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[bookmark: _Toc335815026]Foreword 
In mid-2009, the Department of Energy (DOE) issued a funding opportunity announcement (FOA), “Resource Assessment and Interconnection-level Transmission Analysis and Planning,” DE-FOA-0000068, funded by the American Recovery and Reinvestment Act of 2009 (ARRA). PJM Interconnection, LLC (PJM) was selected as the recipient of the Topic A portion of this FOA for the Eastern Interconnection and subsequently entered into a cooperative agreement with DOE’s National Energy Technology Laboratory (NETL). The work of this funding opportunity is divided into two phases – Phase 1 and Phase 2. Phase 1 focused on the formation of a very diverse stakeholder group (Stakeholder Steering Committee [SSC]) and its work to model public policy “futures” through the use of macroeconomic models. This first phase examined eight futures chosen by the stakeholder group. The final work in Phase 1 was for the stakeholder group to choose three futures scenarios to pass onto Phase 2 of the project. PJM’s award, DE-OE0000343, entitled Eastern Interconnection Planning Collaborative (EIPC) has reached the end of Phase 1 and Phase 2. This report describes the efforts and results forof Phase 2 of Topic A forof the Eastern Interconnection portion of the Interconnection-Level Transmission Planning and Analysis (ITPA) program. 
The report was prepared by eight members of the Eastern Interconnection Planning Collaborative (EIPC) who contracted as Principal Investigators for this project. EIPC was formed in early 2009 and comprises 25 of the major eastern utilities. 
This project has been carried out in close interaction with the Eastern Interconnection Topic B recipient of DE-FOA-0000068, the National Association of Regulatory Utility Commissions (NARUC), and their award, the Eastern Interconnection States Planning Council (EISPC). EISPC comprises regulatory representatives from the 39 states of the Eastern Interconnection, along with the District of Columbia, and the City of New Orleans. While the detailed report on the EISPC work will be published separately, this report includes results provided to EIPC as required for use in the Topic A work scope. The work has also benefited from close interaction with an SSC representing a wide range of interests. DOE is additionally supporting the ITPA program through work at selected national laboratories. The EIPC is grateful to DOE and to all the above participants for their contributions. 
Phase 2 of this project focused on conducting the transmission studies and production cost analyses on the three scenarios chosen by the stakeholders at the end of Phase 1. This work included developing transmission options, performing a number of studies regarding grid reliability and production costs of the transmission options and developing generation and transmission cost estimates for each of the three scenarios. Concurrent with EIPC’s work, EISPC’s studies and whitepapers work will continue during 2012 and into 2013, with anticipated completion of all studies and whitepapers by the end of 2013. Reports on each study and whitepaper, along with any study deliverables, will be released to DOE, EIPC and stakeholders upon completion and approval by EISPC. 


[bookmark: _Toc335815027]Executive Summary 
[bookmark: _Toc335815028]Introduction
The North American electrical power grid has developed into five separate systems: the Western, Texas, Eastern, Alaska, and Quebec Interconnections, which together serve more than 300 million people through 200,000 miles of high-Voltage transmission lines. Of these five, the Eastern Interconnection in the United States covers the largest area, serves portions of 39 states with 70% of the U.S. population, has the largest number of utility companies, and contains six of the eight North American Electric Reliability Corporation (NERC) regions. 
Growth in electricity use and implementation of the facilities needed to generate and transmit electricity to consumers represent continuing planning challenges for electricity companies, even with the present economic slowdown continuing in some areas and projections for expansion of energy efficiency and demand-side load management. Across the United States, states and planning regions are taking action to ensure a reliable, cost-effective, and increasingly domestic energy supply to fuel the country’s growth and chart a path toward energy independence. Pro-active, long-range planning is an essential component of these efforts. In early 2009, a group of Planning Coordinators[footnoteRef:1] in the East and Midwest formed the EIPC, with the goal of improving coordination of regional and interregional grid development. EIPC is the first planning collaboration ever undertaken for the entire Eastern Interconnection, and membership now totals 25 Planning Coordinators.  [1:  Planning Coordinators (formerly known as Planning Authorities until re-designated in the NERC Functional Model) include Regional Transmission Organizations, government power authorities and electric utilities who have taken on the responsibility of coordinating, facilitating, integrating, and evaluating transmission facilities under the NERC Functional Model.] 

Shortly after the formation of EIPC, the DOE released an FOA, “Resource Assessment and Interconnection-Level Transmission Analysis and Planning,” DE-FOA-0000068, funded by ARRA. The FOA’s objective was to support development of grid capabilities in the interconnection by preparing analyses of transmission requirements under a range of alternative futures and developing interconnection-wide transmission expansion plans. The FOA also noted that robust transmission and distribution networks are essential, as a matter of national interest, to enable the development, integration, and delivery of new renewable and other low-carbon resources, and the use of low-carbon electricity to displace petroleum-based fuels from the transportation sector. 
PJM submitted a proposal on behalf of EIPC for the Eastern Interconnection Topic A portion of the FOA. PJM was selected and entered into a cooperative agreement with DOE’s NETL entitled “Eastern Interconnection Planning Collaborative,” award number DE-OE0000343. A subgroup of nine EIPC members agreed to perform the work. At the same time, DOE accepted proposals for Topics A and B in the Western and Texas Interconnections, and a proposal from NARUC for the Eastern Interconnection Topic B work. NARUC’s cooperative agreement is titled the Eastern Interconnection States Planning Council (EISPC). EISPC is comprised of the 39 States in the Eastern Interconnection plus the District of Columbia and the City of New Orleans, as well as the eight Midwestern and eastern Canadian Provinces. 
Please note that the information and studies discussed in this report are intended to provide general information to policy-makers and stakeholders, but are not a specific plan of action and are not intended to be used in any state electric facility approval or siting processes. The work of EISPC does not bind any state regulator in any state proceeding. 
The Topic A work scope is comprised of twelve tasks, divided into two phases.
Phase 1 tasks included: 
Task 1: Initiate Project (Governance and Selection of SSC). The SSC would represent the states and a balanced selection from industry and interested party sectors that would provide guidance to the EIPC.
Task 2: Integrate Regional Plans (Roll-up Report). Develop a combined grid model for the interconnection based on a roll-up of the members’ transmission and resource expansion plans for the year 2020.
Task 3: Production Cost Analysis for Roll-up Report (This task was cancelled)
Task 4: Macroeconomic Futures Definition. Work with the stakeholders to develop eight macroeconomic futures definitions and specify 72 sensitivities.
Task 5: Macroeconomic Analysis. Run both a macroeconomic model of the energy economy (Multi-Region National [MRN]) and a resource allocation model (North American Electricity and Environment Model [NEEM]) that identified generation resources needed for each of the futures and sensitivities by size, type and NEEM region. 
Task 6: Expansion Scenario Concurrence (and Phase I Report). Choose the three scenarios for which more detailed transmission build-outs would be developed in Phase 2.
Phase 2 tasks included: 
Task 7: Interregional Transmission Options Development. Develop Identify the transmission needed to provide a reliable system for each of the three scenarios when analyzing transmission with the entire system intact and with one element of the transmission system out.
Task 8: Reliability Review. Further analyze the transmission options developed in Task 7 using additional NERC reliability tests; e.g., a “common tower” outage, an outage of two lines at the same time that are on a single pole.
Task 9: Production Cost Analysis of Scenarios. Analyze the cost of the energy that needs to be supplied in each scenario by running a model (GE MAPS) that performs an economic dispatch of the entire system for each hour of the year.
Task 10: Generation and Transmission Cost Development.  Develop estimates of the cost of the generation and transmission in each scenario.
Task 11: Review of Results and Draft Report. Draft the final report.
Task 12: Phase II Report. Incorporate comments and finalize report for DOE approval.
[bookmark: _Toc335815029]Phase 1 Summary
In Phase 1, an early requirement was the formation of an SSC representing the States and a balanced selection from industry and interested party sectors that would provide input and strategic guidance to EIPC. The SSC structure makes decisions by consensus.[footnoteRef:2] The SSC is comprised of 29 members, ten representatives from the sStates, three representatives from each of six sectors and one representative from Canada. State SSC members are a subset of EISPC, whose structure is also built around collaboration and consensus-style decision making.[footnoteRef:3] Stakeholder sectors and seats are shown below. [2:  The SSC developed a back-up voting structure in the event consensus could not be reached.]  [3:  Although DOE’s FOA and EISPC’s structure strongly encourages consensus and, in fact almost always reaches consensus, EISPC also developed a “back-up” voting structure that has operated effectively the few times it has been used.] 

 

EIPC then developed a combined grid model for the interconnection based on a roll-up of the members’ expansion plans for the year 2020. The Planning Coordinators undertook a reliability analysis of the roll-up of the regional plans and found no significant reliability issues. Such a finding is noteworthy as it is indicative of the fact thatindicates the respective regional plans are not causing burdens that would manifest themselves as unsolved reliability violations elsewhere in the Eastern Interconnection. This model served as the basis for EISPC and the SSC to adopt it as a Stakeholder Specified Infrastructure (SSI) Model that would be the starting point for analyses extending to 2030.  
[bookmark: _Toc335815030]Stakeholder Specified Infrastructure
As part of Phase 1 of this effort, the SSC, in collaboration with the EISPC, developed a set of planned transmission and generation projects that were included in the models in Phase 1 and Phase 2. This set of projects is known as the SSI[footnoteRef:4]. The SSI was prepared solely for the purpose of the analyses being performed under the DOE project. The criteria for inclusion in the SSI transmission topology were: [4:  The Stakeholder Specified Infrastructure is discussed in more detail in the Phase 1 Report, pp. xxx.] 

All generation and transmission that were due to be in-service prior to January 1, 2016 were automatically included.
All transmission to be operated at a voltage level less than 230 kV and with an in-service date inclusively between the years 2016 and 2020 was automatically included.
All generation currently under construction with an in-service data inclusively between the years 2016 and 2020 were included.
The SSI transmission topology differs in many respects from the set of planned generation and transmission projects that were included in the Roll-Up case prepared by the Planning Authorities in accordance with their respective Order 890 planning processes. The Planning Authorities have made no attempt to reconcile or compare the two, nor do they intend to modify their respective regional plans based on the SSI topology. Below is a map that shows the SSI projects that were included in the models for this analysis. A map showing the full transmission topology that was included in the base model is included in Appendix AA. 

[bookmark: _Toc335815049]Figure ES 1.  Base Transmission System


[bookmark: _Toc335815050]Figure ES 2.  Stakeholder Specified Infrastructure
[bookmark: _Toc335815031]Futures Development and Macroeconomic Modeling
EIPC chose Charles River Associates’ (CRA) the MRN macroeconomic model and their NEEM model to develop information on resource development in eight futures, with 72 sensitivities to be allocated amongst the eight futures, for a total of 80 model runs. The futures were designed to be significantly different from each other and accordingly had multiple differences in their input assumptions, constraints, and objectives. In contrast, the sensitivities were designed to comprise only one change to an input assumption from the base future to which it was associated. This approach allowed the stakeholders to attribute the difference in resources deployed over the study period to the single change in the input assumptions. 
The MRN model is a macroeconomic model of the entire economy, and the NEEM model is a generation resource model that indicates the amounts, types and general locations of the most efficient generation to meet the load growth and energy/environmental policy conditions specified by the model users. The SSC, working with the EIPC and CRA, provided the inputs to the MRN and NEEM models. 
The SSC created working groups to develop the eight futures with 72 sensitivities and to specify the detailed inputs for the MRN and NEEM models. The Scenario Planning Working Group (SPWG) worked in the fall/winter of 2010 to develop narrative descriptions of the eight futures and to determine what sensitivities would be studied. Below is a brief description of the eight futures analyzed as part of Phase 1. 
[bookmark: _Toc335815107]Table ES 1.  SSC Alternative Futures
	 


In order to construct computer simulations for each of these futures, many assumptions and data inputs were studied, debated -, often vigorously, and agreed upon by EISPC and the SSC. Once all of the assumptions and inputs were determined, EIPC provided EISPC and the SSC with the opportunity to change one or more input(s) at a time to run a “sensitivity” that would show the implications of that prescribed change on the entirety of that specific future. For example, if a future was modeled using a $4 natural gas price, a sensitivity on that future could be modeled changing just the natural gas price to a higher or lower price to see what impact a higher or lower priceit would have on the modeling results. 

Sensitivities common to several futures included high and low load growth, and changes in natural gas prices. This combination of futures and sensitivities ensured that a very wide range of possibilities were considered in the evaluations leading to the three final scenarios to be studied in the Phase 2 of the project. The variation in future inputs and outputs from the model included: 
Additional transfer capability needed between NEEM regions ranging from 0 GW to 64 GW
2011-2030 load growth rates ranging from -22% to +41% 
Installed coal capacity in 2030 ranging from 12 GW to 267 GW 
Installed renewable capacity in 2030 ranging from 104 GW to 467 GW 
Average gas costs from $2.61/MMBtu to $10.23/MMBtu 
Total Eastern Interconnection transferred energy in 2030 ranging from 276 TWh to 1,268 TWh 
In CRA’s NEEM model, the Eastern Interconnection is modeled as a simplified set of regions (bubbles) connected by a simplified network of transmission (pipes). One key assumption[footnoteRef:5] of the NEEM model is that transmission transfer capabilities between the bubbles are an input, and the model normally locates generation in the most cost-effective location based on all inputs including those transfer capabilities. In this study effort, the pipes were allowed to expand for specific futures and sensitivities to test whether cost-effective generation would be located differently if the transmission system were expanded; these were known as soft constraint runs. For each of these cases, the SSC reviewed the study results from the soft constraint runs and made a decision as to the size of the transfer capabilities to use for subsequent analyses. These soft constraint runs were completed as the initial sensitivity runs for the applicable futures, with the SSC-selected transfer capability being utilized for all additional sensitivities for each future. If the transfer capabilities were larger than the those originally specified, the Planning Authorities worked together to determine, at a very high level, what type of added transmission would be needed to provide the power transfer capability specified for each future. They also developed a high-level cost estimate for that added transmission. In addition to the transmission, the NEEM model provided numerous outputs, including generation retirements and additions by fuel type and region, for review by the stakeholders.  [5:  A second key assumption that impacted the Phase 2 work of the Planning Coordinators is that, within the NEEM “bubbles”, it was assumed that there were no transmission constraints. In Phase 2, any transmission constraints that occur within the bubbles were identified and transmission was developed to alleviate those constraints.] 

In addition to the direct outputs from the NEEM model and the information provided by the Planning Coordinators on additional needed transmission, the SSC requested additional cost estimates that did not come directly out of the model. These included costs for significantly increased energy efficiency, demand response and distributed generation, as well as costs associated with maintaining higher levels of reserve generation to integrate conventional generators and renewable generators. High-level estimates of such additional costs were provided by the SSC’s Modeling Work Group (MWG). 
The SSC formed a Scenario Task Force (STF) to review the outputs and develop recommendations regarding the three scenarios that were used in the Phase 2 analysis. The STF, and ultimately the SSC, agreed that the main purpose for Phase 2 was to analyze a range of transmission build-outs that reflect distinct policy scenarios of interest to stakeholders. As articulated by the STF, in a memorandum to the SSC, summarizing their recommendations on the objectives, process, and criteria for scenario selection: 
“The main, guiding objective for the selection of scenarios to be studied in Phase 2, is to end up with a set of scenarios that are defined by different policy drivers, and to determine what different transmission build-outs may be needed to support these policy drivers.” 
The process developed for selecting the Phase 2 scenarios necessarily reflected the complexity of the decisions to be made. Two concepts discussed during the May 2011 SSC meeting were particularly influential in the design of the scenario development and selection process. The first is that of “bookends.” Numerous individuals and sectors expressed a desire for scenarios that represent significantly different bookends, both in terms of the policy futures they embody, and the transmission build-outs they would likely require. The second key concept is that of “clustering” the macroeconomic analysis results based on similarities in their likely transmission requirements and other key variables. This was in an effort to ensure that the final scenarios selected for Phase 2 analysis would result in robust transmission build-outs, and would share some key features with other cases of interest. 
A cluster analysis tool was made available to all stakeholders so they could examine the clustering of the variables that were most important to them. An example of the cluster analysis below shows clusters resulting from comparing energy flows and percentage of renewable generation.

[bookmark: _Toc335815051]Figure ES 3.  Energy Flow vs Generation by Percent of Total -- Renewable
The cluster analyses discussed by the STF included expansion requirements, policy implementation options, and other variables of interest leading to identification of the three final scenarios that aligned with the “bookend” framework discussed above and other criteria. Principal metrics used were generation type, 2030 interregional flows to indicate transmission build-out, 2030 CO2 reductions, and cost of the generation and transmission build-outs. 
The final three scenarios, as shown in Table ES 2, were provided for EIPC to develop full interregional transmission expansion models in the second phase of the work. They are considered to be balanced by the SSC in terms of policy goals, levels of implementation, transmission build-outs, and total cost.
[bookmark: _Ref335582438][bookmark: _Toc335815108]Table ES 2.  Scenario Descriptions for Phase 2 Studies
	Scenario 1: Nationally Implemented Federal Carbon Constraint with Increased Energy Efficiency/Demand Response
	Reduce economy-wide carbon emissions by 42% from 2005 levels in 2030 and 80% in 2050, combined with meeting 30% of the nation’s electricity requirements from renewable resources by 2030 and significant deployment of energy efficiency measures, demand response, distributed generation, smart grid and other low-carbon technologies; achieved by utilizing an Eastern Interconnection-wide implementation strategy. The scenario has flat CO2 prices after 2030, more wind in the Midwest Independent System Operator (MISO)_W, and the MISO combined cycle plants and MISO eastern wind were dispersed throughout the MISO regions.

	Scenario 2: Regionally Implemented National Renewable Portfolio Standard
	Meet 30% of the nation’s electricity requirements from renewable resources by 2030; achieved by utilizing a regional implementation strategy. 

	Scenario 3: Business as Usual
	Continuation of forecasted load growth, existing RPS requirements, and Environmental Protection Agency (EPA) regulations as proposed and understood in the summer of 2011. Some adjustments were made to intra-MISO combustion turbine distribution and Southwest Power Pool (SPP) intermittency percentages.



The scenarios were chosen to be “bookend” scenarios. To assist in differentiating scenarios and as an aid to discussions, the stakeholders named each of the scenarios based on its focus. It should be noted that there are many ways to implement a given policy initiative (for example, a federal carbon constraint) and the stakeholders needed to choose an implementation approach. If a policy, such as a federal carbon constraint were legislated, it is highly likely that the implementation approach would differ from what is modeled. This is true of all three scenarios, including the Business as Usual scenario; although the scenario was meant to reflect a continuation of currently existing energy and related environmental policies, assumptions made in that scenario have already begun to diverge from actual policy decisions since the scenario was finalized. One example of divergent policies was delaying implementation of the Cross-State Air Pollution Rule (CSAPR). 
The three scenarios chosen represent additional transfer capability needed between the NEEM regions ranging from 0 GW to 37 GW: 
Scenario 1: Nationally Implemented Federal Carbon Constraint with Increased Energy Efficiency/Demand Response – 37 GW 
Scenario 2: Regionally Implemented National Renewable Portfolio Standard – 3-4 GW 
 Scenario 3: Business as Usual – 0 GW 
Below are graphs showing the generation mix and loads for the Eastern Interconnection for each of the three scenarios chosen.
  (Note: these graphs will be re-formatted to better fit the Phase 2 discussion.)



[bookmark: _Toc335815052]Figure ES 4.  Placeholder only.

[bookmark: _Toc335815053]Figure ES 5.  Placeholder only.

[bookmark: _Toc335815054]Figure ES 6.  Scenario 3:  Business As Usual (F1S17)

The results of the Topic A Phase 1 work are intended to provide information to stakeholders, including policy makers, on the combinations of generation (including type of resource and location) and high-level transmission transfer increases needed between the NEEM regions to support those generation resources. It is important to note that any transmission expansions indicated from the macroeconomic studies do not provide a transmission plan, and the generic transmission infrastructure upgrades and high-level cost estimates associated with the Phase 1 analysis do not represent likely project solutions; rather, such information was developed as a data point to assist the SSC in determining the three scenarios to be analyzed during the Phase 2 studies. The choice of transmission line types and Voltages voltages for expansion of the pipes is standardized and does not reflect regionally optimal choices. Costs of substations, transmission upgrades (especially of lower vVoltage systems), financing, rights of way, routing and transmission operations and maintenance costs are details that are not included. Also, the study did not co-optimize transmission and generation expansion (i.e., estimated expansion costs were not compared to the potential system savings provided by that expansion). Transmission costs and production costs were developed through Phase 2. 
[bookmark: _Toc335815032]Phase 2
In Phase 2 , the EIPC developed a more detailed transmission analysis was developed for the three selected scenarios. Even with this additional detail the results are indicative only and not representative of actual project solutions, which will be determined at the regional level as future resource requirements become more certain; many details, such as the need for transmission upgrades or expansion below 230 kV, were beyond the scope of the study. As a result, the costs for the generation and transmission build-outs that are shown in this report do not include all the costs necessary for required vVoltage upgrades and new lines needed to maintain reliability in these scenarios. The results of this analysis comply with selected NERC reliability standards which are described below; however, because of the study’s long-term nature, it did not include all requirements for full compliance with all NERC standards. One example of a NERC standard that was not included was testing for transient stability for generators. This is a very detailed requirement that would not be addressed in a strategic analysis such as this.
In all cases, any specific solutions will require study and integration in approved regional or interregional plans. To develop project solutions, Planning Authorities need to perform additional reliability analyses, look at more alternatives and look at a variety of years, typically including 5 and 10 year study models.
The Phase 2 analysis utilizes the results and the assumptions from the NEEM analysis in Phase 1. This includes, but is not limited to, the size, type and location of generating resources, peak load and electricity use, fuel prices, and additional transfer capability needed between NEEM regions, etc.  In some cases the NEEM assumptions were not sufficiently detailed for the GE-MAPS model. Where more detailed information was needed, the information was developed by either the Transmission Options Task Force (for the electric reliability analysis and development of transmission options) or the Modeling Working Group (for inputs to the production cost analysis).
[bookmark: _Toc335815033]Development of Transmission Options
The study year for Phase 2 is 2030. Phase 2 began with formation of the Transmission Options Task Force (TOTF), a group designated by the SSC to assist the EIPC Planning Authorities in the development of transmission options for the three chosen scenarios using traditional transmission planning power flow models. Membership on the TOTF required being experienced in transmission planning and Critical Energy Infrastructure Information (CEII) clearance for selected discussions and certain data access. The group began with process documents that were created by the EIPC Planning Authorities to lay out the approach for the analysis. The initial approach was for the Planning Authorities to develop Eastern interconnection-wide transmission planning models, identify constraints arising out of the models and propose projects to solve the constraints. Stakeholders were able to use the models on their own to identify constraints and propose solutions or to propose solutions after the Planning Authorities identified the constraints. It is important to recognize that Phase 2 is not, nor was it intended to be, an optimization process; however, the collaborative effort facilitated the recognition and development of more efficient coordinated inter-regional solutions. Given the intentional, wide-ranging nature of the scenarios chosen, and the time and resource limits of the study, stakeholders recognized that performing an optimization analysis was not feasible.
Traditional transmission planning utilizes “power flow models.” These are models of the electric system that model all the generation in the Eastern Interconnection and the demand for energy (loads) as well as the existing transmission system in detail. The specific locations of all of the generators, loads and the configuration of existing transmission lines are specified as inputs to the model. Power flow models represent a snapshot of the system, that is, any particular model run portrays only one hour of the year. In the modeling effort, transmission planners are looking for two types of “constraints.” The first is lines or transmission elements that are overloaded, carrying more power than they are designed to carry; these are known as thermal overloads. The second is vVoltages that are either too high or too low; these are known as vVoltage issues. When transmission planners identify overloaded transmission lines or vVoltages that are too high or too low, additional transmission elements are added to the model until it is running without overloads or vVoltage issues. For this study, only overloads and vVoltage issues on transmission elements 200kV and higher were addressed. 
Transmission planners also look at a variety of “system conditions,” which are described below. The purpose of looking at a variety of system conditions is to analyze different operating states that may stress the system differently and determine that the system will operate reliably in each. The objective is to analyze the hour or hours that stress the system the most with the assumption that if the transmission system is reliable in those hours it will be reliable in all the other hours of the year.
The SSC selected the study year as 2030 and the TOTF determined the system conditions that would be studied. For the three scenarios, five system conditions (power flow cases or power flow models model particular system conditions) were studied. Because of the amount of wind in Scenarios 1 and 2, the Planning Coordinators decided to add a “less than peak” case to the analysis. A description of how this case was developed is below and more details are available in the [“less than peak”] document. [add link]. The five system models chosen were:
Scenario 1, Block 1 (peak)
Scenario 1, Block 13 (less than peak)
Scenario 2, Block 1 (peak)
Scenario 2, Block 13 (less than peak)
Scenario 3, Block 1.
The “blocks” listed above refer to the load blocks developed for the NEEM model. For Scenarios 1 and 2, the TOTF determined that, due to the high concentration of wind energy in those scenarios and the fact that wind blows more strongly during the shoulder hours (when demand is less than peak demand), it was prudent to look at the performance of the system at a peak hour and during less than peak conditions. In Scenario 3, Business as Usual, because the wind penetrations were lower, it wasthe TOTF determined that  an additional less than peak case was not required.
The Planning Authorities identified the transmission that would be included in the model, starting with the SSI, adding in any additional transmission that was under construction and removing transmission projects if the removal was supported by the regional PA. A list of transmission elements added and deleted from the SSI is included in Appendix BB. The PAs identified the generation that was to be deactivated based on the NEEM results and then located the new generation that was in their NEEM region onto particular buses in the model. The PAs adjusted the load for the NEEM regions to the load shapes used in Phase 1, and distributed those loads based on  historic load patterns for each region. The load output from CRA’s NEEM model incorporated assumptions for energy efficiency, distributed resources, distributed generation and Plug-in Hybrid Electric Vehicles consistent with the Phase 1 assumptions. This was particularly true in Scenario 1 which had significantly lower loads than Scenario 3. 
The transmission options developed by the group are designed to reliably serve the load specified in each scenario and to meet the interchange between NEEM regions that was specified in the scenario. In Phase 1, the NEEM model assumed that each of the NEEM regions had enough internal capacity to allow power to move without constraint within each of the regions. In Phase 2, the Planning Authorities performed transmission reliability analysis to determine where constraints would arise within the regions and as well as between the regions. For these analyses, all constraints 230 kV and above were addressed by the Planning Authorities.  In selected cases, at a Planning Authority’s discretion, lower vVoltages were addressed if the issues were severely affecting the 230 kV and above system and/or the area did not have the necessary supporting 230 kV and above infrastructure.
For each scenario, the PAs started with a peak case with no additional transfers and included the generation additions and deactivations specified by the NEEM model. New generation was interconnected in the model based on each PA’s respective internal processes. Once this case was solved, the regional and interregional transfer requirements were added to the model and limiting facilities were identified. The PAs identified initial transmission upgrades that might be needed to solve the load flow case for each of the three scenarios. The EIPC Planning Authorities worked with the stakeholder representatives on the TOTF as they developed the proposed solutions. 
The PAs performed the reliability tests on the different system conditions in the development of the selected transmission options. The tests were conducted for any lines or other transmission elements of 200kV or higher. For each system condition, the following types of contingencies were analyzed:
System performance with all elements in service – the transmission developed for each of the three scenarios was assessed to ensure there were no thermal or Voltage violations identified for all system elements in service (no contingencies). This is known as a “system intact” or “N-0” analysis.
System performance following the loss of a single element – testing the transmission developed to ensure that there were no thermal or vVoltage violations identified with the loss of a single element (single contingency). This is known as an “N-1” analysis.
System performance following loss of a single element with a generator out of service – testing the transmission developed to ensure there were no thermal or vVoltage violations identified with any contingency defined in Test 2 when a generator is already out of service on the system. This is known as an “N-G-1” analysis.
System performance following the loss of multiple transmission lines sharing common towers/structures – testing the transmission developed to ensure there were no thermal or vVoltage violations identified with the loss of multiple transmission circuits that share a common tower or structure. This is known as a common tower analysis and in general does not include circuits that share a minimal number of common towers, such as those going into and out of substations.
System performance following the loss of multiple elements as a result of a bus section fault on buses 200 kV and above – testing the transmission developed to ensure there were no thermal or vVoltage violations identified with the loss of multiple elements that result from the normal clearing of a fault on a bus section of 300 kV or higher. This is known as a “Category C1” contingency. 
More details on these tests can be found in the [reliability tests document]. [add link]
For the system intact analysis, transmission was developed for any situation where the thermal ratings on the line exceeded 100% of the normal rating of the line or where the vVoltage on the line was less than 95% of the base Voltage or greater than 110% of the base vVoltage. For the remaining tests, transmission was developed for any situation where the thermal ratings on a line exceeded 100% of the emergency rating or where the vVoltage on the line was less than 95% or greater than 110% of the base vVoltage. Emergency ratings are higher than normal ratings and are intended to be used for short amounts of time while operators work in an emergency to get the system back within normal parameters.
(Production cost analysis discussion will follow in subsequent draft.)





[bookmark: _Toc335815034]Results – Scenario 1 – Nationally Implemented Carbon Constraint with Increased Energy Efficiency and Demand Response
NOTE: MAPS ARE NOT THE FINAL. FINAL MAPS WILL BE INSERTED.
Scenario 1 was the most challenging from a transmission planning perspective because of the large amount of additional transfers that needed to occur in the scenario, particularly from MISO-West to PJM and from Southwest Power Pool to PJM. The total transfers required by the Phase 1 analysis amount to an additional 37,000 MWs of power transfer capability for this scenario. The Planning Authorities started with this scenario because it was the most difficult. It became clear early in the analysis that the system would need High Voltage Direct Current (HVDC) lines to enable such large transfers and ensure the reliability of the system.
Below is a map showing the constraints that occurred in Scenario 1. Appendix ______ has a complete list of the constraints that occurred in the model. The constraints indicate either overloads or vVoltages that are too high or too low on the Base Transmission System that was included in the model. 

[bookmark: _Toc335815055]Figure ES 7.  Scenario 1 -- Constraints
The constraints identified were eliminated with the addition of transmission elements. These elements range from transformers to HVDC (modeled at 500 kV and capable of carrying 3,500 MWs) and 765-kV AC lines that are hundreds of miles long. The transmission solutions were chosen without considering possible re-dispatch or Special Protection Schemes (SPSs) options. Long-range transmission planning does not traditionally plan for re-dispatch or SPSs for a model year this far into the future or for a scenario with the significant policy-level changes, which are the subject of this project. Re-dispatch and SPS options are typically short-term solutions requiring detailed analysis of expected system conditions, which would be impractical to predict 20 years in advance. 
For Scenario 1, several 500 kV HVDC lines were deemed necessary because of the large transfers needed from the wind-rich areas of the western part of the MISO and from the SPP to eastern states. The Planning Authorities tested different numbers and locations of HVDC lines and decided that six lines were needed; some originating in western MISO and some originating in SPP. Below is a map of the transmission fixes that were identified by the Planning Authorities for Scenario 1 (Figure ES 8). 

[bookmark: _Ref335810440][bookmark: _Toc335815056]Figure ES 8.  Scenario 1 – New Transmission
In solving the significant constraints in the model, the Planning Authorities found that building a larger AC system was not going to be sufficient. To move the large amounts of power from the Midwest over long distances to the east, HVDC lines were needed.  500 kV HVDC lines were added until the most significant constraints were solved. Extensive time and effort was spent to determine the right number of HVDC lines and their end points. Each of the lines was removed from the model to determine whether other lines would overload if it were not there. Ultimately, it was determined that six 500 kV HVDC lines, each capable of carrying 3,500 MWs, were needed for a reliable system. In addition, there were still significant amounts of 765kV, 500kV and 345kV AC lines that were needed to maintain reliability.

The maps above show only the new facilities added to the system. Over 4,300 miles of existing transmission lines ranging from 115kV to 345kV also needed to be reconductored or upgraded. 
Below is a map of the entire transmission system with the new Scenario 1 transmission included (Figure ES 9).

[bookmark: _Ref335810591][bookmark: _Toc335815057]Figure ES 9.  Scenario 1 – All Transmission
The transmission added includes ___ total miles of transmission, ___ miles of 500 kV HVDC, ___ miles of 500-765kV, ___ miles of 230-345kV and ___ miles of 100-229kV. The total cost for the additional transmission included for this scenario is $______ billion. 
Production cost analysis of this scenario shows a total cost of $___ billion of wholesale electricity costs across the Eastern Interconnection for the year 2030 to serve ____TWHr of electrical loads. 
The total costs estimated for the scenario include transmission, generation, energy efficiency and demand response costs and total $________ billion. In addition to the items noted on p. __(15)  the costs do not include  any additional natural gas delivery infrastructure that would be needed to support this scenario. 
The costs shown here are the total costs for the Eastern Interconnection. Regional breakouts of these same costs, in addition to other regional metrics, are included in Appendix CC.[footnoteRef:6]  [6:  Not all metrics were able to be broken down by region.] 

[bookmark: _Toc335815035]Results – Scenario 2 – National RPS of 30%, Implemented Regionally
Scenario 2 involves a national Renewable Portfolio/Energy Standard of 30%, implemented regionally. The regional implementation was studied in the NEEM analysis by creating “super-regions” that would be required to meet their 30% renewable obligation without relying on imports from other regions. To simulate a regional implementation, power was not allowed to flow between the super-regions but was allowed to flow between regions within the super-regions. Below is a graphic showing the super-regions (Figure ES 10). The concept is that each super-region will supply 30% of its own energy needs from renewable generation sources within that region. 

[bookmark: _Ref335810725][bookmark: _Toc335815058]Figure ES 10.  NEEM Regions (blue) and Super Regions (black)
The amount of transfers for this scenario totaled 3,000-4,000 MWs, mostly from __________ to _____________. The reduced amount of transfers resulted in many fewer constraints as compared to Scenario 1 that the Planning Authorities needed to address. Below is a map of the constraints (in yellow) for Scenario 2 (Figure ES 11). 


[bookmark: _Ref335810805][bookmark: _Toc335815059]Figure ES 11.  Scenario 2 -- Constraints
The bulk of the constraints occur in the MISO and SPP regions due to the amount of wind being sited in those areas. Some constraints also occur in the southeast states. . Below are the additional transmission elements needed for Scenario 2 (Figure ES 12) followed by the complete transmission system under Scenario 2 (Figure ES 13).

[bookmark: _Ref335810875][bookmark: _Toc335815060]Figure ES 12.  Scenario 2 – New Transmission

The largest amount of transmission added is from Illinois going east to Ohio and Pennsylvania. This 765kV transmission was developed to move renewable wind power from the western to the eastern side of PJM – Rest of Region NEEM region. Other additions involved collector systems in the Dakotas to move wind power from the western to eastern parts of the MISO super-region. A collector system is added in the New England/Maine areas and additional transmission in the mid-Atlantic and SPP areas.
In addition to the new lines, over 2,600 miles of existing transmission lines needed to be reconductored or upgraded. These lines are not depicted in Figure ES 12. 
[image: ]
[bookmark: _Ref335810887][bookmark: _Toc335815061]Figure ES 13.  Scenario 2 – All Transmission
The transmission added includes ___ total miles of transmission,  ___ miles of 500-765kV, ___ miles of 230-345kV and ___ miles of 100-229kV. 
The total cost for the additional transmission included for this scenario is $______ billion. The total costs estimated for the scenario include transmission, generation, energy efficiency and demand response costs and total $________ billion. Production cost analysis of this scenario shows a total cost of $___ billion of wholesale electricity costs across the Eastern Interconnection for the year 2030 to serve ____TWHr of electrical loads. 
In addition to the items noted on p. –(15), is the costs do not include any additional natural gas delivery infrastructure that would be needed to support this scenario. 
The costs shown here are the total costs for the Eastern Interconnection. Regional breakouts of these same costs, in addition to other regional metrics, are included in Appendix CC.[footnoteRef:7]  [7:  Not all metrics were able to be broken down by region.] 

[bookmark: _Toc335815036]Results – Scenario 3 – Business As Usual with EPA Regulations
The Business as Usual scenario was developed based on EPA regulations being considered in 2011 and then- existing State Renewable Portfolio Standards. The assumptions used to model, pending EPA regulations, were developed in the spring of 2011 and were later updated for this scenario when the EPA proposals proposed regulations came out during the summer of 2011. The assumptions regarding EPA regulations caused much of the coal to be deactivated in this future; this generation was replaced with natural gas and wind to meet the state RPSs. This scenario does not include any additional transfer capability between NEEM regions, so the constraints identified and transmission added result from issues within the regions. Below is a map of the constraints encountered in Scenario 3 (Figure ES 14).

[bookmark: _Ref335811219][bookmark: _Toc335815062]Figure ES 14.  Scenario 3 -- Constraints
Scenario 3 has scattered constraints in Canada and a number of states. The constraints on the transmission system are relatively minor, due in part to new natural gas plants being placed at the site of deactivated coal plants. Below is a map of the additional transmission needed for Scenario 3 (Figure ES 15) and all the transmission needed for Scenario 3 (Figure ES 16).


[bookmark: _Ref335811247][bookmark: _Toc335815063]Figure ES 15.  Scenario 3 – New Transmission
Scenario 3, because it had no additional transfers between NEEM regions and new generation was placed first on brownfield sites where generation had been deactivated in the model, required very few transmission upgrades to support the new generation interconnections. The most significant single addition is the 345kV in the northeast, while additional 765kV and 345kV lines are needed in Illinois for generation interconnection. To relieve the remaining constraints in Scenario 3, a 765kV line was added in the Virginia/West Virginia area, 345kV lines were added in the Wisconsin/Upper Michigan area and 230kV lines were added in North Dakota and Saskatchewan, Canada. 
In addition to the new lines, over 2,500 miles of existing transmission lines needed to be reconductored or upgraded. 

[bookmark: _Ref335811257]Figure ES 16.  Scenario 3 – All Transmission
The transmission added includes ___ total miles of transmission,  ___ miles of 500-765kV, ___ miles of 230-345kV and ___ miles of 100-229kV. The total cost for the additional transmission included for this scenario is $______ billion. The total costs estimated for the scenario include transmission, generation, energy efficiency and demand response costs and total $________ billion. Not included in the costs is any additional natural gas infrastructure that would be needed to support this future. 
Production cost analysis of this scenario shows a total cost of $___ billion of wholesale electricity costs across the Eastern Interconnection for the year 2030 to serve ____TWHr of electrical loads.  In addition to the items noted on p. 15, the costs do not include any additional natural gas delivery infrastructure that would be needed to support this scenario. 
The costs shown here are the total costs for the Eastern Interconnection. Regional breakouts of these same costs, in addition to other regional metrics, are included in Appendix CC.[footnoteRef:8]  [8:  Not all metrics were able to be broken down by region.] 

[bookmark: _Toc335815037]Scenario Comparison
The three scenarios were intentionally chosen by the Stakeholder Steering Committee to represent “bookend” scenarios; scenarios that were very different in the amount of transmission that would be needed to support them. The scenarios chosen ranged from 0 MWs of additional transfer capability added (Scenario 3) to 3-4,000 MWs (Scenario 2) to 37,000 MWs (Scenario 1) of additional transfer capability added. The transmission constraints encountered and the transmission needed to alleviate those constraints reflected the amount of additional transfer capability as determined in Phase 1. 
Scenario 1 was the largest build-out scenario with 37,000 MWs of additional transfer capability, many projects including six 500 kV HVDC lines and numerous 345kV, 500kV and 765kV lines, as well as smaller upgrades. The costs for Scenario 1 were $________ of additional generation and transmission costs and $_____ of production costs.
Scenario 2 resulted in a much smaller build-out than Scenario 1 but still had a significant number of projects, including 765kV and 500kV projects to move wind from the Midwest to points east. Scenario 2 resulted in $____ of additional generation and transmission costs and $____ of production cost.
Scenario 3 was a much smaller build-out than either Scenario 1 or Scenario 2, requiring no additional transfer capability and only more localized/intra-region transmission upgrades. Scenario 3 resulted in $____ of additional generation and transmission costs and $____ of production cost.
Each scenario represents a completely different potential view of the future, which may differ not only in power system aspects, but also in the level of demand for electricity and in the overall size of the U.S. economy. For this reason, care must be taken in making direct comparisons of specific costs or level of transmission needs between scenarios. Such comparisons must be considered in context.  For example, comparing production costs between a scenario involving a robust economy with one involving less economic growth may simply be indicative that energy costs increase with higher economic activity.
[bookmark: _Toc335815038]Observations and Guidance
Following the completion of Phase 1 of the project, some initial conclusions were drawn as follows: 
This project represents a unique dialog with many different stakeholder groups on public policy and interconnection-wide transmission analyses to increase understanding of alternative policy futures and the generation and transmission that might be needed to support them. It does not require one size fits all projects or solutions, nor does it make any conclusions regarding market driven versus vertically integrated utility models. It does, however, show potential ways to accommodate differing stakeholder-chosen policy futures. The EIPC analysis will continue to be a valuable contributor to both the utility and the regulatory functions in their efforts to efficiently advance the electricity industry. 
Although previous experience of the participants has been in transmission planning exercises that are generally more limited in geographic scope and involving fewer participants than the analyses conducted by EIPC, the Topic A project work involving a larger team over the full Eastern Interconnection proceeded well. 
The interaction between Topic A and Topic B participants also developed well into a communication capability that will serve the nation well in the future. 
It is expected that the participants will use the experience for continuing and enhancing future coordination efforts and that all of these efforts will help guide the U.S. in considering and establishing potential national goals for energy. 
Phase 2 continued the open and productive dialogue between the EIPC, EISPC and stakeholders. Because of the nature of the work in Phase 2, the discussions were focused on traditional transmission planning and production cost analysis and were somewhat more technical in nature. Observations from Phase 2 include:
The results of Phase 2 serve as indicative transmission build-outs that present options that could be considered as part of a more traditional planning process that involves analyzing more model years, considering all NERC mandatory compliance criteria and evaluating the economic benefits of specific transmission projects or groups of projects as resource plans become more certain.
Transmission reinforcements presented in this report are not an absolute indication of the required transmission reinforcements since the scope of this project was limited to evaluate specified alternatives and considered only higher voltage level additions and constraints.
The transmission option analysis presented here represents a single snapshot in time for each of three very different scenarios. Traditional transmission planning analyzes interim years typically utilizinge models for one, five, and ten years out rather than “jumping” out twenty years. The results of this transmission analysis might be very different if it were done in a more incremental fashion.
….[more observations and guidance]


[bookmark: _Toc335815039]Introduction and Background 
The Eastern Interconnection Planning Collaborative (EIPC) received funding from the U.S. Department of Energy (DOE) in 2010 to initiate a broad-based, transparent collaborative process to involve interested stakeholders in the development of policy futures for transmission analysis. This report describes the work performed in Phase 2 of the project and forms a companion document to the report published in December 2011 that encompasses Phase 1 of this analysis. 
Regional, multi-regional, and interconnection-wide studies and planning provide the potential for improvements in reliability and significant economic benefits for ratepayers when compared to the alternative approach of planning only on a local basis. They also provide the potential for the following: 
Increased opportunities for states and federal agencies to work cooperatively on planning, siting, and constructing new (or upgraded) infrastructure to better ensure that necessary infrastructure is constructed in a timely manner. 
Expanded opportunities to work with Planning Coordinators and other stakeholders on routine planning matters apart from contested proceedings. 
Throughout the Eastern Interconnection, Planning Coordinators (formerly called Planning Authorities) manage their individual local and regional planning processes. The EIPC was initiated by a coalition of regional Planning Coordinators and represents a first-of-its-kind effort to involve Planning Coordinators throughout the Eastern Interconnection to model the impact of various policy options determined to be of interest by state, provincial and federal policy makers, and other stakeholders on the entire Eastern Interconnection. The work of the EIPC l builds upon, rather than replaces, the current local and regional transmission planning processes implemented by the Planning Coordinators and associated regional stakeholder groups within the entire Eastern Interconnection. 
[bookmark: _Toc335815040]DOE Funding Opportunity Announcement – Overview and Purpose 
In June 2009, DOE issued a Funding Opportunity Announcement (FOA), DE-FOA-0000068, which provided funding to prepare analysis of transmission requirements under a broad range of alternative futures. The DOE FOA covered two specific topics. Topic A was to fund Interconnection-level analysis and planning work while Topic B was to fund cooperation among sStates on electric resource planning and priorities. DOE anticipated issuing three awards under each Topic, corresponding to the three geographic areas served by the three major interconnections (Eastern, Western, and Texas). 
In August 2009, the Planning Coordinators in the Eastern Interconnection reached agreement through a formal contract on the formation of the EIPC. The group developed a proposal submitted by PJM Interconnection, LLC (PJM) in August 2009, on behalf of the EIPC to perform the Topic A work under the DOE FOA. All 26 EIPC members support the work prescribed for Topic A. Eight of the 26 members are designated as Principal Investigators, who bear additional responsibilities with respect to project execution, management and reporting, along with American Transmission Co., which is a sub-recipient. PJM serves as the lead Principal Investigator for the project. 
The Eastern Interconnection Topic A cooperative agreement awarded to PJM, DE-OE0000343, is titled the Eastern Interconnection Planning Collaborative (EIPC). EIPC chose to retain Whiteley BPS Planning Ventures, LLC, to support project management; The Keystone Center (Keystone) to support stakeholder process facilitation; and Charles River Associates (CRA) to support macroeconomic analysis and production cost studies. 
In response to DOE’s FOA, the 39 sStates in the Eastern Interconnection, along with the District of Columbia and the City of New Orleans, came together to form the Eastern Interconnection States Planning Council (EISPC). The National Association of Regulatory Utility Commissioners (NARUC) applied to DOE, on behalf of EISPC, for funding under the FOA’s Topic B for the Eastern Interconnection. 
The Eastern Interconnection Topic B cooperative agreement was awarded to NARUC. NARUC’s project, DE-OE0000316, is titled the Eastern Interconnection States Planning Council (EISPC). Similar application and award negotiations occurred for both Eastern Interconnection awards. The Eastern Interconnection Topic A and B recipients made a special effort to coordinate their work. 
Once created, EISPC and the Stakeholder Steering Committee (SSC) each created their own internal organizational structures, as well as By-Laws governing meetings, communications, governance and collaborative decision-making processes. 
[bookmark: _Toc335815041]Statement of Project Objectives 
PJM’s and NARUC’s awards each incorporate a Statement of Project Objectives (SOPO). Each applicant to the FOA submitted a draft SOPO that, following selection, was revised during award negotiations. The SOPO provides project objectives, tasking, and required deliverables. The negotiated SOPOs are included in Appendices 1 and 2 of EIPC’s Phase 1 interim report. 
Two objectives were stated in the EIPC SOPO: 
Establish processes for aggregating the modeling and regional transmission expansion plans of the entire Eastern Interconnection and perform interregional analyses to identify potential conflicts and opportunities between regions. This interconnection-wide analysis would serve as a reference case for modeling various alternative grid expansions based on the scenarios developed by stakeholders. 
Perform scenario analysis as guided by broad stakeholder input and the consensus recommendations of a stakeholder committee formed under the proposal. The analysis would serve to aid federal, state, and provincial regulators, as well as other policy makers and stakeholders in assessing interregional options and policy decisions. 
[bookmark: _Toc335815042]Scope and Schedule of Work 
The scope of work proposed by the EIPC in the SOPO was divided into 13 tasks within two phases. Phase 1 included the following tasks: 
Task 0 – Project Management and Planning 
Task 1 – Initiate Project  
Task 2 – Integrate Regional Plans  
Task 3 – Production Cost Analysis of Regional Plans 
Task 4 – Macroeconomic Futures Definition 
Task 5 – Macroeconomic Analysis  
Task 6 – Expansion Scenario Concurrence  
Phase 2 of the project proposed developing and analyzing transmission expansion options for the three scenarios selected by the SSC in Task 6 at the end of Phase 1. For each of the three scenarios selected, the work in Phase 2 includes the following tasks: 
Task 7 – Interregional Transmission Options Development 
Modify powerflow models built in Task 2 to create interregional transmission expansion models for each scenario.
Develop and test transmission options that will provide reliable delivery of the power transfers specified by the NEEM model and create a reliable transmission system within and between each NEEM region. 
Develop flowgates. 
Task 8 – Reliability Review 
Perform reliability analysis consistent with NERC reliability criteria regarding bus outages, common tower outages and combination generation/transmission element outages on each scenario. 
Task 9 – Production Cost Analysis of Interregional Expansion Options 
Develop the necessary inputs for the production cost model (GE-MAPS) consistent with scenario assumptions used in the NEEM model.
Perform economic analysis using production cost modeling for each scenario. 
Task 10 – Generation and Transmission Cost Estimates 
Perform high-level cost estimates for transmission expansion options for each scenario. 
Develop costs associated with resource additions and retirements for each scenario. 
Task 11 – Review of Results 
Produce a draft report on the Phase 2 effort. 
Present the results of the analysis, respond to questions, and solicit input from stakeholders. 
Provide SSC consensus-based comments on the draft report. 
Task 12 – Phase 2 Report 
Review the input received from the SSC and address it in the final report. 
There have been two core changes to the SOPO initiated by the SSC and supported by DOE. The first was to replace the Planning Authorities’ Roll-up Model with a new Stakeholder Specified Infrastructure (SSI) model to serve as the starting point for all of the remaining DOE project work. The second change to the SOPO related to eliminating the production costing work that was planned under Task 3 in Phase 1 of the project. 
The Eastern Interconnection Topic B project leader, EISPC, also had an SOPO including objectives, scope and tasks. 
Per the SOPO, the objective of EISPC is to provide for cooperation among states on electric resource planning and priorities. NARUC will facilitate dialogue and collaboration among the states in the Eastern Interconnection and thus enable them to develop more consistent and coordinated input and guidance for the regional and interconnection-level analyses and planning that will be done under the Topic A award for the Eastern Interconnection. 
EISPC’s scope includes the following: 
Identify Eastern Energy Zones of particular interest for low- or no-carbon electricity generation. The Recipient will allow for regional diversity and determine how the identification of Eastern Energy Zones could best serve the collective interests of the affected states. 
Conduct studies on key issues related to reliable integration of variable renewables into the Eastern Interconnection and any other studies needed to better enable member state participation in regional and interconnection-wide analyses and planning. 
Develop other inputs as needed to go into the interconnection-level analyses prepared under the Eastern Interconnection Topic A work. 
Provide insight into the economic and environmental implications of the alternative electricity supply futures and their associated transmission requirements developed for the Eastern Interconnection under Topic A. 
Demonstrate (and develop if necessary), a process for reaching decisions and consensus appropriate for an interconnection-wide entity representing all of the states and provinces in the Eastern Interconnection so as to participate in the development and updating of the long-term interconnection-level plan under Topic A. 
EISPC’s eight tasks are as follows: 
Task 1 – Organizational development and project management. 
Task 2 – Reach consensus decisions on the Recipient’s position on modeling inputs and assumptions via expansion of transmission planning knowledge base.
Task 3 – Assemble data for analysis of Eastern Interconnection Topic A Roll-up Integration Case and reach consensus on feedback and input into the Eastern Interconnection Topic A. 
Task 4 – Conduct studies to facilitate further refinement of the modeling inputs and future scenarios. 
Task 5 – Prepare White Papers. 
Task 6 – Reach consensus on the Recipient’s positions on the future scenarios for macroeconomic analysis to be conducted by Eastern Interconnection Topic A Recipient. 
Task 7 – Reach consensus on the Recipient’s positions on the transmission build-out scenarios to be conducted by the Eastern Interconnection Topic A Recipient. 
Task 8 – Participate in Eastern Interconnection Topic A activities. 
The DOE FOA specified that the project work is to be completed by June 30, 2013. Phase 1 of the project was completed in December 2011. The current schedule,  issued in mid-2011, calls for the completion of Phase 2 in December 2012, well ahead of the original June 2013 deadline set in the DOE FOA. 
[bookmark: _Toc335815043]Three Scenarios Analyzed in Phase 2
[bookmark: _Toc335815044]Scenario 1: Nationally-Implemented Federal Carbon Constraint with Increased Energy Efficiency/Demand Response 
The first scenario selected for Phase 2 study was a national carbon constraint and demand reduction scenario, driven by a nationally implemented CO2 price, as well as significant penetration of energy efficiency (EE) and demand response (DR). Costs of EE and DR are assumed to be partially offset by the CO2 revenues. 
The scenario includes a CO2 price that escalates annually to achieve a 42% reduction in CO2 emissions throughout the economy by 2030, but then becomes flat after 2030. The scenario also includes very aggressive EE/DR assumptions; however, much of the reduction in demand is due to adjustments in demand from the higher energy prices driven by the CO2 price signals. The combined effect of the aggressive EE/DR and the carbon price results in a 19% reduction in Eastern Interconnection-wide demand by 2030 and greater than 30% of energy delivered with renewable resources. The peak demand in the Eastern Interconnection used in this scenario was 565,012 MWs while the off-peak demand used in modeling the transmission system was 351,750 MWs.
This first scenario results in the most expansive transmission build-out of the three scenarios, and, based on the clustering analysis conducted as part of Phase 1, is anticipated to be robust enough to accommodate the transmission needs under a number of the futures analyzed in Phase 1:
Future 5: National Renewable Portfolio Standard – National Implementation, 
Future 2:National Carbon Constraint – National Implementation, and 
Future 4: Aggressive Energy Efficiency, Demand Resources and Distributed Generation. 
The additional transfer capacity needed for the scenario is approximately 37,000 MW. 
Below are the capacity and generation mixes for Scenario 1 (Figure 1).


[bookmark: _Ref335813894][bookmark: _Toc335578320]Figure 1.  Scenario 1 – Active Capacity and Generation in 2030
[bookmark: _Toc335815045]Scenario 2: Regionally Implemented National Renewable Portfolio Standard
The main defining characteristic of this scenario is the deployment of significant amounts of local renewable energy. Scenario 2: Regionally Implemented National Renewable Portfolio Standard requires that 30% of each region’s load in 2030 be met with renewable resources within that region to the extent possible. The scenario assumes that a load serving entity has the option to meet the requirement by purchasing renewable energy credits from other entities. The definition of qualified renewable facilities includes wind, solar, geothermal, biomass, landfill gas, fuel cells using renewable fuels, marine hydrokinetic, and hydropower. This future results in moderate transmission expansion and investment with additional transfers of 3,100 MWs. The peak demand for the Eastern Interconnection in this scenario was 673,108 MWs, while the off-peak demand utilized was 421,692 MWs. 
The greater diversity in supply mix, including with coal, gas, wind, nuclear, hydropower, offshore wind and other renewable technologies generation, was an important reason why the SSC selected this scenario. Additionally, stakeholders supported the selection of Scenario 2 because, in combination with the other two scenarios chosen, it provides information about a wide range of policy drivers. Moreover, in light of current economic and political circumstances, the SSC agreed that the enactment of higher RPS requirements is more likely than additional state-by-state carbon regulations.
This scenario was modeled using seven super regions, designed to enable regions to meet the RPS goals using regional resources first. Super regions are made up of multiple NEEM regions and align in most cases with the regional Planning Coordinator boundaries. To implement this regional approach, transfer limits between super regions were not permitted to expand. 
Below is a depiction of the NEEM regions that make up each super-region (Figure 2). 

[bookmark: _Ref335814153][bookmark: _Toc335578321]Figure 2.  NEEM Regions (blue) and Super-Regions (black)
Below are the capacity and generation mixes for Scenario 2 (Figure 3).

[bookmark: _Ref335814169]Figure 3.  Scenario 2 – Active Capacity and Generation in 2030
[bookmark: _Toc335815046]Scenario 3: Business as Usual
The Business as Usual scenario is characterized by continuation of current federal, state, and/or regional energy or related environmental policies and programs without enactment of new policies. Proposed EPA regulations from summer 2011, including the Transport Rule, Utility MACT Rule, Utility NSPS Rule, Coal Combustion Residuals Rule, and Cooling Water Intake Structures Rule, are assumed to be implemented. Policies and/or regulations with an expiration/sunset date were renewed on a case-by case basis. Fuel prices remain stable and there are no major technological advances. The peak demand for the Eastern Interconnection in this scenario is 690,942 MWs. 
In this scenario, the SSC decided not to expand NEEM transfer limits beyond the projects that were specified as part of the SSI. Below is a map of the transmission additions that were accepted as part of the SSI. 


The Business as Usual scenario had a significant number of generation deactivations and new builds. The Planning Authorities expected this to cause the need for some transmission development within the NEEM regions to ensure continued system reliability. Given the load levels in this scenario, the Transmission Options Task Force decided that many of the deactivated generation units would be replaced with new, different types of generation at the same location, as this was more efficient from a transmission development perspective. 
Below are graphs that depict resultant generation capacity and energy based on stakeholder specified assumptions utilized in the Business As Usual Scenario (Figure 4).

[bookmark: _Ref335814418][bookmark: _Toc335578322]Figure 4.  Scenario 3 – Active Capacity and Generation in 2030
[bookmark: _Toc335815047]Phase 2 Work 
Phase 1 of the project focused on developing the stakeholder processes, developing and specifying inputs for eight different futures and an additional seventy-two sensitivities, and identifying the generation resources (location, type and amount) and additional transfer capability needed to support the futures. This effort involved stakeholders in direct and detailed conversations developing the futures and sensitivities and the many inputs needed for analysis. Stakeholders were also directly involved in reviewing results and choosing the final three scenarios.
Phase 2 Tasks 7 & 8 of the project were more engineering-focused with the transmission planning engineers of the Planning Authorities building models for the three scenarios and testing those models against specific NERC reliability criteria. Because some of the data and information shared in the process was deemed Critical Energy Infrastructure Information (CEII), precautions were necessary to ensure that those stakeholders receiving that information were authorized to receive CEII and a process was set up for stakeholders to receive CEII clearance if they needed it. In addition, the EIPC requested that members of the Transmission Options Task Force be technically qualified to participate in the transmission planning discussions.
The Planning Authorities used the models to identify overloads on the system (line trying to carry more power than it is designed to carry) or vVoltage issues (vVoltage either too high or too low). Then, they identified possible transmission fixes for the contingencies and tested those transmission options in the models to ensure the transmission system would operate reliably.
The Planning Authorities also developed the flow gates needed for Task 9, Production Cost Analysis, and the high-level transmission cost estimates needed for Task 10.
Task 9 of Phase 2 involves developing production cost estimates of each of the three base scenarios and an additional six sensitivities. The work was performed by Charles River Associates using the GE-MAPS[footnoteRef:9] model. In a change from the approach in Phase 1, the base scenario results were made available to stakeholders before the sensitivity analyses needed to be decided on.  [9:  The model used is the [spell out full name} and is licensed by the General Electric Company.] 

The Modeling Work Group (MWG) was reconvened to develop the inputs needed for the production cost modeling and to recommend sensitivities to the SSC. The guiding premise of the group was that inputs would remain the same as the inputs that were developed for the NEEM model. Where more specificity was needed, the inputs would be consistent with the NEEM assumptions and outputs.
[bookmark: _Toc335815048]Unique Study Characteristics 
This is a first of its kind effort for the Eastern Interconnection. As such, it has a number of unique study characteristics that are not found in local or regional planning processes. A number of these characteristics are laid out below. 
Complexity and differences among the regions should be accommodated. 
SSC provided modifications to the roll-up as a starting point for resource analyses. 
SSC negotiated input assumptions need to be placed into context. 
Stakeholder consensus process worked well and needed decisions were made. 
Process has led to a better understanding of regional similarities and differences and to the degree of complexity involved in an analysis of such a broad and diverse region. 
Process has provided all participants with a great deal of information that should be useful if similar studies are done in the future. 
Because of the complexity of factors involved in this type of study, there was never any intent to optimize or “co-optimize” every input to the model. There was also no intent to co-optimize the mix of transmission and generation in a particular scenario. Due to time and resource constraints, such co-optimization was not possible.
The transmission planning analysis that was completed is an “indicative” result; it provides a relative indication of the amount and type of transmission that would be needed under each scenario.
The transmission planning analysis is a strategic snapshot in time, utilizing year 2030. Traditional transmission planning is much more incremental and an analysis would typically be done for five and ten years out rather than twenty years out into the future.


Appendix AA
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Appendix BB
[Add list of transmission elements added and deleted from the SSI to develop the Base Case Transmission.]

Appendix CC
[Add in regional metrics to the