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LODF-based Transmission Solution Screening Method In Economic Transmission Planning Rui Bo, Senior Member, IEEE, Charles Wu, Jie Yan, Liangying Hecker, Zheng Zhou 



Abstract — Economic transmission planning aims at identifying transmission solutions that reduce system congestion and increase market efficiency. The resulting economic benefits can be quantified by intensive simulations. However, with the rapid increase in the number of transmission proposals for evaluation, the computational requirements may become prohibitive, and therefore it is beneficial to develop an effective and computational efficient screening methodology to screen transmission solutions and identify promising ones for further refinement and full economic evaluation. This paper discusses the guiding principles of an ideal transmission screening method, and proposes a novel LODF-based screening approach. The proposed heuristic yet effective method has been successfully applied in MISO economic transmission planning studies. A case study is provided to demonstrate its effectiveness and advantages. Index Terms—congested flowgates, line outage distribution factor (LODF), economic transmission planning



I. INTRODUCTION



T



O address undue discrimination, Federal Energy Regulatory Commission (FERC) issued Order No. 888 in 1996 and Order No. 890 in 2007 that respectively require open access to transmission facilities, and coordinated, open and transparent regional transmission planning process. In 2011, FERC issued Order No. 1000 to correct remaining deficiencies with respect to transmission planning processes and cost allocation methods [1]. Under Order No. 1000, public utility transmission providers are required to participate in an open, transparent and coordinated regional transmission planning process to produce regional plans. It also requires local and regional transmission planning processes to consider transmission needs driven by public policy requirements established by state or federal laws or regulations. The order also establishes cost allocation principles that ensure that, in regional planning process, the cost of new regional and interregional transmission facilities should be allocated roughly commensurate with benefits. To promote competition in regional transmission planning, Order No. 1000 requires public utility transmission providers to remove from Commission-approved tariffs and agreements a federal right of first refusal (ROFR) for a transmission facility selected in a regional transmission plan for purposes of cost allocation. Mid-continent Independent Transmission System Operator (MISO) has made compliance filings with FERC on regional/ interregional planning process, and implemented transmission developer qualification and selection (TDQS) process.



Even before FERC Order No. 1000, MISO has made tremendous efforts in developing open and transparent regional planning process, and the associated cost allocation approaches. In 2011, MISO Board of Directors approved $5.2 billion Multi-Value Projects portfolio (MVP) that will deliver reliability, public policy and economic benefits across MISO system. MISO has also developed economic transmission planning procedure which aims at developing transmission expansion plans that provide least cost energy delivery to the customers and meet reliability and economic needs [2]. The process is known as Market Congestion Planning Study (MCPS), and the cost-allocable transmission plans identified and justified in this process are called Market Efficiency Projects (MEP). At MISO, the economic analysis employs PROMOD to perform chronological hourly simulation for each of the selected study years under each of the defined future scenarios, which is a computational demanding task. In the MCPS 2013/2014 cycle, MISO received over 130 transmission solution proposals [3]. The number of proposed transmission solutions may increase significantly with the removal of ROFR under FERC Order No. 1000. If each and every proposal needs to be fully evaluated for economic benefits, the required computation may be prohibitive or at least very expensive. On the other hand, the performance of proposed transmission solutions varies widely. Therefore, it is greatly desirable to have a method that can quickly identify highly promising transmission proposals from the rest, so that greater focus and evaluation can be directed to those transmission proposals. To the authors’ best knowledge, no such analytical screening approach for economic transmission planning has ever been reported and applied in the industry. In that regard, we developed a line outage distribution factor (LODF) based screening process, and have successfully applied in MISO MCPS 2013/2014 cycle. The paper is organized as follows. Section II reviews the MISO MCPS process, with the focus on integrated transmission development and the need for transmission solution screening. In Section III, transmission screening method principles are discussed and a LODF-based method is proposed. In Section IV, the proposed method is demonstrated using MISO system. Discussion and conclusions are presented in Section V. II. INTEGRATED TRANSMISSION DEVELOPMENT IN MISO MARKET CONGESTION PLANNING STUDY A. MISO Market Congestion Planning Study
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The goal of MISO Market Congestion Planning Study is



2 to, through a stakeholder inclusive process, identify congestion issues in the transmission system and develop transmission solutions that can address one or more of the identified congestion issues and bring MISO customers economic benefits that are no less than 1.25 times of the costs. The process of MISO MCPS is illustrated in Fig.1. It starts with a multifaceted process to identify both near-term and long-term transmission needs. Near-term Top Congested Flowgate Analysis identifies near-term system congestion within the MISO footprint and on the seams. Longer-term Congestion Relief Analysis explores longer-term economic opportunities. Following the need identification is integrated transmission development where transmission solutions are developed and refined by MISO and its stakeholders. Selected transmission projects will then be passed onto a holistic evaluation process to identify optimal solutions in an iterative fashion to ensure both robustness and reliability. Through the MCPS process, optimal economic transmission upgrades, encompassing both cost allocable and non-cost allocable solutions, are identified to address market congestion. For projects that meet the criteria set forth for cost sharable Market Efficiency Project (MEP), it will be recommended for MISO Board of Directors approval as MEP projects. Projects that do not meet MEP criteria but show 1.25 or greater benefit cost ratio may also be recommended for approval as non-cost sharable projects.



Fig. 1. MISO North/Central Market Congestion Planning Study (MCPS) Process



B. Integrated Transmission Development Process The MCPS process has grown in scope and complexity each year to best manage items such as membership changes and public policy shifts. New to the study process of the recently finished 2013/2014 cycle is the continued evolution of the integrated transmission development process to accommodate the FERC Order No. 1000 requirements. As shown in Fig.1, integrated transmission development is a key component of the MCPS process. A zoomed-in view of the integrated transmission development is illustrated in Fig.2. The integrated transmission development starts with soliciting transmission solutions from MISO stakeholders, given the identified transmission needs from the precedent step. In the meantime, a transmission issue grouping analysis is performed to reveal inter-relationships among congested flowgates. This is achieved by performing a LODF analysis on each top congested flowgate to measure its corresponding



impact on the other top congested flowgates. The method has been presented in [4]. The issue grouping analysis can inform transmission planners of the potential synergic benefits by relieving a group of congested flowgates rather than individually, and therefore help develop more effective transmission solutions.



Fig. 2. Integrated Transmission Development Flowchart of MISO MCPS



Before the received transmission solutions undergo economic evaluation to determine their respective benefit to cost ratio, a transmission solution screening method may be exercised, especially when there are large amount of transmission solutions. Through quick assessments, the screening process can link each transmission solution with the identified congestion issues, which will then be used to estimate the maximum level of benefits. Such information can help MISO staff to prioritize transmission solutions for economic evaluation, and identify refinements to the original transmission solution to improve its efficiency. The refinements include adding/removing/revising segments of transmission solutions as well as combining segments from different transmission solutions to achieve greater cost effectiveness. At the end of the refinement stage, we will arrive at a short list of most promising transmission solutions which will then lend themselves to holistic transmission evaluation process. C. Transmission Solution Screening As introduced in the prior subsection, transmission solution screening is an efficiency-enabling component of the integrated transmission development process. We shall explain the context in greater detail in order to help understand the importance of transmission solution screening. In the recently finished MISO MCPS 2013/2014 cycle, MISO received over 130 transmission solutions from stakeholders or through joint efforts between MISO staff and stakeholders [3], shown as dashed bold lines in Fig. 3. Under the implication of FERC Order No.1000, transmission planning entities and merchant transmission companies have shown increasingly active participation in the regional planning processes, which may result in significantly increased number of transmission solution proposals. For example, SPP has evaluated over 900 transmission projects in



3 its recent regional transmission planning process [5].



Fig. 3. Proposed transmission solutions to address identified transmission congestion issues in MISO North/Central Region



It should also be pointed out that the economic evaluation of a transmission solution is not a trivial effort. In fact, it requires very intensive computation. For instance, MISO employs hourly chronological simulation tool PROMOD to perform SCUC/SCED for each of the 8760 hours of a study year. One simulation, in the absence of parallel computing capability, may take 30 to 50 hours to complete. For any single transmission solution to be fully evaluated for its economics, such simulation needs to be performed for each of study years and each of the future scenarios. In MISO MCPS 2013/2014 cycle, there are 3 study years (2018, 2023 and 2028) and 5 future scenarios [3], therefore, 15 simulations need to be conducted for full economic evaluation of just one transmission solution. One can imagine the rapid growth in computational requirements with the increase in the number of transmission solutions to be evaluated. In the case of full evaluation of hundreds of transmission solutions, the computational burden can become prohibitive. Therefore, having an effective transmission solution screening method in place becomes imperative. III. LODF-BASED TRANSMISSION SOLUTION SCREENING METHOD A. Feasibility of Developing Transmission Solution Screening Method Past experiences in economic planning have shown that the number of transmission solutions is always much greater than the number of concerned congestion issues (i.e., congested flowgates). Typically in MISO North/Central region, there are 20~30 congested flowgates that are selected to represent the congestion issues of most interest, and well over 100 transmission solutions are developed to address one or more of those congestion issues. The number of transmission solutions may increase dramatically dependent on the structure of the ROFR removal implementation under FERC Order No. 1000. Hence, there are often multiple transmission solutions aiming at addressing similar congestion issues, and the efficiency and cost effectiveness of the transmission solutions



differ due to design differences in items such as voltage level, geographical span, technology, etc. For example, to mitigate a congested flowgate, one may choose to upgrade the facility rating or re-conductor the transmission line as a localized transmission solution. Some may choose to rebuild the congested transmission line with higher voltage level to support higher expected level of power transportation in the future. Some may propose building new transmission lines to strengthen the parallel path instead. In the situation where multiple congested flowgates are correlated, which can be identified in the congestion issue grouping analysis, one may design a transmission solution that spans larger geographical areas to address multiple congestion issues simultaneously. Others may even propose overhead or undersea HVDC to reap the economic benefits in a much bigger footprint. In general, the bigger scope the transmission solution has, the more economic benefits it can bring. However, as the cost of solution increases with its scope, the benefit cost ratio may actually decrease, unless synergic benefits can be achieved by relieving correlated congestion issues in a collective manner [4]. Therefore, the size of the transmission solution and its cost effectiveness need to be balanced. More importantly, different transmission designs vary in the extent the same congestion issue is addressed. A well-designed transmission solution may address a congestion issue fully while another may address the same issue to a lesser degree, or create new congestion issue(s). The fact that competitive transmission solutions exist and address same/similar congestion issues to different extent creates the necessary context a transmission solution screening method may be developed. If a method can differentiate the transmission solutions by their expected level of performance in addressing congestion issues, the transmission screening will be feasible. B. Guiding Principles of Transmission Solution Screening Method As discussed above, transmission solution screening is a feasible proposition in economic transmission planning, and then the next logical question is what features a good transmission solution screening method should entail. Based on MISO experiences, we establish the following principles for developing a transmission solution screening method. (1) The transmission screening method should require much less computational efforts than full simulation This is evident because one of the main drivers for developing a transmission solution screening method is the computational burden associated with full economic evaluation. Therefore, the transmission screening method should be able to fulfill the job in a computationally efficient manner. (2) The method should be both effective and conservative The transmission solution screening method should be able to distinguish most promising transmission solutions from the rest. A poorly designed transmission screening method may result in letting most transmission solutions pass through, and therefore defeat the purpose of utilizing a screening method



4 prior to full economic evaluation. At the same time, a potential pitfall is that the screening method may be too effective and too restrictive that only some of the most promising transmission solutions can pass, and other good solutions will be lost. Therefore, we desire to have a screening method that will be conservative that no good solutions will be left out, even if some mediocre ones pass the screening. Hence, a very delicate balance between effectiveness and conservativeness is needed. (3) The method should be objective and systematic Transmission planning requires knowledge of the electrical system and one can imagine the transmission solution screening may be performed simply based on operational and planning experiences. It may be possible; however, it requires extensive experience and relies heavily on engineering judgment that may be subjective. Both the role of the RTOs and the guidance of the FERC Order No. 890 require an open and transparent regional transmission planning process. In that regard, an objective and systematic method is highly desirable, by which not only the results can be explained in transparent manner but also there will be greatly reduced reliance on engineering judgment. (4) The method should be easy to implement and understand The transmission solution screening method should be as simple as possible to stakeholders for easy implementation and education. Sophisticated methods may be developed to achieve similar purpose but they will face greater hurdles to user acceptance as it may require development of new tools and extensive personnel training. (5) The method should be technically sound Depending on the approach a screening method takes, the screening results may change given a different testing environment. This situation is what we want to avoid. A good screening method should be able to deliver results that can be replicated with minimal efforts, no matter which tool that is used. The results should also be insensitive to parameters/settings of the applied approach. This correspondingly requires the screening method to be built upon sound technical background. Based on the aforementioned principles, we consider the goal of the transmission solution screening is to develop a simple and straightforward, objective and technically sound approach to measure alignment between identified issues and transmission solution proposals to effectively screen and determine feasibility of transmission solutions without computational expensive full-fledged economic analysis. C. LODF-Based Transmission Solution Screening Method When a congested flowgate is addressed by a transmission solution which adds new transmission to strengthen parallel path, it is intuitive that the flow on the congested flowgate could be reduced considerably so that the congestion will be mitigated or even fully relieved. In the case of transmission solution being a rating upgrade or line re-conductoring on the congested flowgate itself, the flow may actually increase considerably. In either of the cases, the transmission solution should have a significant impact on the flow of the flowgate. This coincides with the concept of line outage distribution



factor (LODF). Therefore, in this paper, we propose a LODFbased transmission screening method. LODF represents the percentage of flow on a contingent facility that will flow on the monitored elements, if the contingent facility is outaged. It is defined as follows. (1) where LODFm,o is the distribution factor on branch m assuming an outage on branch o; and are the flow on branch m in the post-contingency and pre-contingency cases respectively; is the flow on branch o in the precontingency case. It has been shown that LODF can be calculated using just the power transfer distribution factor (PTDF) of the pre-contingency network [6]. It should also be noted that pre-contingency and post-contingency flows are calculated based on the same generator dispatch. Conventionally, LODF is used to quantify the impact between two existing transmission facilities. Inspired by the original concept, we use it from a new perspective, i.e., to quantify the impact of a proposed transmission solution on an existing transmission facility. The proposed transmission screening method is described in the following steps: a) For any given transmission solution, first, it will be modeled in the power flow as pre-contingency case. b) Then, consider the transmission solution as a contingency, and calculate its LODF on each and every congested flowgate when the transmission solution is outaged. c) For any flowgate that the transmission solution has 3% or greater LODF, the flowgate is added to a flowgate list which represents all flowgates potentially mitigated by the transmission solution. d) The potential economic benefits of fully relieving the congested flowgates in the flowgate list will be added up and compared against the estimated cost of the transmission solution, to arrive at an estimated upper bound of the benefit cost ratio. e) If the estimated upper bound of the benefit cost ratio is greater than a specified threshold, the transmission solution will pass the screening and be categorized as promising solutions to undergo further analysis. Otherwise, the transmission solution will be classified as less promising solutions. It should be noted that the 3% LODF cutoff value is an empirical number chosen for MISO North/Central region which has 345kV backbone system. The same LODF cutoff has also been verified to work effectively for MISO South region which has 500kV backbone system. Nevertheless, it may need to be adjusted for different transmission structure and voltage level. In step (d), the details about potential economic benefit from relieving a congested flowgate can be found in [4]. It should also be pointed out that, in latest MCPS cycle, two thresholds were selected in step (e) to define three groups representing high-promising, promising, leastpromising solutions, respectively. Compared against the guiding principles discussed before,



5 the proposed transmission screening method is in perfect alignment. First, computation is greatly reduced as the computation time for LODF is in minutes, instead of hours/days of simulation time for full economic evaluation. Second, the method has proven to be very effective and at the same time be conservative enough to retain good solutions. Details will be presented in the next section. Third, it is an objective and analytical approach that provides transparency to stakeholders. Fourth, it is straightforward and can be implemented with most of the common tools used in the industry such as PSS/E, TARA, PowerWorld, PROMOD, etc. In addition, as the LODF-based approach has been introduced to stakeholders in congested flowgate grouping, the proposed screening method should require minimal stakeholder education. The proposed LODF-based method is also a technical sound approach. First, it should be noted that, in long-term economic simulation tools such as PROMOD, DC power flow solution is employed and summer peak transmission topology is used for whole study year simulation. As such, LODF is simply dependent on transmission topology and independent of simulation timeframe or generation dispatch. Selecting a different hour of the study year or changing the generation dispatch will not change the results of the LODF analysis. In addition, unlike other distribution factors such as the most common power transfer distribution factors (PTDF), LODF is insensitive to the selection of reference bus. Another nice feature of the proposed screening method is that, by linking with congested flowgates, it is able to not only tell how promising a solution is, but also point out the reasons. The information will be very helpful in assisting transmission solution refinement. Due to the above advantages of the proposed transmission screening method, it has gained great stakeholder support, and has been successfully applied in MISO MCPS. IV. CASE STUDIES A. Application of Proposed LODF-based Transmission Screening Method on MISO System Numerical simulations have been performed using the MISO Transmission Expansion Planning (MTEP) economic study models. We randomly chose 30 transmission solutions for testing. First, full economic evaluation is performed for each of them to categorize the solutions into most-promising, promising and least-promising groups. Then, the proposed screening method is applied to do the same categorization, and the number of correct identification is counted, as shown in Table 1. Note that the computation time is not reported because it can vary from several minutes to half an hour depending on the tools used.



In this test, the success rate for retaining most promising solutions is 88%, while the success rate for filtering out least promising solutions is 60%. Note that the former success rate will increase and the latter success rate will decrease when LODF cutoff value is raised. It should also be pointed out that the upper bound benefit to cost ratio calculated based on the screening results have shown to be, in many cases, true upper bound of the actual benefit to cost ratio, especially for most promising transmission solutions. B. LODF Calculation Using DC and AC Power Flow As discussed before, the LODF can be calculated purely based on transmission topology and parameters; however, some simulation tools calculate LODF based on definition, as shown in equation (1). As the flow calculation is different under DC and AC power flow solutions, it is interesting to investigate how LODF results will change with different power flow solutions. For instance, we randomly choose a flowgate and a transmission solution, solve the AC and DC power flow cases respectively, and use process steps (a)-(b) and equation (1) to calculate LODF. The LODFs calculated using AC power flow and DC power flow are quite close, 0.008 and 0.009 respectively. When a nearby transmission element is in outage, the LODFs become much bigger but still very close, 0.043 and 0.048 respectively. It exemplifies the feature that the proposed method can be implemented using both AC and DC power flow solutions. V. DISCUSSIONS AND CONCLUSIONS This paper proposes a LODF-based transmission solution screening method. While LODF is a commonly used concept in reliability analysis such as outage transfer distribution factor (OTDF) calculation and cost allocation analysis, it is the first time LODF is applied to economic transmission planning for screening transmission solutions. Numerical studies on MISO system have demonstrated the effectiveness of the proposed method with huge savings in computation. It should be noted that for complex transmission solutions, correct representation and modeling of transmission solution in outage as in process step (b) is very important for LODF calculation. For further research, adaptive selection of LODF cutoff value and proper handling of flowgate contingent element can be developed to further improve the success rate. VI. REFERENCES [1] [2]
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TABLE 1 SUCCESS RATE OF PROPOSED SCREENING METHOD



Actual # of most promising solutions



8



# of least promising solutions



15



By Proposed Method* 7 9



Success Rate 88%
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60%
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*Note: it represents the number of solutions in each category that is correctly identified by the proposed screening method.
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