Transfer Limit Hardening Methodology Descriptions
The 3 transfer limit hardening methodologies are based on the 2020,2025, 2030 and 2035 energy transfer data sets for each soft constraint run. The data sets contain the following information for each interface (in both directions; ~100 interfaces) for each load block:

· Base-case flows over the baseline pipe

· OL75 flows over the baseline pipe and flows over the overload pipe

· OL25 flows over the baseline pipe and flows over the overload pipe

· Base-case shadow prices (marginal benefit of increasing the flow by 1 MW all else being equal)

· Overload charges for OL75 and OL25 cases ($/MW charge applied to each flows over the overload pipe; overload charges set to 75% or 25% of the average annual shadow price adjusted for load block size during only the congested hours)

· OL75 and OL25 shadow prices (always less than or equal to the overload charge)

This data is processed using the master transfer limit hardening methodology spreadsheet developed largely by Stan Hadley. That data sets output the following information:

· Fixed transfer limit increases for all pipes for each transfer limit hardening methodology

· Flow duration curves for both OL75 and OL25 sensitivities for each year and for the combined years

· Pipe target capacity factor-capacity curves for both OL75 and OL25 sensitivities for each year and for combined years (curves show different pipe magnitudes for different target pipe capacity factors assuming the OL75 or OL25 flows do not change; combined years target capacity factor-capacity curve graphed)

· Average transfer limit capacity for each year and for each year and for the combined years for both the total flows and the overload flows (MWh flows divided by time period hours)

· Average shadow prices for the combined years (calculated by summing the products of load block hours by load block shadow price and dividing by either total hours or congested hours)

Each of the three methodologies has a series of parameters that can be easily adjusted in the master spreadsheet with the results for all methodologies for both the OL75 and the OL25 sensitivities being displayed on the All Lines tab.

The following will describe each of the methodologies in detail with possible benefits and negatives of each methodology described.

Ruthven/Hadley/Chattopadhyay Methodology – Building to a Target Capacity Factor by Shadow Price
The RHC methodology calculates an increased transfer limit based on the average pipe increase developed from target capacity factors determined according to shadow prices applied to both total flows and overload flows.

1. For the total flow increase portion, RHC takes the total flows over a pipe (flows over the baseline pipe + flows over the overload pipe) and develops a new pipe size according to a target pipe capacity factor. 
a. The target pipe capacity factor of a pipe is determined proportionally to its average total shadow price. 
i. The average total shadow price is calculated by taking the total marginal congestion (shadow price for each load block times load block hour summed) and dividing it by the total hours. 
ii. The average total shadow price is used as it is indicative of, all things being equal, the amount of value that could be accessed over the course of the time period if the pipe were increased by one MW. 
b. To determine the target pipe CF, the total flow CF-shadow price curve is developed according to the following formula:

i. ((MBTSP*TFP)-TSP)/(MBTSP*TFP)

ii. Where:

1. MBTSP = the maximum average total shadow price of any transfer limit from the base case

2. TFP = total flow shadow price parameter (default value of 75%)

3. TSP = the average total shadow price for the given pipe 
iii. The target CF is subject to a max an min CF (default values respectively 85% and 40%). 

c. The pipe is then resized such that it can achieve that target pipe CF assuming the flow patterns do not change. The pipe increase is assumed to be 0 if the resized pipe is less than the baseline pipe size

2. For the overload flow increase portion, RHC takes the overload flows over a pipe and develops a new overload pipe according to a target overload pipe capacity factor

a. The target pipe capacity factor of a pipe is determined proportionally to its average total shadow price. 

i. The average congested shadow price is calculated by taking the total marginal congestion (shadow price for each load block times load block hour summed) and dividing it by the congested hours. 

ii. The average congested shadow price is higher than the average total shadow price as it is calculated using a smaller number of hours. Some participants believe it is more appropriate to only consider the congested hours when resizing the overload pipe. CRA uses the average congested hour shadow price when calculating Overload Charges

b. To determine the target overload pipe CF, the overload flow CF-shadow price curve is developed according to the following formula:

i. ((MBCSP*OFP)-CSP)/(MBCSP*OFP)

ii. Where:

1. MBCSP = the maximum average congested shadow price of any transfer limit from the base case

2. OFP = overload flow shadow price parameter (default value of 75%)

3. CSP = the average congested shadow price for the given pipe 

iii. The target CF is subject to a max an min CF (default values respectively 35% and 15%). 

c. The overload pipe is then resized such that it can achieve that target overload pipe CF assuming the overload flow patterns do not change.
3. The total flow increase and the overload flow increase are then averaged to give a total pipe increase
a. Total flows are used to determine a new pipe size as total flows give information on where the pipe would like to expand. Particularly for pipe with a lot of congestion, overload pipes are likely to be used more than is shown in the overload flows as new, resized pipes would not have an overload charge associated with their use. Only looking at the overload flows would likely lead to pipes being too small.

b. Overload flows are used to determine a new pipe size as they give specific information on where the model would like to build generation and increase generation utilization. If only total flows were used, a pipe could be expanded significantly even if the model preferred to expand other interfaces more to access cheaper generation potential.

NGO Methodology – Building to a Target Flow Duration Threshold
The NGO methodologyis a flow based methodology that calculates a new path size based on the flow duration curve that results from the sensitivity run(s).  It selects a new pipe size based on the flow needed for all except the last X% of hours of the period.  X (cutoff, or threshold value) can be, e.g., 5%, 10%, 20%, or even higher (meaning that you build-out to meet the flow needs for 95%, 90% or 80% of the time, respectively). The default value is 20%. If the flows at the cutoff point are less than the current path limit, there is no path size expansion. By determining increases off of flow patterns, the methodology implicitly takes into account economic information as the flows are a result of the economic choices made by the model. Furthermore, the NGO methodology avoids the complication of determining an appropriate pipe capacity factor as pipe capacity factors are an output, not an input of the model.
1. The mechanics of the method are as follows:    
a. For each of the 101 paths, combine the base flow (MW) and overload flow (MW) values (by year, and by load block), for each of the applicable sensitivity runs - OL25 and OL75 – to develop a “total flow” parameter for each run.
b. Create the total flow duration curve for each path representing all four years of data - 2020, 2025, 2030, 2035 – by combining total flow data from the sensitivity runs and sorting on the flow metric, largest to smallest value (y-axis value). Prior to sorting, retain the “duration” or hourly weight metric for each of these flows to subsequently construct the x-axis duration value.  
c. Pick a threshold or x-axis cutoff value (hourly duration percentile – “parameter 1”) for each of the OL25 and OL75 sensitivity cases and determine the associated y-axis total flow by moving vertically upward from the x-axis cutoff point to the flow duration curve above.
d. If the associated total flow is lower than the current path limit, then no increase to the pipe size for the path is required. 
e. If the associated total flow is higher than the current path limit, then this flow value represents the total MW capacity of the increased path (pipe) size.  
f. Screen the results for anomalous conditions.  Changes to the new pipe size can be made by either choosing a different cutoff point, or directly specifying a pipe size based on other factors following discussion with the Transmission sub-team. 
Johnson Methodology – Building to a Target Capacity Factor based on Average Energy Transfers

The methodology is an energy transfer based methodology that filters pipes according to average annual energy utilization of the existing baseline pipe and then resizes pipes according to a desired capacity factor. If an existing baseline pipe is being used greater than 90% of the time (taking into account both baseline and overload flows, a pipe can be used more than 100% of the time), then it builds a new path size to a 75% capacity factor. I.e., it recognizes that the existing pipe is nearing its annual limit, and bumps it up accordingly – and proportionately – to the new flow from the sensitivity run.  

The methodology relies on the idea that the “energy transfers” from the OL25 and/or OL75 transmission sensitivities implicitly encapsulate the marginal cost of production and capital cost differentials between NEEM regions. 
The mechanics of the method are as follows:

1. The average annual energy transfer (MW) for a pipe is calculated (total flows over a pipe divided by total hours

2. The average annual capacity utilization is calculated (average annual energy transfer MW divided by baseline pipe capacity MW)

3. If the average annual capacity utilization is greater than the capacity utilization threshold (parameter 1 – default value of 90%) then the pipe is considered for an increase
4. Pipes considered for increase are upgraded to a target capacity factor (parameter 2 – default value of 75%)

a. Average annual energy transfer is divided by the target capacity factor to yield the new pipe size

b. If the new pipe size is smaller than the baseline pipe, then the pipe is not expanded     

Methodology Demonstration Examples

RHC Methodology Steps Taken from F2 OL75 NE to MISO_W Transfer Limit:

1. Target Capacity factor for total flow calculated = 60%

a. Average shadow price calculated for all hours = $12.28
i. $430,437.62 marginal congestion/35040 hours =$12.28
b. MBTSP = $41.04

c. Calculate capacity factor using TFP = 75%
i. ((41.04*.75)-12.28)/(41.04*.75) = 60%
2. Target Capacity factor for overload flow calculated = 35%

a. Average shadow price calculated for all congested hours = $19.72
i. $430,437.62 marginal congestion/21826 congested hours = $19.72
b. MBCSP = $48.19

c. Calculate capacity factor using OFP = 75%
i. ((48.19*.75)-19.72)/(48.19*.75) = 45%>Max overload CF of 35% therefore overload flow CF =35%
3. Calculate any increase in pipe capacity based on total flow target capacity factor-capacity curve = 2254 MW

a. Total flows over line size X (assuming flow pattern remains identical)/potential total flows over line size X = line CF

b. Total flow target cf-capacity curve shows at 60% CF, transfer limit should be 3854 MW

c. Actual baseline capacity is 1600 MW so an increase of 2254 MW
4. Calculate any increase in pipe capacity based on overload flow target capacity factor-capacity curve = 3640 MW

a. Overload flows over overload line size X (assuming flow pattern remains identical)/potential total flows over overload line size X = line CF

b. Overload flow target cf-capacity curve shows at 35% CF, overload transfer limit should be 3640 MW

5. Calculate average of pipe increase due to total flows and average of pipe increase due to overload flows = 2947 MW

NGO Methodology Steps Taken from F2 OL 75 NE to MISO_W Transfer Limit:

1. Flow duration curve created using total flows for all hours of the combined years

2. Pipe size equal to a designated cutoff to upper end of flow duration curve

a. Flow duration curve target parameter = 20%

b. Flows at 20% target cutoff = 4278 MW

c. Since pipe increase is greater than 1600 MW baseline capacity, pipe increased by 2678 MW

Johnson Methodology Steps Taken from F2 OL75 NE to MISO_W Transfer Limit:

1. Average total MW energy transfers calculated for combined years= 2581 MW

a. Total energy transfers = 90428 GWh divided by Total Hours = 35040 times 1000 = 1665 MW

2. Capacity utilization threshold applied

a. Average MW energy transfers divided by baseline capacity (1600 MW) = 161%

b. 161%> threshold interface utilization parameter (default value of 90%)

c. Since pipe passes threshold, pipe is considered for expansion

3. Pipe size increase calculated = 1841 MW

a. Average MW energy transfers 2581 MW divided by average capacity factor for total line parameter (default value of 75%) = 3441 MW
b. Since new pipe size is greater than baseline pipe (1600 MW), pipe increased by 1841 MW

Methodology Results – Average of All TLH Methodologies for All Soft Constraint Runs
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� F1S1 and F1S2 based on out-dated specifications for EPA regulations and other issues; F8S5 and F8S6 run for information about possible affects of fixing Midwest anomalous builds and possible affects of lower post-2030 Carbon prices – runs were ultimately rejected as a basis for Phase II scenario build-out due to modeling difficulties
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