would acquire (or some percentage of them) again could be passed back to the converting land owners.

Second, similar to work land use policy related to the financing of urban regeneration [START_REF] Adair | The financing of urban regeneration[END_REF] governments can become involved to help farmers obtain the necessary financing to undergo the transition. The structuring of finance in urban regeneration projects [START_REF] Adair | The financing of urban regeneration[END_REF] or in a tobacco to photovoltaic farm conversion is seen as crucial in determining the viability of the scheme, as it enables a form of offsetting risk and in achieving an adequate return. In this case, by guaranteeing the project, the government effectively reduces the cost of capital as well as potentially making the entire project viable as the exposure of the lenders is greatly reduced. Again, this policy could be applied on a sliding scale from a percentage that enables the loan to take place (based on the financial situation of the land owner) all the way to a 100% loan guarantee from the government. A mechanism to reduce risk for all parties is a power purchase agreements (PPA), which guarantees a purchase price per kWh over an extended time period [START_REF] Alafita | Securitization of Residential Solar Photovoltaic Assets: Costs, Risks and Uncertainty[END_REF][START_REF] Davidson | Exploring the market for thirdparty owned residential photovoltaic systems: insights from lease and powerpurchase agreement contract structures and costs in California[END_REF][START_REF] Kollins | Solar PV project financing: Regulatory and legislative challenges for third-party PPA system owners[END_REF]. With a PPA in place, risks for the government with 100% loan guarantees would be substantially reduced [START_REF] Kollins | Solar PV project financing: Regulatory and legislative challenges for third-party PPA system owners[END_REF].

An even more aggressive method of creating preferred land use is direct subsidies [START_REF] Van Meijl | The impact of different policy environments on agricultural land use in Europe[END_REF], which is well-established practice to meet desired land use goals. As applied here, the federal or state government could (iii) partially subsidize construction, and (iv) fully subsidize the PV farm construction. As shown above this would not be a direct loss of the subsidized amount as the government would directly benefit from increased tax revenues from a) the taxing of the construction including materials and labor, and the taxing of the value from the solar electricity, which is greater than the tobacco sales. However, there would also be indirect revenue from solar farm employees and initial construction workers spending some of their earning in the local economy as well as increased economic activity due to the reduction in mortality and morbidity from reduced tobacco sales. Future work is needed to quantify these benefits.

These last three recommendations (v-vii) could be coupled to (i-iv) to prevent economic hardship for tobacco farm owners. The aggressiveness of the land use policy should be determined by the economic necessity. For example, in some regions tobacco farmers may only need a small financial incentive (e.g. policy i) to pull them into conversion, whereas others may not have the access to loans and policy ii is more appropriate. Although iii and iv at first appear radical, considering the number of saved American lives per year, the investments are modest compared to other health-related policy investments or the multiple trillions of dollars spent to reduce premature deaths from terrorism [START_REF] Carter | One 9/11 Tally: $3.3 Trillion[END_REF].

Limitations and Future Work

Previous work in Canada on solar farm location optimization has suggested selecting the candidates for new solar PV farms based on meeting three criteria: (1) located within 2 km from the transmission lines, (2) having an area of at least 100 acres and (3) a slope of no more than 4% [START_REF] Nguyen | Estimating Potential Photovoltaic Yield with r.sun and the Open Source Geographical Resources Analysis Support System[END_REF]. The degree to which these criteria can be relaxed in the U.S. due to improved solar flux in some locations and the shifting PV costs is left for future work. In addition to the purely technical limitations for a given location in order to make a farm conversion viable there must be a means of selling the solar generated electricity. Again the specifics based on regulations, incentives and utility rules vary widely on state and jurisdiction and future work is needed in this area. One potential mechanism with significant promise to benefit all parties is the PPA noted above [START_REF] Alafita | Securitization of Residential Solar Photovoltaic Assets: Costs, Risks and Uncertainty[END_REF][START_REF] Kollins | Solar PV project financing: Regulatory and legislative challenges for third-party PPA system owners[END_REF]. These prices can be flat or escalate at a known rate over time, which provides energy price security to buyers, whether groups of individuals, companies or utilities.

Finally it should be pointed out that this study has inherent limitations. It did not take into account the negative externalities of PV. Although these certainly exist [START_REF] Fthenakis | Photovoltaics energy payback times, greenhouse gas emissions and external costs: 2004-early 2005 status[END_REF] and authors have called for example, producer responsibility [START_REF] Mcdonald | Producer responsibility and recycling solar photovoltaic modules[END_REF] for PV, the solar-related externalizations and resultant morbidity and mortality is orders of magnitude less than the fossil fuels PV replaces [START_REF] Fthenakis | Photovoltaics energy payback times, greenhouse gas emissions and external costs: 2004-early 2005 status[END_REF]. In addition, this analysis does not provide a detailed economic analysis of the behavior of agricultural farming in the near future. For example, in the study, the yield and price of crops are assumed to escalate every year keeping into account the constant expenses per year. This was done both to remain conservative as pointed out earlier, but also limitations in the ability to predict future markets. Further research in this area is needed, particularly in the case of tobacco as there is significant evidence that the production is rapidly declining in the U.S. and may continue in the future as the demand is reduced [START_REF] Womach | Consumption, and Export Trends[END_REF][START_REF]Economic Facts About U.S. Tobacco Pro duction and Use[END_REF][START_REF]Guide to Fluecured tobacco[END_REF]. As was pointed out above, because of the large input costs of tobacco farming compared to other crops as demand decreases the yield tends to decrease, which again would have the effect of understating the magnitude of the potential benefits from converting tobacco farms to PV production. In addition, other crops could also provide tobacco farmers with increased profits while reducing premature deaths from smoking. In the energy field, in addition to PV discussed here, biofuel crops [START_REF] Calvert | More solar farms or more bioenergy crops? Mapping and assessing potential land-use conflicts among renewable energy technologies in eastern Ontario, Canada[END_REF] could also be considered in future work. Finally, future work could build upon this study to analyze state/government incentives while calculating LCOE, use of different types of PV systems (e.g. low concentration [START_REF] Andrews | Photovoltaic System Performance Enhancement With Non-Tracking Planar Concentrators: Experimental Results and Bi-Directional Reflectance Function (BDRF) Based Modelling[END_REF] and tracking systems [START_REF] De Simónmartín | Performance Indicators for SunTracking Systems: A Case Study in Spain[END_REF]) and the economic study of agriculture farming in the near future.

Conclusions

With the ever increasing importance of meeting the growing electricity demand with sustainable energy, this study analyzed the economic value of converting arable land currently used for tobacco production to photovoltaic farms. The results showed that with electricity generated from solar farms with realistic installation costs (e.g. $2.00/W) there is potential profit to be made for tobacco farm conversion. If all of the tobacco farms in North Carolina were converted to solar farms there is a potential solar generating capacity of 30 GW, which is equivalent to the States peak summer load. This North Carolina acreage of tobacco farming land, which occupies more than 200,000 acres, is currently considered a threat to global health by the World Health Organization, the U.S. Department of Health and Human Services, the Centers for Disease Control and Prevention, the National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health. If converted the same land would become an environmental and health related global asset while generating more profit for the land owners.
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 1 Figure 1: Sensitivity analysis on standard rates of 5, 10, 15 and 20 cents/kWh at escalation rates of 0.3, 2.0 and 5.7% per year respectively
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 23 Figure 2: Profits earned from PV systems for the case 1 packing factor of 109kW/acre using equation 3 for $0.80/Wp, $1.00/Wp, $1.50/Wp and $2.00/Wp cost per unit power against profits from tobacco farming

  

Table 1 .

 1 Optimal geometries for Jacksonville, NC with a fixed tilt of 31 o and 0 o azimuth. study.

Packing Factor: kW/acre Number of Modules Area of Modules m 2 Shading Loss Energy Output (MWh/year)

  

	109	360	691.6	1.6%	167.6
	126.6	420	806.8	1.6%	187.4

Table 2 :

 2 LCOE over 25 years for Jacksonville, NC

		I(t) for 109	I(t) for 126.6	LCOE with	LCOE with
	Cost per unit	kW/acre packing	kW/acre packing	109kW/acre	126.6kW/acre
	power ($/Wp)	factor ($)	factor ($)	packing factor	packing factor
				($/kWh)	($/kWh)
	$0.80	87,200	101,280	0.0940	0.0964
	$1.00	109,000	126,600	0.1119	0.1118
	$1.50	163,500	189,900	0.1544	0.1560
	$2.00	218,000	253,200	0.1901	0.2009
	The profits (PPV) [$/acre/year] earned by a farmer from the PV farm are:	
	PPV = E*(re-LCOE)			(3)
	Where E is the energy output [kWh/year], re is the rate of electricity [$/kWh], and LCOE is given
	by equation (2).				
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