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1.  Introduction


There is now broad scientific consensus that human activity is resulting in the emission of large amounts of gases which amplify the natural heat-retaining characteristics of the Earth’s atmosphere.  As a result of these emissions over previous decades, a certain degree of climate change is probably unavoidable.  Exactly what the effects of this change, and its extent, will be remain unclear.  However, it is clear at this point that global warming
 has the potential to significantly alter Minnesota’s environment, affecting Minnesotans’ economy and way of life.


Exactly what steps should be taken to address global warming, if any, is a matter of some debate.  While some argue that the economic costs of curtailing emissions outweigh the environmental benefits, others claim the opposite.  Some advocate immediate action at a state level, others at a federal level.  There is disagreement as well about whether action should be voluntary or mandatory.  


Because the bulk of greenhouse emissions can be traced to energy production
, taking major steps to address climate change will require a significant change in the way we use energy.  This, in turn, has the potential to result in significant economic impact – and it is this fact that many opponents to aggressive action focus on.


Others, however, argue that such changes can produce economic opportunities as well as risks.  A recent report by the University of California, for example, found that rather than posing an economic cost, many policies to address global warming had the “potential to help meet [California’s] ambitious [greenhouse gas] reduction objectives, while at the same time stimulating aggregate economic growth by increasing productivity and efficiency.”
  In Minnesota, proponents of renewable energy have pointed to the potential of wind power and biofuels to contribute to increased economic development in the state, particularly in rural areas.


This project seeks to provide an assessment of the relative climate change impact of several possible policy options for Minnesota, as well as the potential economic effects of those policies on the state.  Each of the policies represents an area in advocates have claimed potential benefits both for the state’s economy and with regards to greenhouse gas emissions.


This report is not intended to be authoritative or exhaustive.  Rather, it seeks to provide policy-makers and stakeholders with an idea of the magnitude of the results – both economic and climate-change related – to expect from the specific policies examined, and an indication of the major factors that will determine the success of those policies.


Two policies in each of the transportation and electricity sectors were considered.  These sectors were chosen because the burning of petroleum products for transportation, and coal and other fossil fuels for electric generation, represent the largest sources of anthropogenic carbon dioxide, the primary greenhouse gas.


In each sector, one of the policies focused on increasing efficiency, and thereby reducing the energy required to provide the same services, while the other focused on fuel-switching – that is, providing the same amount of energy from sources with fewer greenhouse-gas emissions.


In the electric sector, these policies were:

· Enhancing the Conservation Improvement Program by providing specific energy savings goals;

· A Renewable Electricity Standard, requiring utilities to provide 20% of their electricity from renewable sources by 2020.


In the transportation sector, the policies addressed were:

· The adoption of California’s tailpipe carbon dioxide emissions limits, known as the “Pavley” regulations (for the state legislator who authored them);

· The state’s current 2% biodiesel requirement, and the possible effects of increasing that requirement to 5%, 10%, and 20%.

2.  Enhancing the Conservation Improvement Program

Background

The Minnesota Conservation Improvement Program (CIP) statute requires electric energy utilities to spend 1.5% (2% if they operate nuclear power plants) of annual revenue on projects that reduce the demand for electricity. 
 Natural gas utilities must devote at least .5% of annual revenue on like programs. The programs provide benefits to nearly everyone involved in the energy system: Customers who participate in the energy conservation programs experience lower electric and natural gas bills; The utilities reduce their need to increase infrastructure, operating costs, and capacity; Society benefits from reduced pollutants created during energy production, notably the reduction of greenhouse gas and CO2 emissions.

The primary problem with utility run energy efficiency programs is that utilities have an inherent incentive to increase demand as it increases their revenue. As a part of the Minnesota statute, the expenditures for operating CIP are built back into the rate base structure, passing the cost of programs onto electric and natural gas consumers in the commercial, industrial, and residential categories. Utilities are also rewarded for exceeding their approved savings with a bonus that reflects the amount by which they exceed the energy savings goal, providing some incentive for utilities to implement the most cost effective, efficiently run programs to their ability. However, utilities do not recoup lost margins on their profits. 

In order to understand and monitor the effectiveness of CIP projects, all investor-owned, municipal, and cooperative utilities are required to submit a program plan biannually to the Department of Commerce. The four major investor-owned utilities (Xcel Energy, Minnesota Power, Otter Tail Power, and Interstate Power) must also submit an annual report detailing the results of CIP projects. The current reporting plan allows each utility to recognize the greatest potential among their customer base for demand side conservation, and allows the DOC to monitor the utilities fulfillment of their programs.

In 2005 the Office of the Legislative Auditor (OLA) for the State of Minnesota conducted a program evaluation of CIP. The major findings indicated that Minnesota CIP are cost effective and have the potential to provide cost effective energy conservation in the future. 
 OLA reported that the implementation of CIP projects reduces electricity consumption by approximately .8% per year and the benefit-cost ratio for electric conservation is 3.3
. 

While the average cost effectiveness for programs is 3.3, the cost and energy savings achieved varies depending on the test category, specific programs and from sector to sector. Program cost benefit ratios ranged from one to 5.4, but were always at least one and therefore always reflect greater benefit. This indicates great potential for cost effective energy conservation through CIP expansion.  The report also revealed that the utility estimates understate the benefits of the programs, and there is room for greater gains in energy conservation. 

The OLA research also led to recommendations regarding the program’s future, including procedural changes for reporting guidelines and evaluation, adjustments in the administration of low-income programs, and communication improvements among DOE staff and utility organizations. The cost-benefit analysis examined the participant, ratepayer, utility, and societal factors associated with CIP. While the societal test considered the cost-benefits of CIP in avoided environmental damage, it did not specifically address the CO2 and GHG reduction potential of CIP programs. 
What constitutes a CIP?

Through CIP projects utilities provide a wide range of energy efficiency services to commercial, industrial, residential, and low-income residential customers. Rebates and financial incentives that reward the use of energy efficient appliances and lighting, heating, and cooling systems are regularly offered to residential and commercial customers. More specialized energy audits and customized plans aimed at large scale operating efficiencies are commonly provided for large industrial customers. In each CIP the aim is to help Minnesota customers and utility providers meet state energy needs in the least costly fashion.

Building efficiencies in new construction and development are also considered a part of IOU conservation programming.  Although Minnesota building codes for minimum efficiency levels in new development are becoming more stringent, design assistance programs remain an important part of programming in the commercial, industrial, and residential sectors. 

In this section of the paper we’ll discuss two proposed statutes to the CIP program.  While CIP includes both electric and natural gas sector programs, we will specifically examine the implications of policy recommendations in the electric sector.

Proposed Legislation

The current Minnesota CIP system has been evaluated as being cost effective and having potential for further demand side management through CIP.  With growing energy demand the time is right to capitalize on the potential of demand side management programs in Minnesota. Two proposals to amend existing legislation have recently been presented which would enhance CIP regulations to include an annual end reduction goal:

· Policy A
 - Proposed in the MN Senate in March 2006, this policy requires the Commissioner to impose an energy reduction objective of 200 MW to be met each year through CIP. 

· Policy B
 -  Not officially introduced into Minnesota State legislature, this policy was drafted last year. It is vaguely worded, and introduces an objective to reduce 1.5% of the state’s electricity sales annually. 

Both mandates maintain the current financial and administrative structure of CIP, adding an outcome measurement to improve the program effectiveness.

Conservation Improvement Programs in Other States

Twenty states deliver CIP through utility restructuring legislation, while others, including Minnesota, have not undergone utility restructuring but require CIP through separate mandates. There are various approaches to operating programs, the most widely used is a system benefits charge (SBC) in which utilities generate their own fund or pay into a state administered fund to finance energy efficiency programs. A relatively new approach is Energy Efficient Performance Standard (EEPS) for utilities, which creates a set energy-savings target required for a certain period of time. Currently Texas is the only state that evaluates demand side management entirely through and EEPS goal. 

Wisconsin

In the Midwest, Wisconsin has led as an early adopter of energy efficiency and conservation programs.  The state was ranked among the top ten programs in the nation in an ACEEE demand side management summary report.  Wisconsin’s SBC fund is created from rate based fees and customer charges, and programs are administered through separate non-government agencies referred to as Program Administrators. The Program Administrators work with the Division of Energy to determine funding allocation and program priorities. Municipal and cooperative utilities can either choose to participate in the SBC programs or opt out, in which case they must fund and administer their own programs with approved funding levels.  

The separation of program administration from the utility provides both advantages and disadvantages to the overall system.  On the one hand, programming is consistent, equitable, and measurable among all customer categories no matter who the energy provider.  However, we have established the lack of incentive for utility interest in curbing customer demand, and removing CIP from utilities eliminates one of the few efficiency and conservation incentives.  The SBC model also has financial weaknesses; The nature of the Wisconsin SBC fund and state budgeting process have left the program susceptible to statewide budget cuts and the reallocation of CIP funding. 

California

California has noteworthy energy efficiency programming which evolved as a result of 1996 restructuring and was further shaped by the 2000 electricity blackouts. After the blackouts, the state responded with drastic CIP policy response including set energy and peak reduction goals. An energy efficiency incentive called “20/20” was also launched, which awarded a 20% credit to investor owned utilities who reduced their customer demand by 20% over the previous year. The result was astonishing – by 2001 the annual adjusted (for weather and growth) peak demand in energy consumption from California Investor Owned Utilities had dropped 6.7%.
  California was able to sustain the demand reduction; Through 2002 the peak demand growth remained at half of what it was prior to the blackouts.  


The California scenario provided the state and nation a working example of the energy savings potential of demand side management programs.  With legislative requirements and incentives, monitoring and enforcement, and the funding to support cost effective programs, CIP demonstrated their ability to significantly increase energy efficiency and reduce demand.  

Minnesota

Minnesota has been a leader in administering strong energy efficiency programs for several years. A 2000 ACEEE ranking report placed Minnesota within the top six states in the nation for energy efficiency programs.
 Utility-based energy efficiency programs save an average of .5 to 1% annually.
 The .8% saved through the Minnesota program each year positions the state in the middle of other programs, and still demonstrating potential for improvement. 

Minnesota uses a modified SBC by directing utility revenue directly back into programs, but has no separate fund and relies on direct utility funded and administered programming. The proposed policy changes would create a hybrid program, which would include SBC and EEPS elements.

In 2002, the ACEEE conducted a review of the leading CIP and energy efficiency programs in the US. The results showed that overall the Midwest does not emerge as a leader in its programming. Projects like RE-AMP, which bring together states in the Midwest region to address global warming and greenhouse gas emissions, demonstrate that local stakeholders are taking steps to become more proactive in energy conservation. Minnesota’s strong conservation history and involvement in such projects help position the State to become a leader in achieving GHG and CO2 reductions through improved CIP. Adding an EEPS reduction objective through enhanced legislation is one way to continue the legacy of strong CIP legislation in Minnesota. 

What is CIP Potential

Increasing customer energy efficiency and reducing energy demand are two proven strategies that result in reduced greenhouse gas emissions, economic returns energy consumers, and greater economic development opportunities in many categories. The cost-effectiveness of saving energy compared to the cost of producing it essentially means that we are paying a premium for wasted energy in the State of Minnesota. 

In 2003 the average cost of saving energy through CIP programs operated by Xcel Energy were $.01 per kWhr and $330 per kW.  Compared to the cost of generating energy through coal at $.06 kWh, we are generating and consuming energy that we do not effectively need to maintain our current level of living.   The current lack of expansion of CIP projects are wasting energy and creating unneccessary costs – environmental and economic - to Minnesota customers.

The cost of saving energy through CIP also does not consider the additional economic, environmental and societal benefits to Minnesota residents. Although electric energy costs are low and constitute an average of only 1% of residential and business spending, business and industry which are large scale energy customers stand to gain a lot of money through reduced consumption.  Conservation can cut the cost

are paying would be using less and paying less for annual energy costs, therefore freeing up money for other expenses like wages, business development, facility improvement and other expenses. The residential customer would have more money to spend on other expenses. 

The reality of CIP is that in some way, the customer will always pay. Either through the rate base increase or an increase from businesses passing on increased costs through the price of services and goods. But, the customer will also experience the many societal benefits, which are greater than the cost of the program, whether they realize this or not.

Environmental Implications


To develop an estimate of greenhouse gas and CO2 emissions, we examined the demand for electricity in Minnesota, created a profile of fuel sources and generation both in state and out, and calculated the emissions produced to meet the demand in 2004. (See methodology, Appendix 1) Through historic data we projected the future electric demand based on an annual growth rate of consumption of 2.1%.  To determine the implication of CIP on energy consumption and resulting greenhouse gas emissions, CIP reporting data from the IOU through 2003 was referenced.  Municipal and cooperative data on CIP is not available.  Using the past ten years CIP data as a baseline, we projected the demand savings in the coming years if programs continued to operate as they have in the past.

In 2003, IOU run CIP resulted in an estimated electricity demand savings of 328 million kWh and a capacity savings of 129 MW.
  There is no official estimation of municipal and cooperative utility energy savings from CIP. However, if these utility programs produced a comparable energy savings outcome to IOU, an estimated additional 30MW would have been saved in 2003.  Policy A calls for an objective to reduce overall demand to save 200 MW of capacity per year, which would mean an increase in programming to achieve 31MW additional capacity starting in 2007.  Policy B addresses a percentage reduction in the actual kWh demanded, and calls for at least a 1.5% decrease in energy demand over the previous year. 

Both legislative measures would result in noteworthy CO2 and GHG emissions reductions.  However, with demand growth, neither produces enough energy or capacity savings to level the rate of carbon emissions Minnesota energy use is creating. 

If programs operated on a business as usual basis, with the continuation of programs that achieve the current level of savings it will result in an estimated reduction of ____million metric tons of CO2 over the years from 2007 to 2020. The implementation of Policy A would reduce the cumulative CO2 emissions from the electricity sector by about 7 million metric tons of CO2 by 2020.  Policy B would produce twice that cumulative reduction in CO2 emissions, saving a total of nearly 15 tons of CO2. 


Insert chart with baseline and both policy options.

A large amount of coal would also be saved. Starting in 2007 would result in a cumulative savings of 4 million short tons of coal through 2020 and Policy B would eliminate the need for about 8 million short tons of coal.  

The greatest difference in the approaches is that the MW reduction objective produces a flat result that does not increase with annual customer demand, while the percentage approach will require an annual increase over the previous year, thereby increasing as demand increases.  On a year by year basis, Policy B experiences increasing demand savings as the years go on. Following is a chart that illustrates the year to year savings of each policy option.

Insert chart with annual emissions.

While the savings achieved through CIP policy are equivalent to  removing……cars from the road, they may not be as high as they could be if the actual CIP potential were met.  The Midwest Energy Efficiency Alliance reported the technical potential for Electric Energy Efficiency in 20 year’s through CIP to be 20% of the base case, and the achievable potential to be 8.3%. If CIP indeed have the potential to reach the achievable level, the demand savings would be four times the projected Minnesota demand growth. 

Using our baseline data for the year 2020, this would mean that demand would actually be……and emissions would be …..lower in that year. 

CIP’s are proven cost effective, but this outcome produces a minimal dent in the demand growth that Minnesotan’s are placing on the electricity system. In fact, the Table illustrates that on a yearly basis, the demand savings of Policy B over Policy A is quite significant – amounting to more than double the electricity demand savings of Policy A. Due to demand growth, the yearly demand for electricity increases so that the reduction seems insignificant. After the accumulation of 2.1% demand growth through 2020, Policy B cuts into total use by 1.5%, while Policy A decreases the cumulative demand by less than one tenth of one percent. Considering estimates that project the potential for CIP to reduce consumption by up to 30%, this objective does not seem aggressive enough in realizing the potential outcomes of the CIP system. 

Given the choice between the two policies, the latter policy objective better addresses CIP potential at reducing the electricity demand over the coming years. Instead of the flat MW reduction, which presents diminishing demand reduction impact as we approach 2020, the percentage goal somewhat keeps up with the increasing demand the state is experiencing. An even greater impact of CIP would be a combined policy strategy with an alternative energy replacement such as a Renewable Energy Standard. Later in this paper we will consider projections for a combined CIP/Renewable Energy Standard Suite. 

Economic implications

Minnesota utilities devoted $91 million dollars to CIP in 2003. The major costs associated with CIP are the customer cost of purchasing energy efficient products and the utility costs of program operations. The customer purchase of energy efficient products is helped by the provision of rebates, and the utility program costs are passed on to customers. 


Estimates of specific customer savings from reduced energy consumption vary. Conservation efforts in 2003 resulted in an estimated $238 million in net benefits for Minnesota.
 While these estimates include the reduced societal costs of environmental damage and avoided costs of utility development, they also include the direct savings that customers receive from reduced energy bills. The money saved on reduced energy bills goes back into the economy through other consumer purchases and savings. 

One of the great difficulties with CIP has been in measuring and quantifying their effectiveness. The value of the programs can be variable, dependent on customer use patterns, implementation, and energy use substitution. The relative low cost of electricity also affects the effectiveness of CIP, as consumers see negligible differences in the cost of their consumption through energy efficiency measures. The long-term costs of conservation measures may produce great savings, but the monthly cost and percentage of operation cost that energy comprises may not be enough to incentivize conservation. CIP are designed to provide additional incentives to encourage customer participation in efficiency measures. (Chart with examples of paybacks on various CIP programs?)

CIP projects are primarily implemented by customer class in the industrial, residential, and commercial categories. In 2003 the OLA indicated that 47% of utility CIP spending was in the commercial and industrial sector producing 79% of the total energy savings. In contrast, 53% of spending in residential sector resulted in just 21% of the total energy savings. The characteristics of the customer and programs in each category vary, as does the proportion of savings to spending for each class. From a straight economic perspective in achieving a conservation objective, strengthening programs in commercial and industrial categories is favorable over residential programs. 

Lifetime costs of various programs – have to develop this still. 

Potential is missed through these policies

Areas of Greatest CIP Growth Potential

While the policies do instigate an important first step at setting a demand side management energy savings by addressing capacity it misses the impacts of demand growth, it may not be aggressive enough considering the potential of CIP, and it does not address some of the structural and administriave issues with the program.

The two outstanding areas for attaining improvements in demand through CIP are with cooperative and municipal utility providers and in increasing programs in the quickly growing residential sector. In Minnesota, the potential in these two areas is currently converging in cooperative and municipal territories, creating a premier opportunity for energy reduction through CIP. However, neither policy addresses the need to strengthen CIP in these two areas or creates a successful strategy to achieve greater conservation improvements.

Cooperative and Municipal Utility Programs

Cooperative and municipal utilities represent a total of 32% of the State’s electricity consumption. Great River Electric Cooperative includes 28 member distribution cooperatives, is the largest electric cooperative and second largest energy provider in the state. Great River delivers to the fastest growing areas in Minnesota; an estimated 85% of new construction in the State of Minnesota is occurring in the Great River Energy delivery jurisdiction (personal discussion Bresven). The Minnesota Growth Corridor includes St. Cloud, Rochester, North Central Minnesota and “Collar” counties (surrounding the Twin Cities Metro area), with the exception of municipalities. Great River services nearly the entire growth corridor.

The Great River Electricity customer base is 94% residential. The residential customer category holds low returns for energy conservation relative to the industrial and commercial sector, but the amount of new development indicates great potential.  New construction efficiency and conservation programs are much more cost effective to apply than are retro-fits or recommission projects. These quickly growing residential areas present essential opportunities for implementing CIP in the form of energy efficiency building and design, appliance, lighting, window and insulation installation.

While much of the Great River territory growth is occurring in the residential sector, the industrial and commercial sectors are also increasing. Minnesota economic development projects have focused on building industrial clusters in smaller towns and cities such as Winona. These clusters support development in all categories and provide prime opportunities for front end demand side management programs that increase efficiency and reduce demand at a lower cost. 

Large municipal utilities are also just beginning to experience the organization required to see success in CIP implementation, and so there is hope to see greater reductions in customer demand in the coming years. Towns like Duluth, Brainerd, and Rochester are addressing the administrative issues and establishing the capacity needed to implement stronger CIP projects.
 As these programs develop demand will begin to decrease throughout the state. 

Expansion of existing programs

In the previous section we evaluated the cost benefit ratios of programs in the industrial, commercial, and residential sectors. Xcel plans to achieve 89% of their total electric energy savings goal and 59% of total natural gas goal through commercial and industrial programs in the 2005/2006 program years.
  This is one immediate way to maximize energy saving returns on CIP investments.  CITE XCEL COSTS OF COMMERCIAL AND INDUSTRIAL PROGRAMS

Many cost effective programs in the residential segment also show a great deal of unrealized potential.  The following table illustrates the saturation of appliance and lighting programs in Minnesota. Clearly there is potential for increasing rebate programs in the Energy Star® and lighting categories. Xcel energy reported the cost effectiveness of rebates for energy efficient programs to be greater than one in all cases.
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Based on MEEA Data 2006
Minnesota utilities have the potential to improve these programs in the residential sector at a low cost. The table below illustrates that the implementation of low cost electric energy efficiency CIP have the potential to achieve over 800 million kWh savings in the 20th year. Programs are evaluated over a 20 year period. This is an estimated 8.3% of the base case projected for that year. If these projections are accurate (or even closely capture the existing potential), the 200 MW demand reduction objective does not set an aggressive enough objective to maximize the potential available through existing CIP projects
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Based on MEEA Data 2006
Market Awareness

One of the indirect benefits of demand side management programs is their role in changing consumer attitudes and behavior. In the long-term CIP can influence customers’ energy use decisions in order to reduce the demand of electric consumption. A recent study of seven Midwestern states revealed that Minnesota ranked last in customer awareness of Energy Efficient measures. In the residential sector 69% of Minnesota customers reported that they were “Not at all aware” of the Energy Star® label.
 

This element of the program is in direct conflict with utility efforts to expand customer demand and sell more electricity. Both IOU and cooperative utilities have outgoing marketing efforts that help encourage economic development and growth within their regions. While Xcel Energy devotes about $300,000 a year to residential consumer education of energy conservation, they also offer custom consultations on commercial and industrial growth programs and incentives for businesses who relocate to their area.

The returns on this aspect of CIP may be experienced through broad customer markets but returns are difficult to measure.

Limitations to Achieving CIP Potential

Both policies outline a system by which the Commissioner would be responsible for determining how the electric savings objective would be met. Within the current CIP system structure there are some challenges that prevent the success of expanding energy efficiency programs in Minnesota.  The proposed legislation does not specifically address these issues, but they should be considered in determining the best way to achieve the program objective.

System Structure

An outstanding problem with utilities run CIP is that the utilities make money by selling energy. While State mandate attempts to address this problem, it does not compensate for lost margins on revenue gains and therefore does not completely remove the underlying issue. For cooperative utilities, revenues are closely tied to the gross amount of electricity sold to providers, leaving little room for conservation incentives.  Municipals may have a general economic interest in keeping costs down for their customer, as it theoretically keeps more money in their pockets and subsequently spent in their communities, but reap none of the direct benefits of administering CIP. With the existing utility structure in Minnesota, all utility providers stand to gain more revenue from growth than from existing efficiency programs. Therefore the provision of CIP must be monitored and enforced in order to realize electricity demand savings.

Municipals also chose who will provide their electricity based on the best rate or package offered to them by an energy provider. The contract is for a fixed period of time, and the municipal provider can change energy providers if they choose. To be tied to an energy provider through efficiency programs and CIP does not allow them the flexibility they desire in securing the best rates. Were CIP seen as an added value for municipals, energy providers could in fact enhance their offers and appeal to municipals by administering demand side management programs.

The system structure for municipal utilities is such that there are no rewards and increased administrative work accompanying CIP. Because they are the distributor of the electric and natural gas energy, they do not gain any direct economic returns from rate adjustments and don’t stand to gain the potential savings from avoided costs of development and transmission expenses.

Program Administration

The Department of Commerce faces a difficult administrative task in providing adequate oversight for Minnesota utility run CIP. During the annual review of IOU program results the DOC assesses the cost effectiveness of programs and verifies that utilities have met their goals. IOU programs are numerous and complex and this review process is indeed time consuming. Minnesota has 126 municipal providers and 46 distribution cooperative utilities. Even though these programs are of smaller scale the administrative burden that would accompany a review of program results for each of these would be overwhelming.



While the IOU programs have developed administrative systems that create, implement, and track their CIP and program results, municipal and cooperative utilities are much less organized.  Most municipal and cooperative utilities struggle internally with administering and overseeing CIP. The revenue percentages devoted to CIP on behalf of municipal and cooperatives vary, ranging from $17 million for Great River Energy to $400 for the City of Blue Earth. With such small rations for operating programs the allocation of staff time to administer the program may not seem worth while.

Likewise, the DOC has a means to evaluate the IOU reports but has had difficulty tracking municipal and cooperative CIP.
  Municipal and cooperative utilities do not have a consistent metric to measure the success of their programs and report extremely variable results in program results. Municipal and cooperative utilities reported an energy savings from CIP ranging from .06 to 26.19 kilowatt-hours per dollar of CIP spending where IOU’s savings ranged from 5.81 to 10.24 kWh per dollar spent.
 This discrepancy illustrates the magnitude of inefficiency from the tracking, implementation, and effectiveness of municipal and cooperative program administration.

The resolution of these two factors are imperative in maximizing demand side management potential in Minnesota. An effort at improving the accountability and organization on behalf of municipal and cooperative conservation program would create a more effective CIP system and allow Minnesota to better meet a proposed objective. 

Stakeholders


The stakeholders in Minnesota CIP system are as narrow as the utilities themselves and as broad as every consumer of electricity and natural gas in the state. The primary stakeholders include the State Department of Commerce, who oversee the program, evaluate CIP plans, and review annual program results. IOU’s are the other important stakeholder, as they are the service providers accountable for funding, developing, implementing, and reviewing CIP. While these two agents have the most interest in the program, they 

Sustainability and Long-Term Success of CIP


Conservation and efficiency programs have been proven successful in reducing consumer demand. They have also been evaluated as having great long-term potential for continued success without diminishing returns of their benefits. While some programs will phase out, become unnecessary, or obsolete due to policy changes, new programs will likely replace them bringing new levels of efficiency to utility customers in all categories. 


There are currently two areas which have outstanding potential for improving the success of Minnesota CIP: greater organization and accountability in municipal and cooperative utility programs and reporting and increased programming in all sectors of the fastest growing regions in the sates.

Other considerations should be made in securing the long-term success of CIP programs. 

Program duplicability – the long-term success of programs can be assisted by creating programs that are easily duplicated and providing the money to support their transfer particularly to quickly growing municipal and cooperative utilities.


Front-end CIP projects in new development– that provide efficiency measures prevent the need for changes and retro fitting down the road. Programs such as energy savers where all customers are enrolled unless they choose to opt out would 


Improvements in evaluation and measurements of program benefits. These are already getting better, and the OLA recommendations for utility improvements make even more consistent the measurements used to evaluate the effectiveness of programs. 


Although CIP are proven effective in reducing demand for electricity and natural gas, the environmental benefits of policy reforms are contingent on demand growth. If demand continues to grow at its current rate, even an increase in CIP to reduce demand will not provide a reduction necessary to slow greenhouse gas and CO2 emissions in MN. Paired with another policy, like an RES, the CIP program has greater impact. 


Slowing the increase of demand in Minnesota means fewer new generating facilities, lower costs to utility customers, and lessened environmental impacts from Minnesota energy users. 

Methodology

The electric and natural gas model used for the RES section was also used for the conservation improvement section. All assumptions for baseline hold true for this section. 

The data used for the CIP analysis came from the Investor Owned Utility CIP reporting data obtained from the Department of Commerce. The reporting documents include the approved demand and capacity electricity saved through CIP and the actual demand and capacity electricity saved through CIP for the years 1994-2003. As the policies evaluated include a capacity objective as well as a percentage of demand objective, the following assumptions were made:

· Capacity was calculated according to the ratio that IOU’s applied to previous reporting data and included a 35% capacity factor and year round operation. 

· Data was not available for year’s beyond 2002. We created ratios of the approved demand over the actual demand for past years and applied them to missing year’s to create estimates of what CIP would produce in those years.

· The MW reduction objective was applied to the annual estimate of energy use as calculated in the baseline with 2.1% demand growth.

· For “Policy B” we assumed that the 1.5% reduced demand objective was over the previous year’s use, not over the previous year’s demand. Because 2.1% demand growth is an average, in most cases the annual demand did not increase at this exact level.  Our analysis assumed that the policy would require an actual 1.5% demand reduction over the use of the previous year, starting in 2004.

Electric Sector – Combined policy efforts


Within the inner working of the electrical system, no single fuel source, energy producer, distributor, or utility provider acts on its own. The grid is entitled such as it is a complex network of energy systems meant to best meet the demand needs of society. Likewise, political measures must address the complexity of the energy system with realistic policies that meet the various demands within the system. In other words – no policy works independently. 

An energy policy duet, where increased demand conservation partners with renewable energy standards, could achieve lower greenhouse gas and CO2 emissions in MN.  In this scenario, CIP increases help lower demand growth, and RES acts more as a replacement of current energy fuel sources.  The result is an actual reduction in emissions over time, and may actually have an impact on the growing rate of global warming. 

The policies examined in this section include two approaches at increasing CIP.  The second scenario, where CIP are increased as a percentage of annual demand, allows for the programs to increase as demand increases.  If an RES is implemented alongside this approach, there is actually the opportunity to see a real CO2 reduction by the year 2020.


3.  The Renewable Electricity Standard

Background

In 2001, the Minnesota legislature passed a Renewable Energy Objective (REO), requiring all electric utilities in the state to make a “good faith effort” to generate 1% of the electricity they sold in Minnesota from renewable sources by 2005, increasing by one percent per year to 10 % by 2015.  In 2003, this voluntary objective was made mandatory for the state’s largest utility, Xcel Energy. Previous requirements for Xcel to obtain wind generation capacity were not to be counted towards meeting this target.  In addition, the law specifies that 1% of the state’s electricity is to be derived from biomass-fueled generation by 2010.


In January 2005, the Minnesota Department of Commerce submitted to the legislature its “Report on the Progress of the Minnesota Renewable Energy Objective.”  The report found that on the whole, the state was making progress towards the renewable energy goal, though some individual utilities had not reached the specified level of renewable generation.  Roughly 3% of the electricity generated in the study period (July 1, 2003 to June 30, 2004) was found to be eligible for the REO, though approximately 11% came from sources which could be considered renewables (primarily large-scale hydropower).  Nearly half of the elegible renewables generation was from biomass, due primarily to the fact that most of Xcel’s existing wind capacity is ineligible for the REO because it was installed to meet previous wind capacity mandates.


In 2005 and 2006, bills were proposed in the Minnesota legislature that would change the REO’s requirements in two ways:  first, by making them mandatory for all utilities, and second, by increasing the total share of renewable generation required, to 15% by 2015 and 20% by 2020.  This study examines some of the possible implications of creating such a Renewable Electricity Standard (RES), relative to the existing requirements.

Renewable Standards in Other States

Nineteen states other than Minnesota, plus the District of Columbia, currently have renewables standards in place.  Most of these specify a percentage of the state’s electricity consuption to be obtained from renewables by a target year, though two (Iowa and Texas) specify a level of generation capacity to be installed.  The specific targets and program design vary significantly between states; Minnesota’s current 10% by 2015 and the proposed 20% by 2020 targets are neither the most nor least aggressive policies by comparison with other states.  Wisconsin recently increased its target from 2.2% by 2012 to 10 % by 2016
; utilities were well ahead of the targeted level in 2004.
  Wisconsin’s target is thus the most aggressive requirement (as opposed to Minnesota’s “good faith effort”) of the states bordering Minnesota. 


In a number of states, the targets set by the standards are currently being exceeded; in 2005 the Texas legislature increased the requirement for renewable capacity from 2000 MW by 2009 (originally established in 1999) to 5,880 MW by 2015, which is anticipated to account for about 5% of the state’s total consumption.
  The Texas standard also includes a method to prevent the cost of meeting this standard from exceeding a certain cap in order to protect ratepayers; this cost cap has never been needed.

Potential Effects of a Minnesota RES

Because the current REO requirements for biomass are largely met, and little new biomass generation is planned, it was assumed that the remaining share of both the RES and the REO requirements would be met with new wind generation.  Using that assumption, along with historical demand growth, it was determined that an RES would require an additional 3,000 MW of wind generation capacity beyond the baseline level.
  Total wind capacity would need to be about 5,100 MW, or nearly seven times the state’s installed wind capacity as of the end of 2005
.  Minnesota’s current electric generation capacity from all fuel sources is just over 12,000 MW.  Clearly, this is a very aggressive target, requiring the installation of an average of 300 MW of new wind generation every year.
  At an average turbine capacity of 1.5 MW, this would mean 200 new turbines in the state every year for fifteen years.
  The impact on Minnesota’s economy and greenhouse gas emissions of such a growth rate are discussed briefly below; more detailed discussion can be found in the Appendices.

Economic Impacts

The economic impact of wind development (and thus of an RES) falls mainly into two categories:  the up-front investment required to build the projects, and the projects’ ongoing impact on the communities in which they are located.  While wind turbine price trends are uncertain and will depend on a variety of factors (including state and federal policy as well as steel prices and the value of the dollar), an RES could be expected to result in $5 billion to $7 billion in new investment in rural Minnesota over the next 15 years, relative to $3 billion to $5 billion for the baseline scenario.  The specific distribution of wind projects, as well as the project ownership structure, will affect the number of jobs that result from this investment, but clearly it would have a dramatic effect on the state’s rural economy.


The timing and scale of the projects would also be important in determining the specific number of jobs.  It is, thus, impossible to accurately predict the total number of jobs created as a result of an RES, particularly given the fact that other economic forces would be at play during the time period under consideration.  The most that can be said with certainty is that Minnesota’s experience thus far demonstrates that wind generation projects bring new jobs to the areas in which they are located, and that more wind generation projects would be developed under an RES than under existing law.


There is the possibility that, given the stable market indicator that an RES could provide, manufacturers would decide to locate wind turbine factories in the state.  However, many factors go into a manufacturer’s decision to open new factories, and even given a Minnesota RES, there is no guarantee that a new factory would be located here instead of in a neighboring state.  That said, a stable regional market for wind turbines would be likely to create a need for servicing facilities, as well as personnel to perform operations and maintenance work.  This could lead to a broadening and diversification of rural economies, as well as opportunities for component manufacturers.


Wind projects in Minnesota are taxed according to the amount of electricity they generate, with the per-kilowatt-hour rate varying with the size of the project.  The resulting revenues are divided among the local taxing jurisdictions in which the wind projects are located, with 80% going to counties, 14% to cities and townships, and 6% to school districts.


In 2004, wind production taxes resulted in a total of $1.2 million in revenue for local governments in Minnesota; preliminary data for 2005 puts the figure around $1.36 million.
  Assuming that fraction of production represented by each size category remains constant, by 2020, the RES would result in annual wind production tax revenue from new wind projects of $14.4 million, as opposed to $6.3 million for the baseline.  Cumulative revenue over the period from new wind projects would be $56.9 million for the baseline, versus $113 million under the RES.  These figures are sensitive to the rate of electricity demand growth; see the Appendices for more detail.


Rural property owners on whose land turbines are installed typically receive payments ranging from $3,000 to $5,000 per year per turbine (this varies with the quality of the wind resource, ownership structure of the project, and a number of other factors).  Thus, there is significant opportunity for landowners to benefit from an RES.

Climate Change Impacts

On its own, a mandatory 20% RES would be unlikely to significantly decrease the total greenhouse-gas emissions resulting from Minnesota’s electricity use.  This is due to the fact that the rate of growth in the renewable share of the state’s fuel mix would remain smaller than the rate of overall demand growth, thus requiring a continued increase in other sources of electricity.  Historically, electricity consumption in Minnesota has averaged 2.1% per year, while the RES would increase renewables generation by 1.5 percentage points per year.
  However, the RES would help to slow the growth rate of fossil fuel consumption by offsetting a portion of its growth.


Under an RES, the state would avoid the emission of roughly fifty million metric tons of carbon dioxide by 2020, compared to the projected baseline.  An RES thus represents a savings of about 6% of what would otherwise be emitted as a result of the state’s electricity consumption from 2004-2020.  The primary emissions savings would result from the fact that nearly 25 million US tons of coal would not have had to be burned in order to satisfy the state’s electric demand; avoided consumption of 12 billion cubic feet of natural gas and a million barrels of fuel oil also contribute.  The graph below illustrates carbon dioxide emissions from electric generation for Minnesota consumers under the baseline and RES scenarios.
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Technological Issues

Transmission


An issue commonly raised in the discussion of wind generation in Minnesota is that of transmission.  Wind turbines, it is pointed out, are typically installed far from the primary load centers in the Twin Cities and other urban areas, and so new transmission would be required to bring their electricity to the customers it is to serve.  In addition, the transmission lines leading from southwest Minnesota’s Buffalo Ridge, where the state’s wind resource is strongest, are currently at capacity, and cannot support significant new electric generation of any kind.


While both of these points are true, they also apply to the existing electrical infrastructure:  Nearly 20% of Minnesota’s electricity is generated outside the state’s borders and transmitted in, while the state’s existing generation capacity is currently concentrated in a small number of large generators, which tend to be located away from load centers.  The need for transmission lines to move electricity from generators to consumers stems from a variety of factors, including the relative cost and ease of siting plants in urban areas as opposed to sparsely populated regions.  


Given the urban/rural split of Minnesota’s generation and consumption patterns, it is likely that any attempt to meet the state’s growing electric demand will require new transmission lines. Transmission will thus be a significant issue for Minnesota in the future.  Due to its distributed nature, transmission for wind presents somewhat different challenges than those faced by other forms of generation.  However, while transmission constraints are currently a limiting factor for wind development in some areas, it is not clear that an RES would necessarily increase the difficulty or expense involved in transmitting electricity to load centers. Under the state’s C-BED legislation, community wind projects that require new transmission lines must offer investment opportunities to landowners whose property the new lines will cross.  This provision may well help to make transmission lines for new wind projects much more acceptable to landowners than would be new transmission for other generation projects.  There may very well be other policy options the state could use to give preferential treatment to transmission for wind.


Transmission is an extremely complicated topic, involving overlapping regulatory juridictions and a variety of public and semi-public entities.  A complete treatment of transmission issues is thus outside the scope of this analysis.  However, the need for new transmission affects all forms of electric generation, not just wind, and thus the placement of new transmission lines will be influenced by the choices made regarding the state’s fuel mix.

 Variability and Integration Costs


The variable nature of wind generation is a technical barrier which makes integrating it into the electrical grid more difficult than more predictable and controllable sources of electricity.  While this difficulty is real, it is not insurmountable, at least up to a certain point.  The precise point at which wind becomes an unmanageable percentage of the resource mix has been a matter of some debate, and the cost of managing its integration remain unclear.


A recent integration study examining the impact of 15% wind penetration on Xcel’s system found that this amount wind generation could be reliably integrated into the Xcel system, and that the costs of doing so would be just under half a cent per kilowatt-hour of wind generation. The study also reported that the figure was a conservative one, which would be likely to decline with greater experience in managing wind as a part of the generation mix.


Although the study’s findings cannot be extrapolated to the state as a whole or to other levels of wind penetration, its findings were consistent with those of studies of wind integration costs on other systems.  By and large, these studies have found that the cost of integration is negligible at low levels of penetration, and moderate at higher levels. In addition, the need for additional generation to compensate for wind’s variability, while real, is “substantially less than one-for-one and is generally small relative to the size of the wind plant.”
  


Successfully integrating wind into the electricity grid, at least at the levels studied, is less an issue of technical capability than one of cost.  The precise integration costs of a 20% penetration rate on the Minnesota-wide system will be better understood later in 2006, when a study required by legislation passed in 2005 is scheduled for completion. In the meantime, it seems reasonable to expect that the overall cost of integrating new wind to the Minnesota system would be in line with these estimates – at the very least, in the same order of magnitude.

Rate Impacts

It seems likely that any rate increase resulting from an RES would be modest.  When amortized over the amount of electricity demand projected for 2020, an integration cost of  half a cent per kilowatt-hour of wind at a 20% level of wind penetration would translate to an overall cost increase of 0.1 cents per kilowatt-hour.  New wind generation is already roughly comparable to new fossil fuel generation in terms of levelized price per kilowatt-hour.


In addition, the nature of recent Minnesota legislation provides an additional form of rate insurance to electric ratepayers.  The Community-Based Energy Development legislation provides for declining payments to wind turbine projects in the second half of the project’s lifetime.  This provides a degree of risk mitigation to utilities against volatility in fuel prices, by ensuring them a source of low-price electricity. That security can be passed on to consumers in the form of protection from fuel-price induced rate increases.  This cost mitigation aspect of wind has been borne out recently in Texas, where high natural gas prices have meant significant savings for customers purchasing electricity from wind.


Finally, it is worth pointing out that Minnesota has no fossil or nuclear fuel resources within its borders.  Thus, money spent on these fuels is money leaving the state’s economy.  In contrast, a significant portion of money spent to develop and integrate the state’s wind generation potential will recirculate within Minnesota, fueling economic activity and funding local services through tax revenues.  Indeed, even if an RES were to increase electricity rates, it may very well be that policymakers, on weighing the benefits of cheap electricity whose revenue leaves the state against slightly more costly electricity which secured benefits for the state’s economy, would decide that a certain rate impact would be acceptable from a social point of view, in terms of the economic activity it encouraged and the energy independence it would represent for the state.

Stakeholders

The primary stakeholders in the decision to adopt an RES have been largely identified already:  utilities, rural landowners and communities, and the wind industry.  To the extent that the policy would affect electricity prices, the pool of stakeholders can be considered to include all Minnesota electric customers.  In addition, those industries which would be involved in installing wind turbines – steel, construction, and heavy transportation, for example – would be incrementally affected by an RES.  


With the possible exception of utilities and ratepayers, all of these groups have the potential to see significant economic benefit from an RES.  The expansion of renewable electric generation in the state would create new economic opportunities and keep a larger share of Minnesota’s energy dollars in the state’s economy.  Many utilities are also finding that renewable energy, and wind in particular, can be an economical investment and help avoid exposure to fuel price volatility.  While it is true that not all utilities in the state have service territories which include a good wind resource, the development of the Midwest Renewable Energy Trading System (MRETS) should help facilitate the exchange of renewable credits between utilities, thereby keeping compliance costs low, particularly early in the program.  To the extent that compliance costs are passed on to retail customers, electricity prices in the state could increase, but it seems likely that these increases would be low.  In addition, the further expansion of the wind industry – which would be stimulated by an RES – could be expected to reduce the price of wind generation equipment by leveraging economies of scale.


Finally, the environmental impact of a shift to renewables would benefit Minnesotans.  By reducing reliance on fossil fuels, particularly coal, the state could avoid a portion of its emissions of carbon dioxide, mercury, sulphur, and other pollutants without forcing utilities to install new control technologies.

M-RETS

The Midwest Renewable Energy Tracking System (M-RETS) currently under development (tentatively scheduled to begin operation in late 2006) is intended to be a multi-state certification and tracking program for renewable energy credits, facilitating trading and the verification of compliance with state renewable energy programs.  By including data about generation sources with the renewable energy credits, M-RETS will allow states to verify whether a credit qualifies under its own renewable energy definitions, and thus facilitates the trading of credits between utilities in different states.

By tracking the renewable credits for all electricity generated by participating generation units, the system will avoid problems of double-counting credits for multiple renewables requirements, but will also facilitate the exchange of credits between states.  M-RETS certificates will be exchangeable on a one-for-one basis with Wisconsin Renewable Resource Credits (RRCs) generated since January 1, 2004.
  Because Wisconsin’s utilities have been exceeding their RPS goals, there is currently a surplus of credits available in the RRC system, above what is needed for compliance with the state’s Renewable Portfolio Standard.  There is thus a strong likelihood that there will initially be a very large number of renewable credits available in the new market.  If this is the case, it could initially discourage utilities from investing in renewables generation, as it would remain cheaper to obtain existing credits than to build new facilities. 


The Wisconsin legislature has recently increased the targets of its renewable portfolio standard, with a statewide goal of 10% by 2015.  While this could have the effect of increasing the demand for renewable credits in the state, the increases for the years 2006-9 are less aggressive, requiring only that each utility’s percentage of renewables not decrease below its average percentage for 2001-3 (in other words, that renewables keep pace with demand growth).
  This could create an opportunity for RRC surpluses to persist or grow in the 2006-9 timeframe, potentially decreasing the credits’ price even further.

Refining the Policy Tool

The analysis reported here concerns itself solely with the implications of changing the existing REO percentages and timeframes to 20% by 2020, and making the policy mandatory for all utilities in Minnesota.  However, in the course of the analysis, there are several possible policy options which may increase the RES’s effectiveness at achieving various aims, enhance its attractiveness, or make compliance easier.  This section will briefly review a few of these, pointing out possible advantages and trade-offs for consideration by policymakers, but a thorough analysis has not been conducted on any of the options listed.


Penalties for Non-Compliance  Currently, Minnesota law sets out no penalties for utilities failing to meet REO targets, and even for Xcel (for which the targets are mandated), no consequences are specified.  Presumably, the Public Utilities Commission would be charged with determining an appropriate penalty for non-compliance, but it is not necessarily clear what form that penalty would take, and no guarantee that it would be the same for each utility.  Specifying a monetary penalty in law, in terms of a given fine per megawatt-hour of shortfall in meeting the goal, would be an unambiguous signal to utilities of the consequences of non-compliance.  The Texas RPS, for example, stipulates a fine of the lesser of $50 or 200% of the average cost of renewable electricity credits.  It should be noted that a fine also has the potential to act as a cost cap mechanism, as utilities finding it too costly to obtain the required renewables will simply opt to pay the fine (though ideally, the fine would be significantly above the cost of compliance, in order to make compliance the more attractive option).


Set-Asides  Broadly speaking, there are three primary goals of an RES:  reducing the environmental impacts of electricity generation, encouraging rural development, and creating and stimulating markets for renewable generation technologies.  Depending on which of these is seen as the most important, specifying a portion of the RES energy to come from specific sources can be an option to ensure progress in a particular direction.  Minnesota’s REO has used a biomass set-aside in order to ensure that some of the state’s electricity comes from biomass generation, while Arizona requires that 50% of the electricity for its RPS must come from solar generation.  Set-asides can also be used to encourage community ownership by specifying a minimum amount of power to come from such projects.  Whether a set-aside (based on ownership or technology) would be important for Minnesota depends on the particular goals that one seeks to emphasize.  Without a set-aside, it is unlikely that a significant share of renewable generation would utilize a technology other than wind, simply due to the relative costs.  The state’s new C-BED legislation seems to be having a significant effect already in stimulating community-owned projects, so a community set-aside may be unnecessary.  A related strategy is to weight credits according to the desireability of their ownership or technology characteristics.  For example, the federal renewable electricity purchase requirement created by the 2005 Energy Policy Act allows electricity generated on Native American tribal lands to count double when determining compliance with the purchase requirement.


The counter-arguments to set-asides include the views that state policy should not seek to “pick winners” in terms of which technologies become commercially successful; and that set-asides inhibit the ability of markets to obtain the least-cost solution to increasing the share of renewables in the system.


Financial Tools An alternative to set-asides for promoting community ownership is to make favorable financing available to community-owned projects.  Tools such as loan-guarantee funds and revolving loan programs can make it easier for these smaller projects to obtain financing at favorable rates.  This can be particularly important since larger projects may be at an advantage when seeking capital, reducing their overall costs.  Helping community-owned projects be cost-competitive can allow least-cost renewable development while maximizing the local economic benefit from the projects.


Profits  While the tradeable credit mechanism can facilitate compliance with an RES at the lowest cost, and penalties can ensure that compliance is preferable to non-compliance, there is little incentive for over-compliance with requirements.  Finding ways to reward utilities for retiring more credits than they are required to could prove a valuable way to stimulate renewable generation, as well as preventing disruptive surpluses of credits from accumulating over time.


Eligibility Rules  As discussed above, credits generated in the Wisconsin RRC system after January 1, 2004 will be eligible for M-RETS credits on a one-for-one basis.  However, each state regulator is able to decide which M-RETS credits will qualify for the state’s programs, based on criteria set by the state.  Most state rules currently pertain to either the type of fuel used to qualify as “renewable” or seek to avoid double-counting for multiple programs (such as Xcel’s green pricing program and their capacity mandates).  However, at least on its face, there seems to be no reason why the state could not avoid at least part of the credit-surplus problem described above by requiring that credits for an RES be generated after a certain date (e.g., the date that the RES legislation is passed).

Sustainability and Long-Term Success

Even if an RES is effective at stimulating the market for renewables, its environmental benefits are contingent on demand growth.  Offsetting fossil fuel use is beneficial, but if overall demand grows faster than the share of renewables in the resource mix, then aggregate fossil fuel emissions will continue to climb.  This is the outcome of the model assessed for this study; 2.1% annual demand growth offsets the more modest renewables growth rate.  While the emissions avoided in the RES scenario are clearly beneficial, the overall emissions in 2020 are significantly higher than in 2006.


For this reason, an RES should not be the only approach to reducing emissions.  Rather, a combination of controlling demand growth and stimulating renewables development is crucial for long-term success.  If demand growth can be held to a modest rate, then actual reductions in fossil fuel use – not just slower growth – can be obtained by switching from fossil fuels to renewables.  For example, comparing an REO with 2.1% demand growth to an RES with 0.5% demand growth shows total avoided carbon dioxide emissions of nearly 140 million metric tons – more than five times the amount saved with an RES alone.  For this reason, another section of this report addresses possible improvements to the Conservation Improvements Program, seeking to obtain environmental and economic benefits through reduced energy inputs to provide the same level of energy services.


Like meeting the RES targets, controlling demand growth will be no mean feat, though it is certainly technically possible if policymakers make the decision to pursue it.  It is worth pointing out, however, that the more success is obtained in reducing consumption, the easier it will be to meet the targets of the RES.  A slower increase in the total amount of electricity generated means that increasing the share of renewables will be more manageable, and require fewer new generating facilities each year than would be needed in a scenario of uncontrolled growth.

Biodiesel

Policy Under Consideration

In 2002, Minnesota passed Statute 239.77, requiring that all diesel fuel sold in the state contain a minimum of 2% biodiesel.  The law applies to all biodiesel sold in Minnesota, except that used in certain mining equipment, rail transportation, and supplemental diesel generators for nuclear plants, thus affecting the two largest use categories for diesel in Minnesota:  highway transportation and electrical generation. This law came into effect in July of 2005.  

This paper/(section) examines the quantity of biodiesel required by this mandate, and future compliance until 2020.  It examines the feasibility of Minnesota producing biodiesel to supply those requirements.  It also examines the implications of increasing the minimum biodiesel content to 5% 10% and 20%.  This paper focuses on the economic and agricultural consequences of these proposals.

Background

Biodiesel potentially offers three appealing advantages over petroleum diesel.  First, biodiesel provides a substitute for fossil fuels, which decreasing energy dependence and reduces carbon dioxide emissions.  Second, it reduces toxic emissions from diesel engines.  And finally, it brings another sector into the state economy, enhancing economic development.

Biodiesel is a liquid fuel made from biological oils which runs in diesel engines.  Producers can make it from a wide variety of oils, including vegetable and animal fats, and waste grease.  Most Minnesota manufacturers produce biodiesel from soybean oil, a cheap and plentiful vegetable oil.  Biodiesel substitutes well for petroleum diesel, both in partial blends and even up to 100% pure biodiesel.  

In comparison to petroleum diesel, biodiesel provides several advantages.  Biodiesel has a high lubricity, improving engine efficiency even at low quantity blends.  Biodiesel contains very little sulfur, reliably meeting low sulfur diesel standards.  Since low sulfur diesel has low lubricity and sulfur in diesel results in undesirable pollutants while restricting the pollution control options available for diesel engines, these properties add significant potential value to even low quantity biodiesel blends.  Additionally, biodiesel produces significantly less harmful pollution that petroleum diesel.  Finally, biodiesel comes from local facilities, and feeds back into the local economy, unlike petroleum diesel.  

However, biodiesel faces several challenges in market competition with petroleum diesel.  Biodiesel contains slightly less energy per unit volume, approximately 10% less  than petroleum diesel.  Biodiesel gels at higher temperatures than petroleum diesel, potentially clogging engines in cold weather.  Biodiesel currently costs $$ more than petroleum diesel, though it is unclear how this will relate to future costs.  Feedstock availability also limits biodiesel production.  

Biodiesel blends result from a process spanning stages.  Biodiesel starts out from several potential sources including various oil crops and waste grease.  Farmers grow soybeans and oilseed crops.  Crushers extract the oil from the crops, producing soy meal and other products.  Alternatively, processors collect waste grease from restaurants and renderers, which they purify.  Biodiesel manufacturers purchase the oil and grease, combine them with an alcohol, typically methanol, and a catalyst, producing biodiesel and glycerin.  Manufacturers or distributors can purchase petroleum diesel and blend it with the biodiesel.  Distributors purchase biodiesel and biodiesel blends.  They then sell their products to retailers.  

Biodiesel forms a significant element of the Minnesota economy.  The National Biodiesel Board lists three biodiesel production facilities operating in Minnesota with a combined capacity of 63 million gallons.  Actual production may vary. Current production is 63 million gallons per year, primarily from soybean oil.  Several companies distribute biodiesel blends in Minnesota, mostly coops as well as a few petroleum distributors.    

Minnesota has experience with biodiesel.  Hennepin county has operated their snowplows on a 5% biodiesel blend for several years.  Brooklyn Park uses a 20% biodiesel blend in all their diesel engines year round.  Voyageurs National Park near International Falls Minnesota uses biodiesel blends to run all their vehicles.  All of these have run smoothly, even in cold weather.  

But, at the start of the first winter under the new biodiesel mandate, problems with gelling appeared in the commercial shipping fleet.  The Department of Commerce suspended the mandate in December, pending further effort.  The culprit seems to have been excess glycerin in the biodiesel.  The Department of Commerce developed new quality control measures.  The biodiesel mandate was reinstated in February, but no further gelling problems were reported, despite cold temperatures.

Ethanol Comparison

To better understand biodiesel it is helpful to compare it ethanol, another biofuel in use in Minnesota.  It is helpful to understand the commonalities and differences of the two fuels.  Minnesota incentivizes both fuels, and they can compete for resources, so being aware of the differences and trade offs involved in the production of each helps in weighing these conflicts.

They share several traits.  Both are liquid energy sources manufactured from agricultural products.  They can both be made from multiple products, though each is usually made from one of the two crops that dominating the U.S. agricultural sector.  Both blend with petroleum products commonly used in the ground transportation market.  Additionally, Both produce less pollution than their petroleum counterparts.  Both biodegrade, presenting less danger of environmental toxicity from spills.  And finally, both come from processes that result in co-products of significant value.

But they are fundamentally two different chemicals, produced from two different processes.  They are made from different chemical inputs: ethanol comes from carbohydrates, while biodiesel comes from fats.  This also drives the crop selection for feedstock.  Corn produces large quantities of carbohydrates, making it suitable for ethanol production.  Soybeans produce larger quantities of oil, making them more suitable for biodiesel production. 

They also differ in their functional characteristics.  They blend with different fuels and operate in different engines:  ethanol blends with gasoline, and biodiesel will not work in gasoline engines.  Unlike existing diesel engines which operate well on biodiesel any level of blending, including pure biodiesel, ethanol requires special engine consideration for higher level blends, particularly pure ethanol.  

State Policies on Biodiesel

Only Minnesota currently mandates minimum biodiesel blends, however, several other states, including all of Minnesota's neighboring states, support biodiesel through various policies.  Additionally, Washington state recently passed SB6508, establishing a biodiesel minimum content starting in 2008
.  But states have employed many other support mechanisms and incentives for biodiesel.  

Several themes emerge from the variety of support policies.  While the following list does not exhaustively detail every biodiesel support, in every state, it does cover common support mechanisms in surrounding states.  Several states require agencies to give preference to biodiesel in their purchasing; some expand on this by establishing a price differential below which agencies must purchase the blended fuel.  Another set of states provides grants or low interest, subsidized, or forgivable loans for the construction or expansion of processing facilities.  Several states subsidize the purchase or production of biodiesel.  The federal government also subsidizes production.  The table below summarizes these supports, and a more complete listing can be found in Appendix XX.

Carbon Dioxide Reduction Potential

The 2% mandate reduces Minnesota's annual tailpipe fossil fuel carbon dioxide emissions by 1.9% or more than 190 megatons while mandates of 5%, 10%, and 20% would reduce fossil fuel carbon dioxide emissions by 4.75%, 9.5%, and 19%, or 475 megatons, 950 megatons, or 1,900 megatons.  At the tailpipe, diesel produces about 10 kilograms of carbon dioxide per gallon of diesel.  Given Minnesota's annual consumption of over 1 billion gallons of diesel per year, that translates to over 10,000 megatons of carbon dioxide per year from diesel consumption.  The current biodiesel standard reduces tailpipe emissions  by about 0.95% for each percent of biodiesel content.  

The National Renewable Energy Laboratory (NREL) conducted a life cycle analysis, comparing the environmental effects of biodiesel and petroleum diesel burned in a bus.  In the analysis, NREL distinguished between the biologically recycled carbon and the petroleum carbon introduced into the atmosphere.  They assumed industry standard production practices for biodiesel, based in soy oil and natural gas derived methanol inputs.  The life cycle analysis claims that per unit of supplied energy, biodiesel releases approximately 22% of the new carbon dioxide into the atmosphere that petroleum diesel does.  Additionally, biodiesel recycles 85% of the carbon emitted by an equivalent amount of petroleum diesel.  

Compensating for the life cycle carbon dioxide emissions does not significantly change the difference in the amount of carbon emitted. The full life cycle analysis of biodiesel increases carbon dioxide emissions by an additional 1.57 kilograms per gallon of biodiesel and 1.56 kilograms per gallon of conventional diesel.  Additionally, these life cycle emissions are amenable to reduction my displacing current carbon intensive practices with methods that emit less.

Most of biodiesel's savings result from the recycling of carbon dioxide into through a cycle of photosynthesis and combustion.  Biological processes recycle carbon dioxide through the atmosphere, unlike petroleum extraction which extracts carbon products from subterranean sites.  Photosynthesis provides the starting point of all biological energy.  This process consumes sunlight and atmospheric carbon dioxide, storing the carbon as chemical energy in the plant.  Using this chemical energy, whether in an engine or in an organism, releases carbon dioxide back into the atmosphere.   

Biodiesel can be made so that its production and combustion involves no fossil carbon.  In the NREL analysis, five items contributed large quantities of new atmospheric carbon released: methanol contained in the fuel, natural gas for steam and process heat in the biodiesel conversion process, electricity for crushing soybeans, and petroleum product use in soybean agriculture. Ethanol or methanol derived from biogas can replace the fossil derived methanol in the fuel.  Biomass can supply the heat and steam used in the production process.  Nuclear, wind, biomass or solar sources can generate the electricity which crushes the soybeans.  Biodiesel can run the farm equipment.  Cost effectiveness leads away from these carbon neutral options, but they are possible.  

Local Environmental Effects

Researchers have studied biodiesel emissions, and while the emissions profile of biodiesel contains noteworthy uncertainties, it has several well accepted features.  Burning biodiesel produces significantly less of three criteria pollutants: particulate matter, unburned hydrocarbons and carbon monoxide.  It results in a relatively small increase in the emission of another category of criteria pollutants: nitrogen oxides. While the net smog formation potential of the result is lower, it may still be a concern in locations with ozone compliance difficulties.  

Particulate matter reductions create significant local health benefits.  In...  Assessing the contribution of individual sources of particulate matter to the local concentration is beyond the scope of this analysis.  However, in EPA studies of the benefits of the clean air act, reductions in particulate matter proved to be overwhelming beneficial due to the avoided mortality.  Researchers also associate particulate matter with respiratory illness including asthma.  

Biodiesel provides large reductions in particulate matter production compared to petroleum diesel.  The benefits in blends increase with increasing biodiesel content in the blend, ranging from a nearly 50% decline at 100% biodiesel to to approximately a 10% decline at 20% biodiesel.  This implies that the current 2% biodiesel blends reduce particulate matter emissions by approximately 1%.  

However, much remains to be discovered about biodiesel's emissions.  In October of 2002, the United States Environmental Protection Agency released a draft report, combining information from several studies of biodiesel emissions.  They discovered that biodiesel emissions varied depending on several factors; the type of oil used, the type of engine it was burned in and the fuel it was mixed with all changed the results.  They indicated many important gaps in their knowledge base and suggested several areas to research.    

The advantages of a cleaner burning fuel impact more people when burned in areas of greater population density.  Most of the benefits of burning biodiesel or other clean fuels derive from their impact on human health.  Many harmful emissions remain most concentrated in the area of their release.  Thus the benefits from avoiding emissions are greatest where their release impacts the most people.

The emissions benefits increase with increasing content of biodiesel in blends.  Thus increases to the 2% requirement would produce further improvements to air quality.  The benefits 

Biodiesel Capacity for Minnesota

The biodiesel production process combines two major inputs.  Vegetable oil is the larger component, about 87% of the material inputs, while simple alcohols make up approximately 12% of the remaining inputs.  In typical production facilities, producers use soy oil for the vegetable oil as it is the cheapest suitable feedstock available in sufficient quantities to meet demand.  For the alcohol input, producers most commonly use methanol, derived from fossil fuels, because methanol costs less and reacts more efficiently than other alcohols. 

Minnesota currently operates three biodiesel production plants with a combined total of 63 million gallons annual production capacity.  7.3 pounds of soy oil go into the production of a gallon of biodiesel.  Assuming that these facilities run at full production potential, they would consume the oil from approximately 15% of Minnesota's average annual soybean crop from 1995-2005.  The National Biodiesel Board lists an additional, small scale (150,000 gallons, annual production capacity) project for Minnesota currently under construction, but that plant would use waste grease as a feedstock and no other plants are listed as under construction or in pre-construction.

Soybean oil is the cheapest edible oil available in large quantities because of its co-product, soybean meal.  Crushing soybeans produces soybean meal, a high quality livestock feed, heavily used in the United States, and soybean oil.  This process extracts about 18% of the weight of the soybean as oil and 79% as soybean meal.  It is the valuable soy meal that drives the heavy production of soybeans, and makes soybean oil the cheapest, plentiful oil in domestic markets.

While several other crops produce somewhat greater quantities of oil per acre than soy, the common Minnesota oil crops that do produce more, produce at most 25% more.  Furthermore, they lack lack the valuable co-product that makes soybean such a desirable crop to produce.  Rapeseed, of which canola is an edible variety, sunflower seeds, and mustard seed all produce larger quantities of oil per acre.  Additionally, inedible strains of rapeseed and mustard have a natural pesticide effect, requiring less input to their own growth while protecting future crops grown in the same soil.  Furthermore, researchers are studying the potential for using the oil-crushing co-products from these plants as organic pesticides.  These crops could provide for an alternative source of oil.  Additionally, can grow some oilseeds in winter or spring production seasons.  But these practices have not yet taken hold, likely due to a lack of profitability.

Diesel and Biodiesel Consumption

Historically, diesel consumption in Minnesota has changed dramatically from year to year, but tended to increase.  Based on data from the Energy Information Association (EIA), over the past two decades, diesel demand grew at an average rate of 1.42% with growth rates ranging from 7.26% to drops of 7.86%.  For eight of those twenty years, there were declines in petroleum diesel consumption.  The standard deviation for the growth rate over that span was 4.02%.  This means that irregular changes in diesel consumption have a far more dramatic effect on a year to year basis than long term growth.  However, consumption is growing.  For modeling purposes, we assume that the current average growth rate will continue into the future with a high rate of consumption variability.  Thus, we predict a range of consumption based on steady growth of 1.42% across a range of plus or minus 5%. 

Under these assumptions, Minnesota's consumption of diesel will grow to somewhere between 1.22 billion gallons and 1.34 billion gallons in 2020, requiring somewhere between 24 million and 27 million gallons of biodiesel at the two percent mandate. This falls within current production capabilities and leaves room for significant expansion of the mandate, since current facility capacity exceeds this predicted demand by a factor of more than 2.  However, complete replacement of diesel with biodiesel lies far outside Minnesota's current production capacity.

Further increases in the mandate will require the construction of additional new plants.  A 5% standard would increase the consumption to 61 to 67 million gallons per year.  This would consume all of Minnesota's current 63 million gallon processing capacity, and force consumers using higher quantity blends, such as Voyageur National Park and the city of Brooklyn Park to lower their goals or look out of state to meet them.  Increasing the standard beyond this point would require substantial investment in processing capacity, increasing by approximately 13 million gallons in capacity for each percentage point increase in the minimum blend.  

Check this Growth in the biodiesel market will also consume large quantities of soy oil, likely increasing the price, and possibly spurring an increase in soy planting or planting of other oil crops.  The current 2% mandate requires the oil from approximately 7% of the soybean crop.  Increasing the standard increases the oil requirements proportionally, resulting in the oil from 70% of the soybean crop being used to fill a 20% mandate.  Given the heavy use of soy oil in the food production industry it seems likely that prices would increase at this level of consumption.  

Economic Information

The factor driving the price of biodiesel is the cost of the oil feedstock.  A gallon of biodiesel typically costs XXXX.  The oil input currently runs about YYYY.  This suggests that finding a low cost, high volume alternative oil input is the key to increasing the market viability of biodiesel.

Farmers regard soybean oil as a secondary output of soybean crushing.  Soybean meal serves as a high quality feedstock for animals, and represents the majority of the profit from soybeans that are crushed.  The glycerin byproduct from biodiesel production has less value, and is currently traded in very low volumes.  It is likely that large scale biodiesel production would flood the glycerin market, so we consider its value to be negligible.

Biodiesel benefits the state economically in the following ways.  Biodiesel keeps money, jobs, and economic activity in the state.  Biodiesel increases the availability of diesel, and buffers against shocks in the petroleum diesel market.  Biodiesel also ameliorates Minnesota's persistent price disadvantages to diesel consumers and soybean producers.  

Examining EIA and NASS Data price data, we can see that for years prior to the biodiesel mandate, Minnesota's price for soy was lower than the national average while the price for diesel was higher.  Since the mandate came into effect, Minnesota's prices have converged with the national prices.  

graph

Stakeholders

Biodiesel minimums affect different people in different ways.  It's helpful to trace out how these effects impact particular groups.  Farmers, truckers, biodiesel producers, distributors and retailers of diesel all hold a stake in the issue.  Less obvious stakeholders include the state and federal government and air quality consumers.  

Farmers, particularly soy farmers, stand to gain from increased consumption of biodiesel, to the extent that biodiesel increases demand and thus price for their oil products.  However, they are not dependent on the success of biodiesel in particular.  Truckers need the fuel they use to work reliably, and also care about fuel expense.  Biodiesel producers are probably the most sensitive to the fate of biodiesel; while others may change their production or consumption habits, only the producers are so closely to the particular product's fate.  Distributors and retailers may have concerns relating to the demand reducing price effects and the potential equipment implications of biodiesel's solvent effects.  

Air quality consumers, ie anyone breathing air containing diesel emissions, constitute another large class of beneficiaries, however, unlike the parties examined to date, they are not involved in the market factor surrounding biodiesel.  The state government provides another set of stakeholders, providing the legislation and supporting policies.  The effects of this proposal can adjust their political capital, and will likely influence their actions to further it.  The federal government provides a more distant stakeholder, though their subsidy to biodiesel production certainly influences the economics of production.

Administrative Issues

There are several important considerations in developing a policy supporting biodiesel.  Feedstock neutral incentives encourage the development of new and better sources of oil for the production process; particularly in the case of production incentives, a policy like this will encourage innovation rather than pick winners.  

As observed with the gelling this winter, quality control matters.  The failure to catch the production issues before the biodiesel made it into engines seriously impacted the policy, necessitating a suspension of the mandate.  Particularly when rapidly increasing production and bringing new producers into the market, this step provides reassurance of the quality of the product.

Here we address three main methods states use to promote biodiesel.  First, per unit tax breaks forgo state revenue, sometimes corporate taxes for the producer, and sometimes sales tax for the consumer.  States should carefully consider the foregone revenue.  Additionally, corporate tax reductions benefit companies that need less support; typically large profitable corporations, rather than small, marginal businesses benefit the most from these tax breaks.  These tax breaks aid in ongoing production but provide do not help increase capacity, or assist companies just starting up.  The degree to which this results in the desired consumption behavior will vary with market conditions.

In the second method, states issue grants or low interest loans to offset facility construction or upgrades.  These help businesses get started, and thus are particularly helpful for increasing capacity, or starting up small companies.  However, it does little to address the cost differential between biodiesel and petroleum diesel at the pump.  Furthermore, these programs put the government in the position of picking recipients or having an expenditure outside the control 

The final state inducement we address, a mandate, doesn't provide direct financial support, but does guarantee demand.  Mandates simplify the administration of the program.  It doesn't requires major government outlays; instead consumers pick up the entire price differential.  It also places economic decisions, like which companies receive how much startup capital, in the marketplace, rather than in a government office.  Mandates also produce a reliable effect regardless of price conditions.

Policy Options

This section proposes some adjustments to policy to improve the benefits and reduce the costs of biodiesel use.  These suggestions relate mostly to the local environmental benefits and not to the carbon dioxide reduction potential. One proposal would increase the biodiesel minimum content in the summer and lower it in the winter.  This reduces the risk of gelling in winter, while reducing smog formation potential in the summer when those concerns peak.  However this would also increase the summer nitrogen oxide levels, increasing ozone formation potential. Another proposal to more efficiently capture biodiesel's benefits would be to sell higher biodiesel content blends in urban areas, where the exhaust reaches more people.  This would capture the health benefits more efficiently.  However, high costs could encourage through traffic consumers to purchase cheaper, lower biodiesel content fuel outside the city.  

Future Ideas

Microalgae

NREL has examined multiple candidate crops for increasing agricultural oil production to make biodiesel.  In addition to the more conventional crops, they spent several years researching the potential for cultivating high oil algaes.  Though high oil algaes were found and cultivated, they were determined to be impractical.  In recent documents, NREL has discussed the possibility of deriving feedstock from high oil saprophytes, overcoming many of the complications   Both proposals offer unique advantages. 

NREL investigated the pontential of using high oil algaes to produce biodiesel in large quantities.  High oil algaes, aqueous, photosynthetic, organisms produce large quantities of their mass as oils.  In particular, they proposed a system where a coal power plant piped its exhaust into several ponds stocked with algaes engineered for high oil production. The proposed pools were continuously stirred while the high carbon dioxide exhaust bubbled up through, and nutrients were added to encouraged photosynthetic production.  

These pools would provide several benefits, simultaneously cleaning emissions, capturing carbon, and producing large quantities of oil.  The ponds could capture particulate matter, sulfur and other pollutants as the exhaust bubbled through the ponds.  NREL estimated that these algae ponds could produce 30 times the amount of oil produced by terrestrial oilseeds on an equivalent amount of land.  Additionally, the land and water best suited for algae production are not typically desirable for agriculture.  

Unfortunately, the program's promise met several real world complications.  Expenses were higher and yields were typically lower than expected.  Maintaining specially selected algae in an open pond environment proved unsustainable.  Additional complications relating to temperature hampered productivity.  While the ponds did produce high oil yields for short spans of time, they did not maintain the yield.  

Nevertheless, MIT is currently starting research into a variation of this idea. The MIT algae project will be used primarily to scrub coal emissions, with useful byproducts.  They are not looking specifically at high oil algaes or biodiesel production, however.

Fungal Oils

Examining the successes and failures of the microalgae program, NREL is starting to hint at a new approach to high volume oil production.  In recent documents, they mention the possibility of growing high oil fungi, specifically molds and yeasts.  Unlike algae, these organisms do not perform photosynthesis and thus do not need sun exposure or carbon dioxide.  This allows them to be grown in tanks, rather than open ponds, also freeing the oil production from coal power plant sites.

The fungus proposal has similar potential benefits to the microalgaes.  High oil production, small land use, and not competing with current agriculture.  This approach could allow biodiesel production in a wide variety of locations, drawing from diverse feedstocks, including agricultural and wood waste.  Unfortunately, this does remove the emissions scrubbing aspect of the microalgae strategy.  Additionally, NREL mentions this as a suggestion for future research.  It has not yet had the research and refinement of even the microalgae program, let alone current feedstocks.

This proposal holds greater long term potential for Minnesota than the algae proposal.  In addition to the previously identified issues with algal biodiesel, Minnesota's lengthy winters limit the potential for algae ponds here.  The fungal oil production could occur in a climate controlled environment, protected from exposure to unwanted natural interference.  However, the organisms to accomplish this plan have not been investigated or developed to the degree that the high oil algaes have.  No one knows at this stage what the ultimate potential of this idea is, or how long it would be until it could be implemented.

Appendix I:  Electric Baseline Modeling and Methodology


In order to assess the relative impact of the policy options under consideration, we sought first to assess the total amount of electricity demanded in the state and the likely sources of its generation under baseline conditions.  In developing this baseline, demand growth was assumed to be 2.1% per year, based on the average annual increase in electricity sales in Minnesota from 1990-2004 according to both EIA and Minnesota Department of Commerce data.  2004 EIA sales of 63,340 GWh were used as the baseline consumption figure because this was the most recent published number for total statewide electricity sales.


In order to fully account for emissions from electricity use, we sought to include not only electricity generated in Minnesota, but also electricity generated outside the state and sold to Minnesota customers.  Roughly 20% of the state’s electricity needs are met by electricity generated outside the state, and accounting for that fact gives a more accurate picture of emissions from electricity generation.  In addition, since the Renewable Energy Objective statute is framed in terms of the electricity sold in the state, it was considered more appropriate to begin the analysis from the standpoint of electric consumption, rather than generation.


In determining the resource mix, we began by using the Department of Commerce’s 2005 reports on the status of the Renewable Energy Objective and the current level of renewables in Minnesota’s electricity mix.  The REO report found that while roughly 11% of the electricity sold in the state came from sources that could be considered renewable, only 3% qualified under the statutory requirements of the objective, with the remainder being either wind installed for the purposes of meeting Xcel’s previous mandates, or large hydropower.  It was assumed that all electricity generated outside the state but sold in Minnesota was either coal or large hydro from Manitoba Hydro; the latter was assumed to be included in “ineligible renewables.”  Using EIA data for in-state generation in 2004, we determined that petroleum and natural gas generation accounted for 1% and 2% of total consumption, respectively, while nuclear represented 20%.  The remaining 66% of consumption was assigned to coal.  This is lower than the 2001 Minnesota Department of Commerce Energy Planning Report's estimate of coal as a share of consumption and higher than coal's share of in-state generation per EIA and EGRID data.  It may still be an understatement of coal's share, despite the growth in renewables since 2001.  In-state coal-fired generation was 53% of total consumption in 2004.


After estimating the initial resource mix, it was assumed that the “eligible renewables” category would increase by 1 percentage point per year until reaching 10% and then remain at 10%.  Since eligible renewables were already 3% of the mix in 2005, that figure was assumed to remain at 3% until 2008, when it would begin to increase according to the statute.  For simplicity, it was then assumed that ineligible renewables, petroleum, and natural gas would retain their original proportion of the remaining consumption.  It should be noted that ineligible renewables continue to grow under this assumption, representing Xcel Energy’s wind mandates which are ineligible under the REO.  Nuclear generation was assumed to be the lesser of the corresponding proportion of demand and 13,695 GWh/year.  This cap is due to the fact that Minnesota law prohibits the issueance of a certificate of need for new nuclear facilities in the state (so nuclear’s share of the resource mix is limited), and was calculated based on an assumed capacity factor of 90%
 and combined nameplate capacity of 1,737 MW for the Monticello and Prairie Island plants.  The remaining demand was assumed to be met with coal.  The following graph represents the resulting resource mix over time; Table 1 at the end of this section shows the underlying data.
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These figures are admittedly somewhat inaccurate when compared to some of the available data for 2004.  However, much of the available data is not analogous to the scenario we sought to model.  In particular, information about fuels used in electric generation is typically provided on the basis of the state in which the generation occurs, rather than where the electricity is used.  Comparing the estimated 2004 resource mix figures to the available data resulted in discrepancies that we believed could be explained by the inclusion of non-Minnesota generation for Minnesota consumption.  The 1,900 GWh figure for eligible renewables generation is the area in which this explanation is problematic, as this figure is 19% larger than the 1,596 GWh of eligible renewables reported by the Department of Commerce.  On the other hand, the Department’s report covered the period from July 1, 2003 to June 30, 2004, rather than calendar year 2004.  In addition, EIA reports indicate that nearly 25 MW of wind generation came online in the second half of 2004, while over 100 MW came online in December 2003 alone (and would thus have been generating electricity for only half of the period the Department examined, but all of calendar 2004).
  The growth in installed wind capacity during the period under consideration could thus be expected to bring calendar 2004 generation close to the amount calculated here.


Ultimately, it was determined that seeking to modify the model in order to correct its inaccuracies in the assumed resource mix was not feasible in the amount of time available for the analysis, and yielded little benefit:  none of the changes tested made a significant difference in the relative outcomes between the baseline and the RES or CIP policy proposals, which were the metrics of interest.


Growth in eligible renewables was assumed to be wind, as the REO’s biomass setasides have been met, and wind is the most economically competitive form of renewable generation in the state.  In order to determine the total wind generating capacity that would be required to meet the percentage goals, a 35% capacity factor was assumed (see sidebar on capacity factor), resulting in a need for 2,261 MW of capacity by 2020.  This figure is somewhat sensitive to changing the capacity factor assumption:  a 40% capacity factor results in total new capacity of 1,978 MW, a decrease of 12.5% (relative to a 35% capacity factor), while a 30% capacity factor yields 2,638 MW, an increase of 16.7%  While the capacity factor chosen does not affect carbon dioxide emissions, it does affect the total wind generation capacity necessary to meet the renewable energy targets, and thus the targets’ overall expense.  

[image: image9..pict]Calculating an average capacity factor from EIA data for 2002 yields a statewide average of 33%
  However, recent wind studies in Minnesota commissioned by the Department of Commerce suggest that the state may have a better wind resource than was previously suspected, with capacity factors of 36% or higher in much of the state (see map).  In general, capacity factors have tended to increase in recent years as wind developers gain experience in siting turbines for better performance and as turbine technology improves.
  This led us to believe that for the entire period under consideration, a slightly higher capacity factor than 33% was justified.  


If experienced capacity factors are significantly better than the 35% assumed here, less total capacity will be required to meet the generation targets, resulting in lower costs per kilowatt-hour.  While this may suggest that less total investment will be made to meet REO goals (diminishing the rural economic development impacts of the policy), lower costs per kilowatt-hour generated would make wind a better investment, and may lead to growth above and beyond that required for the targets.


Fossil fuel generation was assumed to have an efficiency of 33%.
  Average heating values for 2005 were obtained from the EIA’s Monthly Energy Review for March 2006, Appendix A:  “Thermal Conversion Factors” for distillate fuel oil (5.825 million BTU per barrel), natural gas for the electric sector (1,027 BTU per cubic foot), and coal for the electric sector (19.98 milion BTU per short ton).
  Carbon intensities used were 19.2 g C/MJ for fuel oil, 13.7 g C/MJ for natural gas, and 24.4 g C/MJ for coal.
  Nuclear generation was treated as having zero carbon emissions; while nuclear waste issues are of course an environmental concern, they fall outside the scope of this study.


Using these values, the CO2 emissions calculated were as shown in the chart below (specific values by fuel are shown in Table 2).
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Although the increase in renewable generation slows the growth in CO2 emissions during the 2005-2015 period, it is outpaced by the growth in overall demand, which is met with fossil fuel generation.  Thus, overall CO2 emissions continue to grow throughout the period in question, with cumulative emission of roughly 775 million metric tons.  This is driven primarily by total coal consumption of nearlly 400 million short tons; coal is the source of rougly 97% of the CO2 emitted.


There is significant growth in wind generation in this model; it represents an increase in capacity of over 2,260 MW.  This is nearly three times the installed wind capacity in the state as of the beginning of 2006.
  An average annual installation rate of roughly 200 MW per year would be required to meet the initial 10% target, and an additional average of 70 MW per year to maintain that level through 2020.  This is aggressive, but is not impossible; over 200 MW were installed in Minnesota in 2002, and 101 MW in 2005.
  It is worth noting, however, that these were particularly aggressive years, due to the fact that the federal production tax credit was scheduled to expire at the end of each year and its renewal was uncertain.
  In addition, these figures omit the wind capacity that Xcel Energy is mandated to install.  Xcel currently has installed or planned about 730 MW of the 825 MW that it is required to install by 2011; the generation from these facilities cannot (by statute) be counted toward the REO.


These required capacity and demand growth figures are somewhat lower than estimates made by others, notably Bailey and Morris of the Institute for Local Self Reliance.  The discrepancies, however, can be explained by differing assumptions regarding growth and capacity factors (Bailey and Morris assume 2.5% growth and a 33% capacity factor, both of which lead to a need for more capacity).

Table 1.  Baseline Estimates of Electricity Consumption, by Fuel Source, 2004-2020
	Year
	Total Demand (Million kWh)
	Eligible Renewables Percent Share
	Eligible Renewables Generation (Million kWh)
	Ineligible Renewables Generation (Million kWh)
	Natural Gas Generation (Million kWh)
	Petroleum Generation (Million kWh)
	Nuclear Generation (Million kWh)
	Coal Generation (Million kWh)

	2004
	63,340
	3.00%
	1,900
	5,067
	1,267
	633
	12,668
	41,804

	2005
	64,670
	3.00%
	1,940
	5,174
	1,293
	647
	12,934
	42,682

	2006
	66,028
	3.00%
	1,981
	5,282
	1,321
	660
	13,206
	43,579

	2007
	67,415
	3.00%
	2,022
	5,393
	1,348
	674
	13,483
	44,494

	2008
	68,831
	4.00%
	2,753
	5,450
	1,362
	681
	13,624
	44,960

	2009
	70,276
	5.00%
	3,514
	5,506
	1,377
	688
	13,695
	45,497

	2010
	71,752
	6.00%
	4,305
	5,563
	1,391
	695
	13,695
	46,104

	2011
	73,259
	7.00%
	5,128
	5,619
	1,405
	702
	13,695
	46,710

	2012
	74,797
	8.00%
	5,984
	5,675
	1,419
	709
	13,695
	47,315

	2013
	76,368
	9.00%
	6,873
	5,732
	1,433
	716
	13,695
	47,919

	2014
	77,971
	10.00%
	7,797
	5,788
	1,447
	723
	13,695
	48,522

	2015
	79,609
	10.00%
	7,961
	5,909
	1,477
	739
	13,695
	49,828

	2016
	81,281
	10.00%
	8,128
	6,033
	1,508
	754
	13,695
	51,162

	2017
	82,988
	10.00%
	8,299
	6,160
	1,540
	770
	13,695
	52,524

	2018
	84,730
	10.00%
	8,473
	6,289
	1,572
	786
	13,695
	53,915

	2019
	86,510
	10.00%
	8,651
	6,421
	1,605
	803
	13,695
	55,335

	2020
	88,326
	10.00%
	8,833
	6,556
	1,639
	820
	13,695
	56,784


Table 2.  Baseline Estimates of Carbon Dioxide Emissions from Electric Generation for Minnesotan Consumption, by Fossil Fuel Source, 2004-202

	Year
	CO2 emissions from gas (metric tons)
	CO2 emissions from petroleum (metric tons)
	CO2 emissions from coal (metric tons)
	Total CO2 Emissions from Electric Generation (metric tons)

	2004
	654,537
	458,654
	38,469,603
	39,582,795

	2005
	668,283
	468,286
	39,277,465
	40,414,033

	2006
	682,317
	478,120
	40,102,292
	41,262,728

	2007
	696,645
	488,160
	40,944,440
	42,129,245

	2008
	703,942
	493,273
	41,373,301
	42,570,517

	2009
	711,238
	498,386
	41,867,349
	43,076,973

	2010
	718,530
	503,496
	42,425,804
	43,647,830

	2011
	725,815
	508,600
	42,983,693
	44,218,109

	2012
	733,089
	513,697
	43,540,746
	44,787,532

	2013
	740,348
	518,784
	44,096,682
	45,355,814

	2014
	747,589
	523,858
	44,651,209
	45,922,655

	2015
	763,288
	534,859
	45,853,528
	47,151,675

	2016
	779,317
	546,091
	47,081,095
	48,406,503

	2017
	795,683
	557,559
	48,334,442
	49,687,683

	2018
	812,392
	569,267
	49,614,109
	50,995,768

	2019
	829,452
	581,222
	50,920,649
	52,331,323

	2020
	846,871
	593,428
	52,254,626
	53,694,925

	Cumulative:
	12,609,336
	8,835,739
	753,791,034
	775,236,110


Appendix II – Enhanced Conservation Improvement Programs:  Methodology and Detailed Findings

Appendix III – Renewable Electricity Standard:  Methodology and Detailed Findings


In order to assess the impact of a 20% Renewable Electricity Standard (RES), the baseline electricity model was modified to reflect a higher level of growth in eligible renewables.
  Using the same initial resource mix as the baseline, it was assumed that the “eligible renewables” category would increase by 1.5 percentage point per year until reaching 15%, and then increase by 1 percentage point per year until reaching 20%.  All other assumptions, including demand growth, fossil fuel efficiency, and wind capacity factor, were held constant between the two models.  The following graphs compare the resulting resource mix over time between the baseline (REO) and the RES; Table 1 at the end of this section shows the underlying data for the RES, while REO data is listed in Table 1 of Appendix I.
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Growth in eligible renewables was assumed to be wind, as the REO’s biomass setasides have been met, and wind is the most economically competitive form of renewable generation in the state.  In order to determine the total wind generating capacity that would be required to meet the percentage goals, a 35% capacity factor was assumed (see sidebar on capacity factor), resulting in a need for 5,142 MW of capacity by 2020, or 2,881 MW more than in the baseline scenario.  This figure is somewhat sensitive to changing the capacity factor assumption:  a 40% capacity factor results in total new capacity under the RES of 4,499 MW, a decrease of 12.5% (relative to a 35% capacity factor), while a 30% capacity factor yields 5,999 MW, an increase of 16.7%.  While the capacity factor chosen does not affect carbon dioxide emissions, it does affect the total wind generation capacity necessary to meet the renewable energy targets, and thus the targets’ overall expense.  

Economic Impact

The capital investment required to meet the RES would reach into the billions of dollars over the next fifteen years.  Until fairly recently, an industry rule-of-thumb for wind generation projects was to expect total costs around a dollar per Watt (which would mean total costs of around $5 billion to meet RES goals).  In recent years, project costs have been increasing, and are currently closer to $1.40 per Watt.  This is due to a variety of factors, including rising steel prices, the value of the dollar relative to other currencies
, and the chronic  uncertainty of federal support for the wind industry (which creates a boom-and-bust cycle, making long-term planning difficult).  By helping to create a stable market for wind turbines, an RES could theoretically help keep project costs down, but the price impact of the policy on its own should not be overstated.
  With these caveats in mind, estimates from $5 billion to $7 billion in total investment to meet the RES seem reasonable; the corresponding figure under the REO is likely to be between $3 billion and $5 billion.


Due simply to the location of Minnesota’s wind resource, this money would be invested in rural areas.  Under either the existing REO or the RES, the investment of several billion dollars in capital projects in rural Minnesota over the next fifteen years would clearly have a significant effect on local economies.  It is not, however, easy to reliably quantify this impact in terms of jobs created.  Several models have sought to make projections about the economic impact of wind development.  For example, a study performed by the National Renewable Energy Laboratory (NREL) at the request of the US Government Accountability Office (GAO) estimated that the development of a hypothetical 150-MW wind project in Pipestone County, owned by an out-of-state entity (as opposed to being locally owned), would create 21 jobs (directly and indirectly) during the construction period, and 37 jobs during its operations period.
  Information from the American Wind Energy Association, on the other hand, reports that the 107-MW Lake Benton I project resulted in 10 full-time jobs in Pipestone and Lincoln counties.


The GAO/NREL study found that a number of variables are important in determining the job creation and income effects of wind projects in a given county.  Key among these are the county’s existing economic base and the ownership structure of the project.
  The larger the local economic base, the less equipment, material, and other services needed by the project must be imported from other areas, meaning that more of the economic activity generated by the project stays in the immediate area.  This is particularly true during the construction phase of the project.
  


The other important variable is the ownership structure, that is, whether the project is owned by a local entity or by a company based outside the project area.  Locally-owned wind projects (also referred to as community wind projects) tend to keep more project revenue in the area, particularly during the operations phase, and thus stimulate greater long-term local economic activity.
  Projects owned by out-of-area entities, on the other hand, take revenue out of the immediate vicinity of the project in the form of profits.  While externally-owned projects do create jobs and stimulate rural economies, community projects tend to do so more effectively on a per-megawatt basis.
  On the other hand, given the large amounts of capital required for wind projects, it can be very difficult for local entities to put together a successful project, particularly a large project.   


It should also be pointed out that while the NREL/GAO assessment did seek to estimate the number of jobs created by wind projects, the modeling undertaken was focused not only on a specific set of counties (only two of them in Minnesota) but on projects of specific size and ownership structure.  The largest hypothetical project assessed was 150 MW.  There are currently no operating wind projects of that scale in Minnesota.  In addition, the model generally addressed the impact of single projects, while the wind development needed to meet an RES would require sustained investment over a fifteen-year period, during which other economic factors would affect conditions in the areas in which development was occurring.  Whether the model used for the GAO’s report would scale to this level of wind generation is thus not at all clear; simply extrapolating from the figures reported by the GAO is not a reliable way to estimate economic impacts.


For those reasons, while it is certain that wind energy is an effective stimulant for rural Minnesotan economies, it would be misleading to provide specific numbers of jobs created or amounts of new income for counties.  The most that can be said with confidence is that wind generation projects bring new jobs and revenue to the areas in which they are located, and that more wind generation projects would be developed under an RES than under existing law.


An additional benefit to the RES which is frequently stressed by proponents is the possible influence on manufacturing in the state.  This argument holds that wind turbine manufacturers, seeing a growing demand for their product, would open new factories in order to avoid the costs of shipping from Europe and Asia, and would also open new servicing facilities located near wind farms.   To a broad degree, this may be true.  The presence of a significant number of wind turbines in an area can be influential in the locating decision of manufacturers.  


However, the decision by manufacturers to open a new plant is also influenced by a wide variety of factors beyond the existence or lack of an RES in a state.  Manufacturers tend to consider broader markets than a single state in such decisions, and while an RES could play an important role as a market-creating mechanism, other factors are equally if not more important.  Among these are the relative costs of labor, shipping costs, and the cost of capital.  In addition, the potential opening of a new large manufacturing facility tends to create competition between states and counties to have the facility located in their jurisdiction.  A turbine manufacturer considering opening a new factory would be bombarded with incentives, and could choose the most advantageous.
  Thus, an RES could certainly help convince manufacturers that a sufficient regional market existed to support a new factory in the upper midwest, but there is no guarantee that such a factory would be located in Minnesota – though certainly the potential exists.


It is more certain that expanded wind generation in the state could stimulate manufacturers to open servicing facilities. One commonly-cited figure is that the installation of 25-30 MW of capacity from a particular manufacturer’s turbines, located within a two-hour drive, is a minimum for opening a new turbine servicing facility.  Thus, an expansion of wind capacity in the state could reasonably be expected to stimulate the opening of new servicing facilities.  Again, it is impossible to know precisely where these facilities would be located, but an increase in capacity of the scale under consideration could be expected to mean a significant geographic distribution of the projects, which would likely justify multiple servicing facilities in the state.


In addition to the direct employment effects in terms of the manufacture, construction, and servicing of wind generation projects, there would likely be economic effects in other industries as well.  To the extent that servicing facilities are able to obtain components locally, rather than importing them, local parts manufacturers could see new opportunities for their products.  Where local resources for construction and engineering are insufficient, workers from outside the immediate area would need to be brought in on a temporary basis; hotels and restaurants could see a jump in business as a result.  


Finally, wind projects offer opportunities for significant benefits to the landowners on whose property they are located.  The particular ownership and/or payment structure of the project is one of many factors that are crucial to determining the precise amount of income to the landowner.  The structure chosen can vary significantly from project to project, depending (among other things) on the landowner’s interest and risk tolerance, the quality of the wind resource, and the goals of the entity (or entities) developing the projects.
  Still, in Minnesota it is generally expected that a landowner will receive $3-5,000 per year for each turbine located on the property; may receive a percentage of the production revenue; and in some cases, may be a full or part owner of the project.  Given the scale of development under consideration with an RES, this represents a very significant source of potential income for landowners in areas with suitable wind resources.  In particular, the income from wind projects tends to be more stable than other farm revenue streams, which vary with commodity prices.  The GAO reported that some farmers see wind turbines on their property as helping to “keep the farm solvent and 

the farmer’s family on the farm.”
  The creation or expansion of this relatively new revenue stream to rural Minnesota could thus prove critically important not just to those receiving the payments, but to the other sectors of the rural economy as well.


It has been clear for some time that the economic potential of wind generation in Minnesota is very significant, and the rapid recent growth of wind capacity both reflects and underscores that significance.  Wind is likely to continue growing under existing state incentives; an RES could accelerate that growth and possibly make it more certain.  Some specific outcomes, such as the siting of a turbine factory in the state, are unknowable, as is the question of whether the passage of an RES would represent a “tipping point” in the development of the regional market for the wind industry.  However, while it has matured significantly in the last decade or so, the industry remains in its youth, and it is currently highly sensitive to policy signals.  One example of this is the boom-and-bust cycle that wind development has followed in response to the federal production tax credit (PTC).  The unpredictability of this credit (which is often critical to the financial success of wind projects), in combination with the fact that it is rarely renewed for more than two years at a time, have created a significant difficulty in planning wind projects, and stability in the PTC could result in even greater growth than has been observed to date.
  Stable policy signals – including both the federal PTC and an RES – could help stabilize the market for wind turbines, bringing prices down and spurring further investment in rural Minnesota communities.

Local Tax Revenue

Wind projects in Minnesota are taxed according to the amount of electricity they generate, with the per-kilowatt-hour rate varying with the size of the project.  The resulting revenues are divided among the local taxing jurisdictions in which the wind projects are located, with 80% going to counties, 14% to cities and townships, and 6% to school districts.  The table below illustrates how wind projects are categorized by size, the tax rate applied to each, and the approximate fraction of wind-generated electricity in the state coming from each size category.  

	Category
	Size Range

(MW Nameplate Capacity)
	Tax Rate

(cents per kWh)
	Approx. Fraction of Production (2004)


	Small
	< 2
	0.012
	14%

	Medium
	2-12
	0.036
	16%

	Large
	> 12
	0.12
	70%


In 2004, wind production taxes resulted in a total of $1.2 million in revenue for local governments in Minnesota; preliminary data for 2005 puts the figure around $1.36 million.
  Assuming that fraction of production represented by each size category remains constant, by 2020, the RES would result in annual wind production tax revenue from new wind projects of $14.4 million, as opposed to $6.3 million for the baseline.  Cumulative revenue over the period from new wind projects would be $56.9 million for the baseline, versus $113 million under the RES.  See Table 2 below for detailed year-by-year data.


“New wind projects” here are defined as those entering operation after 2004, and which are eligible under existing statutes.  Thus, generation from projects existing before the end of 2004, and from projects installed to meet Xcel’s wind mandates, are excluded from the calculation.  In reality, the projects excluded here would of course generate tax revenue as well, but they would presumably have the same level of generation in the baseline and in the RES, and so their exclusion should not affect the overall difference between the two policy scenarios.


Because the wind generation tax is based on kilowatt-hours generated, rather than installed capacity, the capacity factor assumed for the model has no effect on the estimated revenue.  If experienced capacity factors differed significantly from the assumptions, revenue would be affected.  The level of demand growth has a direct impact on revenue, as the number of kilowatt-hours needed to meet the REO/RES requirements (on which the revenue calculation is based) depends on the demand growth assumed.

Climate Change Impacts

The same assumptions and calculatione were used to determine carbon dioxide emissions under the RES as were used for the baseline.  


On its own, a mandatory 20% RES would be unlikely to significantly decrease the total greenhouse-gas emissions resulting from Minnesota’s electricity use.  This is due to the fact that the rate of growth in the renewable share of the state’s fuel mix would remain smaller than the rate of overall demand growth, thus requiring a continued increase in other sources of electricity.  Historically, electricity consumption in Minnesota has averaged 2.1% per year, while the RES would increase renewables generation by 1.5 percentage points per year.
  However, the RES would help to slow the growth rate of fossil fuel consumption by offsetting a portion of its growth.


Under an RES, the state would avoid the emission of roughly fifty million metric tons of carbon dioxide by 2020, compared to the projected baseline.  Emissions in the same time period would be 725 million tons under the RES, as opposed to baseline emissions of 775 million tons.  An RES thus represents a savings of about 6% of what would otherwise be emitted as a result of the state’s electricity consumption from 2004-2020.  The primary emissions savings would result from the fact that nearly 25 million US tons of coal would not have had to be burned in order to satisfy the state’s electric demand; avoided consumption of 12 billion cubic feet of natural gas and a million barrels of fuel oil also contribute.  The graph below illustrates carbon dioxide emissions from electric generation for Minnesota consumers under the baseline and RES scenarios; specific values by fuel for the RES are in Table 3; see Appendix 1, Table 2 for baseline values.
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Technological Issues

Transmission

An issue commonly raised in the discussion of wind generation in Minnesota is that of transmission.  Wind turbines, it is pointed out, are typically installed far from the primary load centers in the Twin Cities and other urban areas, and so new transmission would be required to bring their electricity to the customers it is to serve.  In addition, the transmission lines leading from southwest Minnesota’s Buffalo Ridge, where the state’s wind resource is strongest, are currently at capacity, and cannot support significant new electric generation of any kind.


While both of these points are true, they also apply to the existing electrical infrastructure:  Roughly 20% of the electricity consumed in the state is generated outside the state, placing great reliance on long-distance transmission lines, while the state’s existing generation capacity is currently concentrated in a small number of large generators.  In 2004, the ten largest generating plants in Minnesota accounted for nearly 65% of the state’s capacity, with 7,888 of the state’s 12,230 MW of nameplate capacity.  Of these ten largest plants, four are located in the seven-county metropolitan area, and the remaining six have a combined nameplate capacity of nearly 5,940 MW – 49% of the state’s total capacity.


Not only is the state’s generation currently highly concentrated in a small number of plants, but those plants are located away from the load centers.  The ten counties with the highest consumption used nearly 63% of the electricity consumed in the state in 2001
.  As of the end of December of 2004, however, these counties represented only 28% of the state’s generating capacity
 – and given the high fraction of electricity which is generated outside the state, their share of the total capacity needed to serve Minnesota is even smaller.  The need for transmission lines to move electricity from generators to consumers stems from a variety of factors, including the relative cost and ease of siting plants in urban areas as opposed to sparsely populated regions.


Given the urban/rural split of Minnesota’s generation and consumption patterns, it is likely that any attempt to meet the state’s growing electric demand will require new transmission lines. Transmission will be a significant issue for Minnesota in the future.  In some cases, the needs could be met by increasing capacity at existing plants and upgrading the transmission lines that lead from them.  While this may eliminate some issues (such as difficulties obtaining rights-of-way for transmission lines), there are unlikely to be enough plants at which this is a feasible option to meet the state’s total demand.  


Due to its distributed nature, transmission for wind presents somewhat different challenges than those faced by other forms of generation.  However, while transmission constraints are currently a limiting factor for wind development in some areas, it is not clear that an RES would necessarily increase the difficulty or expense involved in transmitting electricity to load centers. Under the state’s C-BED legislation, community wind projects that require new transmission lines must offer investment opportunities to landowners whose property the new lines will cross.  This provision may well help to make transmission lines for new wind projects much more acceptable to landowners than would be new transmission for other generation projects.  There may very well be other policy options the state could use to give preferential treatment to transmission for wind.


Transmission is an extremely complicated topic, involving overlapping regulatory juridictions and a variety of public and semi-public entities.  A complete treatment of transmission issues is thus outside the scope of this analysis.  However, the need for new transmission affects all forms of electric generation, not just wind, and thus the placement of new transmission lines will be influenced by the choices made regarding the state’s fuel mix.

Variability and Integration Costs


The variable nature of wind generation is a technical barrier which makes integrating it into the electrical grid more difficult than more predictable and controllable sources of electricity.  While this difficulty is real, it is not insurmountable, at least up to a certain point.  The precise point at which wind becomes an unmanageable percentage of the resource mix has been a matter of some debate.  While many advocates point to the success of some European countries at managing wind penetration levels in excess of 20 or 30%, the difference in the structure of the electrical grids makes direct comparisons difficult.


 In November of 2004, the Department of Commerce published a study of the cost and reliability impact of a 15% wind penetration level on Xcel’s electrical system, assuming a 10,000 MW peak demand in 2010.  The study was specific to Xcel’s system, and did not examine greater levels of penetration, so it cannot be assumed to apply to the statewide system, nor to the 20% penetration level that the proposed RES represents.  It found that 1,500 MW of wind could be reliably integrated into the Xcel system, and that the costs of doing so would be no more than $4.60 per megawatt-hour of wind generation, or just under half a cent per kilowatt-hour.  The study also reported that the figure was a conservative one, which would be likely to decline with greater experience in managing wind as a part of the generation mix.


As noted, these findings cannot be extrapolated to the entire Minnesota electric system, or to other degrees of wind penetration.  However, it is also important to note that the results are consistent with the findings of other studies of the cost of wind integration on other systems.  By and large, these studies tend to find that the cost of integration is real, and increases with increasing levels of penetration, but that the system-wide cost are “relatively small on a per-kWh of wind energy basis.”
  Generally, other studies have found integration costs in the single digits in terms of dollars per megawatt-hour.
  In addition, the need for additional generation to compensate for wind’s variability, while real, is “substantially less than one-for-one.”
  Successfully integrating wind into the electricity grid is less an issue of technical capability than one of cost.  The precise integration costs of a 20% penetration rate on Minnesota’s system will be better understood later in 2006, when a study required by legislation passed in 2005 is scheduled for completion. In the meantime, it seems reasonable to expect that the overall cost of integrating new wind to the Minnesota system would be in line with these estimates – at the very least, in the same order of magnitude.

Rate Impacts

When amortized over the amount of electricity demand projected for 2020 (roughly 88,000 GWh), an integration cost of  half a cent per kilowatt-hour of wind at a 20% level of wind penetration would translate to an overall cost increase of 0.1 cents per kilowatt-hour.  The system-wide cost would be about $88 million.  Under the REO, the corresponding figure is 0.05 cents per kilowatt-hour, or roughly $44 million over the total statewide consumption.
 


Comparing these integration costs to the avoided fossil fuel costs discussed above, it is clear that the savings in avoided fuel costs are significantly higher than the wind integration costs incurred.  New wind generation is roughly comparable to new fossil fuel generation in terms of price per kilowatt-hour.  In fuel costs alone, the incremental savings of an RES over the REO significantly outweigh the higher integration costs represented by higher levels of wind penetration.


In addition, the nature of recent Minnesota legislation provides an additional form of rate insurance to electric ratepayers.  The Community-Based Energy Development legislation provides for declining payments to wind turbine projects in the second half of the project’s lifetime (after capital costs are paid off).  This provides a degree of risk mitigation to utilities against volatility in fuel prices, by ensuring them a source of low-price electricity. That security can be passed on to consumers in the form of protection from fuel-price induced rate increases.  This cost mitigation aspect of wind has been borne out recently in Texas, where high natural gas prices (gas fuels about half the state’s electric generation) have meant significant savings for customers purchasing electricity from wind.


It is certain that Minnesota’s currently low electricity prices are largely a reflection of the state’s high dependence on inexpensive coal generation.  Decreasing the share of coal in the resource mix could have an impact on rates.  However, given that wind has no fuel costs associated with it, and integration costs appear well within the manageable range, it seems unlikely that any rate impact would be sufficient to push Minnesota’s electricity prices significantly higher.  Energy price impacts on the state’s attractiveness to industry, therefore, should be negligible.


Finally, it is worth pointing out that Minnesota has no fossil or nuclear fuel resources within its borders.  Thus, money spent on these fuels is money leaving the state’s economy.  In contrast, a significant portion of money spent to develop and integrate the state’s wind generation potential will recirculate within Minnesota, fueling economic activity.  Indeed, even if an RES were to increase electricity rates, it may very well be that policymakers, on weighing the benefits of cheap electricity whose revenue leaves the state against slightly more costly electricity which secured benefits for the state’s economy, would decide that a certain rate impact would be acceptable from a social point of view, in terms of the economic activity it encouraged and the energy independence it would represent for the state.

Stakeholders

The primary stakeholders in the decision to adopt an RES are fairly obvious, and have been largely identified already:  utilities, rural landowners and communities, and the wind industry.  To the extent that the policy would affect electricity prices, the pool of stakeholders can be considered to include all Minnesota electric customers.  In addition, those industries which would be involved in installing wind turbines – steel, construction, and heavy transportation, for example – would be incrementally affected by an RES.  


With the possible exception of utilities and ratepayers, all of these groups have the potential to see significant economic benefit from an RES.  The expansion of renewable electric generation in the state would create new economic opportunities and keep a larger share of Minnesota’s energy dollars in the state’s economy.  Many utilities are also finding that renewable energy, and wind in particular, can be an economical investment and help avoid exposure to fuel price volatility.  While it is true that not all utilities in the state have service territories which include a good wind resource, the development of the Midwest Renewable Energy Trading System (MRETS) should help facilitate the exchange of renewable credits between utilities, thereby keeping compliance costs low, particularly early in the program.  To the extent that compliance costs are passed on to retail customers, electricity prices in the state could increase, but it seems likely that these increases would be low.  In addition, the further expansion of the wind industry – which would be stimulated by an RES – could be expected to reduce the price of wind generation equipment by leveraging economies of scale.


Finally, the environmental impact of a shift to renewables would benefit Minnesotans.  By reducing reliance on fossil fuels, particularly coal, the state could avoid a portion of its emissions of carbon dioxide, mercury, sulphur, and other pollutants without forcing utilities to install new control technologies.

M-RETS

The Midwest Renewable Energy Tracking System (M-RETS) currently under development (tentatively scheduled to begin operation in late 2006) is intended to be a multi-state certification and tracking program for renewable energy credits, facilitating trading and the verification of compliance with state renewable energy programs.  By including data about generation sources with the renewable energy credits, M-RETS will allow states to verify whether a credit qualifies under its own renewable energy definitions, and thus facilitates the trading of credits between utilities in different states.
  Thus, a utility whose service territory provided few economical opportunites for renewable generation could purchase credits from another utility – possibly in a different state – in order to comply with RES requirements at a lower cost than would be incurred through building new generation facilities.  Depending on the statutory requirements of the program the utility had to meet, it could determine which credits it should seek to purchase.  For example, Minnesota’s REO currently excludes large-scale hydropower, so Minnesota utilities would know that for compliance purposes, they would need to buy credits from other forms of generation.


Effectively, trading systems such as M-RETS separate the market for electricty from the market for its environmental qualities.  By tracking the renewable credits for all electricity generated by participating generation units, the system will avoid problems of double-counting credits for multiple renewables requirements, but will also facilitate the exchange of credits between states.  M-RETS certificates will be exchangeable on a one-for-one basis with Wisconsin Renewable Resource Credits (RRCs) generated since January 1, 2004.
  Because Wisconsin’s utilities have been exceeding their RPS goals, there is currently a surplus of credits available in the RRC system, above what is needed for compliance with the state’s Renewable Portfolio Standard.  In 2004, the surplus amounted to about 493,000 MWh, or about 30% of the total generation found eligible for the Minnesota REO by the MN Department of Commerce’s study.
  There is thus a strong likelihood that there will initially be a very large number of renewable credits available in the new market.  If this is the case, it could initially discourage utilities from investing in renewables generation, as it would remain cheaper to obtain existing credits than to build new facilities. 


The Wisconsin legislature has recently increased the targets of its renewable portfolio standard, with a statewide goal of 10% by 2015.  While this could have the effect of increasing the demand for renewable credits in the state, the increases for the years 2006-9 are less aggressive, requiring only that each utility’s percentage of renewables not decrease below its average percentage for 2001-3 (in other words, that renewables keep pace with demand growth).
  This could create an opportunity for RRC surpluses to persist or grow in the 2006-9 timeframe, potentially decreasing the credits’ price even further.

Refining the Policy Tool

The analysis reported here concerns itself solely with the implications of changing the existing REO percentages and timeframes to 20% by 2020, and making the policy mandatory for all utilities in Minnesota.  However, in the course of the analysis, there are several possible policy options which may increase the RES’s effectiveness at achieving various aims, enhance its attractiveness, or make compliance easier.  This section will briefly review a few of these, pointing out possible advantages and trade-offs for consideration by policymakers, but a thorough analysis has not been conducted on any of the options listed.


Penalties for Non-Compliance  Currently, Minnesota law sets out no penalties for utilities failing to meet REO targets, and even for Xcel (for which the targets are mandated), no consequences are specified.  Presumably, the Public Utilities Commission would be charged with determining an appropriate penalty for non-compliance, but it is not necessarily clear what form that penalty would take, and no guarantee that it would be the same for each utility.  Specifying a monetary penalty in law, in terms of a given fine per megawatt-hour of shortfall in meeting the goal, would be an unambiguous signal to utilities of the consequences of non-compliance.  The Texas RPS, for example, stipulates a fine of the lesser of $50 or 200% of the average cost of renewable electricity credits.  It should be noted that a fine also has the potential to act as a cost cap mechanism, as utilities finding it too costly to obtain the required renewables will simply opt to pay the fine (though ideally, the fine would be significantly above the cost of compliance, in order to make compliance the more attractive option).


Set-Asides  Broadly speaking, there are three primary goals of an RES:  reducing the environmental impacts of electricity generation, encouraging rural development, and creating and stimulating markets for renewable generation technologies.  Depending on which of these is seen as the most important, specifying a portion of the RES energy to come from specific sources can be an option to ensure progress in a particular direction.  Minnesota’s REO has used a biomass set-aside in order to ensure that some of the state’s electricity comes from biomass generation, while Arizona requires that 50% of the electricity for its RPS must come from solar generation.  Set-asides can also be used to encourage community ownership by specifying a minimum amount of power to come from such projects.  Whether a set-aside (based on ownership or technology) would be important for Minnesota depends on the particular goals that one seeks to emphasize.  Without a set-aside, it is unlikely that a significant share of renewable generation would utilize a technology other than wind, simply due to the relative costs.  The state’s new C-BED legislation seems to be having a significant effect already in stimulating community-owned projects, so a community set-aside may be unnecessary.  A related strategy is to weight credits according to the desireability of their ownership or technology characteristics.  For example, the federal renewable electricity purchase requirement created by the 2005 Energy Policy Act allows electricity generated on Native American tribal lands to count double when determining compliance with the purchase requirement.


The counter-arguments to set-asides include the views that state policy should not seek to “pick winners” in terms of which technologies become commercially successful; and that set-asides inhibit the ability of markets to obtain the least-cost solution to increasing the share of renewables in the system.


Financial Tools An alternative to set-asides for promoting community ownership is to make favorable financing available to community-owned projects.  Tools such as loan-guarantee funds and revolving loan programs can make it easier for these smaller projects to obtain financing at favorable rates.  This can be particularly important since larger projects may be at an advantage when seeking capital, reducing their overall costs.  Helping community-owned projects be cost-competitive can allow least-cost renewable development while maximizing the local economic benefit from the projects.


Profits  While the tradeable credit mechanism can facilitate compliance with an RES at the lowest cost, and penalties can ensure that compliance is preferable to non-compliance, there is little incentive for over-compliance with requirements.  Finding ways to reward utilities for retiring more credits than they are required to could prove a valuable way to stimulate renewable generation, as well as preventing disruptive surpluses of credits from accumulating over time.

Sustainability and Long-Term Success

Even if an RES is effective at stimulating the market for renewables, its environmental benefits are contingent on demand growth.  Offsetting fossil fuel use is beneficial, but if overall demand grows faster than the share of renewables in the resource mix, then aggregate fossil fuel emissions will continue to climb.  This is the outcome of the model assessed for this study; 2.1% annual demand growth offsets the more modest renewables growth rate.  While the emissions avoided in the RES scenario are clearly beneficial, the overall emissions in 2020 are significantly higher than in 2006.


For this reason, an RES should not be the only approach to reducing emissions.  Rather, a combination of controlling demand growth and stimulating renewables development is crucial for long-term success.  If demand growth can be held to a modest rate, then actual reductions in fossil fuel use – not just slower growth – can be obtained by switching from fossil fuels to renewables.  For example, comparing an REO with 2.1% demand growth to an RES with 0.5% demand growth shows total avoided carbon dioxide emissions of nearly 140 million metric tons – more than five times the amount saved with an RES alone.  For this reason, another section of this report addresses possible improvements to the Conservation Improvements Program, seeking to obtain environmental and economic benefits through reduced energy inputs to provide the same level of energy services.


Like meeting the RES targets, controlling demand growth will be no mean feat, though it is certainly technically possible if policymakers make the decision to pursue it.  It is worth pointing out, however, that the more success is obtained in reducing consumption, the easier it will be to meet the targets of the RES.  A slower increase in the total amount of electricity generated means that increasing the share of renewables will be more manageable, and require fewer new generating facilities each year than would be needed in a scenario of uncontrolled growth.
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