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1. Introduction and Summary

The Massachusetts Electric Utility Restructuring Act (“the Act”) requires the Massachusetts Division of Energy Resources (DOER) to develop and implement a renewable energy portfolio standard (RPS) for the state of Massachusetts. The Restructuring Act does not specify all of the design features of the RPS, leaving several important design decisions to the DOER. This raises the need to develop a policy-analysis tool that can evaluate the costs and impacts of different RPS designs. Ideally, such an evaluation tool could provide at least two key benefits to the DOER and the Advisory Group:

1. Accountability: It is generally good practice for state agencies to evaluate the potential benefits of the policies that they develop and implement. 

2. Policy Scenario Analysis: A policy-analysis tool that can evaluate the costs and impacts of different possible approaches to structuring and applying the RPS will help inform policy positions held by the Advisory Group participants and design decisions made by the DOER.  

The DOER’s Consulting Team has been asked to develop an evaluation methodology to serve both of these purposes. The evaluation tool is primarily intended to quantitatively estimate the costs of the Massachusetts RPS, with a more limited quantitative and qualitative assessment of possible impacts.
 This paper lays out a proposed methodology for this analysis; the paper does not provide the analysis itself. The actual evaluation will proceed once the evaluation methodology is establish and agreed upon. 

In laying out the methodology for the evaluation, the following questions are addressed in this paper: 

· What are the specific objectives of the analysis?

For the Cost Analysis:

· What general modeling approach should be used?

· What types of costs should included, evaluated, and reported in the analysis?

· What methodology should be used and what data are available for estimating the cost of various eligible renewable energy sources?

· What methodology and data should be used to estimate the market price of wholesale electric power?

· How will marketer and generator transaction costs be estimated?

· How will policy administration costs be estimated?

For the Impacts Analysis:

· What is the scope?

· Which metrics should we examine (e.g. CO2, NOX, SOX, economic development, retention of revenue in the region, etc.)?

· What modeling approach should be used to quantify environmental impacts?

· How to qualitatively examine economic and renewables industry development impacts?

· What sources are relied on for data?

1.1. Summary Recommendations

In summary, our recommendations for the methodology of the costs and impacts evaluation are as follows:

Objectives

1. The primary evaluation objective should be to develop a transparent, objective and defensible analysis of the potential costs of the DOER-preferred RPS Design Proposal.  A screening-level assessment of the potential impacts of the Massachusetts RPS should also be developed. To the extent useful and practicable, the analysis-tool will also be designed to perform a screening-level analysis of certain alternative RPS design options. A review of numerous efforts to simulate the impacts of national and state RPSs has informed our proposed model design and approach (see Appendix A). 

Cost Analysis

2. We propose to develop and employ a cost analysis tool based on a spread sheet platform, that integrates supply-curve data for eligible renewable energy projects and production cost simulation runs to estimate wholesale market prices.

3. Among several alternatives, we recommend that the spreadsheet model’s primary output be an estimate of the cost of the RPS to end-use customers in Massachusetts in four “snapshot” years: 2003, 2006, 2009, and 2012. 

4. We recommend that evaluation of costs to retail customers
 include estimates for: (1) the incremental price of renewable generation required under the RPS (see recommendations 5,6 and 7); (2) the wholesale and retail transactions costs related to the personnel and resources needed to buy and sell renewable energy to comply with the RPS (recommendation 8); and (3) the start-up and ongoing costs of program administration (recommendation 8). 

Cost Analysis – Renewable Generation Cost

5. In addition to technology cost, we propose to estimate a renewable technology supply curve to reflect resource availability of each renewable technology in New England, to account for potential renewable resource limitations in the region.

6. To estimate wholesale electricity market prices, we recommend utilizing a well-established utility dispatch simulation program called PROSYM that simulates the interaction of supply and demand in an electric system. Model output would be used to adjust the cost of renewable supply, based on market value of each renewable technology. This supply curve would then be input into the spreadsheet model discussed in objective 2.

7. We recommend creating a renewable electricity demand curve, inputting it into the spreadsheet model and evaluating the interaction between supply and demand to determine the incremental cost for renewably generated electricity.

8. Finally, to determine the overall cost of RPS implementation calculation, we propose to sum the results from the renewable market electricity model (see #7), wholesale and retail transaction costs, and program administration costs. We will use this to calculate the incremental increase in electricity prices paid by Massachusetts’s retail electricity customers.

Impacts Analysis

9. In parallel with the cost analysis, we propose to quantitatively evaluate potential environmental impacts of the Massachusetts RPS by estimating the reductions in air pollutant emissions likely to result from RPS implementation. Our goal would be to quantify changes in pollutant emissions using the spreadsheet model, replacing historical emission rates for the marginal generating units with the emissions of the renewable energy technologies that we estimate would be used to meet the RPS requirement.

10. We recommend qualitatively assessing the potential economic impacts of the RPS. These impacts could include reduction of cost of compliance with national and regional SOX and NOX emission caps, health impacts associated with decreased pollutant emissions, the potential reduction in system-wide marginal electricity and natural gas prices that result from renewable energy dispatch, the value of fuel diversity and the value of a higher percentage of consumer energy expenditures remaining in the regional economy. 

11. In concert, we also propose to qualitatively assess the impacts to renewables industry development. The RPS could spur industry development by increasing attractiveness of the Massachusetts renewables market, encouraging growth in the renewable supply chain within the state, which in turn could create increased employment and revenue.

1.2. Organization of the Paper

We begin this paper in Section 2, where we present and defend our recommended objectives for the cost analysis.  In Section 3 we evaluate and recommend a methodology for the cost analysis, comparing it to alternative approaches that we identify.  We (a) discuss tools and/or methodology options, (b) recommend a specific methodology, and (c) discuss data sources.  In Section 4, we follow a similar approach for the impact analysis but add a recommendation for qualitative treatment of specific impacts. Appendix A briefly reviews previous efforts to model the costs and impacts of renewable portfolio standards and Appendix B shows an example cost calculation for illustrative purposes. 

2. Analysis Objectives

The first step in any modeling effort is to identify the primary and secondary objectives of the analysis. As noted in the introduction, we propose two primary objectives for developing an RPS analysis tool.

1. The first objective should be to develop a transparent, objective, and defensible analysis of the potential costs and impacts of a DOER-preferred RPS Design Proposal. After all, it is generally good practice for state agencies to evaluate the potential impacts of the policies that they develop. 

2. Second, to the extent useful and practical, the analysis tool should also be designed to perform screening-level analysis of specific RPS design options. A policy-analysis tool of this type will be able to evaluate the costs and impacts of different possible approaches to structuring and applying the RPS, thereby helping inform Advisory Group deliberations as well as design decisions made by the DOER

To meet these two objectives, the model will need to be robust enough to simulate scenarios. A base-case scenario will be constructed initially, and then the inputs will be adjusted to create a “high” and a “low” scenario for key parameters. Input considerations for these scenarios are described further in 3.4.5 and may include: (a) different treatments of existing renewables under the RPS, (b) changes in green power market demand, (c) market adjustments to the renewable technology supply curve, and (d) different methods for determining when to sunset the RPS after 2009. While we propose that the analysis-tool be designed to allow screening-level analysis of key RPS design variations, we do not recommend that the tool be developed and employed to answer all or even the majority of the detailed RPS design decisions.  The development of such a model appears intractable, and would require significant expenditure of time and resources without gaining significant accuracy or precision.  Further, the Act, or other practical constraints will bind many of these design options.

Our analysis of impacts will be less detailed and more qualitative. As discussed in Section 4.2, the impacts analysis will quantitatively evaluate the environmental impacts of reduced air pollutant emissions and will qualitatively assess economic and renewables industry development impacts. 



3.  Cost Analysis - Recommended Evaluation Methodology

We propose to develop and employ a new model for use by the DOER in evaluating the costs and impacts of the Massachusetts RPS, building off of previous RPS analyses. While its development will be aided by the structure, approach and results of previous RPS analyses, the task at hand is unique enough to warrant the development of a model specific to the Massachusetts situation. Figure 1 provides the overall structure of our proposed modeling study and the analytic sequence that we intend to follow. As noted, the analysis will include both cost and impacts analysis. In the following discussion, we provide more detail on the various steps that will be undertaken to develop and use the model that we propose.

3.1. General Modeling Approach

To meet the objectives above, we propose to develop and employ a cost analysis tool based on a spreadsheet platform, that integrates supply-curve cost data for eligible renewable energy projects, demand curve data for renewables, and production cost simulation runs to estimate wholesale market prices. Once developed, we will vary the input variables within a moderate range to create additional scenarios that will create reasonable boundaries for the cost analysis. In doing so, we will create “high” and “low” cases that will further inform the base case analysis.
In selecting the spreadsheet platform approach to estimating the cost of the RPS, we also considered a number of other alternatives. Following on the discussion in Appendix A, we identified and considered three other possible modeling approaches. These approaches, as well as their respective advantages and disadvantages, are discussed below.

Option 1: NEMS. Tellus, EIA, DOE, and LBNL used the National Energy Modeling System to estimate the costs and impacts of several national RPS proposals. The advantages of NEMS are that: 1) it is a well-established national model that goes through successive revisions each year based on industry input, and 2) it is an integrated energy sector model, therefore allowing an evaluation of the secondary effects of policies on, for example, natural gas prices. Nonetheless, the use of NEMS also has several important disadvantages. First, NEMS is a tool best suited for national analysis, with limited potential for the detailed regional analysis that would be required to model the Massachusetts RPS (while NEMS can do some regional analysis, it is not state specific and is constrained to the various NERC regions). Second, NEMS’ characterization of renewable energy supply, especially at a detailed regional level, is rather crude (perhaps most importantly, NEMS’ treatment of biomass and its supply constraints for wind have both been criticized). Third, and perhaps most importantly, NEMS is neither user-friendly nor transparent. This third factor, in particular, makes NEMS less than ideal as a policy-analysis tool.

Option 2: NEMS Derivative. To rectify some of the limitations identified above, UCS has developed a model—called RenewMarket—that simulates the basic modeling approach used in NEMS but that addresses some of NEMS’ key limitations. UCS’ model runs on an Excel spreadsheet platform, and is far more transparent and user-friendly than is NEMS. RenewMarket also uses more optimistic assumptions about renewable energy supply potential and costs than does NEMS. UCS has used RenewMarket to simulate national RPS proposals, and has more recently begun to use the model to evaluate the costs of an RPS on a regional basis, based on NERC regions. Despite these benefits, RenewMarket may not offer the detailed level of regional analysis that could be needed to evaluate the costs and impacts of the Massachusetts RPS, and the model is perhaps not as transparent as would be desired to gain input from the DOER’s Advisory Group process. RenewMarket also does not currently allow an analysis of different RPS tiers (as might be required if we are to evaluate the impact of an RPS for existing resources) or allow for bulk power purchases and sales across NERC regions. Finally, the optimistic assumptions might not provide the results required to create a fully defensible analysis of costs and impacts. Significant modifications would therefore be needed to adapt the UCS model for optimal use in the DOER Advisory Group process. 

Option 3: Production Costing and Capacity Expansion Model. A number of commercial models exist that perform production cost dispatch analysis and capacity expansion in an integrated fashion.  LBNL used Elfin, one such model, to crudely estimate the cost of an RPS in California. The key advantages of this form of model are twofold. First, if the appropriate regional data set is available, this type of model can more easily perform regional analysis than NEMS or NEMS-derivative models. Second, the production costing function of these models provides a detailed, time-varying characterization of wholesale electricity costs, thereby facilitating a closer estimation of the incremental cost of renewable energy generation. Four disadvantages would arise in the use of such models for RPS analysis. First, as with all models, the resulting RPS cost estimates will be driven by input assumptions. Unlike a spreadsheet tool, however, the assumptions embedded in production cost/capacity expansion model are not entirely transparent and can be amended only with some care. Consequently, this form of model is neither as transparent nor flexible as a spreadsheet model. Second, the renewable resource supply potential and costs embedded in these models are typically extremely crude, and would likely require substantial modification. Third, the computation demands of employing such a tool to evaluate the RPS under a variety of policy and market scenarios (including multiple and varying renewable energy supply-cost curves) could be severe. Finally, the error associated with the wide range of variability of many inputs to our analysis
 swamp the added precision available in using a more detailed model.  Under such conditions, there is little justification for the additional effort, as the gains in accuracy would be illusory. 
Recommendation.  

There are advantages and disadvantages to each of the models discussed above, and tradeoffs among model features and capabilities are unavoidable (of those options listed above, adapting the UCS RenewMarket model appears most viable). Nonetheless, to meet the analysis objectives identified in Section 3.1, we recommend that the DOER’s consulting team develop and use its own spreadsheet-based model to estimate the cost of the Massachusetts RPS. This analysis will, in particular, build off of the efforts by UCS and the Pacific Energy Group in creating flexible, transparent, and easy to use tools to forecast the impacts of a renewables portfolio standard. 

We further recommend that the model integrate supply-curve data for the cost and supply of eligible renewable energy sources, demand scenarios based on assumptions of the policy and market environment, and utilize production cost simulation runs to estimate wholesale market electricity prices (which will be imported into the spreadsheet model). The resulting value of this market analysis, along with transaction and administration costs (see Sections 3.5 and 3.6) provides a rough estimate of the cost of an RPS. 

We believe that this approach has a number of important advantages:

1. A spreadsheet model of the type we propose can fully meet the analysis objectives identified earlier, including an assessment of base-case conditions, scenarios of assumptions and policy variations.

2. A spreadsheet analysis can be designed to be highly transparent, thereby facilitating discussion and revision of model parameters, inputs, and approach by the Advisory Group and the DOER, while still ensuring that the model is based on a defensible approach.

3. By integrating the results of actual production-cost modeling runs to simulate the time-varying wholesale price of power in New England, a spreadsheet model can capture the key benefits offered by an integrated production cost/capacity expansion model without the accompanying decline in flexibility and transparency.

4. The model will provide flexibility to easily modify the input parameters, including changes in assumptions for the supply curves for renewable energy over time.

3.2. Undertaking and Reporting the Results of the Cost Analysis

In undertaking the analysis itself, and reporting the subsequent results, several options are possible. We propose to illustrate the potential magnitude of incremental customer costs with four annual “snapshots:” 2003, 2006, 2009, and 2012. Incremental costs will be reported as estimates of total annual customer costs (in millions of dollars per year) and per-kWh electricity rate increases. Of course, numerous assumptions will be required regarding renewable energy costs and eligibility, RPS applicability, exogenous demand drivers, and the fate of the RPS after 2009.

Another option in undertaking the analysis and reporting the results would be to estimate the net present value (NPV) cost of the policy relative to a baseline case without the RPS. This is the approach taken by LBNL’s Elfin analysis and the Arizona solar portfolio standard assessment. We do not favor this approach for two reasons: (1) the calculated NPV cost would depend critically on assumptions about the fate of the RPS in the later years, which relates to decisions not yet made by DOER, and (2) the NPV cost estimate would provide little assistance in tracking the yearly cost of the policy over time.  Because we expect that yearly RPS costs will vary significantly over time as the purchase requirement increases, an overall NPV estimate will obscure these important trends.

A final approach that might be used to undertake and report the results of this analysis would be to estimate customer costs of the RPS on a yearly basis. Though this approach would be a simple extrapolation of the approach recommended above, we believe that it suggests a far greater level of analytic precision than can truly be provided.  We believe that occasional annual “snapshots” can provide the same sense of cost and impact; due to the sensitivity to inputs that are impossible to characterize today, any further effort would only add an illusory increase in precision. As evident from previous efforts to simulate the impacts of an RPS, one of the primary challenges for RPS analysis is to develop credible estimates for the trend over time of incremental cost of renewable energy or renewable energy credits needed to comply with the RPS. To our knowledge, no satisfactory method has yet been found to credibly estimate a year-to-year credit-trading price.
 While it may require numerous assumptions, estimating an expected value of the incremental cost of renewable energy or renewable energy credits on a snapshot basis is analytically tractable and will hopefully not imply a greater level of precision than is feasible to provide in this analysis.

3.3. Costs Included in Analysis

An important early step in developing an RPS cost-analysis tool is to determine what types of costs are to be included in the analysis. Though previous RPS analysis efforts have not always been clear on which types of costs they evaluate and report, it is evident that these decisions significantly effect the results of the analysis. In the following two subsections, we explicitly address these issues and detail our recommended approach to the types and reporting of costs to be included in the Massachusetts RPS cost analysis.

There are several generally practiced approaches to calculating the costs associated with regulation, three of which might be used to compute the potential impact of an RPS:

1. Retail Supplier Compliance Costs. An estimate of direct compliance costs is frequently the most straightforward approach to calculating the cost of regulation. Under the Massachusetts RPS, these costs are imposed on retail suppliers and constitute the cost of meeting the RPS requirements. Presumably, the majority of this expenditure would come from the incremental cost of purchasing renewable energy or renewable energy credits in order to comply with the RPS. It might also include the internal contracting and transaction costs involved in making these purchases. These costs do not, however, account for the secondary effects of the RPS on consumer behavior or producer behavior, as discussed below.

2. Customer, or Ratepayer, Costs. Customer, or ratepayer, costs reflect the cost of the RPS to end-use customers. Generally, in computing ratepayer costs, one would assume that retail supplier compliance costs are passed on fully to end-use customers. Ratepayer costs may also include the administrative costs of running the RPS, which might be funded through transaction fees imposed on RPS market participants or otherwise result in increased government operating expenses. Either way, in computing ratepayer costs, it is generally assumed that these administrative costs would be passed on to end-use consumers. Ratepayer costs might also incorporate the secondary effect of the RPS on natural gas and electricity prices. By way of example, under an RPS, renewables are likely to displace some of the projected growth in natural gas use, which will in turn cause a drop in gas prices relative to the baseline without the RPS. The deployment of low marginal-cost renewable generation may also reduce the production cost and price of non-renewable wholesale electric power. The ratepayer impacts of an RPS may therefore be lower than estimated if one only looks at the direct costs of the policy to ratepayers. 

3. Net Resource, or Social, Costs. The customer, or ratepayer, cost does not generally represent the true economic cost of an RPS. The true economic cost, also called net resource, or social costs, is the additional production cost incurred by renewable generators that would not survive in the market without the revenue stream from retailers via renewable power or credit sales (for now, we ignore environmental costs). However, under a single-band RPS, all renewable generators are likely to receive approximately the same revenue stream, regardless of need, implying that at least some of the ratepayer cost is an income transfer from electricity consumers to renewable generators. Such transfer payments from electricity consumers to generators are not included in the economists’ definition of net resource costs. Net resource costs, considered in a general equilibrium framework, would also consider the secondary effects of the RPS on other sectors of the U.S. economy, including consideration of the RPS’ effect on natural gas prices, wholesale non-renewable electricity prices, and customer energy demand.

Though the computation of each of these three types of costs has some merit, we propose to emphasize customer, or ratepayer, costs. This is the incremental cost of the RPS that end-use customers will perceive, and should therefore have relevance to all parties interested in the Massachusetts RPS. Moreover, from ratepayer costs, it will be an elementary exercise to estimate retail supplier compliance costs. 

The reporting of net resource, or social costs, also has merit, but will not be calculated in this analysis. While transfer costs may not be essential in the field of economics, retail suppliers, renewable generators, and end-use customers all take transfer costs seriously and we believe they should be included in the analysis. Moreover, a true accounting of social costs would involve a general equilibrium framework that would model the “ripple” effects of the RPS on other sectors of the economy, an analysis that, while valuable, would be too complex for our purposes and would add substantial uncertainty to the analysis. That said, it is useful to remember that net resource costs can be significantly lower than ratepayer costs.

We further propose to include estimates for the following elements of the ratepayer costs:
· Incremental Renewable Generation Costs: The incremental cost of renewable energy or renewable energy credits needed to comply with the RPS. (See Section 3.4).

· Transactions Costs: The wholesale (generator and/or broker) and retail (retail supplier) transactions costs related to the personnel and resources needed to buy and sell renewable energy to comply with the RPS. (See Section 3.5).

· Administrative Costs: The incremental start-up and ongoing costs of administering the RPS (See Section 3.6).

We expect that the secondary effects of the Massachusetts RPS on natural gas and wholesale electricity costs will not be significant. Though these secondary effects have been found to be significant for aggressive national portfolio standards, we do not believe the same dynamic will hold for the more modest Massachusetts RPS, especially given the size of the Massachusetts market relative to the regional electricity market and the national natural gas market. Accordingly, we do not propose to include these potential ratepayer impacts in our detailed cost-analysis tool. Nevertheless, we propose a screening-level analysis of the order of magnitude of these potential secondary effects in impacts-analysis.

3.4. Incremental Renewable Generation Costs

3.4.1. General Approach

In order to calculate the incremental renewable generation costs that customers will pay as a result of the RPS, we will compare two models: one that explores the price that results from renewable electricity supply and demand interaction, and one that projects wholesale market prices. The difference between the two equals the incremental cost that customers will pay for renewable generation.  We plan to search available sources of information to estimate the current and predicted cost, performance characteristics, and development potential for “new” renewable technologies. These data will be used to determine the levelized (“all-in”) energy cost, including all fixed and variable costs, for each renewable technology that may be used to meet the new RPS. This all-in cost will also be constrained by the projected duration and strength of the RPS in the long-term, as well as financed assumptions (e.g. cost of capital, recovery period, etc.). In addition, renewable generation demand will be evaluated. We will use a spreadsheet model to represent the interaction of supply and demand for new renewables and to approximate the amounts and types of new renewables that will be needed to meet the new RPS.  The analysis will assume that the cheapest renewable technology is developed first, up to the estimated short run development potential for each renewable technology.  In parallel we will utilize a similar process to estimate the potential effects of an existing RPS requirement. 

Methodology

There are four steps needed to determine the incremental cost that customers will pay due to the implementation of the RPS in Massachusetts. A simple calculation using these four steps is included in Appendix B for further clarification.

First, a renewable supply curve
 must be developed. Data will be collected as described in Section 3.4.2, for the years under study: 2003, 2006, 2009 and 2012.  From this data, two supply curves will be built for each year: one for the new RPS and one for the existing RPS. As described earlier, each supply curve will take into account the estimated cost of renewable technologies and the identifiable potential resource constraints for those technologies. 

Second, we will calculate the incremental renewable energy supply curve. To do so we will assess the “generic” wholesale market value of output from each renewable generation option. Wholesale market prices vary throughout the day and the year, which means that those facilities that generate during peak periods will be assigned higher wholesale market values than those that will not. Wholesale electricity market price estimates from the LCA NEPOOL analysis will be used to estimate the market values for the various peak and off-peak periods. Note that these market prices represent the price that each renewable energy generator would expect for its output, before consideration of its renewable attributes. The results will be input into the computer model to adjust the renewable energy supply curve.

Third, a renewable generation demand curve will be developed for both new and existing renewable generation resources.  Conceptually, demand for renewables will include requirements associated with the Massachusetts legislation; requirements associated with RPS requirements in other New England states, and retail customer demand for additional renewable generation (above RPS requirements) in New England.  New and existing demand will be based on the analysis outlined above and will be input into the computer model for both existing and new renewables.
Finally, we will calculate the incremental customer costs required to meet the new and existing RPS requirements by estimating how the incremental renewable supply will meet the total demand. In doing so, we would approximate the incremental revenue (i.e., premium) that the owners of renewable energy technologies would need to support the operation of their projects, and therefore the incremental cost that retail generation suppliers would pay to ensure that sufficient renewable generation is produced in a particular year.  Since retail generation suppliers can be expected to pass through their costs of procuring renewable generation to their retail customers, the results approximate incremental cost to customers for procuring this new and existing renewable power.

This methodology assumes that all transactions are made in the spot market, which unfortunately introduces a major source of uncertainty into the analysis. However the assumption is necessary due to the larger uncertainties associated with potential bilateral contract structures and prices. Other sources of uncertainty include: improvements in renewable technologies; diminishing quality of available sites; and increasing amounts of required new renewables (reflecting the specific RPS percentage requirements established in the legislation, as well as the effects of demand growth).  

3.4.2. Resource Generation Supply Curves

New Renewable Resource Supply Curve

New renewable technology cost and performance information can be obtained from several resources. These include: the EPRI/DOE Technology Characterization, The Scoping Study of Renewable Electric Resources for Rhode Island and Massachusetts, the EIA Renewable Energy Annual 1998, the “5 lab study” titled Scenarios of U.S. Carbon Reductions, and the report to the U.S. President on federal energy research from the President’s Committee of Advisors on Science and Technology. 

In addition to cost, the analysis should also address resource potential. While we assume that the most cost-effective technologies will be built, there will presumably be some limits to the resources that can practically be developed in the region within a given time frame.  For example, we expect that there are a limited number of economical landfill gas projects that can be constructed before another renewable technology has a lower cost.  Similarly, as the best wind generating sites are used, the incremental cost of developing a wind turbine or wind farm may increase significantly.
 For these reasons, resource potential must be estimated from available data sources.  For wind, the DOE has projected the potential for wind sites across the nation. We will seek comparable industry information to estimate the resource potential and development costs for the other renewable technologies. Ideally, input from project developers who are interested in helping the DOER complete an accurate analysis will help fine tune this analysis
. 

Using the technology cost and resource potential information for the years under study, we will estimate which types and amounts of new renewables would be brought on-line and calculate their associated costs.

Existing Renewable Resource Supply Curve

The primary information resources for existing renewable resources include the NEPOOL Forecast Report of Capacity, Energy, Loads and Transmission (1998); utility FERC Form 1 filings; and public information compiled in the course of developing the baseline renewable calculation for Massachusetts. These sources will be used to quantify the historical output of those existing renewable resources that currently serve Massachusetts end-use customers, and to approximate the output that could be delivered by other existing renewables that might serve Massachusetts customers. For the base case, DOER’s interpretation for how to treat existing renewable resources under the RPS legislation will drive the existing renewable model.

The prospective operating costs of existing renewable resources will affect their future availability to meet an existing RPS, and the expected cost of compliance. Projected cost data for existing renewable sources are not as readily available, and are typically not available in a consistent format.  Our estimate of the prospective costs of existing renewable technologies in New England will therefore reflect the quality of information that is readily available, the general knowledge of the consulting team, feedback from the Advisory Group, and an assessment of the incremental costs and impacts of developing additional information.  Our goal will be to approximate a supply curve of existing renewable resources, to determine the price levels that will be required to ensure that appropriate amounts of existing renewable resources remain on-line over time.  
Creating the Supply Curves

For both the new and existing RPS supply curves, several additional factors must be taken into account. The Federal Commerce Clause does not allow any state to impose a bias against goods and services from other states purely because the product was manufactured outside of the state. This means that new renewable electricity projects from outside of Massachusetts will be used to satisfy the state’s RPS requirement. Due to the NEPOOL structure, these projects can easily come from within New England. Renewable electricity products from outside of New England and potentially from outside of the U.S. may also be used to meet the MA RPS if they are deemed eligible (technically and otherwise), and to the extent an equivalent amount of energy is delivered to NEPOOL (see White Paper #5 – Eligibility). 

The renewable supply curve would also be impacted by subsidies. To the extent that subsidies for renewable energy technology construction and electricity production are available through the MA system benefits charge, tax incentives and other methods, the supply curve will shift. Government incentives to promote renewables will decrease the overall cost and have the potential to significantly decrease the incremental cost to the consumer of meeting the RPS.

3.4.3. Renewable Generation Demand Curve

Similar to renewable supply, two base case demand curves will be developed: one for the existing RPS and one for the new RPS. Projected retail electricity demand (and therefore sales) is based on the 1998 NEPOOL Capacity, Energy, Loads, and Transmission (“CELT”) Report, which features average annual peak demand growth of 1.9 percent from 1999 to 2008.
Total demand for renewable electricity within New England will impact the Massachusetts renewables market. Demand outside of Massachusetts could reduce the available renewable supply, because retail providers of renewable electricity will compete in all of these markets. For example, Connecticut and Maine have their own statewide RPSs
 and there are currently several proposals for a nationwide RPS. Moreover, demand for renewable power in the region will increase due to green power marketing throughout New England. Because suppliers will compete to meet this demand, demand for new and existing renewables will be approximated on a regional basis. Detail on the Massachusetts market will be included in this regional analysis.

Demand for new renewably generated electricity in Massachusetts will be based on a percentage of total retail electricity sales. For the years under study, the percentages of retail electricity sales will be 1% in 2003, 2.5% in 2006 and 4.0% in 2009 and 7% in 2012, as defined in the legislation. Note that the legislation does not mandate an end-date after 2009, but rather gives the DOER the authority to determine when the requirement will end. The legislation says that after December 31, 2009, “an additional one percent of sales every year thereafter until a date determined by the division of energy resources.”

The legislation does not define how to determine existing demand explicitly. Therefore, existing demand will depend on the DOER’s interpretation of how to implement an existing RPS and will be determined as a result of the discussion that arises from White Paper #4.

3.4.4. Wholesale Electricity Market Price Data

The cost analysis will use wholesale market price data from an existing,
 detailed simulation of the New England wholesale electricity market developed by La Capra Associates (LCA). In this forecast, LCA used current, publicly available input assumptions and reflects our current understanding of the restructured market in New England.  All operational generation units and all long-term import contracts were included, as were units under construction and a portion of those that were planned (operation is assumed to commence in the year planned).  These data were inputs to the PROSYM
 model, a well-established utility dispatch simulation program that simulates the interaction of supply and demand in an electric system.  Results are reported with hourly detail and are aggregated on a weekly, monthly and annual basis.

“Base Case” Input Assumptions

LCA's Base Case Scenario is intended to reflect expected trends in the market. Specifically, for key market drivers the likelihoods of higher and lower long-term outcomes are similar and the forecast therefore represents a reasonable base case forecast and reflects “expected value” conditions.  Market prices in New England are subject to a number of uncertainties that could cause actual market prices to be higher or lower than the LCA forecast.  These uncertainties include fuel prices, amount and timing of new power supplies, retirements of existing units, and changes to market rules and procedures.  Highlights of the major input assumptions from the Base Case are as follows:

Loads. Projected electricity demand is based on the 1999 NEPOOL Capacity, Energy, Loads, and Transmission (“CELT”) Report, which features average annual peak demand growth of 1.9 percent from 1999 to 2008.

Fuel prices are projected for existing and future generating units in New England based on the U.S. Energy Information Administration’s 1999 Annual Energy Outlook (“AEO99”), with short-term adjustments based on the June 1999 Short-Term Energy Outlook. This forecast assumes a general inflation assumption of 2.5 percent annually.

Generating Unit Characteristics.  The installed capacity for each existing generating unit is based on the 1999 NEPOOL CELT Report.  Units are, in general, assumed to independently bid their output at prices sufficient to cover their variable costs of operation.

Pollutant Emissions.  The LCA analysis tracks SO2 and NOX emissions from New England generating units, based on average actual unit emissions rates in 1996 and 1997.  Although most units in New England are currently in compliance with existing emissions standards for SO2 and NOx (as defined in the 1990 Clean Air Act Amendments and stricter state-specific standards), we have included the estimated value of emissions allowances in generator bid prices. Additionally, we will attempt to quantify CO2 emissions as well, in light of recent interest in global climate change.
The price of allowances used in this analysis is $150/ton for SO2 and $1,500/ton for NOx in 1998 dollars.  NOx allowances are required during the ozone season, which runs from May through September, whereas SO2 allowances are required year-round. 

Imports/exchanges with Neighboring Regions. Energy imports associated with the HQ Firm Energy Contract provide about 7,000 GWh per year through June 2001
, and are assumed to continue at 85 percent of current levels throughout the planning horizon.  Other firm purchase transactions with entities outside NEPOOL are represented explicitly based on the CELT Report.  Additional non-firm energy purchases from outside NEPOOL are assumed to be available on a dispatchable basis in the amount of 700 MW throughout the analysis.

Near term merchant plant capacity.  The Base Case assumes that about 2,800 MW of gas-fired combined cycle capacity that was under construction in mid-1999 will reach commercial operation by the year 2001, and that an additional 2,600 MW of new CC capacity will be constructed and will come online during the 2001 to 2004 timeframe.  

Model Outputs

Energy and capacity prices.  The New England wholesale electricity market features seven generation products.  The vast majority of market transactions (in terms of dollar volume) have historically been concentrated in the energy market, and we expect this to be the case in the future.  Because market energy prices feature daily and seasonal trends, the cost-effectiveness of renewable generation technologies (and particularly energy-limited technologies such as wind and solar) will depend somewhat on the daily and seasonal profile of their electrical output.  The PROSYM output of hourly wholesale energy prices from the LCA Base Case will be aggregated as appropriate (e.g., on a weekly, monthly or time-of-day basis) to match the available information regarding the output profile of available renewable resources. 
Capacity prices and renewable energy technologies.  In addition to energy market prices (derived from the PROSYM simulation described above) the LCA analysis includes an estimated capacity price.  The “capacity” market price is intended to approximate the revenues that generation owners can achieve from the Installed Capacity market, as well as from energy market “spikes” during peak periods.  The essence of capacity value is the ability to produce power during the hours when it is needed most.  In order to achieve these capacity revenues, a generating unit must therefore either produce during peak periods, have a firm capacity rating in the ISO-NE market, or both. 

The capacity prices estimated in the LCA analysis reflect the revenues available to a generating unit that is available to produce on demand.  Due to their intermittent nature, renewable energy technologies may have difficulty achieving the full capacity prices.  For example, a substantial fraction of capacity revenues available in 1999 occurred during less than 100 hours in which market prices averaged several hundred dollars per MWh.  If it is not windy during the few hours of high market prices, a wind unit might only reap a fraction of the revenues available to a thermal unit that may be dispatched reliably on short notice.  In assessing the value of output from some renewable generators, it may be necessary to reduce the assumed capacity revenue to reflect the unit’s intermittent nature.

Emissions. As described earlier, the emissions cost of each existing generating unit is included in the unit’s bid price and is therefore captured in the hourly wholesale marginal electricity market price.  The result is a higher market price than if the emission costs were not included.  Emission output will be used to quantify the impacts of implementing the RPS, or specifically to estimate the reductions in air pollutant emissions likely to result from RPS implementation. PROSYM provides a report of NOX and SO2 emissions in tons, by generating unit, which can be used to create an emissions profile. More detail of the analysis is described in the Impacts section. 

3.4.5. Potential Analysis Scenarios

The calculation of the incremental cost will require some sensitivity analyses to examine the input assumptions more closely, which were described earlier as “high” and “low” scenarios. Those variables with the largest impact on the results will be adjusted to examine the impact on results. Listed below are several variables and situations that will be considered when formulating these additional scenarios.

Supply Curve

Several scenarios can be used to test potential variations in supply curve cost and availability. 

Renewable technology capital cost. In recent decades, research and development have led to significant capital cost reductions for wind turbines, solar photovoltaic panels and other renewable technologies. Improvements in production economies of scale, efficiency, decreased material costs and standardization of component manufacture will continue into the next decade, but the degree of their impact on capital cost and improved performance is difficult to accurately predict. In addition, it will probably be difficult to obtain specific industry cost data on renewable capital costs from project developers and technology manufacturers. In fact, we may only be able to obtain approximate ranges of technology cost
. For these reasons, capital cost could be varied to examine the impact of a range of technology costs. 

Available resource. A specific amount of generation will be needed to meet the demand necessary to fulfill the RPS requirement. The lowest cost resources will be used first, yet non-dispatchability and limitations in energy source will limit availability of some renewable resources. There are also seasonal and daily variations in the available resource, which limits the amount of generation available from a renewable resource in any given year. Moreover, other renewable technologies face their own resource limitations. For example, there are a limited number of landfills in the New England region and only a fraction of those can be economically developed to produce landfill gas for electricity generation. The availability of any renewable resource for a given year at a particular price will determine the market price for renewable electricity. In other words, variations in resource availability could have a significant impact on the incremental consumer cost, since limited availability of cheaper resources will drive the overall cost up.

Finance terms. Before electricity restructuring, renewable electricity projects would receive a revenue stream over a long time-period, due to implementation of the Public Utility Regulatory Policies Act of 1978 which guaranteed that utilities would purchase power from Qualifying Facilities at their “avoided cost” of building the capacity themselves. The dawn of restructuring in Massachusetts means utilities can no longer own or plan to build generation capacity. The result is that renewable project developers are no longer assured to get a long-term revenue stream for their generation. Financial institutions have therefore become particularly uneasy about financing renewable energy projects, making variations in length of contract term and finance charge possible. Finance terms also depend critically on the duration and stability of the RPS itself, including the planned end-date. Since this variation can impact the cost of the project significantly, finance terms can be quite significant and could be examined more closely.

Operations and maintenance (O&M). Ongoing O&M costs vary depending on the technology. Many renewable technologies, such as wind turbines and solar photovoltaic panels, do not have to purchase fuel for operation and therefore have low ongoing O&M costs. On the other hand, advanced biomass and fuel cells using renewable fuels will have notable O&M costs. A more detailed investigation of these variances could more closely examine the impact of O&M, although changes in the capital cost often have a much more significant impact on the incremental cost that customers will have to pay.

Demand Curve

Looking at a number of scenarios can test variances in demand.

Changes in retail electricity demand. The RPS obligation is a percentage of retail electricity demand within Massachusetts and is therefore explicitly linked to demand. If retail demand is higher or lower, the RPS provision rises or falls accordingly. The assumptions underlying the CELT report could therefore be examined for historical accuracy. If the report’s demand prediction is within a reasonable range, then we do not need to perform a sensitivity analysis on demand load.

Non-Massachusetts renewable demand. Connecticut and Maine have their own RPS requirements. While these policies are different, they will impact which new and existing renewable resources in New England will be available in Massachusetts and the cost for each. When creating the New England demand curve, we will assume that these RPSs are in place, according to their respective schedules. Other states in New England (or the Federal government) could pass their own RPS policy, could implement restructuring (which would encourage green marketers to compete for resources), or other states could choose to remain regulated, yet implement/strengthen green pricing programs within a regulated structure. Each of these scenarios would change the demand of renewable electricity outside of Massachusetts and could influence the cost of the Massachusetts RPS.

Additional renewable demand in MA. Green marketers will encourage and serve customer demand for “green” power products, which will increase demand for renewable electricity above the level required in the RPS. Currently, the standard offer price in Massachusetts is close enough to the wholesale electricity market-clearing price that new entrants are not able to compete with the standard offer. This is particularly true for renewables and is evidenced by the fact that only one green power provider now offers any green products to retail electricity customers.
 Once the price increases to a higher level that fosters more competition, more green power marketers will enter the market (Greenmountain.com and USGen have already expressed interest). It is difficult to determine when they will enter the market and how much of it they will capture, but their market participation could change the market dynamic, perhaps even significantly.

DOER restrains RPS requirement after 2009. The legislation allows the DOER to determine when the one- percent increase should no longer be added to the requirement set in 2009. If the DOER determines that the percentage should remain the same after 2009, then less than seven percent of the total retail electricity sales to Massachusetts’s customers will be from renewable resources. This could significantly impact the predicted incremental customer cost of the RPS in 2012. Therefore, the requirement could be varied and the results considered. Note that the results of any sensitivities of this requirement should not be the basis for if and when the provision should level off. Rather, another analysis must be performed closer to the time, since the combined uncertainty of technology costs, market prices and resource availability in 2009 will be easier to clarify closer to the day.

Wholesale Electricity Market Price

The Base Case Scenario structured by LCA intends to reflect expected trends in the market such that the likelihoods of higher and lower long-term values are similar. However, the wholesale electricity market price in New England is impacted by a number of variables, several of which could shift over time, including fuel prices, load and transactions with neighboring regions. Shifts in any of these variables could cause deviations from the projected wholesale electricity market prices and they might need to be considered in a sensitivity analysis.
Recommended Sensitivity Analysis

The spreadsheet tool created for the Base Case Scenario should prove useful for testing which variables have the largest influence on incremental customer cost. Developing the Base Case will help us determine which variables are the most important and have the greatest potential to influence incremental cost to the consumers. This research and experience, in addition to our professional judgement will be used to create plausible scenarios, based on the possibilities listed above.

3.5. Wholesale and Retail Transaction Costs

The most significant cost of the RPS will likely come from the added cost of renewable energy relative to more conventional energy supply sources. That said, significant costs might also arise from the internal contracting and transaction costs involved in making these purchases and verifying compliance with the RPS. 

These transaction costs, which could include personnel and resources, can be segmented into two types:

· Wholesale transaction costs faced by generators and/or brokers in selling or brokering wholesale renewable energy or renewable energy credit transactions to retail suppliers.

· Retail transaction costs that retail suppliers face in making these purchases and in verifying compliance with the RPS to the program administrator.

We propose to estimate both of these types of costs, the magnitude of which may depend critically on decisions made by DOER in structuring the RPS (e.g., decisions about the treatment of existing resources, the accounting and verification approach selected, and the degree of overlap between the RPS verification approach and information disclosure regulations). We expect that wholesale transaction costs will be passed on to retailers in the form of higher credit trading prices or higher costs of contracting for renewable energy generation. Estimates of these costs might be developed through: (1) a review of broker fees in other credit and allowance trading markets; (2) a review of the broker fees imposed by APX’s green power market; and (3) estimates of wholesale market premiums paid to low-marginal-cost existing renewable generation. Retail transactions costs, on the other hand, will be estimated based on rough assumptions about the amount of personnel and resources required to both contract with renewable generators and/or brokers and to verify compliance with the RPS on an annual basis. 

3.6. Administration Start-up and Ongoing Costs

In addition to renewable energy supply costs and transaction costs, the administration of an RPS will also impose certain costs to Massachusetts’s citizens. Specifically, the administrator will require a staff and resources to both verify compliance with the RPS on an annual basis and to ensure that the RPS is functioning properly.  As discussed in other white papers, these functions may include program oversight, enforcement, appeals and disputes, and ongoing modifications of policies and procedures. 

The scope of these administrative activities, and their ultimate costs, will depend on decisions made by the DOER (e.g., whether verification is accomplished through a contract-path tracking or tagging system). Funding for these activities may come from the state budget or from fees imposed on RPS market participants. Either way, these costs are likely to be passed on to Massachusetts’s citizens. 

Though we expect that the start-up and ongoing costs of administering the RPS will be dwarfed by the other costs associated with meeting the portfolio requirement, we recommend that the RPS cost analysis incorporate rough estimates of administrative costs. Because the costs of administering the RPS are variable, and depend in part of the scope of the administrative activities and the type of verification approach, we recommend that high and low estimates be provided. We do not plan to subject the accounting system options to a rigorous cost analysis (as the costs will most likely be dwarfed, as noted above), but rather we will make approximations based on proposed methods outlined in white paper #8 (Accounting and Verification Mechanisms and Policy Coordination Report).

4. Impacts Analysis - Recommended Evaluation Methodology

4.1. General Modeling Approach

4.1.1. Modeling Approach

In parallel with the cost analysis, we also propose to qualitatively and quantitatively assess the potential impacts of the Massachusetts RPS. The positive impacts of the RPS to be considered in this analysis include environmental improvements, economic impacts, and renewables industry development benefits. Environmental impacts will be quantitatively analyzed to estimate the reductions in air pollutant emissions likely to result from RPS implementation. Economic impacts and the positive impact on the development of the renewable industry will be explored qualitatively.

4.1.2. Scope of impacts analysis

This assessment will be less detailed or comprehensive than the cost analysis for three reasons.  First, the impacts will be similar for any given assumption of RPS rules, because we are primarily evaluating the costs associated with reaching a certain level of benefits. Second, impacts such as those expected to result from the RPS are difficult to quantify on a comparable (i.e. reduced to dollars) basis.   Finally, a full-blown cost-benefit analysis is typically appropriate when deciding whether to undertake a policy.  Once a course of action is decided (the RPS requirement is a matter of law), a cost-effectiveness analysis is appropriate for considering different ways of achieving the same goal (with the same benefits), and a comprehensive benefits analysis is less critical.  Nonetheless, a characterization of impacts may prove useful in supporting the ultimate outcome, and perhaps in evaluating different options.

4.2. Impacts Analysis Methodology

4.2.1. Environmental Impacts

Environmental impacts will be evaluated both quantitatively and qualitatively:

Quantitative Analysis: We will quantify the amount of renewable generation that results from the RPS requirement and in concert will determine the amount of fossil-fueled generation that is displaced by the RPS requirement. These concrete metrics will provide the DOER with estimates of the positive benefits of having an RPS in place.

Moreover, we will estimate the amount of emissions reduced as a direct result of the RPS. To do so, we will follow the methodology outline here. Representative emissions factors for nitrogen oxides and sulfur dioxides will be created for the New England region system power mix based upon the LCA PROSYM model of NEPOOL. We will also attempt to develop carbon dioxide emission factors. Carbon dioxide marginal emissions factors may come from production cost simulation runs, from NEPOOL estimates, or from other sources. 

For most forms of renewable energy, we will simply assume that air emissions are negligible. Biomass generation presents a challenge, as stack emissions of CO2 and NOx can be significant, but the full fuel cycle environmental impacts can also be substantial (i.e., considering the alternative uses of the biomass waste stream).  It may be reasonable to assume that biomass has a net zero CO2 emission profile (essentially presuming biomass is consumed at the same rate it is generated, a reasonable first order approximation).  Landfill gas CO2 emissions can either be estimated as net zero, reflecting the addition of the adding of a generator to a landfill methane collection system that had previously flared the methane.  Alternatively, landfill gas emissions impacts can take into account the CO2 equivalent greenhouse gas potential of methane not released to the atmosphere, for every unit of methane combusted that would otherwise have reached the atmosphere.

Output emission data will be used to examine the quantity of pollutants that are displaced. Ideally, we would like to model the marginal emissions that are replaced by the renewable generation that is required to comply with the RPS. Depending on the marginal emissions in New England, we will need to look at seasonal and daily variances in the emissions from the marginal units. By quantifying those marginal emissions that were displaced by renewable generation, we would show one of the direct impacts of the RPS. We propose to bound our estimates with high and low emissions reduction estimates, each relying on a different set of assumptions for the treatment of biomass and landfill gas resources. 

Finally, where a hard emissions cap is in place (e.g., SOx), emissions reductions from the increased deployment of renewables may be absorbed by increased emissions from other non-renewable facilities. In other words, displacing a generation facility frees us some of the owner’s emission credits, which they can sell on the market or use themselves. Where this is the case, RPS-driven renewables development will not offer immediate environmental gains, but will reduce the cost of compliance with air pollution standards. We propose to evaluate this secondary economic impact by applying standard SO2 emissions allowance prices to the emissions offset by renewable energy facilities. 

Qualitative Analysis: Due to data availability concerns, other potential environmental impacts (as well as environmental costs) will be assessed qualitatively. These include reductions in particulate air emissions, heavy metal releases into the environment, water quality impacts, and land use impacts.

4.2.2. Economic Impacts

The proposed cost analysis, described earlier, will cover the majority of the direct economic impacts associated with the Massachusetts RPS. However, indirect economic benefits will also be evaluated in our impact analysis, quantitatively where possible, but qualitatively where time and resource constraints require it. Indirect economic impacts that we intend to address qualitatively (unless otherwise indicated) include:

1. The reduction in the cost of compliance for national and regional SO2 and NOx emissions caps discussed above (quantitative).

2. The potential reduction in the system-wide marginal price of electricity in New England from the development of low marginal-cost renewable resources. 

3. The potential reduction in the price of natural gas that comes from the displacement of new natural gas generation units.

4. The value of fuel diversity and modularity.

5. The health and economic impacts associated with reductions in air, water, and land environmental stressors.

4.2.3. Renewables Industry Development Impacts

The Massachusetts RPS is likely to create new markets for the renewables industry in the state of Massachusetts (and elsewhere in the region), thereby capturing the attendant employment and economic impacts that such industry development could bring. These types of impacts will be explored in consultation with the Massachusetts Technology Collaborative, who is responsible for overseeing the Massachusetts Renewable Energy Trust Fund, because they are critical to their mandate with respect to the trust fund. In this portion of the impact analysis, we propose to address qualitatively the following issues:

1. The attractiveness of Massachusetts for renewables industry development, relative to other markets, given the Massachusetts RPS.

2. The impacts of the Massachusetts RPS to the renewable energy industries throughout their supply chains, from component suppliers and equipment manufacturers to renewable energy developers and financiers.  

3. The potential employment and revenue impacts of the Massachusetts RPS, which would be directly related to the value of keeping a higher percentage of consumer energy expenditures in the region. 

Appendix A: Previous Modeling Efforts to Evaluate the RPS

Several efforts have been made to evaluate the costs and impacts of both national and state renewables portfolio standards. Unfortunately, we ultimately conclude that none of the pre-existing modeling studies can be easily adapted for use in evaluating the Massachusetts RPS and recommend that a new spreadsheet-based model be developed for that purpose. Nonetheless, a review of these efforts has informed our proposed model design and we intend to build on the existing RPS studies to the extent practicable.

Accordingly, here we briefly review existing RPS cost models, which range from simple spreadsheet analyses to complex, integrated national modeling simulations.  We begin this discussion by reviewing efforts by Tellus Institute, the Energy Information Administration (EIA), the Department of Energy (DOE), and Lawrence Berkeley National Laboratory (LBNL) to model a national RPS using the National Energy Modeling System (NEMS). We then turn to the Union of Concerned Scientists’ attempt to modify NEMS and apply the revised spreadsheet model (called RenewMarket) to both national and regional RPS analysis. A review of LBNL’s evaluation of a state RPS in California using a production costing and capacity expansion model, ELFIN, follows. Finally, a spreadsheet analysis-tool developed for the state of Arizona to evaluate the potential impacts of a proposed state RPS is reviewed. 

Because the information available from these studies varies widely, a detailed cross-comparison is not feasible. Consequently, only some of the most important differences in modeling methods, inputs, and outputs can and will be described here.  

I)
National Energy Modeling System (NEMS)

The Tellus Institute, Lawrence Berkeley National Laboratory, the Department of Energy, and the Energy Information Administration have each used different versions of NEMS to evaluate the impacts of a national RPS on electricity costs and air pollution emissions. Tellus used a PC-based 1995 version of NEMS,
 DOE used a revised version of the 1997 model,
 the Energy Information Administration used the 1998 version,
 and LBNL used the 1997 edition.
 

NEMS is perhaps the most well known and most frequently cited model of the U.S. energy system. The NEMS model has been developed by the EIA over a number of years, primarily to produce the yearly national energy sector forecasts that appear as the Annual Energy Outlook. NEMS represents the different energy sectors as separate modules and iterates between them to find an equilibrium under a set of assumed inputs. In the electricity sector module, NEMS forecasts new electric capacity additions and the operation of the U.S. electricity sector, segmented by the 13 North American Electric Reliability Council (NERC) regions. NEMS does this by comparing the long-term costs of competing technologies and assigning the largest market shares to the lowest-cost technologies, subject to certain constraints. NEMS takes as inputs the cost and operational characteristics of generation sources and region-specific projections of electricity demand, plant retirements, fossil-fuel prices, and renewable resource potential.

While the basic modeling framework and approach used by NEMS is consistent across the various RPS studies, a number of the important assumptions differ based, in part, on the version of NEMS and input assumptions used. These include fossil-fuel price projections, technology costs, financing costs, technology learning effects, renewable resource costs, and renewable supply constraints. Further, several of the studies replaced or supplemented EIA’s NEMS input assumptions with their own. Finally, the various studies evaluate somewhat different federal RPS proposals, which include different RPS levels, resource eligibility rules, and applicability regulations (e.g., retail supplier or generator based requirements).

Each study assumes that compliance with a national RPS would be achieved through the development of a national market for renewable energy credits (RECs) in order to estimate the ultimate cost of the RPS. However, the studies differ in what types of costs are included and reported in their results. The Tellus, DOE, EIA and LBNL studies each estimate the renewable energy credit-trading price using a marginal cost approach in which the most expensive unit needed to meet a given RPS target sets the price for all renewable generation. Assuming that these costs are passed on entirely to end-use customers, and taking into consideration the effect of increases in renewable generation on natural gas and electricity use and prices, DOE, EIA and LBNL estimate the resulting increase in average electricity prices and forecast the net ratepayer cost of the RPS. 

These ratepayer costs, while important, do not reflect the true net resource costs of an RPS. Using the traditional cost-of-service logic embedded in NEMS, Tellus attempts to calculate the net resource (social) costs of the RPS, which reflect the incremental capital and operating costs of renewable generation compared to conventional generating plants under traditional utility accounting practices. By removing transfer payments, this approach may provide a better estimate for the true social costs of the RPS, but will generally underestimate the cost of a national RPS to consumers as seen through utility bills (i.e., the ratepayer cost as forecast by EIA, DOE, and LBNL).

In each of these studies, renewable energy credit prices are calculated based on the annualized incremental cost needed over the life of renewable energy projects (typically 30 years) to meet the RPS target. As noted by UCS in their RPS analysis, this price is likely to differ from the actual credit trading price, which should equal the value the market places on the last MWh of renewable generation required to meet the target in a single year. How these two quantities relate, however, is extremely difficult to predict. After all, current-year credit prices will reflect expectations about the income available from future credit sales as well as competitive constraints of supply and demand.  Also, renewable energy project developers will most certainly seek to recover their costs more quickly than over the life of the facility. Predicting credit trading prices is further complicated by the fact that various forms of financial and/or long-term REC contracting could arise, and that spot-market REC prices are likely to be volatile (the EIA study attempts to account for some of the change in credit prices over time by using a five-year rolling average of levelized credit prices). 

II)
RenewMarket

To estimate the impacts of national RPS proposals, UCS created a spreadsheet model called RenewMarket, which was patterned after the Electricity Capacity Planning (ECP) module of NEMS. This model also allows for regional RPS analysis, based on NERC regions. 

UCS developed RenewMarket in large part because of claimed deficiencies in the NEMS model, which UCS believes consistently and unduly raises the predicted cost of a national RPS. These claimed deficiencies of NEMS include, most importantly: (1) inflated renewable energy technology costs, and (2) inappropriate supply constraints for certain renewable resource, wind power in particular.  

While rectifying these deficiencies with more optimistic assumptions on the cost and supply potential for renewable energy, RenewMarket still shares many of the features of the ECP in NEMS. Though less sophisticated and detailed than the ECP, RenewMarket produces similar results under certain test conditions and has the added advantages of greater flexibility, transparency, and ease of use. 

One key difference between RenewMarket and the NEMS studies discussed above comes in the treatment of renewable energy credit prices. The NEMS analyses previewed above calculate renewable energy credit prices based on the annualized incremental cost needed over the life of renewable energy projects (typically 30 years) to meet the RPS target. UCS uses a novel methodology to transform these costs into a more realistic estimate of yearly credit trading prices (see the UCS analysis for more detail).  

III)
Elfin

One of the first efforts to model a specific state RPS, as opposed to a federal RPS, was undertaken by a group of researchers at Lawrence Berkeley National Laboratory, who sought to model the potential impacts of a variety of possible renewable energy policies for California. 

Elfin, a production costing and capacity expansion model developed by the Environmental Defense Fund, was adapted and employed for this analysis. To abstract from the near-term regulatory details that emerged out of California’s restructuring effort, the analysis was constructed for the 2005-2030 time period. Elfin was modified to reflect the conditions facing generators under electricity restructuring, and a generation data set was built for potential suppliers to the California wholesale power pool. A set of generic new “resource options” was also developed, from which Elfin searches and selects new capacity expansion. Because of computational constraints, the number of resource options considered had to be small. The output of the adapted Elfin model is a profit-maximizing, market equilibrium plan that details when and how many units of different generating technologies will be constructed. 

With this base-case run in hand, the LBNL researchers then applied two types of an RPS--a single-band RPS and an RPS with dedicated bands for particular renewable resource types. A number of scenarios were also developed to account for uncertainty in gas prices, renewable energy costs, and other variables. The cost of the RPS was evaluated on a net present value basis, and focused on net resource costs, the true economic costs of the RPS free of transfer payments. LBNL also reports NOx and CO2 emissions benefits, along with thermal dependence and natural gas consumption (as proxies for fuel diversity benefits). 

One of the key advantages to the use of a production costing and capacity expansion model is its resolution of time-varying price signals. This allows the user to more accurately evaluate the value of renewable generation in the times in which that generation occurs (e.g., solar output during summer peak has greater commodity value than wind power in off peak hours). A primary limitation of the LBNL Elfin approach, however, is that it does not characterize renewable energy supply options and costs in a detailed fashion. In fact, to evaluate RPS runs, LBNL simply assumed in advance that new wind generation would serve the entire “new” portion of the RPS. 

IV) Spreadsheet: Arizona Solar Portfolio Standard Analysis

During the development of Arizona’s proposed solar portfolio standard (SPS), an analysis of the impact of various possible changes to the standard was requested by the Arizona Corporation Commission and funded by the National Renewable Energy Laboratory. In response, the Pacific Energy Group developed a simple, computer spreadsheet tool to conduct an analysis of six different SPS policy options.

The analysis itself was designed to estimate the renewables deployment schedule required by the SPS, the costs imposed on energy service providers, and the resulting rate impacts of these six policy options. The predictions were made as a function of many user-changeable inputs including solar technology cost curves (high, medium and low cases), technology performance (i.e., capacity factor), and economic parameters. 

For each of the six policy options, three scenarios were chosen to evaluate the total costs and rate impacts of the SPS. Scenario 1 assumes that the energy service provider finances, constructs, and owns all solar power systems to meet the SPS; scenario 2 assumes that the energy service provider purchases all of the solar energy via long-term contracts with solar generators; and scenario 3 assumes that the energy service providers fulfill the SPS by paying the 30 cent/kWh penalty. 

Assumptions are made for the phase-in rate of retail competition, provisions for the SPS sunset, the relative share of different solar technologies to fulfill the SPS, and the market price for electric power. Further, high, medium, and low future solar price curves were developed based on data received from industry, reflecting price decreases over time. Capacity factor assumptions were also developed through an industry questionnaire.

Results are presented in terms of the direct net present value cost of the policy for energy service providers and the resulting percentage consumer rate increase, assuming that direct compliance costs are passed through to end-users. Costs embedded in the analysis only include the incremental cost of renewable energy supply required to fulfill the SPS. The analysis also includes preliminary estimates for the economic development and environmental benefits of the SPS policy options.

Appendix B: A Sample Calculation

For illustrative purposes, here is a hypothetical example showing how to determine the incremental cost that customers will pay for renewable supply, due to the implementation of the RPS in Massachusetts. This example walks through the four steps and makes several “placeholder” assumptions to illustrate the methodology. Note that transaction and administration costs would be added on at the end to get the total incremental cost to the customer for meeting the RPS.

We assume that we are examining the new RPS in the year 2003.

Step 1.  Supply curve


Estimated
       Estimated

Technology
Cost

Availability (MWh)

Technology A
4¢/kWh
250,000

Technology B
6¢/kWh
200,000

Technology C
10¢/kWh
100,000

Technology D
40¢/kWh
250,000

Technology E
100¢/kWh
 50,000

Technology F
150¢/kWh
200,000 


Step 2.  Demand curve

Required renewable demand in 2003:

500,000 MWh

Since 500,000 MWh of renewable generation is needed in 2003 in this example, we can determine which technologies from the supply curve will be used to meet the needed demand.   Working in ascending order of price, the estimated renewable supply would come from Technology A (250,000 MWh) Technology B (200,000 MWh) and Technology C (50,000 MWh). 

Step 3.  Wholesale Market Price
On average in 2003, the wholesale market price for generic wholesale power (absent the renewable energy attributes) is assumed to be 3.5 ¢/kWh for all technologies. Note that this is a simplification that does not capture peak and off-peak periods, or seasonal differences in market price. In reality, technologies will receive the wholesale market price of electricity that can be received when generation is actually generated. During peak periods, this will be higher. We will attempt to capture these differences, but will not address them in this example for simplicity.

Step 4.  Incremental Customer Costs
 of New Renewable Technologies in 2003

To determine the incremental cost to retail suppliers (and therefore retail customers), we determine that the marginal renewable resource required in 2003 is Technology C, at a cost of 10 cents/kWh.  This indicates that the prevailing market price of qualified renewable energy would be about 10 cents/kWh. Keep in mind that we assume the renewable attribute market is purely a spot market. The result is that under a tradable certificate system the prevailing market price of a renewable certificate would be about 6.5 cents/kWh, which accounts for the wholesale market price paid for the electricity generated.  The incremental cost of renewable generation to customers can therefore be estimated as follows:

Total New Renewable Production:


500,000 MWh

Renewable Premium:


(10 – 3.5)   =      6.5 cents/kWh

Incremental Cost to Customers:


$32.5 million
To this, we will add transaction costs and admin costs to get the total incremental cost to customers. We anticipate that these are small compared to the cost of generation, so for simplicity we do not estimate their cost in this example.
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Figure 1. Analytic Sequence for Massachusetts RPS Analysis-Tool
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In practice, the PROSYM model will output hourly wholesale market price data.





The demand curve would be derived from projected retail electricity consumption in 2003.





The supply curve information would be gathered from various sources that had information about technology cost in 2003 and data on resource potential, as available.





Renewable Demand Curve








� The RPS is already law, so an extensive cost-benefit analysis is not our goal. Through examining the cost-effectiveness and market impact of various designs, we will evaluate different ways of achieving the same goal. While it is appropriate to consider benefits, we will only examine those that impact the success of implementation (rather than perform an exhaustive benefit analysis). Therefore, we consider our analysis to be a cost-impact analysis, rather than cost-benefit analysis.


�   The incremental price paid by consumers for renewable electricity generation is assumed to be approximately equal to the cost of retail supply, since we assume a static renewable market that is in equilibrium. On top of this price (sometimes referred to as a “cost” in this paper due to the nature of the market assumed), consumers are assumed to also pay transaction and administration costs for a renewable energy credit trading system.


� The uncertainty with respect to exogenous variables such as the presence or absence of other RPS policies, the effect of a green power market, the possibility for unforeseen technological advance, or the supply ability from resources such as off-shore wind, will swing the modeling results far more than any increased precision in modeling detailed operations.


� The NEMS analyses discussed earlier each estimate the renewable energy credit-trading price using a marginal cost approach in which the most expensive unit needed to meet a given RPS target sets the price for all renewable generation. While this marginal-cost perspective is appropriate, renewable energy credit prices for each of the studies are calculated based on the annualized incremental cost needed over the life of renewable energy projects (typically 30 years) to meet the RPS target. As noted earlier, this price is likely to differ from the actual credit trading price, which should equal the value the market places on the last MWh of renewable generation required to meet the target in a single year. How these two quantities precisely relate, however, is extremely difficult to predict. After all, current-year credit prices will reflect expectations about the income available from future credit sales and renewable energy project developers will most certainly seek to recover their costs more quickly than over the life of the facility. Predicting credit-trading prices is further complicated by the fact that various forms of financial and/or long-term REC contracting could arise, and that spot-market credit prices are likely to be volatile. While UCS has attempted to resolve these issues by developing a novel methodology for calculating actual credit prices, the results of their approach rely on a number of somewhat questionable assumptions regarding the development of the credit trading market.


� UCS’ study, for example, estimates that for a national RPS, net resource costs can be two to five times lower than ratepayer costs.





� A supply curve presents total renewable MWh supply, as a function of cost and technology. It is ordered from the lowest cost to the highest cost technology, and can have several cost levels for the same technology (which could represent different quality resources and/or technology variations of a technology).


� Note that this does not include transaction and administrative costs, which are discussed in Sections � REF _Ref473354542 \r \h ��3.5� and � REF _Ref473354553 \r \h ��3.6�. 


� This ignores potential cost reductions from increased manufacturing of wind turbines.


� Although this avenue may not produce specific data, perhaps developers or industry associations would be willing to share non-project specific, aggregate information about the cost/range of costs of the various eligible renewable technologies.


� Note that the RPS policies that will be implemented in Massachusetts, Connecticut and Maine are all significantly different. Although there is some overlap in definition and implementation schedule, the analysis will need to carefully consider how the three can potentially interact.


�  La Capra Associates completed this annual analysis of NEPOOL in June 1999.


�  La Capra Associates licensed the PROSYM model from Henwood Energy Resources, Inc.


� This is the end date of the current Hydro-Quebec contract with the New England Utility Management Committee.


� In particular, manufacturing economies of scale may vary due to exogenous variables such as the worldwide demand for wind turbines or solar panels.


� AllEnergy Marketing offers “ReGen,” a renewable electricity generation product. The U.S. DOE’s Green Power Network lists more than just AllEnergy as a green power provider, but the other two listed, the Boston Oil Consumer Alliance and Essential.com, are reselling the AllEnergy offering.


�  This section is, in part, based on Clemmer, S., A. Nogee and M. Brower. 1999. “A Powerful Opportunity: Making Renewable Electricity the Standard.” Union of Concerned Scientists. January.


�  Bernow, S. W. Dougherty and M. Duckworth. 1997. “Quantifying the Impacts of a National, Tradable Renewables Portfolio Standard.” The Electricity Journal, 10 (4): 42-52. Bernow, S. W. Dougherty and M. Duckworth. 1997. “Analysis of Renewables Portfolio Standards.” Proceedings: American Wind Energy Association, Windpower ’97. June.


�  U.S. Department of Energy, Office of Economic, Electricity, and Natural Gas Analysis and Office of Policy and International Affairs. 1998. “Comprehensive Electricity Competition Act: Supporting Analysis.” July. 


�  Energy Information Administration. 1998. “Analysis of S. 687, the Electric System Public Benefits Protection Act of 1997.” SR/OIAF/98-01. February. Energy Information Administration. 1998. “Annual Energy Outlook—1998.”  Washington, D.C.


�  Marnay, C., R. Markel, R. Richey and R. Wiser. 1997. “A National Minimum Renewable Purchase Requirement: A Policy Modeling Approach Using NEMS.” Berkeley, Calif.: Lawrence Berkeley National Laboratory. 


�  This section is based on Marnay, C., S. Kito, D. Kirshner, O. Sezgen, S. Pickle, K. Schumacher and R. Wiser, 1998, “Restructuring and Renewable Energy Development in California: Using Elfin to Simulate the Future California Power Market.” Berkeley, Calif.: Lawrence Berkeley National Laboratory. LBNL-41569.


�  This section is based on: Pacific Energy Group. 1997. “Solar Portfolio Standard Analysis.” Prepared for the Arizona Corporation Commission; and Williamson, R. and H. Wenger. 1998. “Solar Portfolio Standard Analysis.” Proceedings: American Solar Energy Society Solar ’90. Albuquerque, New Mexico. June.


� Note that we assume a perfectly static market, where the (price of renewable resource + administrative costs and transaction costs) = cost to consumers. The result is that we use “price” to consumers interchangeably with consumer “cost.”
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