Introduction

The Minnesota Department of Commerce’s guiding principles toward a renewable energy policy are: reliability, low cost, and environmental superiority. Minnesota’s current policy is a Renewable Energy Objective (REO). The Department of Commerce supports this policy because it allows the flexibility to meet all three of our guiding principles. The REO has already lead to significant increases in the percentage of electricity produced in the state from renewable energy sources and will continue to promote increasing that percentage. Most utilities are meeting the objective, and some are even surpassing it. The REO has given those utilities the opportunity to provide environmentally superior electricity to its customers, without having to raise rates or sacrifice reliability.  Additionally, the REO has already led to great economic benefits for rural Minnesota communities.
Many people in the state, however, are not satisfied with the progress that Minnesota has made in renewable energy development, and are advocating for a more aggressive Renewable Energy Standard (RES). The Department of Commerce opposes this proposal because it is not flexible. Mandating a renewable standard for every utility in the state is not practical and will have negative economic consequences for Minnesota. Commercial dissemination of renewable technologies is still a relatively new endeavor, and some flexibility is needed so that smaller utilities can safely explore ways to include renewables in their energy mix. In addition, flexibility is important in Minnesota’s renewable energy policy in order to ensure that infrastructure development stays in the state and local communities gain most of the economic benefits.  
This paper outlines the current Renewable Energy Objective and assesses its strengths and weaknesses relative to the proposed RES. It analyzes the availability of renewable energy sources in Minnesota and the technical and economic feasibility of increasing renewable energy in the state. Finally, it looks at the local economic benefits of the REO versus the RES. This paper does not delve deeply into the environmental benefits of either policy. While we consider this to be an important driver for renewable energy development, the Department’s main concern is with economic development for Minnesotans.
Minnesota’s Current Renewable Energy Objective

The Minnesota State Legislature passed a Renewable Energy Objective in 2001 and modified it in 2003, (Minnesota Statute 216B.1691).
 This statute requires utilities to make a good faith effort to ensure that 10% of retail sales of electricity to Minnesota customers is obtained from renewable sources by the year 2015.

The statute defines qualified renewable energy sources as follows: solar, wind, hydroelectric, hydrogen and biomass. Hydroelectricity facilities must have a capacity less than 60 MW.
 After January 1, 2010, any hydrogen used as a power source must be generated from solar, wind, hydroelectric and biomass energy sources. Biomass includes facilities to capture the heat value from mixed municipal solid waste as primary fuel and refuse-derived fuel. 

The statute also requires a schedule for meeting the objective. Beginning in 2005, 1% of electrical energy must be generated from renewable sources. During the years from 2006 to 2015, the amount of renewable energy will be increased by 1% per year until the goal of 10% by 2015 is reached. In addition, the statute requires that at least 0.5% of energy must be generated by biomass sources by 2005. This amount is to be increased to at least 1% by the year 2010.
 

The method of measuring renewable energy usage is determined by an order from the Minnesota Public Utility Commission (PUC). This order also determines the criteria for determining if a utility is making a good faith effort to meet the objectives. The order also includes standards to protect against undesirable economic impacts to the utility and the consumer as a result of the statute. In addition, the order includes a weighting system for giving multiple credits for renewable technologies that are deemed to be in the public’s best interest. Utilities are required to file renewable energy plans with the PUC every two years. The plan must report the utility’s status in meeting the objective, efforts to meet the objective, obstacles encountered, and potential solutions to the obstacles. 

The statute allows the PUC to establish a system of tradable renewable energy credits. Utilities are allowed to purchase these credits in lieu of generating or purchasing the renewable energy. In the event of passage of a renewable energy objective by a bordering state, inter-state trading is allowable with the requirement that the definition of renewable energy is compatible with the Minnesota statute.

The objective is a requirement for one company, Xcel Energy, defined as “the public utility that owns the Prairie Island nuclear generation plant.”
 Xcel is also required to “deploy an additional 300 megawatts of nameplate capacity of wind energy conversion systems by 2010” beyond the objective.
 Furthermore, at least 100 MW of that power must come from systems of less than 2 MW. This requirement and the requirement to distribute the 300 MW of wind power throughout the state are designed to promote economic development in rural, out-state Minnesota regions. Finally, Xcel is required to put forth a good faith effort to deploy 20 MW of biomass energy at a reasonable price (less than $55 per MWhr.)
 

Status, Projections and Challenges of Renewable Electricity Usage in Minnesota

In 2003, Minnesotans used 56,300,000 MWhr of electricity. This is estimated to grow to 72,200,000 MWhr in the year 2010 and 78,700,000 MWhr in the year 2015.
 In 2003, renewables comprised 11% of total energy usage mostly from large hydroelectric energy that does not qualify under the new statute. In 2010, renewables are estimated to comprise 17% of total energy usage with this percentage increasing to 20% by the year 2015.
 This amount, if achieved, will be double the amount of renewable electricity as stated in the statute. It should be noted that this growth would be attained largely through non-hydroelectric sources, which are projected to remain flat in total capacity.
 In fact, most of the increase in renewable usage will be attained with wind power. Wind power is currently expanding at a rate of 25% annually in installed capacity. The following charts show the anticipated renewable electricity mix until 2015.
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Figure 1.
 2003 Minnesota Renewable Electricity Mix (Actual)
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Figure 2.
 2010 Minnesota Renewable Electricity Mix (Forecast)
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Figure 2.
 2010 Minnesota Renewable Electricity Mix (Forecast)

This dramatic growth in renewable energy will result in the avoidance of 12.7 million tons of CO2, 31.1 thousand tons of SOx, 27.5 thousand tons of NOx, and 418 pounds of Hg being emitted into the atmosphere in the year 2015.
 

One challenge to renewable energy is the need to upgrade Minnesota’s transmission system to allow wind energy sources ready access to the power grid. The current system is not optimized for the geographic distribution of wind resources within the state and current lines are already operating at full capacity. We need to expand the capacity and availability of the transmission system, reduce delays in interconnection studies, and learn more about how to integrate wind power into the overall grid system without degrading system stability. The state of Minnesota can achieve this by exempting transmission facilities that help deliver renewables from a certificate of need, modifying the certificate of need requirements so grid system benefits are considered a priority, and giving transmission system operators cost recovery certainty for accommodating renewables.

Although the current REO is to be achieved by a good faith effort, (except for Xcel Energy for which it is required,) we expect the objective will be met and exceeded. Growth in renewables is currently being driven by strong growth in wind power, a resource that has been demonstrated to be cost competitive with conventional sources. Studies are underway to determine the optimal way to integrate wind power into the grid to avoid problems of intermittency and stability. The REO also allows for the free market trading of renewable credits that will provide a mechanism for market stimulation. To implement this, Minnesota will participate in the Midwest Renewable Energy Tracking System along with the Dakotas, Wisconsin, Iowa, Illinois and Manitoba. The REO also contains provisions for compliance oversight, testing and reporting.

Flexibility of the Current Renewable Energy Objective

Generating electricity from renewable resources presents a new technological and economic challenge to the Minnesotans. Given the relative immaturity of renewable technologies it is to be expected that there will be a learning curve for effective adoption. Many pressing issues need to be addressed for the first time such as equipment supply chain management, equipment reliability, renewable resource availability, resource intermittency, transmission system capacity, transmission system distribution, and overall grid stability. 

Due to these uncertainties, the up-front costs to utilities carry risk. Xcel Energy, being a large entity, has more experience providing renewable energy and has a lower risk than a smaller municipal utility or a small cooperative. The financial impact of unexpected outcomes can be absorbed more effectively by Xcel and will be less likely to be passed on to consumers. A large error in new technology investment for a small business could dramatically increase costs to consumers in rural areas where consumers are least capable of dealing with higher energy prices. In the worst case, a small energy provider could be driven out of business with a firm mandate. It is also likely that a small energy provider may be forced to purchase renewable energy from an out-of-state provider rather than purchasing energy from a Minnesota provider. This would be counter to the objective of obtaining a long-term future of homegrown Minnesota energy. 

The current REO is working largely due to recent advent of affordable wind power. We believe the objective will be met due to the current 25% annual increase in wind power adoption with only a slight increase in biomass adoption.
 The current REO calls for a moderate increase in biomass energy to spur innovation. However, innovation usually comes from large companies with resources to exploit and develop technologies or small entrepreneurial start-ups that specifically target new technologies to gain market share. The REO stimulates innovations while not placing an excessive burden on small businesses that cannot afford them at this time. In this way, the current REO accommodates the complex processes inherent in innovation and entrepreneurship.

For a lasting renewable energy policy to work it must be constructed to fit into our free market entrepreneurial system. We cannot deploy a policy that dictates to businesses exact prescriptions. The REO provides incentives to businesses to promote innovation and adoption, and gives them the freedom to choose new technology mixes without excessive government oversight. 

The Technical Feasibility of Renewable Energy in Minnesota

Investing in renewable energy will benefit Minnesota, and the state should pursue these benefits. Switching to renewable energy keeps money that would otherwise flow out of state to purchase electricity within Minnesota. It also reduces emissions of harmful pollutants such as mercury and particulate matter, as well as carbon dioxide and other greenhouse gases. It prepares Minnesota to work in a carbon-constrained economy, while reducing dependence on out of state resources. These factors all have very real impacts on the quality of life in Minnesota.

However, we must balance those benefits with other goals. Renewable energy faces constraints of availability, cost, reliability, transmission and other environmental effects.  Further, requiring all suppliers to convert to substantial renewable energy can complicate difficult economic circumstances for certain communities. Minnesota should pursue this economic opportunity, but carefully and flexibly to avoid undesirable, unintended consequences.  

Declining communities may face great difficulties in meeting a renewable electricity mandate. Shrinking communities may experience reductions in electrical demand as consumers leave. Forcing these communities to either build new generation infrastructure or purchase credits from other areas would increase the cost of electricity and potentially accelerate community decline.  

In the 2006 Annual Energy Outlook, the Energy Information Administration (EIA) of the U.S. Department of Energy predicts a 1.5% average electricity demand growth rate from 2004 to 2030.  This growth rate for 2006 through 2020, starting from a baseline of 5,755 gigawatt-hours, suggests that in 2015 Minnesota's demand for electricity will be 6,700 gigawatt-hours and in 2020, it will be 7,200 gigawatt-hours.  In 2015, the RES requires 15% renewable while the REO requires 10%, and in 2020, the RES requires 20% renewable. This means that the REO will call for 670 gigawatt-hours of electricity in 2015 and 720 in 2020, while the RES mandates 1,000 gigawatt-hours in 2015 and more than 1,400 gigawatt hours in 2020.
  See figure 1 for a summary.
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As stated above, the renewable electricity proposals define four valid sources of electricity: solar energy; biomass, including municipal waste; hydroelectric generation less than 60 megawatts in power; and wind generation.  Most of the existing renewable electricity in Minnesota does not count for these standards. Either it comes from Manitoba Hydro, and thus exceeds the maximum hydroelectric generation size or it counts towards mandates previously imposed on Xcel, which do not count for renewable electricity purposes.  

We evaluate the potential for these four resources based on four criteria.  First, we evaluate Minnesota's capacity for generation with a particular renewable technology.  Second, we examine how much it costs to generate electricity from this source.  Third, we look at issues associated with the intermittency and reliability of the generation, and finally we examine the relationship between location, including production of the resource, generation of the electricity, and consumption of electricity.

Solar power is technically feasible, but economically impractical in Minnesota.  Minnesota’s high latitude makes it a less than ideal spot for solar power, but angling solar cells allows photovoltaics to harvest energy more efficiently. National Renewable Energy Laboratory measurements place solar energy absorbed by sun-tracking panels at about 75% of the Phoenix, AZ values. The expense of[image: image5.png]Average Solar Radiation
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 solar units presents a greater problem. Both the Minnesota Department of Commerce and the National Renewable Energy Laboratory quote prices of approximately two dollars per watt.
  Compensating for the solar resource quality, we assume 60% efficiency.
 A high capacity factor for solar energy is 25%.
 Given a 25 year functional life at 5% interest, this still works out to 10 cents per kilowatt hour for the panels alone, using the most favorable numbers. In terms of reliability, photovoltaic generation has predictable and unpredictable intermittency. The seasonal and daily variation of sun position affects generation with a high degree of predictability, generally corresponding to peak electrical usage.
 Weather, particularly cloud cover produces less predictable variation in the solar resource. Looking at Figure 2, we can see that the solar resource varies across the state. However, the legend reveals that the variation is minor. Thus, solar is a plentiful resource, usable throughout the state, with regular variation corresponding to peak energy demand.  Nevertheless, it is a very expensive resource, and thus until photovoltaic prices drop dramatically, it will remain a minor renewable energy source in Minnesota. 
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Minnesota's biomass resources are significant and span large range of affordability. There is a small quantity of affordable biomass resources, and a large potential for highly expensive biomass.    See Figure 3, right, for an illustration of Minnesota's biomass resources available at various prices. Biomass has at most about half the energy per ton of coal,
 while coal costs around thirty dollars per ton.
  This implies that to be competitive, biomass must be around fifteen dollars or less. At this price biomass resources are quite scarce. Among the renewable options, biomass is unique in its similarity to fossil fuels.  It can be harvested anywhere to generate power in central plants.  It can be co-fired with coal, and generally has the same reliability profile as fossil fuels.  

The next resource, hydroelectric power is the best developed renewable source of electricity nationwide. As a result, little unexploited hydroelectric potential remains in Minnesota. Idaho National Laboratory performed an analysis of the unexploited hydroelectric resource in the United States. By their analysis, Minnesota has the potential to expand its existing hydroelectric resources by 109%, without considering construction costs.
 Examining EIA data, Minnesota generated 56 gigawatt-hours from hydroelectric sources in 2005.
 That means that, at most, Minnesota could generate about 120 gigawatt-hours per year, accounting for less than one fifth of the electricity required by the REO in 2015 or less than one tenth the requirements of the RES in 2020. It was difficult to obtain precise cost estimates for hydroelectric power, perhaps due to significant variability in provision costs, depending on site. Hydroelectric generation can produce power more reliably than other forms of renewable electricity generation, particularly solar and wind, if a dam is used to store water during low demand times and drained when demand peaks.  Hydroelectric generation is necessarily located near an appropriate resource, and thus may require significant transmission infrastructure to reach a use location.  

Wind power currently dominates Minnesota's renewable energy generation.  Minnesota has an excellent wind energy resource. Wind energy involves heavy up front investment in materials with operation and maintenance running much lower than for fossil fuel or biomass plants. Wind power is currently price competitive with conventional generation, though generally slightly more expensive. Wind power has the greatest intermittency problems of all of four allowable sources. Uncertainties associated with wind power are less regular than variabilities with solar power, and impose significant costs on the system.
 Similar to hydroelectric power, wind resources are location specific, meaning that wind generation must occur at the sites where the high quality resources are.  In Minnesota's case, this is largely the Southwest corner of the state, far from the major transmission lines. 

We therefore recommend that Minnesota aggressively expand wind generation, implement small scale hydro where feasible and continue to monitor solar and biomass for new developments that will lower costs. The REO allows individual electricity providers to pursue a generation mix that accounts for the reliability and affordability needs of their consumers while encouraging the development of Minnesota's renewable resources at a pace appropriate to individual communities' circumstances.

Economic Benefits of Renewable Energy 

Minnesota’s current Renewable Energy Objective leads to significant positive economic impacts for Minnesota. Promoting renewable energy development, especially at the local community level, fosters in-state job creation, business development, increased tax revenues, and an option for farmers to earn supplemental income.
 
Job Creation
Promoting wind energy has huge potential for job creation. Wind energy creates nearly 1/3 more jobs in the state than a coal plant, and 2/3 more than a nuclear power plant per unit of energy generated.
 According to the trade organization, Windustry, wind power creates 22 direct and indirect construction and manufacturing jobs per megawatt (MW) of installed capacity in Minnesota.
 In addition, for every 10 MW of installed capacity one operation and maintenance job is created.
 Under the current REO, wind power development is already having a significant impact on many Minnesota towns. The wind power plant near Lake Benton is the second largest employer in the town after the school district.
 During its construction, Lake Benton I employed approximately 200 people, with 50 full-time jobs. A company in Porter, Minnesota, has been building wind turbine towers for the last few years. This is one of the most important segments of the company and it is expected to grow, creating more jobs for that community.
 31 new jobs are supported annually in Lincoln County for the operation and maintenance of 107 MW of wind power.
 As the wind industry continues to grow, wind energy companies will seek to bring additional manufacturing facilities to the Midwest, and existing companies will develop new products to serve the wind industry, giving more communities like Lake Benton, Porter, and Lincoln County the opportunity to capitalize on the employment benefits wind power offers.
 It is important, however, that energy policies in Minnesota foster local community development projects rather than encourage large out-state production facilities. Local ownership of wind projects creates 300 more jobs per 200 MW over a 30-year period than large utility-owned wind farms.
 For that reason, the Department of Commerce proposed legislation in 2005 that encourages the development of locally-owned wind energy projects (see section on C-BED).

Supplemental Income for Farmers

Whether they lease their land for utility-owned turbines, or own and maintain their own wind energy project, wind energy offers important opportunities for Minnesota farmers to earn supplemental income. A landowner typically receives an annual payment of up to $5,000 per turbine, which can result in additional income of up to $70 more per acre.
 Every 100 MW of new wind development in southwest Minnesota can be expected to generate $250,000 per year in direct lease payments to landowners.
 Farmers can earn even more if they develop their own wind energy projects on their land and sell the energy to the utilities. The estimated cost of a turbine is $1-2 million, depending on its size, and it has an average life expectancy of 20-30 years. Once the turbines are fully paid for, profits to farmers who own and operate one or two turbines can reach $100,000 per year or more, depending on the electricity contract and level of electricity production.
 When farmers or rural communities develop and own wind projects, nearly all of the economic benefits stay local.
Business Development

Innovative energy projects also serve to foster business development in Minnesota. Several companies have been created in the state to support the wind power industry. Among them, a company called Minwind, initially formed by a group of nearly 70 farmers who had built four wind turbines, is in the process of building seven more large wind turbines, and there are now more than 200 farmers involved in the project.
 In addition, Great River Energy, Minnesota’s second largest utility, has announced plans to purchase the output of a 100-megawatt wind project in southwestern Minnesota. The project is scheduled to deliver energy to Great River Energy in 2005 to meet a portion of the energy needs of 29,000 cooperative members and fulfill part of Great River Energy’s REO requirement.
 As wind power gains popularity, and other renewable energy sources become more economically viable, additional businesses will be created by Minnesota entrepreneurs. The current REO gives these small-businessmen the opportunity to gain a piece of the industry because of its flexibility. The proposed RES would force utilities to fulfill their renewable energy requirements quickly and cheaply, making them turn to out-of-state sources and suppliers.
Increased Tax Revenues

According to Windustry, property payments from wind power projects range from one to three percent of the project’s value. Lincoln and Pipestone counties have already received substantial tax revenues from wind power projects at Buffalo Ridge. The counties received approximately $1.2 million in tax revenues in 2000. An article by Windustry also indicated that laws passed in 2002 make it possible for a 100-megawatt wind plant to generate approximately $370,000 in annual tax revenue for the duration of the project.
 Again, it is important that renewable energy policies promote in-state development in order to take full advantage of these revenues.
Community-Based Energy Development (C-BED)
In order to fully exploit all of the economic benefits offered by renewable energy development, the Department of Commerce proposed Community-Based Energy Development (C-BED) legislation in 2005 that promotes local development of wind energy projects. C-BED requires electric utilities to consider community-based wind energy projects, when seeking to add wind generation to its supply mix.
 Although utilities are not mandated to sign up C-BED projects, the statute requires the Commission to review and evaluate the efforts and activities of a utility to purchase from C-BED projects every two years when evaluating the utilities compliance with the state’s REO. The legislation also requires utilities to develop and offer C-BED tariffs. Under a C-BED tariff, the utility offers developers a “front-end loaded rate” for the energy from a community-based energy project. The front-end loaded rate means that the developer can receive a higher rate in the early years of a wind energy contract, during the years when the developer must service the debt on the project, in exchange for a lower rate in the later years of a contract. This financing tool is intended to allow C-BED projects to overcome financing barriers. In exchange, the C-BED developer must provide security to ensure that rate-payers receive the benefit of the project over the time period of the wind energy contract.
 Programs like these are essential to keeping the economic benefits of wind power in local communities and creating jobs for Minnesotans.
Minnesota currently imports almost all of its fuel used to generate electricity. The Department estimates that Minnesotans spend over $3.5 billion on electricity every year, nearly all of which leaves the state. It is important to promote “homegrown” energy sources such as wind and biomass to give Minnesotans improved economic opportunities and to keep money spent on energy in local communities. The current REO, partnered with the C-BED initiative, is working to accomplish that. 
Conclusion

Minnesota’s current Renewable Energy Objective is working to supply environmentally superior electricity to consumers without increasing rates or sacrificing reliability. The REO is flexible enough to allow small utilities, or utilities in areas of declining demand, to work to meet the objectives on their own time schedule, without endangering their economic viability. At the same time, the policy is firm enough to force the largest utilities in the state to significantly increase the percentage of electricity generation that comes from renewable sources. The REO is substantially superior to the RES in terms of local economic development. Minnesota’s capacity to increase renewable energy supplies is currently limited by technical barriers and cost considerations. Thus, a RES would force utilities to look to out-of-state providers in order to meet mandates on time. This would seriously undermine the goals of job creation, business development, supplemental income for farmers, and increased tax revenues for Minnesota. The Department of Commerce strongly supports renewable energy and would like to see it developed in the most efficient and cost-effective manner. For that reason, we support the current Renewable Energy Objective.
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Figure � SEQ "Figure" \*ARABIC �1�  The expected growth in Electrical Demand and the consequent minimums under both the proposed Renewable electricity Standard and the Renewable Electricity Objective.  Source: EIA Annual Energy Outlook 2006 and  Direct Use and Retail Sales of Electricity to Ultimate Customers by Sector, by Provider for Minnesota. 
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Figure � SEQ "Figure" \*ARABIC �2�  An illustration of Minnesota's Solar Resource, source: Minnesota Department of Commerce
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Figure � SEQ "Figure" \*ARABIC �3�  An accounting of Minnesota's available biomass resource, note the scarcity of low cost biomass, and the plentiful high cost resource.  Source: Oak Ridge  National Laboratory
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