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Data Input Module (DIM) Main Page

Instructions

Organization Name KCPL

Project Name SmartGrid Demo

NERC Region 6. SPP

Project Start Year 2013

Welcome to the Data Input Module (DIM) phase of the Smart Grid Computational Tool. The DIM will help you navigate 

through the process of entering the required data. Its main purpose is to ensure that all the required data is entered in the 

proper format so that the benefits can be analyzed successfully. The DIM uses the project benefits identified by the IPSM to 

determine and present only a relevant subset of all possible tool inputs to the user. Once all required project data is entered 

the DIM will send the data to the next phase of the tool for analysis and calculation.

Progress through the DIM by clicking on the blue buttons below. Each button corresponds to a step in the DIM. The first 

three steps prompt the user to enter three different types of data: load curve and tariff data, benefit calculation input data, 

and project cost data. The fourth step allows the user to review their inputs before proceeding to the next module. The final 

step exits the DIM and brings the user to the Computational Module which uses the inputs provided by this module to 

calculate the benefits of the project.

Step II: Enter Benefit Calculation Input Data and Escalation 
Factors 

Step I: Enter Number of Customers and Electricity Tariff 
Data

Step III: Enter Project Cost Data

Step IV: Review DIM Cost and Benefit Calculation Inputs

Step V: Proceed to the Computational Module (CM) 
Module to complete Costs and Benefits Calculations
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2016 2017 2018 2019 2020 2021 2022 2023

4,155,506$                          4,170,822$                          4,186,459$                          4,202,425$                          4,218,726$                          4,235,369$                          4,252,362$                          4,269,712$                          

2024 2025 2026 2027 2028 2029 2030 2031

4,287,426$                          4,305,512$                          4,323,978$                          4,342,831$                          4,362,081$                          4,381,735$                          4,401,801$                          4,422,289$                          

2032 2033 2034 2035 2036 2037 2038

4,443,207$                          4,464,565$                          4,486,371$                          4,508,635$                          4,531,366$                          4,554,575$                          4,578,271$                          
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DIM Step IV: Review PDIM Cost and Benefit Calculation Inputs

Project Year 0 Project Year 1 Project Year 2 Project Year 3 Project Year 4

Input Name Unit Baseline 2013 Baseline 2014 Baseline 2015 Baseline 2016 Baseline 2017 2013 2014 2015 2016 2017

Annual Generation Cost $ 0 0 0 0 0 -112244 -124488 -124488 -124488 -124488

Energy Storage Use at Annual Peak Time MW 0.0 0.0 0.0 0.0 0.0 0.4 0.8 0.8 0.8 0.8

Distributed Generation Use at Annual Peak Time MW 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.1 0.1 0.1

Price of Capacity at Annual Peak $/MW 95700 95700 95700 95700 95700 95700 95700 95700 95700 95700

Total Customer Peak Demand MW 0.0 0.0 0.0 0.0 0.0 -0.3 -0.6 -0.6 -0.6 -0.6

Capital Carrying Charge of Distribution Upgrade $ 0 0 0 0 0 0 338743 0 0 0

Distribution Investment Time Deferred yrs 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0.0

Capital Replacement of Failed Equipment $ 0 0 0 0 0 0 -1250000 0 0 0

Portion Caused by Lack of Condition Diagnosis % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Transmission Operations Cost $ 0 0 0 0 0 0 0 0 0 0

Distribution Feeder Switching Operations $ 0 0 0 0 0 0 0 0 0 0

Distribution Capacitor Switching Operations $ 0 0 0 0 0 0 0 0 0 0

Other Distribution Operations Cost $ 0 0 0 0 0 -450.625 -901.25 -901.25 -901.25 -901.25

Meter Operations Cost $ 0 0 0 0 0 -86283.5 -172567 -172567 -172567 -172567

Number of Meter Tamper Detections - Residential # 0 0 0 0 0 5 10 10 10 10

Number of Meter Tamper Detections - Commercial # 0 0 0 0 0 0 0 0 0 0

Number of Meter Tamper Detections - Industrial # 0 0 0 0 0 0 0 0 0 0

Average Annual Customer Electricity Usage - Residential kWh 7982 7982 7982 7982 7982 7982 7982 7982 7982 7982

Average Annual Customer Electricity Usage - Commercial kWh 89715 89715 89715 89715 89715 89715 89715 89715 89715 89715

Average Annual Customer Electricity Usage - Industrial kWh 0 0 0 0 0 0 0 0 0 0

Distribution Feeder Load MVA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Distribution Losses % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Transmission Line Load MVA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Transmission Losses % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Average Price of Wholesale Energy $/kWh 0.03321 0.03321 0.03321 0.03321 0.03321 0.03321 0.03321 0.03321 0.03321 0.03321

Total Residential Electricity Cost $ 0 0 0 0 0 -90036.5 -180073 -180073 -180073 -180073

Total Commercial Electricity Cost $ 0 0 0 0 0 -50899.5 -101799 -101799 -101799 -101799

Total Industrial Electricity Cost $ 0 0 0 0 0 0 0 0 0 0

SAIDI (Impacted Feeders or Lines) Index 3.03 3.03 3.03 3.03 3.03 2.50 1.97 1.97 1.97 1.97

Total Residential Customers Served by Impacted Feeders or Lines # 12204 12204 12204 12204 12204 12204 12204 12204 12204 12204

Total Commercial Customers Served by Impacted Feeders or Lines # 1223 1223 1223 1223 1223 1223 1223 1223 1223 1223

Total Industrial Customers Served by Impacted Feeders or Lines # 0 0 0 0 0 0 0 0 0 0

Outage Time of Major Outage - Residential hr 0 0 0 0 0 0 0 0 0 0

Number of Customers Affected by Major Outage - Residential # 0 0 0 0 0 0 0 0 0 0

Outage Time of Major Outage - Commercial hr 0 0 0 0 0 0 0 0 0 0

Number of Customers Affected by Major Outage - Commercial # 0 0 0 0 0 0 0 0 0 0

Outage Time of Major Outage - Industrial hr 0 0 0 0 0 0 0 0 0 0

Number of Customers Affected by Major Outage - Industrial # 0 0 0 0 0 0 0 0 0 0

Value of Service - Residential $/kWh 2.27 2.32 2.37 2.42 2.47 2.27 2.32 2.37 2.42 2.47

Value of Service - Commercial $/kWh 97.30 99.34 101.43 103.56 105.73 97.30 99.34 101.43 103.56 105.73

Value of Service - Industrial $/kWh 17.33 17.70 18.07 18.45 18.83 17.33 17.70 18.07 18.45 18.83

Average Hourly Load Not Served During Outage per Customer - Residential kW 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Average Hourly Load Not Served During Outage per Customer - Commercial kW 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2

Average Hourly Load Not Served During Outage per Customer - Industrial kW 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Number of Outage Events # of events 0 0 0 0 0 -38.5 -77 -77 -77 -77

Restoration Cost per Event $/event 260 265.46 271.03466 276.7263879 282.537642 260 265.46 271.03466 276.7263879 282.537642

Number of Feeder Switching or Maintenance Operations Completed # of events 0 0 0 0 0 -38.5 -77 -77 -77 -77

Average Miles Traveled per Switching or Maintenance Operation miles/event 20 20 20 20 20 20 20 20 20 20

Average Fuel Efficiency for Feeder Service Vehicle miles/gallon 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33

Number of Meter Reading Operations # of events 0 0 0 0 0 -8375 -8375 -8375 -8375 -8375

Average Miles Traveled per meter read miles/event 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

Average Fuel Efficiency for Real-Time Load Measurement/Management Service Vehicle miles/gallon 11.83 11.83 11.83 11.83 11.83 11.83 11.83 11.83 11.83 11.83

kWh of Electricity Consumed by PEVs kWh 0 0 0 0 0 14293 28586 28586 28586 28586

Electricity to Fuel Conversion Factor gallons/kWh 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130

CO2 Emissions per Gallon of Fuel tons/gallon 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010

CO2 Emissions  tons 0 0 0 0 0 -1629.75 -3259.5 -3259.5 -3259.5 -3259.5

Value of CO2 $/ton 20 20 20 20 20 20 20 20 20 20

Sox Emissions per Gallon of Gas tons/gallon 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

NOx Emissions per Gallon of Gas tons/gallon 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

PM-2.5 per Gallon of Gas tons/gallon 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SOx Emissions tons 0 0 0 0 0 -2.3105 -4.621 -4.621 -4.621 -4.621

NOx Emissions tons 0 0 0 0 0 -1.738 -3.475 -3.475 -3.475 -3.475

PM-2.5 Emissions tons 0 0 0 0 0 -0.01852 -0.03703 -0.03703 -0.03703 -0.03703

Value of SOx $/ton 520 520 520 520 520 520 520 520 520 520

Value of NOx $/ton 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000

Value of PM-2.5 $/ton 36000 36000 36000 36000 36000 36000 36000 36000 36000 36000

The tables below contain the benefit calculation inputs and project cost data that will be fed into the next phase of the Smart Grid Computational Tool. 

The purpose of this page is to give the user the opportunity to review the data before proceeding to the next phase of the tool. If the user finds data 

that has been entered erroneously, or if the user wishes to edit an entry they should navigate to the  appropriate step in the DIM to do so.

Finish Reviewing DIM Inputs and Return to Main Page
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Cost Schedule 

Year Total 2011 2012 2013

Yearly Capital Expenditure ($) 112,463,764$             -$                                 -$                              4,111,423$                  

Present Value of Yearly Capital Expenditure ($) 53,695,656$               -$                                 -$                              4,111,423$                  

2014 2015 2016 2017 2018 2019 2020 2021

4,125,813$                  4,140,505$                  4,155,506$                  4,170,822$                  4,186,459$                  4,202,425$                  4,218,726$                  4,235,369$                  

3,854,335$                  3,613,542$                  3,388,001$                  3,176,736$                  2,978,833$                  2,793,439$                  2,619,753$                  2,457,028$                  

2022 2023 2024 2025 2026 2028 2029 2030

4,252,362$                  4,269,712$                  4,287,426$                  4,305,512$                  4,323,978$                  4,362,081$                  4,381,735$                  4,401,801$                  

2,304,565$                  2,161,709$                  2,027,847$                  1,902,406$                  1,784,850$                  1,571,418$                  1,474,633$                  1,383,911$                  

2031 2032 2033 2034 2035 2036 2037 2038

4,422,289$                  4,443,207$                  4,464,565$                  4,486,371$                  4,508,635$                  4,531,366$                  4,554,575$                  4,578,271$                  

1,298,867$                  1,219,141$                  1,144,396$                  1,074,317$                  1,008,607$                  946,991$                     889,210$                     835,022$                     
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Assets of Project Functions Mechanisms Benefits Unique Benefit List

Advanced Interrupting Switch

Reduces likelihood of a missed relay coordination which 

can reduce the size or likelihood of an outage. Allows 

the reconfiguration of relay settings which can enable 

the partial restoration of service

Reduced Restoration Cost Optimized Generator Operation

AMI/Smart Meters

Reduces likelihood of a missed relay coordination which 

can reduce the size or likelihood of an outage. Allows 

the reconfiguration of relay settings which can enable 

the partial restoration of service

Reduced Sustained Outages
Deferred Generation Capacity 

Investments

Controllable/regulating Inverter Reduces truck rolls Reduced CO2 Emissions Reduced Ancillary Service Cost

Customer EMS/Display/Portal Reduces truck rolls Reduced Oil Usage (not monetized) Reduced Congestion Cost

Distribution Automation Reduces manual labor hours associated with restoration Reduced Restoration Cost
Deferred Transmission Capacity 

Investments

Distribution Management System Reduces truck rolls Reduced SOx, NOx, and PM-2.5 Emissions
Deferred Distribution Capacity 

Investments

Enhanced Fault Detection Technology
Reduces fault location isolation service restoration 

(FLISR) time
Reduced Sustained Outages Reduced Equipment Failures 

Equipment Health Sensor
Reduces manual labor hours associated with line 

switching
Reduced T&D Operations Cost

Reduced T&D Equipment Maintenance 

Cost

 Flexible Alternating Current Transmission System 

(FACTS)  Device
Enables islanding or alternative power supply Reduced Major Outages Reduced T&D Operations Cost

Fault Current Limiter Reduces the number of crews needed to restore power Reduced Restoration Cost Reduced Meter Reading Cost

Loading Monitor Enables islanding or alternative power supply Reduced Sustained Outages Reduced Electricity Theft

Microgrid Controller
Improves system power factor and voltage reducing the  

amount of voltage ancillary service required
Reduced Ancillary Service Cost Reduced Electricity Losses

Phase Angle Regulating Transformer Reduces emissions from carbon based fuel due to losses Reduced CO2 Emissions Reduced Electricity Cost

Phasor Measurement Technology Optimizes voltage and VAR levels to reduce T&D losses Reduced Electricity Losses Reduced Sustained Outages

Smart Appliances and Equipment (Customer) Reduces emissions from carbon based fuel due to losses Reduced SOx, NOx, and PM-2.5 Emissions Reduced Major Outages

Software - Advanced Analysis/Visualization
Reduces manual labor hours associated with capacitor 

switching and/or regulator operation
Reduced T&D Operations Cost Reduced Restoration Cost

Two-way Communications (high bandwidth)
Shifts demand from peak time to reduce distribution 

peak load
Deferred Distribution Capacity Investments Reduced Momentary Outages

Vehicle to Grid Charging Station
Shifts demand from peak time to reduce generation 

peak capacity required
Deferred Generation Capacity Investments Reduced Sags and Swells

Very Low Impedance (High Temperature 

Superconducting) cables

Shifts demand from peak time to reduce transmission 

peak load
Deferred Transmission Capacity Investments Reduced CO2 Emissions

Enabled Energy Resources
Shifts demand from peak time to reduce required 

ancillary services related to peak load
Reduced Ancillary Service Cost Reduced SOx, NOx, and PM-2.5 Emissions

Reduces emissions from carbon based fuel due to losses Reduced CO2 Emissions Reduced Oil Usage (not monetized)

Decreases loading on congested transmission pathways Reduced Congestion Cost Reduced Wide-scale Blackouts

Provides customer with information which encourages 

alternate usage patterns or conservation resulting in 

reduced costs

Reduced Electricity Cost

Optimizes load shape through customer pricing and 

incentives to reduce electricity losses
Reduced Electricity Losses

Reduces emissions from carbon based fuel due to losses Reduced SOx, NOx, and PM-2.5 Emissions

Reduces truck rolls Reduced CO2 Emissions

Improves detection of pending failure Reduced Equipment Failures 

Reduces truck rolls Reduced Oil Usage (not monetized)

Improves detection of pending failure Reduced Restoration Cost

Reduces truck rolls Reduced SOx, NOx, and PM-2.5 Emissions

Improves detection of pending failure Reduced Sustained Outages

Enables targeted maintenance Reduced T&D Equipment Maintenance Cost

Generates electricity at peak time to reduce 

distribution peak load
Deferred Distribution Capacity Investments

Generates electricity at peak time to reduce generation 

peak capacity required
Deferred Generation Capacity Investments

Generates electricity at peak time to reduce 

transmission peak load
Deferred Transmission Capacity Investments

Enables more efficient generation mix to be dispatched 

by reducing the amount of central generation required 

during peak times

Optimized Generator Operation

Generates electricity at peak time to reduce required 

ancillary service related to peak load
Reduced Ancillary Service Cost

Reduces emissions from carbon based fuel due to losses 

and/or meets load with renewable sources
Reduced CO2 Emissions

Decreases loading on congested transmission pathways Reduced Congestion Cost

Provides electricity during times when price of "grid 

power" exceeds cost of producing with the DG asset
Reduced Electricity Cost

Optimizes net load shape to reduce electricity losses Reduced Electricity Losses

Reduces emissions from carbon based fuel due to losses 

and/or meets load with renewable sources
Reduced SOx, NOx, and PM-2.5 Emissions

Enables islanding or alternative power supply Reduced Sustained Outages

Increases line/equipment capability Deferred Distribution Capacity Investments

Increases line/equipment capability Deferred Transmission Capacity Investments

Increases line/equipment capability Reduced Congestion Cost

Limits ratings based on conditions to avoid overload and 

equipment damage
Reduced Equipment Failures 

Improves operational awareness Reduced Wide-scale Blackouts

Reduces stress on equipment through faster fault 

detection or reduced reclosing
Reduced Equipment Failures 

Reduces or eliminates reclosing for fault clearing Reduced Momentary Outages

Detects and clears hard-to-detect faults more precisely 

and quickly to reduce scope of outage
Reduced Restoration Cost

Detects and Clears high impedance faults more 

precisely and quickly to reduce the frequency and 

severity of voltage fluctuations they can cause

Reduced Sags and Swells

Detects and clears hard-to-detect faults more precisely 

and quickly to reduce scope of outage
Reduced Sustained Outages

Prevents fault currents from exceeding the levels of the 

equipment
Deferred Transmission Capacity Investments

Reduce stress on equipment Reduced Equipment Failures 

Diverts power so as to avoid overloading lines or 

equipment
Deferred Transmission Capacity Investments

Reduces emissions from carbon based fuel due to losses Reduced CO2 Emissions

Controls power flow around congested system element Reduced Congestion Cost

Optimizes power flow to reduce system losses Reduced Electricity Losses

Reduces emissions from carbon based fuel due to losses Reduced SOx, NOx, and PM-2.5 Emissions

Enables load management Deferred Distribution Capacity Investments

Improves load models and forecasts Reduced Ancillary Service Cost

Reduces truck rolls Reduced CO2 Emissions

Optimizes load shape through direct load control to 

reduce electricity losses
Reduced Electricity Losses

Identifies abnormal customer electricity consumption Reduced Electricity Theft

Following major damage to the system, detects the 

individual outages more precisely and quickly to reduce 

restoration time

Reduced Major Outages

Reduces manual meter operations Reduced Meter Reading Cost

Reduces truck rolls Reduced Oil Usage (not monetized)

Enables faster restoration time Reduced Restoration Cost

Reduces truck rolls Reduced SOx, NOx, and PM-2.5 Emissions

Reduces fault location isolation service restoration 

(FLISR) time
Reduced Sustained Outages

Shifts loads among circuits to avoid overloading feeders 

or equipment
Deferred Distribution Capacity Investments

Optimizes load shape by reconfiguring system to reduce 

electricity losses
Reduced Electricity Losses

Enables real-time feeder reconfiguration to restore 

service to a portion of customers quickly after a major 

event

Reduced Major Outages

Reduces emissions from carbon based fuel due to losses Reduced CO2 Emissions

Reduces emissions from carbon based fuel due to losses Reduced SOx, NOx, and PM-2.5 Emissions

Provides electricity at peak time to reduce distribution 

peak load
Deferred Distribution Capacity Investments

Provides electricity at peak time to reduce generation 

peak capacity required
Deferred Generation Capacity Investments

Provides electricity at peak time to reduce transmission 

peak load
Deferred Transmission Capacity Investments

Enables load following/smoothing allowing generators 

to remain in their optimum operating zone and avoid 

the dispatch of less efficient generation

Optimized Generator Operation

Provides electricity at peak time to reduce ancillary 

services related to peak load
Reduced Ancillary Service Cost

Reduces emissions from carbon based fuel due to losses Reduced CO2 Emissions

Decreases loading on congested transmission pathways Reduced Congestion Cost

Provides electricity during times when price of "grid 

power" exceeds cost of providing electricity with the 

storage asset

Reduced Electricity Cost

Optimizes net load shape to reduce electricity losses Reduced Electricity Losses

Acts as an uninterruptible power supply during a 

momentary outage
Reduced Momentary Outages

Utilizes uninterrupted power supply capability to 

enable load to ride through voltage sags and swell
Reduced Sags and Swells

Reduces emissions from carbon based fuel due to losses Reduced SOx, NOx, and PM-2.5 Emissions

Enables islanding or alternative power supply Reduced Sustained Outages

PEVs used as energy storage assets reduce gasoline 

consumption.
Reduced Oil Usage (not monetized)

Automated Voltage and VAR Control

Storing Electricity for Later Use

The tables below summarize the Assents, Functions, Mechanisms, and benefits that this project leveraged and enabled. 

Items that are highlighted in green indicate that the item was installed or enabled as part of the smart grid project 

under analysis. The table in the middle illustrates the various pathways that resulted in the benefits that the project 

yeilds. Note that certain benefits may be enabled by multiple pathways; however, the results of the analysis calculate 

the total benefit stream and does not parse out the benefits according to each pathway that might have lead to it. The 

right most table shows the unique list of benefits that the project yields.

Fault Current Limiting

Power Flow Control

Real-Time Load Measurement & Management

Real-time Load Transfer

Customer Electricity Use Optimization

Diagnosis & Notification of Equipment Condition

Distributed Production of Electricity

Dynamic Capability Rating

Enhanced Fault Protection

Adaptive Protection

Automated Feeder and Line Switching

Automated Islanding and Reconnection

Function Mechanism Leads To Benefit

Proceed to CM Main 
Page
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U.3 Computational Module (CM) 

 

 

 

Computational Module (CM) Main Page

Reference Case

Sensitivity Analysis

Instructions
Welcome to the Computational Module (CM) phase of the Smart Grid Computational Tool. The CM is the calculation engine of the tool, it 

crunches the numbers and generates the output. The CM also allows the user to complete a sensitivity analysis if desired. Before 

running the CM the user can review their inputs and the first five years of projected inputs using the tables below. If the user wishes to 

change any inputs they can return to the PDIM by clicking the arrow to the right of this directions box.

Running the CM with Reference Inputs - To run the CM with the inputs that were entered in the DIM phase, simply click the button in the 

"Reference Case" section that says "Run CM with Reference Case Inputs". The CM will take about 20 seconds to complete the analysis. 

Once the analysis is complete the results can be viewed by clicking the "View Reference Case Results" button. 

Running the a Sensitivity Analysis - Before running a sensitivity analysis the CM should be run with the reference case inputs by 

following the directions above. To run a sensitivity analysis first change the High and Low sensitivity ranges of the desired inputs by 

using the toggles that are to the right of every input. After all of the desired sensitivity ranges have been set click the button in the 

"Sensitivity Analysis" section that says "Run CM with Sensitivity Case Inputs". The CM will take about a minute to complete the analysis. 

Once the analysis is complete the results can be viewed by clicking the "View Sensitivity Results" button. All of the sensitivity ranges can 

be reset to 100% by clicking the button above the toggle switches that says "Reset all values to 100%".

Run CM with Reference Case Inputs

Run CM with Sensitivity Case Inputs

View Reference Case 

Results

View Sensitivity Results

Reset all values to 100%

Go Back to the DIM Main 
Page
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Select % using toggle Reference Case Values (project) Projections --> -->

Input Name Unit Low Reference High 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Annual Generation Cost $ 100% 100% 100% (112,244)                       (124,488)                       (124,488)                       (124,488)                       (124,488)                       (128,472)                       (132,583)                       (136,825)                       (141,204)                       (145,722)                       

Energy Storage Use at Annual Peak Time MW 100% 100% 100% 0.4                                  0.8                                  0.8                                  0.8                                  0.8                                  0.8                                  0.8                                  0.8                                  0.9                                  0.9                                  

Distributed Generation Use at Annual Peak Time MW 100% 100% 100% 0.4                                  0.1                                  0.1                                  0.1                                  0.1                                  0.1                                  0.1                                  0.1                                  0.1                                  0.1                                  

Price of Capacity at Annual Peak $/MW 100% 100% 100% 95,700                           95,700                           95,700                           95,700                           95,700                           97,040                           98,398                           99,776                           101,173                         102,589                         

Total Customer Peak Demand MW 100% 100% 100% (0.3)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 (0.6)                                 

Capital Carrying Charge of Distribution Upgrade $ 100% 100% 100% -                                  338,743                         -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Distribution Investment Time Deferred yrs 100% 100% 100% -                                  5.0                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Capital Replacement of Failed Equipment $ 100% 100% 100% -                                  (1,250,000)                    -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Portion Caused by Lack of Condition Diagnosis % 100% 100% 100% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Transmission Operations Cost $ 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Distribution Feeder Switching Operations $ 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Distribution Capacitor Switching Operations $ 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Other Distribution Operations Cost $ 100% 100% 100% (451)                                (901)                                (901)                                (901)                                (901)                                (920)                                (939)                                (959)                                (979)                                (1,000)                            

Meter Operations Cost $ 100% 100% 100% (86,284)                          (172,567)                       (172,567)                       (172,567)                       (172,567)                       (176,191)                       (179,891)                       (183,669)                       (187,526)                       (191,464)                       

Number of Meter Tamper Detections - Residential # 100% 100% 100% 5                                      10                                    10                                    10                                    10                                    10                                    10                                    10                                    10                                    10                                    

Number of Meter Tamper Detections - Commercial # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Meter Tamper Detections - Industrial # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Average Annual Customer Electricity Usage - Residential kWh 100% 100% 100% 7,982                              7,982                              7,982                              7,982                              7,982                              8,126                              8,272                              8,421                              8,572                              8,727                              

Average Annual Customer Electricity Usage - Commercial kWh 100% 100% 100% 89,715                           89,715                           89,715                           89,715                           89,715                           91,330                           92,974                           94,647                           96,351                           98,085                           

Average Annual Customer Electricity Usage - Industrial kWh 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Distribution Feeder Load MVA 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Distribution Losses % 100% 100% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Transmission Line Load MVA 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Transmission Losses % 100% 100% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Average Price of Wholesale Energy $/kWh 100% 100% 100% 0                                      0                                      0                                      0                                      0                                      0                                      0                                      0                                      0                                      0                                      

Total Residential Electricity Cost $ 100% 100% 100% (90,037)                          (180,073)                       (180,073)                       (180,073)                       (180,073)                       (183,314)                       (186,614)                       (189,973)                       (193,393)                       (196,874)                       

Total Commercial Electricity Cost $ 100% 100% 100% (50,900)                          (101,799)                       (101,799)                       (101,799)                       (101,799)                       (103,631)                       (105,497)                       (107,396)                       (109,329)                       (111,297)                       

Total Industrial Electricity Cost $ 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

SAIDI (Impacted Feeders or Lines) Index 100% 100% 100% 2.496                              1.966                              1.966                              1.966                              1.966                              1.966                              1.966                              1.966                              1.966                              1.966                              

Total Residential Customers Served by Impacted Feeders or Lines # 100% 100% 100% 12,204                           12,204                           12,204                           12,204                           12,204                           12,204                           12,204                           12,204                           12,204                           12,204                           

Total Commercial Customers Served by Impacted Feeders or Lines # 100% 100% 100% 1,223                              1,223                              1,223                              1,223                              1,223                              1,223                              1,223                              1,223                              1,223                              1,223                              

Total Industrial Customers Served by Impacted Feeders or Lines # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Outage Time of Major Outage - Residential hr 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Affected by Major Outage - Residential # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Outage Time of Major Outage - Commercial hr 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Affected by Major Outage - Commercial # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Outage Time of Major Outage - Industrial hr 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Affected by Major Outage - Industrial # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Value of Service - Residential $/kWh 100% 100% 100% 2                                      2                                      2                                      2                                      2                                      3                                      3                                      3                                      3                                      3                                      

Value of Service - Commercial $/kWh 100% 100% 100% 97                                    99                                    101                                 104                                 106                                 108                                 110                                 113                                 115                                 117                                 

Value of Service - Industrial $/kWh 100% 100% 100% 17                                    18                                    18                                    18                                    19                                    19                                    20                                    20                                    20                                    21                                    

Average Hourly Load Not Served During Outage per Customer - Residential kW 100% 100% 100% 1                                      1                                      1                                      1                                      1                                      1                                      1                                      1                                      1                                      1                                      

Average Hourly Load Not Served During Outage per Customer - Commercial kW 100% 100% 100% 10                                    10                                    10                                    10                                    10                                    10                                    11                                    11                                    11                                    11                                    

Average Hourly Load Not Served During Outage per Customer - Industrial kW 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Outage Events # of events 100% 100% 100% (39)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  

Restoration Cost per Event $/event 100% 100% 100% 260                                 265                                 271                                 277                                 283                                 288                                 295                                 301                                 307                                 313                                 

Number of Feeder Switching or Maintenance Operations Completed # of events 100% 100% 100% (39)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  (77)                                  

Average Miles Traveled per Switching or Maintenance Operation miles/event 100% 100% 100% 20                                    20                                    20                                    20                                    20                                    20                                    20                                    20                                    20                                    20                                    

Average Fuel Efficiency for Feeder Service Vehicle miles/gallon 100% 100% 100% 6                                      6                                      6                                      6                                      6                                      6                                      6                                      6                                      6                                      6                                      

Number of Meter Reading Operations # of events 100% 100% 100% (8,375)                            (8,375)                            (8,375)                            (8,375)                            (8,375)                            (8,409)                            (8,442)                            (8,476)                            (8,510)                            (8,544)                            

Average Miles Traveled per meter read miles/event 100% 100% 100% 2                                      2                                      2                                      2                                      2                                      2                                      2                                      2                                      2                                      2                                      

Average Fuel Efficiency for Real-Time Load Measurement/Management Service Vehicle miles/gallon 100% 100% 100% 12                                    12                                    12                                    12                                    12                                    12                                    12                                    12                                    12                                    12                                    

kWh of Electricity Consumed by PEVs kWh 100% 100% 100% 14,293                           28,586                           28,586                           28,586                           28,586                           28,700                           28,815                           28,930                           29,046                           29,162                           

Electricity to Fuel Conversion Factor gallons/kWh 100% 100% 100% 0.130                              0.130                              0.130                              0.130                              0.130                              0.130                              0.130                              0.130                              0.130                              0.130                              

CO2 Emissions per Gallon of Fuel tons/gallon 100% 100% 100% 0.010                              0.010                              0.010                              0.010                              0.010                              0.010                              0.010                              0.010                              0.010                              0.010                              

CO2 Emissions  tons 100% 100% 100% (1,630)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            (3,260)                            

Value of CO2 $/ton 100% 100% 100% 20                                    20                                    20                                    20                                    20                                    20                                    21                                    21                                    22                                    22                                    

Sox Emissions per Gallon of Gas tons/gallon 100% 100% 100% 0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              

NOx Emissions per Gallon of Gas tons/gallon 100% 100% 100% 0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              0.000                              

PM-2.5 per Gallon of Gas tons/gallon 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

SOx Emissions tons 100% 100% 100% (2)                                    (5)                                    (5)                                    (5)                                    (5)                                    (5)                                    (5)                                    (5)                                    (5)                                    (5)                                    

NOx Emissions tons 100% 100% 100% (2)                                    (3)                                    (3)                                    (3)                                    (3)                                    (3)                                    (3)                                    (3)                                    (3)                                    (3)                                    

PM-2.5 Emissions tons 100% 100% 100% (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    (0)                                    

Value of SOx $/ton 100% 100% 100% 520                                 520                                 520                                 520                                 520                                 531                                 542                                 553                                 565                                 577                                 

Value of NOx $/ton 100% 100% 100% 3,000                              3,000                              3,000                              3,000                              3,000                              3,063                              3,127                              3,193                              3,260                              3,329                              

Value of PM-2.5 $/ton 100% 100% 100% 36,000                           36,000                           36,000                           36,000                           36,000                           36,756                           37,528                           38,316                           39,121                           39,942                           

Number of Customers Residential Rate Sub-Class 1 # 100% 100% 100% 12,204                           12,253                           12,302                           12,351                           12,400                           12,450                           12,500                           12,550                           12,600                           12,650                           

Number of Customers Residential Rate Sub-Class 2 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Residential Rate Sub-Class 3 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Residential Rate Sub-Class 4 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Residential Rate Sub-Class 5 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers All Residential Classes # 100% 100% 100% 12,204                           12,253                           12,302                           12,351                           12,400                           12,450                           12,500                           12,550                           12,600                           12,650                           

Number of Customers Commercial Rate Sub-Class 1 # 100% 100% 100% 1,223                              1,228                              1,233                              1,238                              1,243                              1,248                              1,253                              1,258                              1,263                              1,268                              

Number of Customers Commercial Rate Sub-Class 2 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Commercial Rate Sub-Class 3 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Commercial Rate Sub-Class 4 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Commercial Rate Sub-Class 5 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers All Commercial Classes # 100% 100% 100% 1,223                              1,228                              1,233                              1,238                              1,243                              1,248                              1,253                              1,258                              1,263                              1,268                              

Number of Customers Industrial Sub-Class 1 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Industrial Sub-Class 2 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Industrial Sub-Class 3 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Industrial Sub-Class 4 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers Industrial Sub-Class 5 # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  

Number of Customers All Industrial Classes # 100% 100% 100% -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  -                                  
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Reference Case Output: Annual and Cumulative Results Tables

(scroll down for Cumulative Benefit)

ANNUAL Benefit ($) REFERENCE SCENARIO (Annual)

Stakeholder 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

Optimized Generator Operation Utility/Ratepayer 112,244                                  124,488                                  124,488                                  124,488                                  124,488                                  128,472                                  132,583                                  136,825                                  141,204                                  145,722                                  150,385                                  155,198                                  160,164                                  165,289                                  170,579                                  176,037                                  181,670                                  187,484                                  193,483                                  199,675                                  206,064                                  212,658                                  219,463                                  226,486                                  233,734                                  241,213                                  

Deferred Generation Capacity Investments Utility/Ratepayer 101,921                                  139,674                                  139,674                                  139,674                                  139,674                                  144,179                                  148,829                                  153,629                                  158,584                                  163,699                                  168,978                                  174,428                                  180,054                                  185,861                                  191,855                                  198,043                                  204,430                                  211,023                                  217,829                                  224,855                                  232,107                                  239,593                                  247,320                                  255,297                                  263,530                                  272,030                                  

Reduced Ancillary Service Cost Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Congestion Cost Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Improved Asset Utilization TOTAL 214,165                        264,162                        264,162                        264,162                        264,162                        272,651                        281,412                        290,454                        299,788                        309,421                        319,364                        329,626                        340,218                        351,150                        362,434                        374,080                        386,100                        398,507                        411,312                        424,529                        438,171                        452,251                        466,783                        481,783                        497,264                        513,243                        

Deferred Transmission Capacity Investments Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Deferred Distribution Capacity Investments Utility/Ratepayer -                                           97,714                                    -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Equipment Failures Utility/Ratepayer -                                           1,250,000                              -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

T&D Capital Savings TOTAL -                               1,347,714                     -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               

Reduced T&D Equipment Maintenance Cost Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced T&D Operations Cost Utility/Ratepayer 451                                          901                                          901                                          901                                          901                                          920                                          939                                          959                                          979                                          1,000                                       1,021                                       1,042                                       1,064                                       1,087                                       1,109                                       1,133                                       1,157                                       1,181                                       1,206                                       1,231                                       1,257                                       1,283                                       1,310                                       1,338                                       1,366                                       1,394                                       

Reduced Meter Reading Cost Utility/Ratepayer 86,284                                    172,567                                  172,567                                  172,567                                  172,567                                  176,191                                  179,891                                  183,669                                  187,526                                  191,464                                  195,484                                  199,590                                  203,781                                  208,060                                  212,430                                  216,891                                  221,445                                  226,096                                  230,844                                  235,691                                  240,641                                  245,694                                  250,854                                  256,122                                  261,501                                  266,992                                  

T&D O&M Savings TOTAL 86,734                          173,468                        173,468                        173,468                        173,468                        177,111                        180,830                        184,628                        188,505                        192,464                        196,505                        200,632                        204,845                        209,147                        213,539                        218,023                        222,602                        227,277                        232,049                        236,922                        241,898                        246,978                        252,164                        257,460                        262,866                        268,386                        

Theft 

Reduction Reduced Electricity Theft Utility/Ratepayer 1,622                            3,244                            3,244                            3,244                            3,244                            3,315                            3,389                            3,463                            3,540                            3,618                            3,698                            3,779                            3,863                            3,948                            4,035                            4,124                            4,215                            4,308                            4,403                            4,501                            4,600                            4,702                            4,805                            4,911                            5,020                            5,131                            

Energy 

Efficiency Reduced Electricity Losses Utility/Ratepayer -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               

Electricity 

Cost Savings Reduced Electricity Cost Customer 140,936                        281,872                        281,872                        281,872                        281,872                        286,946                        292,111                        297,369                        302,721                        308,170                        313,717                        319,364                        325,113                        330,965                        336,922                        342,987                        349,161                        355,446                        361,844                        368,357                        374,987                        381,737                        388,608                        395,603                        402,724                        409,973                        

ECONOMIC TOTAL 443,457                2,070,460             722,746                722,746                722,746                740,023                757,741                775,914                794,554                813,673                833,284                853,401                874,039                895,210                916,930                939,214                962,078                985,538                1,009,609             1,034,309             1,059,656             1,085,667             1,112,361             1,139,757             1,167,874             1,196,733             
Reduced Sustained Outages Customers 658,037                                  1,344,938                              1,373,233                              1,402,071                              1,431,451                              1,487,819                               1,546,406                               1,607,301                               1,670,593                               1,736,378                               1,804,753                               1,875,820                               1,949,686                               2,026,461                               2,106,259                               2,189,199                               2,275,406                               2,365,006                               2,458,136                               2,554,932                               2,655,540                               2,760,110                               2,868,798                               2,981,765                               3,099,181                               3,221,221                               

Reduced Major Outages Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Restoration Cost Utility/Ratepayer 39                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             77                                             

Power Interruptions TOTAL 658,076                        1,345,015                     1,373,310                     1,402,148                     1,431,528                     1,487,896                     1,546,483                     1,607,378                     1,670,670                     1,736,455                     1,804,830                     1,875,897                     1,949,763                     2,026,538                     2,106,336                     2,189,276                     2,275,483                     2,365,083                     2,458,213                     2,555,009                     2,655,617                     2,760,187                     2,868,875                     2,981,842                     3,099,258                     3,221,298                     

Reduced Momentary Outages Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Sags and Swells Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Power Quality TOTAL -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               

RELIABILITY TOTAL 658,076                1,345,015             1,373,310             1,402,148             1,431,528             1,487,896             1,546,483             1,607,378             1,670,670             1,736,455             1,804,830             1,875,897             1,949,763             2,026,538             2,106,336             2,189,276             2,275,483             2,365,083             2,458,213             2,555,009             2,655,617             2,760,187             2,868,875             2,981,842             3,099,258             3,221,298             
Reduced CO2 Emissions Society 32,955                                    65,911                                    65,911                                    65,911                                    65,911                                    67,298                                     68,714                                     70,160                                     71,637                                     73,145                                     74,684                                     76,256                                     77,861                                     79,499                                     81,172                                     82,881                                     84,625                                     86,406                                     88,225                                     90,082                                     91,978                                     93,914                                     95,890                                     97,909                                     99,969                                     102,074                                  

Reduced SOx, NOx, and PM-2.5 Emissions Society 8,030                                       16,057                                    16,057                                    16,057                                    16,057                                    16,402                                     16,754                                     17,114                                     17,482                                     17,857                                     18,241                                     18,633                                     19,034                                     19,443                                     19,861                                     20,288                                     20,724                                     21,170                                     21,625                                     22,090                                     22,565                                     23,050                                     23,546                                     24,053                                     24,570                                     25,099                                     

ENVIRONMENTAL TOTAL 40,985                  81,968                  81,968                  81,968                  81,968                  83,700                  85,468                  87,274                  89,119                  91,002                  92,925                  94,889                  96,894                  98,942                  101,033                103,169                105,349                107,576                109,850                112,172                114,543                116,964                119,437                121,961                124,540                127,173                
Reduced Oil Usage (not monetized) Society 4,013                                       8,027                                       8,027                                       8,027                                       8,027                                       8,059                                       8,091                                       8,124                                       8,156                                       8,189                                       8,222                                       8,254                                       8,287                                       8,321                                       8,354                                       8,387                                       8,421                                       8,455                                       8,488                                       8,522                                       8,556                                       8,591                                       8,625                                       8,659                                       8,694                                       8,729                                       

Reduced Wide-scale Blackouts Society -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

SECURITY TOTAL -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       

GROSS BENEFITS TOTAL 1,142,518           3,497,443           2,178,024           2,206,862           2,236,242           2,311,618           2,389,693           2,470,566           2,554,342           2,641,129           2,731,039           2,824,187           2,920,696           3,020,690           3,124,299           3,231,659           3,342,910           3,458,197           3,577,671           3,701,490           3,829,816           3,962,818           4,100,672           4,243,560           4,391,672           4,545,203           

TOTAL COST 4,111,423           4,125,813           4,140,505           4,155,506           4,170,822           4,186,459           4,202,425           4,218,726           4,235,369           4,252,362           4,269,712           4,287,426           4,305,512           4,323,978           4,342,831           4,362,081           4,381,735           4,401,801           4,422,289           4,443,207           4,464,565           4,486,371           4,508,635           4,531,366           4,554,575           4,578,271           

NET BENEFIT (2,968,905)         (628,370)             (1,962,481)         (1,948,644)         (1,934,580)         (1,874,841)         (1,812,732)         (1,748,160)         (1,681,027)         (1,611,233)         (1,538,673)         (1,463,238)         (1,384,816)         (1,303,288)         (1,218,532)         (1,130,422)         (1,038,825)         (943,604)             (844,618)             (741,717)             (634,749)             (523,553)             (407,962)             (287,805)             (162,903)             (33,068)               

The tables below display the annual and cumulative project benefits and costs. The benefits are 

organized and totaled  by category and sub-category. The total gross benefit, total cost, and net 

benefit are also displayed at the bottom of each chart. All values are expressed in nominal 

dollars.
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Security 

RETURN TO CM MAIN PAGE

CUMULATIVE Benefit REFERENCE SCENARIO (Cumulative)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

Optimized Generator Operation Utility/Ratepayer 112,244                                  236,732                                  361,220                                  485,708                                  610,196                                  738,668                                  871,250                                  1,008,076                               1,149,279                               1,295,002                               1,445,387                               1,600,585                               1,760,749                               1,926,038                               2,096,617                               2,272,654                               2,454,324                               2,641,808                               2,835,291                               3,034,966                               3,241,030                               3,453,688                               3,673,152                               3,899,638                               4,133,372                               4,374,585                               

Deferred Generation Capacity Investment Utility/Ratepayer 101,921                                  241,595                                  381,269                                  520,943                                  660,617                                  804,796                                  953,625                                  1,107,254                               1,265,838                               1,429,536                               1,598,514                               1,772,942                               1,952,996                               2,138,857                               2,330,712                               2,528,755                               2,733,185                               2,944,208                               3,162,038                               3,386,892                               3,618,999                               3,858,592                               4,105,912                               4,361,208                               4,624,739                               4,896,768                               

Reduced Ancillary Services Cost Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Congestion Costs Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Improved Asset Utilization TOTAL 214,165                        478,327                        742,489                        1,006,651                     1,270,813                     1,543,464                     1,824,875                     2,115,330                     2,415,117                     2,724,538                     3,043,902                     3,373,527                     3,713,745                     4,064,895                     4,427,329                     4,801,409                     5,187,509                     5,586,016                     5,997,329                     6,421,858                     6,860,029                     7,312,280                     7,779,063                     8,260,846                     8,758,110                     9,271,353                     

Deferred Transmission Capacity Investments Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Deferred Distribution Capacity Investments Utility/Ratepayer -                                           97,714                                    97,714                                    97,714                                    97,714                                    97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     97,714                                     

Reduced Equipment Failures Utility/Ratepayer -                                           1,250,000                              1,250,000                              1,250,000                              1,250,000                              1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               1,250,000                               

T&D Capital Savings TOTAL -                               1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     1,347,714                     

Reduced Distribution Equipment Maintenance Cost Utility/Ratepayer -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Distribution Operations Cost Utility/Ratepayer 451                                          1,352                                       2,253                                       3,154                                       4,056                                       4,976                                       5,915                                       6,875                                       7,854                                       8,854                                       9,875                                       10,917                                     11,981                                     13,068                                     14,177                                     15,310                                     16,467                                     17,648                                     18,853                                     20,084                                     21,341                                     22,624                                     23,934                                     25,272                                     26,637                                     28,032                                     

Reduced Meter Reading Cost Utility/Ratepayer 86,284                                    258,851                                  431,418                                  603,985                                  776,552                                  952,742                                  1,132,633                               1,316,302                               1,503,828                               1,695,291                               1,890,776                               2,090,365                               2,294,146                               2,502,207                               2,714,636                               2,931,527                               3,152,973                               3,379,068                               3,609,912                               3,845,604                               4,086,245                               4,331,939                               4,582,793                               4,838,915                               5,100,416                               5,367,408                               

T&D O&M Savings TOTAL 86,734                          260,202                        433,671                        607,139                        780,607                        957,718                        1,138,549                     1,323,176                     1,511,682                     1,704,145                     1,900,651                     2,101,283                     2,306,128                     2,515,275                     2,728,814                     2,946,837                     3,169,439                     3,396,716                     3,628,765                     3,865,688                     4,107,585                     4,354,563                     4,606,727                     4,864,187                     5,127,053                     5,395,439                     

Theft 

Reduction Reduced Electricity Theft Utility/Ratepayer 1,622                            4,866                            8,109                            11,353                          14,597                          17,912                          21,301                          24,764                          28,304                          31,922                          35,620                          39,399                          43,262                          47,210                          51,245                          55,370                          59,585                          63,893                          68,297                          72,797                          77,397                          82,099                          86,904                          91,815                          96,835                          101,966                        

Energy 

Efficiency Reduced Electricity Losses Utility/Ratepayer -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               

Electricity 

Cost Savings Reduced Electricity Costs Customer 140,936                        422,808                        704,680                        986,552                        1,268,424                     1,555,370                     1,847,480                     2,144,849                     2,447,570                     2,755,741                     3,069,458                     3,388,823                     3,713,935                     4,044,900                     4,381,823                     4,724,809                     5,073,970                     5,429,416                     5,791,259                     6,159,616                     6,534,603                     6,916,340                     7,304,948                     7,700,551                     8,103,275                     8,513,248                     

ECONOMIC TOTAL 443,457                2,513,917             3,236,663             3,959,409             4,682,155             5,422,178             6,179,919             6,955,833             7,750,387             8,564,060             9,397,344             10,250,745           11,124,784           12,019,994           12,936,924           13,876,139           14,838,217           15,823,755           16,833,363           17,867,673           18,927,329           20,012,996           21,125,357           22,265,113           23,432,987           24,629,720           
Reduced Sustained Outages – Consumers Customers 658,037                                  2,002,976                              3,376,209                              4,778,280                              6,209,731                              7,697,550                               9,243,957                               10,851,257                             12,521,850                             14,258,228                             16,062,980                             17,938,801                             19,888,487                             21,914,948                             24,021,207                             26,210,406                             28,485,811                             30,850,818                             33,308,953                             35,863,886                             38,519,426                             41,279,536                             44,148,334                             47,130,099                             50,229,280                             53,450,501                             

Reduced Major Outages – Consumers Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Restoration Costs Utility/Ratepayer 39                                             116                                          193                                          270                                          347                                          424                                          501                                          578                                          655                                          732                                          809                                          886                                          963                                          1,040                                       1,117                                       1,194                                       1,271                                       1,348                                       1,425                                       1,502                                       1,579                                       1,656                                       1,733                                       1,810                                       1,887                                       1,964                                       

Power Interruptions TOTAL 658,076                        2,003,091                     3,376,402                     4,778,550                     6,210,078                     7,697,974                     9,244,457                     10,851,835                   12,522,505                   14,258,959                   16,063,789                   17,939,686                   19,889,449                   21,915,987                   24,022,323                   26,211,599                   28,487,082                   30,852,165                   33,310,378                   35,865,387                   38,521,004                   41,281,191                   44,150,066                   47,131,908                   50,231,166                   53,452,464                   

Reduced Momentary Outages Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Reduced Sags and Swells Customers -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

Power Quality TOTAL -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               -                               

RELIABILITY TOTAL 658,076                2,003,091             3,376,402             4,778,550             6,210,078             7,697,974             9,244,457             10,851,835           12,522,505           14,258,959           16,063,789           17,939,686           19,889,449           21,915,987           24,022,323           26,211,599           28,487,082           30,852,165           33,310,378           35,865,387           38,521,004           41,281,191           44,150,066           47,131,908           50,231,166           53,452,464           
Reduced CO2 Emissions Society 32,955                                    98,866                                    164,777                                  230,688                                  296,599                                  363,897                                  432,612                                  502,772                                  574,409                                  647,553                                  722,237                                  798,493                                  876,354                                  955,853                                  1,037,025                               1,119,906                               1,204,531                               1,290,937                               1,379,162                               1,469,244                               1,561,222                               1,655,135                               1,751,026                               1,848,934                               1,948,903                               2,050,977                               

Reduced SOx, NOx, and PM-10 Emissions Society 8,030                                       24,087                                    40,143                                    56,200                                    72,257                                    88,658                                     105,412                                  122,526                                  140,008                                  157,865                                  176,106                                  194,740                                  213,773                                  233,216                                  253,077                                  273,365                                  294,089                                  315,258                                  336,883                                  358,973                                  381,538                                  404,589                                  428,135                                  452,188                                  476,758                                  501,857                                  

ENVIRONMENTAL TOTAL 40,985                  122,953                204,921                286,888                368,856                452,556                538,024                625,298                714,417                805,419                898,344                993,233                1,090,127             1,189,069             1,290,102             1,393,271             1,498,620             1,606,196             1,716,045             1,828,217             1,942,760             2,059,724             2,179,160             2,301,122             2,425,662             2,552,834             
Reduced Oil Usage Society 4,013                                       12,040                                    20,067                                    28,094                                    36,121                                    44,180                                     52,272                                     60,395                                     68,551                                     76,740                                     84,962                                     93,216                                     101,504                                  109,824                                  118,178                                  126,565                                  134,986                                  143,441                                  151,929                                  160,451                                  169,008                                  177,598                                  186,223                                  194,883                                  203,577                                  212,306                                  

Reduced Widescale Blackouts Society -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           -                                           

SECURITY TOTAL -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       

GROSS BENEFITS TOTAL 1,142,518           4,639,961           6,817,985           9,024,847           11,261,089         13,572,707         15,962,400         18,432,966         20,987,309         23,628,438         26,359,477         29,183,664         32,104,360         35,125,050         38,249,350         41,481,009         44,823,919         48,282,116         51,859,787         55,561,277         59,391,093         63,353,911         67,454,583         71,698,144         76,089,816         80,635,019         

TOTAL COST 4,111,423           8,237,236           12,377,742         16,533,248         20,704,070         24,890,529         29,092,954         33,311,680         37,547,049         41,799,411         46,069,123         50,356,548         54,662,060         58,986,038         63,328,869         67,690,950         72,072,685         76,474,486         80,896,775         85,339,983         89,804,547         94,290,918         98,799,552         103,330,918      107,885,493      112,463,764      

NET BENEFIT (2,968,905)         (3,597,275)         (5,559,757)         (7,508,401)         (9,442,981)         (11,317,822)       (13,130,554)       (14,878,713)       (16,559,740)       (18,170,973)       (19,709,646)       (21,172,884)       (22,557,700)       (23,860,988)       (25,079,520)       (26,209,941)       (27,248,766)       (28,192,371)       (29,036,988)       (29,778,706)       (30,413,455)       (30,937,007)       (31,344,969)       (31,632,775)       (31,795,678)       (31,828,745)       

Security
Energy 

Security 

Economic

T&D Capital 

Savings 

T&D O&M 

Savings 

Reliability

Power 

Interruptions

Power 

Quality

Environmental Air Emissions 
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Reference Case Output: Cumulative Benefits by Category and Sub-Category
The pie charts below show the proportional breakdown of cumulative gross 

benefits, economic benefits, and reliability benefits by category and sub-

category. The tables to the left of each chart displays the data that each chart 

summarizes. All dollar values are expressed in nominal dollars.

31%

66%

3%
0%

Cumulative Gross Benefits 2013 - 2040

Economic

Reliability

Environmental

Security

Cumulative Gross Benefits 2013 - 2040

Economic 24,629,720$                                 

Reliability 53,452,464$                                 

Environmental 2,552,834$                                   

Security -$                                                

Total 80,635,019$                                 
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Cumulative Economic Benefits 2013 - 2040

Improved Asset Utilization

T&D Capital Savings

T&D O&M Savings

Reduced Electricity Theft

Reduced Electricity Losses

Reduced Electricity Costs

Total

38%

5%22%
0%0%

35%

Cumulative Economic Benefits 2013 -
2040

Improved Asset Utilization

T&D Capital Savings

T&D O&M Savings

Reduced Electricity Theft

Reduced Electricity Losses

Reduced Electricity Costs

Cumulative Economic Benefits 2013 - 2040

Improved Asset Utilization 9,271,353$                                   

T&D Capital Savings 1,347,714$                                   

T&D O&M Savings 5,395,439$                                   

Reduced Electricity Theft 101,966$                                       

Reduced Electricity Losses -$                                                

Reduced Electricity Costs 8,513,248$                                   

Total 24,629,720$                                 

Cumulative Reliability Benefits 2013 - 2040

Reduced Sustained Outages

Reduced Major Outages

Reduced Restoration Cost

Reduced Momentary Outages

Reduced Sags and Swells

Total

100%

0%
0% 0%0%

Cumulative Reliability Benefits 2013 -
2040

Reduced Sustained Outages

Reduced Major Outages

Reduced Restoration Cost

Reduced Momentary
Outages

Reduced Sags and Swells

Cumulative Reliability Benefits 2013 - 2040

Reduced Sustained Outages 53,450,501$                                 

Reduced Major Outages -$                                                

Reduced Restoration Cost 1,964$                                           

Reduced Momentary Outages -$                                                

Reduced Sags and Swells -$                                                

Total 53,452,464$                                 
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Reference Case Output: Present Value Cost and Benefit Analysis
The table and graphs below summarize the present value of costs, benefits, and the net present value of the 

project. These results are displayed on an annual basis as well as on a cumulative basis.

Start Year of the Project

Total 2011 2012 2013 2014

Annual Cost (112,463,764)$              -$                                 -$                                 (4,111,423)$                  (4,125,813)$                  

Annual Benefit 80,635,019$                  -$                                 -$                                 1,142,518$                    3,497,443$                    

Annual Present Value (PV) Cost (53,695,656)$                -$                                 -$                                 (4,111,423)$                  (3,854,335)$                  

Annual PV Benefit 34,818,577$                  -$                                 -$                                 1,142,518$                    3,267,311$                    

Annual PV of Net Benefit (18,877,079)$                -$                                 -$                                 (2,968,905)$                  (587,023)$                      

Cumulative PV Cost -$                                 -$                                 (4,111,423)$                  (7,965,758)$                  

Cumulative PV Benefit -$                                 -$                                 1,142,518$                    4,409,829$                    

Cumulative PV of Net Benefit -$                                 -$                                 (2,968,905)$                  (3,555,929)$                  

2015 2016 2017 2018 2019 2020 2021 2022

(4,140,505)$                  (4,155,506)$                  (4,170,822)$                  (4,186,459)$                  (4,202,425)$                  (4,218,726)$                  (4,235,369)$                  (4,252,362)$                  

2,178,024$                    2,206,862$                    2,236,242$                    2,311,618$                    2,389,693$                    2,470,566$                    2,554,342$                    2,641,129$                    

(3,613,542)$                  (3,388,001)$                  (3,176,736)$                  (2,978,833)$                  (2,793,439)$                  (2,619,753)$                  (2,457,028)$                  (2,304,565)$                  

1,900,826$                    1,799,263$                    1,703,249$                    1,644,809$                    1,588,478$                    1,534,177$                    1,481,829$                    1,431,358$                    

(1,712,715)$                  (1,588,738)$                  (1,473,486)$                  (1,334,024)$                  (1,204,960)$                  (1,085,576)$                  (975,200)$                      (873,207)$                      

(11,579,300)$                (14,967,301)$                (18,144,036)$                (21,122,869)$                (23,916,308)$                (26,536,061)$                (28,993,089)$                (31,297,655)$                

6,310,655$                    8,109,919$                    9,813,168$                    11,457,977$                  13,046,455$                  14,580,633$                  16,062,461$                  17,493,820$                  

(5,268,644)$                  (6,857,382)$                  (8,330,868)$                  (9,664,892)$                  (10,869,853)$                (11,955,428)$                (12,930,628)$                (13,803,835)$                

2023 2024 2025 2026 2027 2028 2029 2030

(4,269,712)$                  (4,287,426)$                  (4,305,512)$                  (4,323,978)$                  (4,342,831)$                  (4,362,081)$                  (4,381,735)$                  (4,401,801)$                  

2,731,039$                    2,824,187$                    2,920,696$                    3,020,690$                    3,124,299$                    3,231,659$                    3,342,910$                    3,458,197$                    

(2,161,709)$                  (2,027,847)$                  (1,902,406)$                  (1,784,850)$                  (1,674,677)$                  (1,571,418)$                  (1,474,633)$                  (1,383,911)$                  

1,382,695$                    1,335,771$                    1,290,520$                    1,246,879$                    1,204,788$                    1,164,189$                    1,125,026$                    1,087,245$                    

(779,013)$                      (692,076)$                      (611,886)$                      (537,971)$                      (469,889)$                      (407,229)$                      (349,607)$                      (296,666)$                      

(33,459,363)$                (35,487,210)$                (37,389,616)$                (39,174,466)$                (40,849,143)$                (42,420,560)$                (43,895,193)$                (45,279,104)$                

18,876,515$                  20,212,286$                  21,502,806$                  22,749,685$                  23,954,473$                  25,118,663$                  26,243,688$                  27,330,933$                  

(14,582,848)$                (15,274,924)$                (15,886,810)$                (16,424,780)$                (16,894,669)$                (17,301,898)$                (17,651,505)$                (17,948,171)$                

2031 2032 2033 2034 2035 2036 2037 2038

(4,422,289)$                  (4,443,207)$                  (4,464,565)$                  (4,486,371)$                  (4,508,635)$                  (4,531,366)$                  (4,554,575)$                  (4,578,271)$                  

3,577,671$                    3,701,490$                    3,829,816$                    3,962,818$                    4,100,672$                    4,243,560$                    4,391,672$                    4,545,203$                    

(1,298,867)$                  (1,219,141)$                  (1,144,396)$                  (1,074,317)$                  (1,008,607)$                  (946,991)$                      (889,210)$                      (835,022)$                      

1,050,795$                    1,015,626$                    981,692$                        948,945$                        917,344$                        886,844$                        857,406$                        828,991$                        

(248,072)$                      (203,515)$                      (162,704)$                      (125,371)$                      (91,263)$                        (60,147)$                        (31,804)$                        (6,031)$                           

(46,577,971)$                (47,797,112)$                (48,941,508)$                (50,015,825)$                (51,024,432)$                (51,971,423)$                (52,860,633)$                (53,695,656)$                

28,381,728$                  29,397,354$                  30,379,046$                  31,327,992$                  32,245,335$                  33,132,179$                  33,989,586$                  34,818,577$                  

(18,196,243)$                (18,399,757)$                (18,562,462)$                (18,687,833)$                (18,779,096)$                (18,839,244)$                (18,871,048)$                (18,877,079)$                
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V.2 Data Input Module (DIM) 

.

Data Input Module

Values
Input Name Units Input Definition Default Values 100 101 102 103 104

Total Energy Discharged for Arbitrage

MWh The total amount of energy discharged from the energy 

storage device and used for arbitrage purposes over a year.

Enter Custom

-$                              -$                              -$                              -$                              -$                              

Total Energy Discharged for Energy Time-

Shift

MWh

The total amount of energy discharged from the energy 

storage device for the purposes of shifting energy from an 

off-peak time to an on-peak time. This may allow a utility to 

decrease their costs by offsetting the need to run less 

efficient, more expensive peaking units.

Enter Custom

267                                267                                267                                267                                267                                

Average Variable Peak Generation Costs
$/MWh

The average variable generation costs for marginal 

generation units used to meet peak demand.
Enter Custom

41$                                41$                                41$                                41$                                41$                                

Average Variable Off-Peak Generation 

Costs
$/MWh

The average variable generation costs for base load 

generation units.
Enter Custom

23$                                23$                                23$                                23$                                23$                                

CO2 Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average CO2 emissions factor for 

marginal generation units used to meet peak demand.
Use Default

1,151                            1,151                            1,151                            1,151                            1,151                            

CO2 Emissions Factor for Base Generation
lbs/MWh

The characteristic or average CO2 emissions factor for base 

load generation units.
Use Default

2,251                            2,251                            2,251                            2,251                            2,251                            

SOx Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average SOx emissions factor for 

marginal generation units used to meet peak demand.
Use Default

0.012                            0.012                            0.012                            0.012                            0.012                            

SOx Emissions Factor for Base Generation
lbs/MWh

The characteristic or average SOx emissions factor for base 

load generation units.
Use Default

6.67                               6.67                               6.67                               6.67                               6.67                               

NOx Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average NOx emissions factor for 

marginal generation units used to meet peak demand.
Use Default

1.41                               1.41                               1.41                               1.41                               1.41                               

NOx Emissions Factor for Base Generation
lbs/MWh

The characteristic or average NOx emissions factor for base 

load generation units.
Use Default

3.73                               3.73                               3.73                               3.73                               3.73                               

PM Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average PM emissions factor for 

marginal generation units used to meet peak demand.
Use Default

0.040                            0.040                            0.040                            0.040                            0.040                            

PM Emissions Factor for Base Generation
lbs/MWh

The characteristic or average PM emissions factor for base 

load generation units.
Use Default

0.200                            0.200                            0.200                            0.200                            0.200                            

Value of CO2
$/ton

The anticipated or current market price of carbon 

emissions.
Use Default

20$                                20$                                20$                                20$                                20$                                

Value of SOx $/ton The anticipated or current market price of SOx emissions. Use Default 520$                              520$                              520$                              520$                              520$                              

Value of NOx $/ton The anticipated or current market price of NOx emissions. Use Default 3,000$                          3,000$                          3,000$                          3,000$                          3,000$                          

Value of PM $/ton The anticipated or current market price of PM emissions. Use Default 36,000$                        36,000$                        36,000$                        36,000$                        36,000$                        

Generation Capacity Deferred

MW

The size of the generation investment deferred as a result 

of installing energy storage. Please only enter a single 

value per deferral in the initial year of deferral. If there is 

no deferral in a given year, leave that entry cell blank.

Enter Custom

-                                 1                                     -                                 -                                 -                                 

Capital Cost of Deferred Generation 

Capacity

$/MW

The base overnight capital cost of the deferred generation 

investment. Please only enter a single value per deferral in 

the initial year of deferral. If there is no deferral in a given 

year, leave that entry cell blank.

Enter Custom

-$                              1,227,000$                  -$                              -$                              -$                              

Yearly O&M Costs of Deferred Generation 

Capacity

$/MW-year

The expected fixed yearly operations and maintenance 

costs of the deferred generation investment. Please only 

enter a single value per deferral in the initial year of 

deferral. If there is no deferral in a given year, leave that 

entry cell blank.

Enter Custom

-$                              14,000$                        -$                              -$                              -$                              

Annual Fixed Charge Rate for Generation 

Capital Investment

%

The rate used to convert capital plant installed cost into an 

annuity equivalent (payment) representing annual carrying 

charges for capital equipment. It includes consideration of 

interest and equity return rates, annual interest payments 

and return of debt principal, dividends and return of equity 

principal, income taxes, and property taxes. Please only 

enter a single value per deferral in the initial year of 

deferral. If there is no deferral in a given year, leave that 

entry cell blank.

Enter Custom

10                                  10                                  10                                  10                                  10                                  

Initial Year of Generation Deferral

year

The first year that generation is deferred. Enter the value in 

20XX format. Please only enter a single value per deferral in 

the initial year of deferral. If there is no deferral in a given 

year, leave that entry cell blank.

Enter Custom

0 2014 0 0 0

Final year of Generation Deferral

year

The last year that generation is deferred. Enter the value in 

20XX format. Please only enter a single value per deferral in 

the initial year of deferral. If there is no deferral in a given 

year, leave that entry cell blank.

Enter Custom

0 2023 0 0 0

Transmission Capacity Deferred

kVA

The size of the transmission investment deferred as a result 

of installing energy storage. Please only enter a single 

value per deferral in the initial year of deferral. If there is 

no deferral in a given year, leave that entry cell blank.

Enter Custom

-                                 500                                -                                 -                                 -                                 

Annual Fixed Charge Rate for 

Transmission Capital Investment

%

The rate used to convert capital transmission installed cost 

into an annuity equivalent (payment) representing annual 

carrying charges for capital equipment. It includes 

consideration of interest and equity return rates, annual 

interest payments and return of debt principal, dividends 

and return of equity principal, income taxes, and property 

taxes. Please only enter a single value per deferral in the 

initial year of deferral. If there is no deferral in a given year, 

leave that entry cell blank.

Enter Custom

10                                  10                                  10                                  10                                  10                                  

Capital Cost of Deferred Transmission 

Capacity

$/kVA

The base overnight capital cost of the deferred 

transmission investment. Please only enter a single value 

per deferral in the initial year of deferral. If there is no 

deferral in a given year, leave that entry cell blank.

Enter Custom

-$                              319$                              -$                              -$                              -$                              

Yearly O&M Costs of Deferred 

Transmission Capacity

$/year

The expected fixed yearly operations and maintenance 

costs of the deferred transmission investment. Please only 

enter a single value per deferral in the initial year of 

deferral. If there is no deferral in a given year, leave that 

entry cell blank.

Use Default

-$                              -                                 -                                 -                                 -                                 

Initial Year of Transmission Deferral

year

The first year that transmission is deferred. Enter the value 

in 20XX format. Please only enter a single value per deferral 

in the initial year of deferral. If there is no deferral in a 

given year, leave that entry cell blank.

Enter Custom

0 2014 0 0 0

Final year of Transmission Deferral
year

The last year that transmission is deferred. Enter the value 

in 20XX format.
Enter Custom

0 2023 0 0 0

END END

Use the table below to enter the project data that will be used to calculate benefits. For each input the user must enter data for at least one project year 

before being able to submit entries and complete this step. When all data has been entered click the blue button at the bottom of the table to submit 

and store the data entries. If pasting data from another source into this table please use the "Paste Value" function to avoid changing cell formatting or 

pasting formulas. If the user does not have measured data to enter, they can leverage default values for most of the inputs. However, if default values 

are used the user should take care in interpreting the results since the default values tend to be general estimates, and the actual values for the user’s 

project may vary greatly. Furthermore, default values do not take into account situations in which energy storage deployments are being used for 

multiple applications, rather they assume the storage is being used for a single application for an entire year. Therefore, if multiple applications are 

being pursued and default values are being used, the user must ensure that the default amount of energy discharge for each application is realistic 

considering that the storage is being used for more than one application throughout the year.

Finish Data Entry

Return to the Asset
Characterization Module (ACM)
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Review Benefit Calculation Inputs

Input Name Units 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Total Energy Discharged for Arbitrage MWh -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Total Energy Discharged for Energy 

Time-Shift MWh 267                                267                                267                                267                                267                                267                                267                                267                                267                                267                                

Average Variable Peak Generation 

Costs $/MWh 41$                                41$                                41$                                41$                                41$                                42                                   43                                   44                                   45                                   46                                   

Average Variable Off-Peak 

Generation Costs $/MWh 23$                                23$                                23$                                23$                                23$                                23                                   24                                   24                                   25                                   25                                   

CO2 Emissions Factor for Generation 

on the Margin lbs/MWh 1,150.808500             1,150.808500             1,150.808500             1,150.808500             1,150.808500             1,151                             1,151                             1,151                             1,151                             1,151                             

CO2 Emissions Factor for Base 

Generation lbs/MWh 2,251.176500             2,251.176500             2,251.176500             2,251.176500             2,251.176500             2,251                             2,251                             2,251                             2,251                             2,251                             

SOx Emissions Factor for Generation 

on the Margin lbs/MWh 0.012200                      0.012200                      0.012200                      0.012200                      0.012200                      0                                     0                                     0                                     0                                     0                                     

SOx Emissions Factor for Base 

Generation lbs/MWh 6.670700                      6.670700                      6.670700                      6.670700                      6.670700                      7                                     7                                     7                                     7                                     7                                     

NOx Emissions Factor for Generation 

on the Margin lbs/MWh 1.411100                      1.411100                      1.411100                      1.411100                      1.411100                      1                                     1                                     1                                     1                                     1                                     

NOx Emissions Factor for Base 

Generation lbs/MWh 3.731100                      3.731100                      3.731100                      3.731100                      3.731100                      4                                     4                                     4                                     4                                     4                                     

PM Emissions Factor for Generation 

on the Margin lbs/MWh 0.040000                      0.040000                      0.040000                      0.040000                      0.040000                      0                                     0                                     0                                     0                                     0                                     

PM Emissions Factor for Base 

Generation lbs/MWh 0.200000                      0.200000                      0.200000                      0.200000                      0.200000                      0                                     0                                     0                                     0                                     0                                     

Value of CO2 $/ton 20$                                20$                                20$                                20$                                20$                                20$                                21$                                21$                                22$                                22$                                

Value of SOx $/ton 520$                              520$                              520$                              520$                              520$                              531$                              542$                              553$                              565$                              577$                              

Value of NOx $/ton 3,000$                          3,000$                          3,000$                          3,000$                          3,000$                          3,063$                          3,127$                          3,193$                          3,260$                          3,329$                          

Value of PM $/ton 36,000$                        36,000$                        36,000$                        36,000$                        36,000$                        36,756$                        37,528$                        38,316$                        39,121$                        39,942$                        

Generation Capacity Deferred MW -                                 1                                     -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Capital Cost of Deferred Generation 

Capacity $/MW -$                               1,227,000$                  -$                               -$                               -$                               -                                 -                                 -                                 -                                 -                                 

Yearly O&M Costs of Deferred 

Generation Capacity $/MW-year -$                               14,000$                        -$                               -$                               -$                               -                                 -                                 -                                 -                                 -                                 

Annual Fixed Charge Rate for 

Generation Capital Investment % 10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   

Initial Year of Generation Deferral year 0 2014 0 0 0 -                                 -                                 -                                 -                                 -                                 

Final year of Generation Deferral year 0 2023 0 0 0 -                                 -                                 -                                 -                                 -                                 

Transmission Capacity Deferred kVA -                                 500                                -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Annual Fixed Charge Rate for 

Transmission Capital Investment % 10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   10                                   

Capital Cost of Deferred Transmission 

Capacity $/kVA -$                               319$                              -$                               -$                               -$                               -                                 -                                 -                                 -                                 -                                 

Yearly O&M Costs of Deferred 

Transmission Capacity $/year -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Initial Year of Transmission Deferral year 0 2014 0 0 0 -                                 -                                 -                                 -                                 -                                 

Final year of Transmission Deferral year 0 2023 0 0 0 -                                 -                                 -                                 -                                 -                                 

Entered Data Projected Data

The table below contains the benefit calculation inputs that will be fed into the next phase of the 

Energy Storage Computational Tool. The purpose of this page is to give the user the opportunity to 

review the data before proceeding to the next phase of the tool. If the user finds data that has been 

entered erroneously, or if the user wishes to edit an entry they should navigate to back to the DIM and 

make the appropriate changes.
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V.3 Computational Module (CM) 

 

 

 

Computational Module 

(CM) Main Page

Reference Case

Sensitivity Analysis

Select % using toggle 2013 Values

Input Name Unit Low Reference High Low Reference High

Total Energy Discharged for Arbitrage MWh 100% 100% 100% -$                                   -$                                   -$                                   

Total Energy Discharged for Energy Time-Shift MWh 100% 100% 100% 267                                     267                                     267                                     

Average Variable Peak Generation Costs $/MWh 100% 100% 100% 41$                                     41$                                     41$                                     

Average Variable Off-Peak Generation Costs $/MWh 100% 100% 100% 23$                                     23$                                     23$                                     

CO2 Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 1,151                                 1,151                                 1,151                                 

CO2 Emissions Factor for Base Generation lbs/MWh 100% 100% 100% 2,251                                 2,251                                 2,251                                 

SOx Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 0.012                                 0.012                                 0.012                                 

SOx Emissions Factor for Base Generation lbs/MWh 100% 100% 100% 6.67                                   6.67                                   6.67                                   

NOx Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 1.41                                   1.41                                   1.41                                   

NOx Emissions Factor for Base Generation lbs/MWh 100% 100% 100% 3.73                                   3.73                                   3.73                                   

PM Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 0.040                                 0.040                                 0.040                                 

PM Emissions Factor for Base Generation lbs/MWh 100% 100% 100% 0.200                                 0.200                                 0.200                                 

Value of CO2 $/ton 100% 100% 100% 20$                                     20$                                     20$                                     

Value of SOx $/ton 100% 100% 100% 520$                                  520$                                  520$                                  

Value of NOx $/ton 100% 100% 100% 3,000$                               3,000$                               3,000$                               

Value of PM $/ton 100% 100% 100% 36,000$                            36,000$                            36,000$                            

Generation Capacity Deferred MW 100% 100% 100% -                                     -                                     -                                     

Capital Cost of Deferred Generation Capacity $/MW 100% 100% 100% -$                                   -$                                   -$                                   

Yearly O&M Costs of Deferred Generation Capacity $/MW-year 100% 100% 100% -$                                   -$                                   -$                                   

Annual Fixed Charge Rate for Generation Capital Investment % 100% 100% 100% 10                                       10                                       10                                       

Initial Year of Generation Deferral year 100% 100% 100% 0 0 0

Final year of Generation Deferral year 100% 100% 100% 0 0 0

Transmission Capacity Deferred kVA 100% 100% 100% -                                     -                                     -                                     

Annual Fixed Charge Rate for Transmission Capital Investment % 100% 100% 100% 10                                       10                                       10                                       

Capital Cost of Deferred Transmission Capacity $/kVA 100% 100% 100% -$                                   -$                                   -$                                   

Yearly O&M Costs of Deferred Transmission Capacity $/year 100% 100% 100% -$                                   -$                                   -$                                   

Initial Year of Transmission Deferral year 100% 100% 100% 0 0 0

Final year of Transmission Deferral year 100% 100% 100% 0 0 0

Instructions
Welcome to the Computational Module (CM) phase of the Energy Storage Computational Tool (ESCT).  

The CM is the calculation engine of the tool, it crunches the numbers and generates the output.  The CM 

also allows the user to complete a sensitivity analysis if desired. 

Running the CM with Reference Inputs - To run the CM with the inputs that were entered in the DIM 

phase, simply click the button in the "Reference Case" section that says "Run CM with Reference Case 

Inputs". The CM will take about 20 seconds to complete the analysis. Once the analysis is complete the 

results can be viewed by clicking the "View Reference Case Results" button. 

Running the a Sensitivity Analysis - Before running a sensitivity analysis the CM should be run with the 

reference case inputs by following the directions above. To run a sensitivity analysis first change the 

High and Low sensitivity ranges of the desired inputs by using the toggles that are to the right of every 

input. After all of the desired sensitivity ranges have been set click the button in the "Sensitivity 

Analysis" section that says "Run CM with Sensitivity Case Inputs". The CM will take about a 40 seconds 

to complete the analysis. Once the analysis is complete the results can be viewed by clicking the "View 

Sensitivity Results" button. All of the sensitivity ranges can be reset to 100% by clicking the button above 

the toggle switches that says "Reset all values to 100%".

Run CM with Reference Case Inputs

Run CM with Sensitivity Case Inputs

View Reference 
Case Results

View Sensitivity

Results
Reset all values to 100%

Go Back to the DIM
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Reference Case Output: Annual and Cumulative Results Tables

Annual Benefit and Cost Table

Benefits

Additional Benefits - 

Total Present Value over 

the Deployment Period

+

Primary and Secondary 

Benefits - Total Present 

Value over the 

Deployment Period

=

Total Benefit - 

Present Value over 

the Deployment 

Period 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Arbitrage Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Capacity Market Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Ancillary Services Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation (Non-Utility 

Merchant)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation  (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Generation Capacity Investments  $                                                              -  $                                                106,500  $                                       106,500 -$                              106,500$                -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Non-Utility Merchant)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Transmission Investments  $                                                              -  $                                                  15,600  $                                         15,600 -$                              15,600$                  -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Distribution Investments  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Energy Efficiency Reduced Electricity Losses  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Consumer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Utility/Ratepayer)  $                                                              -  $                                                  38,400  $                                         38,400 5,000$                     4,700$                     4,300$                     4,100$                     3,800$                     3,600$                     3,500$                     3,300$                     3,100$                     3,000$                     

Reduced Outages (Consumer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Outages (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Power Quality Improved Power Quality  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced CO2 Emissions  $                                                              -  $                                                (22,400)  $                                       (22,400) (2,900)$                   (2,700)$                   (2,600)$                   (2,400)$                   (2,200)$                   (2,100)$                   (2,000)$                   (1,900)$                   (1,800)$                   (1,800)$                   

Reduced SOx Emissions  $                                                              -  $                                                  (3,600)  $                                         (3,600) (500)$                       (400)$                       (400)$                       (400)$                       (400)$                       (300)$                       (300)$                       (300)$                       (300)$                       (300)$                       

Reduced NOx Emissions  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced PM Emissions  $                                                              -  $                                                  (6,000)  $                                         (6,000) (800)$                       (700)$                       (700)$                       (600)$                       (600)$                       (600)$                       (500)$                       (500)$                       (500)$                       (500)$                       

Total Gross Benefit  $                                             -  $                                  128,500  $                           128,500 800$                 123,000$          600$                 700$                 600$                 600$                 700$                 600$                 500$                 400$                 

 $                                   3,859,700 514,500$                480,600$                449,000$                419,400$                391,800$                366,000$                341,900$                319,400$                298,400$                278,700$                

 $                                       157,500 21,000$                  19,600$                  18,300$                  17,100$                  16,000$                  14,900$                  14,000$                  13,000$                  12,200$                  11,400$                  

 $                                         79,900 -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              79,900$                  

 $                        4,097,300 535,500$          500,300$          467,300$          436,500$          407,800$          381,000$          355,900$          332,400$          310,600$          370,000$          

 $                      (3,968,800) (534,700)$         (377,300)$         (466,700)$         (435,800)$         (407,200)$         (380,400)$         (355,200)$         (331,800)$         (310,100)$         (369,600)$         

Cumulative Benefit and Cost Table 1 2 3 4 5 6 7 8 9 10

Benefits

Additional Benefits - 

Total Present Value over 

the Deployment Period

+

Primary and Secondary 

Benefits - Total Present 

Value over the 

Deployment Period

=

Total Benefit - 

Present Value over 

the Deployment 

Period 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Arbitrage Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Capacity Market Revenue  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Ancillary Services Revenue  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation (Non-Utility  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation  (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Generation Capacity Investments  $                                                              -  $                                                106,500  $                                 106,500.00 -$                              106,500$                106,500$                106,500$                106,500$                106,500$                106,500$                106,500$                106,500$                106,500$                

Reduced Congestion Costs (Non-Utility Merchant)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Transmission Investments  $                                                              -  $                                                  15,600  $                                   15,600.00 -$                              15,600$                  15,600$                  15,600$                  15,600$                  15,600$                  15,600$                  15,600$                  15,600$                  15,600$                  

Deferred Distribution Investments  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Energy Efficiency Reduced Electricity Losses  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Consumer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Utility/Ratepayer)  $                                                              -  $                                                  38,400  $                                   38,400.00 5,000$                     9,700$                     14,000$                  18,100$                  21,900$                  25,500$                  29,000$                  32,300$                  35,400$                  38,400$                  

Reduced Outages (Consumer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Outages (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Power Quality Improved Power Quality  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced CO2 Emissions  $                                                              -  $                                                (22,400)  $                                 (22,400.00) (2,900)$                   (5,600)$                   (8,200)$                   (10,600)$                 (12,800)$                 (14,900)$                 (16,900)$                 (18,800)$                 (20,600)$                 (22,400)$                 

Reduced SOx Emissions  $                                                              -  $                                                  (3,600)  $                                   (3,600.00) (500)$                       (900)$                       (1,300)$                   (1,700)$                   (2,100)$                   (2,400)$                   (2,700)$                   (3,000)$                   (3,300)$                   (3,600)$                   

Reduced NOx Emissions  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced PM Emissions  $                                                              -  $                                                  (6,000)  $                                   (6,000.00) (800)$                       (1,500)$                   (2,200)$                   (2,800)$                   (3,400)$                   (4,000)$                   (4,500)$                   (5,000)$                   (5,500)$                   (6,000)$                   

Total Gross Benefit  $                                             -  $                                  128,500  $                      128,500.00 800$                 123,800$          124,400$          125,100$          125,700$          126,300$          127,000$          127,600$          128,100$          128,500$          

 $                             3,859,700.00 514,500$                995,100$                1,444,100$            1,863,500$            2,255,300$            2,621,300$            2,963,200$            3,282,600$            3,581,000$            3,859,700$            

 $                                 157,500.00 21,000$                  40,600$                  58,900$                  76,000$                  92,000$                  106,900$                120,900$                133,900$                146,100$                157,500$                

 $                                   79,900.00 -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              79,900$                  

 $                   4,097,300.00 535,500$          1,035,800$       1,503,100$       1,939,600$       2,347,400$       2,728,400$       3,084,300$       3,416,700$       3,727,300$       4,097,300$       

 $                 (3,968,800.00) (534,700)$         (912,000)$         (1,378,700)$      (1,814,500)$      (2,221,700)$      (2,602,100)$      (2,957,300)$      (3,289,100)$      (3,599,200)$      (3,968,800)$      Total Net Benefit

Air Emissions

Market Revenue

Power Interruptions

Improved Asset 

Utilization

T&D Capital Savings

Electricity Cost 

Savings

Costs
Capital Cost of Deployment (fixed charge rate)

Operating and maintenance costs not related to energy (labor for operation, plant maintenance, equipment wear leading to loss-

Decommissioning and Disposal Costs

Total Annual Cost of Deployment

The tables below display the annual and cumulative project benefits and costs. The benefits are organized by category. The total gross benefit, total 

cost, and net benefit are also displayed at the bottom of each chart. All values are present value terms. To calculate additional benefits navigate to the 

additional benefits worksheets from the Additional Benefits tab.

Improved Asset 

Utilization

T&D Capital Savings

Market Revenue

Air Emissions

Power Interruptions

Electricity Cost 

Savings

Capital Cost of Deployment (fixed charge rate)

Operating and maintenance costs not related to energy (labor for operation, plant maintenance, equipment wear leading to loss-

of-life)

Decommissioning and Disposal Costs

Costs

Total Annual Cost of Deployment

Total Net Benefit



KCP&L Green Impact Zone SmartGrid Demonstration Final Technical Report: Appendices 

V2.0 05/22/2015 V-12 

 

 

 

 

Cumulative Gross Benefits over the Deployment Period (Present Value) 

Arbitrage Revenue

Capacity Market Revenue

Ancillary Services Revenue

Deferred Generation Capacity Investments

Reduced Congestion Costs (Non-Utility Merchant)

Reduced Congestion Costs (Utility/Ratepayer)

Deferred Transmission Investments

Deferred Distribution Investments

Reduced Electricity Losses

Reduced Electricity Cost (Consumer)

Reduced Electricity Cost (Utility/Ratepayer)

Reduced Outages (Consumer)

Reduced Outages (Utility/Ratepayer)

Improved Power Quality

Reduced Emissions

Total Gross Benefit

66%

10%

24%

Cumulative Gross Benefits over the Deployment Period 
(Present Value) 

Arbitrage Revenue

Capacity Market Revenue

Ancillary Services Revenue

Optimized Generator Operation (Non-Utility Merchant)

Optimized Generator Operation  (Utility/Ratepayer)

Deferred Generation Capacity Investments

Reduced Congestion Costs (Non-Utility Merchant)

Reduced Congestion Costs (Utility/Ratepayer)

Deferred Transmission Investments

Deferred Distribution Investments

Reduced Electricity Losses

Reduced Electricity Cost (Consumer)

Reduced Electricity Cost (Utility/Ratepayer)

Reduced Outages (Consumer)

Reduced Outages (Utility/Ratepayer)

Improved Power Quality

Reduced Emissions

Cumulative Gross Benefits over the Deployment Period (Present Value) Lifetime Benefit per kW of Energy 

Storage Installed

Arbitrage Revenue -$                                                         -$                                                            

Capacity Market Revenue -$                                                         -$                                                            

Ancillary Services Revenue -$                                                         -$                                                            

Optimized Generator Operation (Non-Utility 

Merchant) -$                                                         -$                                                            

Optimized Generator Operation  

(Utility/Ratepayer) -$                                                         -$                                                            

Deferred Generation Capacity Investments 106,500$                                                107$                                                           

Reduced Congestion Costs (Non-Utility Merchant) -$                                                         -$                                                            

Reduced Congestion Costs (Utility/Ratepayer) -$                                                         -$                                                            

Deferred Transmission Investments 15,600$                                                   16$                                                              

Deferred Distribution Investments -$                                                         -$                                                            

Reduced Electricity Losses -$                                                         -$                                                            

Reduced Electricity Cost (Consumer) -$                                                         -$                                                            

Reduced Electricity Cost (Utility/Ratepayer) 38,400$                                                   38$                                                              

Reduced Outages (Consumer) -$                                                         -$                                                            

Reduced Outages (Utility/Ratepayer) -$                                                         -$                                                            

Improved Power Quality -$                                                         -$                                                            

Reduced Emissions -$                                                         -$                                                            

Total Gross Benefit 160,500$                                                161$                                                           
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Annual Gross Benefits, Costs, and Net Benefits 

Gross Benefit (Present Value Dollars)

Total Annual Cost of Deployment (Present Value
Dollars)

Net Benefit (Present Value Dollars)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Gross Benefit (Present Value 

Dollars) 800$                                                           123,000$              600$                      700$                      600$                      600$                      700$                      600$                      500$                      400$                      

Total Annual Cost of Deployment 

(Present Value Dollars) (535,500)$                                                 (500,300)$            (467,300)$            (436,500)$            (407,800)$            (381,000)$            (355,900)$            (332,400)$            (310,600)$            (370,000)$            

Net Benefit (Present Value 

Dollars) (534,700)$                                                 (377,300)$            (466,700)$            (435,800)$            (407,200)$            (380,400)$            (355,200)$            (331,800)$            (310,100)$            (369,600)$            
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Cumulative Gross Benefits, Costs, and Net Benefits 

Gross Benefit (Present Value Dollars)

Total Annual Cost of Deployment (Present Value
Dollars)

Net Benefit (Present Value Dollars)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cumulative Gross Benefit 

(Present Value Dollars) 800$                                                           123,800$              124,400$              125,100$              125,700$              126,300$              127,000$              127,600$              128,100$              128,500$              

Cumulative Cost of Deployment 

(Present Value Dollars) (535,500)$                                                 (1,035,800)$         (1,503,100)$         (1,939,600)$         (2,347,400)$         (2,728,400)$         (3,084,300)$         (3,416,700)$         (3,727,300)$         (4,097,300)$         

Cumulative Net Benefit (Present 

Value Dollars) (534,700)$                                                 (912,000)$            (1,378,700)$         (1,814,500)$         (2,221,700)$         (2,602,100)$         (2,957,300)$         (3,289,100)$         (3,599,200)$         (3,968,800)$         
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W.1 Asset Characterization Module (ACM) 
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W.2 Data Input Module (DIM) 

Data Input Module

Values
Input Name Units Input Definition Default Values 100 101 102 103 104

Average On-Peak Price of Electricity
$/MWh

The average on-peak price of wholesale electricity over a 

year.
Enter Custom

41$                                41$                                41$                                41$                                41$                                

CO2 Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average CO2 emissions factor for 

marginal generation units used to meet peak demand.
Use Default

1,151                            1,151                            1,151                            1,151                            1,151                            

SOx Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average SOx emissions factor for 

marginal generation units used to meet peak demand.
Use Default

0.012                            0.012                            0.012                            0.012                            0.012                            

NOx Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average NOx emissions factor for 

marginal generation units used to meet peak demand.
Use Default

1.41                               1.41                               1.41                               1.41                               1.41                               

PM Emissions Factor for Generation on 

the Margin
lbs/MWh

The characteristic or average PM emissions factor for 

marginal generation units used to meet peak demand.
Use Default

0.040                            0.040                            0.040                            0.040                            0.040                            

Value of CO2
$/ton

The anticipated or current market price of carbon 

emissions.
Use Default

20$                                20$                                20$                                20$                                20$                                

Value of SOx $/ton The anticipated or current market price of SOx emissions. Use Default 520$                              520$                              520$                              520$                              520$                              

Value of NOx $/ton The anticipated or current market price of NOx emissions. Use Default 3,000$                          3,000$                          3,000$                          3,000$                          3,000$                          

Value of PM $/ton The anticipated or current market price of PM emissions. Use Default 36,000$                        36,000$                        36,000$                        36,000$                        36,000$                        

Total Energy Discharged for TOU Energy 

Cost Management

MWh

Total amount of energy discharged by the energy storage 

device to provide energy during peak-time so as to avoid 

paying peak prices.

Enter Custom

3                                     3                                     3                                     3                                     3                                     

Average On-Peak Retail Price of 

Electricity

$/MWh

Average on-peak retail price of electricity. This would be 

the price that was avoided as a result of the energy storage 

device.

Enter Custom

200$                              200$                              200$                              200$                              200$                              

Average Off-Peak Retail Price of 

Electricity

$/MWh

Average off-peak retail price of electricity. This would be 

the price that was paid for electricity used to charge the 

energy storage device.

Enter Custom

26$                                26$                                26$                                26$                                26$                                

Outage Minutes Avoided by Residential 

Customers

minutes

The total outage minutes avoided by residential customers 

as a result of energy storage devices being used to provide 

power during system interruptions.

Enter Custom

476                                476                                476                                476                                476                                

Outage Minutes Avoided by Commercial 

Customers

minutes

The total outage minutes avoided by commercial customers 

as a result of energy storage devices being used to provide 

power during system interruptions.

Enter Custom

-                                 -                                 -                                 -                                 -                                 

Outage Minutes Avoided by Industrial 

Customers

minutes

The total outage minutes avoided by industrial customers 

as a result of energy storage devices being used to provide 

power during system interruptions.

Enter Custom

-                                 -                                 -                                 -                                 -                                 

Average Hourly Residential Load Not 

Served During Outage

kW

The average residential load unserved during outages. This 

parameter can be estimated by determining the average 

load of customers whose reliability will be impacted by the 

energy storage device.

Enter Custom

1.2                                 1.2                                 1.2                                 1.2                                 1                                     

Average Hourly Commercial Load Not 

Served During Outage

kW

The average commercial load unserved during outages. This 

parameter can be estimated by determining the average 

load of customers whose reliability will be impacted by the 

energy storage device.

Enter Custom

-                                 -                                 -                                 -                                 -                                 

Average Hourly Industrial Load Not 

Served During Outage

kW

The average industrial load unserved during outages. This 

parameter can be estimated by determining the average 

load of customers whose reliability will be impacted by the 

energy storage device.

Enter Custom

-                                 -                                 -                                 -                                 -                                 

Residential VOS

$/kWh

Represents the true value of the electricity service to the 

residential customer without regard to the actual cost of 

providing the service. This input captures the value of 

service reliability quantified by the willingness of 

customers to pay for service reliability, taking into account 

the resources (e.g., income) of the residential customer.

Enter Custom

2.3$                               2.3$                               2.3$                               2.3$                               2.3$                               

Commercial VOS

$/kWh

Represents the true value of the electricity service to the 

commercial customer without regard to the actual cost of 

providing the service. This input captures the value of 

service reliability quantified by the willingness of 

customers to pay for service reliability, taking into account 

the resources (e.g., income) of the commercial customer or 

by a firm's expected net revenues associated with the 

added reliability.

Enter Custom

-$                              -$                              -$                              -$                              -$                              

Industrial VOS

$/kWh

Represents the true value of the electricity service to the 

commercial customer without regard to the actual cost of 

providing the service. This input captures the value of 

service reliability quantified by the willingness of 

customers to pay for service reliability, taking into account 

the resources (e.g., income) of the commercial customer or 

by a firm's expected net revenues associated with the 

added reliability.

Enter Custom

-$                              -$                              -$                              -$                              -$                              

Total Renewable Energy Discharged for 

Arbitrage

MWh

The total amount of renewable energy discharged from the 

energy storage device and used for arbitrage purposes over 

a year.

Enter Custom

-                                 -                                 -                                 -                                 

Total Renewable Energy Discharged for 

Energy Time-Shift

MWh

The total amount of renewable energy discharged from the 

energy storage device for the purposes of shifting energy 

from an off-peak time to an on-peak time. This may allow 

an end user to avoid paying peak-prices for electricity or 

this may allow a utility to decrease their costs by offsetting 

the need to run less efficient, more expensive peaking 

units.

Enter Custom

-                                 -                                 -                                 -                                 -                                 

END END

Use the table below to enter the project data that will be used to calculate benefits. For each input the user must enter data for at least one project year 

before being able to submit entries and complete this step. When all data has been entered click the blue button at the bottom of the table to submit 

and store the data entries. If pasting data from another source into this table please use the "Paste Value" function to avoid changing cell formatting or 

pasting formulas. If the user does not have measured data to enter, they can leverage default values for most of the inputs. However, if default values 

are used the user should take care in interpreting the results since the default values tend to be general estimates, and the actual values for the user’s 

project may vary greatly. Furthermore, default values do not take into account situations in which energy storage deployments are being used for 

multiple applications, rather they assume the storage is being used for a single application for an entire year. Therefore, if multiple applications are 

being pursued and default values are being used, the user must ensure that the default amount of energy discharge for each application is realistic 

considering that the storage is being used for more than one application throughout the year.

Finish Data Entry

Return to the Asset
Characterization Module (ACM)
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Review Benefit Calculation Inputs

Input Name Units 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Average On-Peak Price of Electricity $/MWh 41$                                41$                                41$                                41$                                41$                                42                                   43                                   44                                   45                                   46                                   

CO2 Emissions Factor for Generation 

on the Margin lbs/MWh 1,150.808500             1,150.808500             1,150.808500             1,150.808500             1,150.808500             1,151                             1,151                             1,151                             1,151                             1,151                             

SOx Emissions Factor for Generation 

on the Margin lbs/MWh 0.012200                      0.012200                      0.012200                      0.012200                      0.012200                      0                                     0                                     0                                     0                                     0                                     

NOx Emissions Factor for Generation 

on the Margin lbs/MWh 1.411100                      1.411100                      1.411100                      1.411100                      1.411100                      1                                     1                                     1                                     1                                     1                                     

PM Emissions Factor for Generation 

on the Margin lbs/MWh 0.040000                      0.040000                      0.040000                      0.040000                      0.040000                      0                                     0                                     0                                     0                                     0                                     

Value of CO2 $/ton 20$                                20$                                20$                                20$                                20$                                20$                                21$                                21$                                22$                                22$                                

Value of SOx $/ton 520$                              520$                              520$                              520$                              520$                              531$                              542$                              553$                              565$                              577$                              

Value of NOx $/ton 3,000$                          3,000$                          3,000$                          3,000$                          3,000$                          3,063$                          3,127$                          3,193$                          3,260$                          3,329$                          

Value of PM $/ton 36,000$                        36,000$                        36,000$                        36,000$                        36,000$                        36,756$                        37,528$                        38,316$                        39,121$                        39,942$                        

Total Energy Discharged for TOU 

Energy Cost Management MWh 3                                     3                                     3                                     3                                     3                                     3                                     3                                     3                                     3                                     3                                     

Average On-Peak Retail Price of 

Electricity $/MWh 200$                              200$                              200$                              200$                              200$                              205                                209                                213                                218                                222                                

Average Off-Peak Retail Price of 

Electricity $/MWh 26$                                26$                                26$                                26$                                26$                                27                                   27                                   28                                   29                                   29                                   

Outage Minutes Avoided by 

Residential Customers minutes 476                                476                                476                                476                                476                                476                                476                                476                                476                                476                                

Outage Minutes Avoided by 

Commercial Customers minutes -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Outage Minutes Avoided by 

Industrial Customers minutes -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Average Hourly Residential Load Not 

Served During Outage kW 1.2                                 1.2                                 1.2                                 1.2                                 1                                     1                                     1                                     1                                     1                                     1                                     

Average Hourly Commercial Load Not 

Served During Outage kW -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Average Hourly Industrial Load Not 

Served During Outage kW -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Residential VOS $/kWh 2.3$                               2.3$                               2.3$                               2.3$                               2.3$                               2                                     2                                     2                                     2                                     3                                     

Commercial VOS $/kWh -$                               -$                               -$                               -$                               -$                               -                                 -                                 -                                 -                                 -                                 

Industrial VOS $/kWh -$                               -$                               -$                               -$                               -$                               -                                 -                                 -                                 -                                 -                                 

Total Renewable Energy Discharged 

for Arbitrage MWh -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Total Renewable Energy Discharged 

for Energy Time-Shift MWh -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                                 

Entered Data Projected Data

The table below contains the benefit calculation inputs that will be fed into the next phase of the 

Energy Storage Computational Tool. The purpose of this page is to give the user the opportunity to 

review the data before proceeding to the next phase of the tool. If the user finds data that has been 

entered erroneously, or if the user wishes to edit an entry they should navigate to back to the DIM and 

make the appropriate changes.
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Computational Module 

(CM) Main Page

Reference Case

Sensitivity Analysis

Select % using toggle 2014 Values

Input Name Unit Low Reference High Low Reference High

Average On-Peak Price of Electricity $/MWh 100% 100% 100% 41$                                     41$                                     41$                                     

CO2 Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 1,151                                 1,151                                 1,151                                 

SOx Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 0.012                                 0.012                                 0.012                                 

NOx Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 1.41                                   1.41                                   1.41                                   

PM Emissions Factor for Generation on the Margin lbs/MWh 100% 100% 100% 0.040                                 0.040                                 0.040                                 

Value of CO2 $/ton 100% 100% 100% 20$                                     20$                                     20$                                     

Value of SOx $/ton 100% 100% 100% 520$                                  520$                                  520$                                  

Value of NOx $/ton 100% 100% 100% 3,000$                               3,000$                               3,000$                               

Value of PM $/ton 100% 100% 100% 36,000$                            36,000$                            36,000$                            

Total Energy Discharged for TOU Energy Cost Management MWh 100% 100% 100% 3                                         3                                         3                                         

Average On-Peak Retail Price of Electricity $/MWh 100% 100% 100% 200$                                  200$                                  200$                                  

Average Off-Peak Retail Price of Electricity $/MWh 100% 100% 100% 26$                                     26$                                     26$                                     

Outage Minutes Avoided by Residential Customers minutes 100% 100% 100% 476                                     476                                     476                                     

Outage Minutes Avoided by Commercial Customers minutes 100% 100% 100% -                                     -                                     -                                     

Outage Minutes Avoided by Industrial Customers minutes 100% 100% 100% -                                     -                                     -                                     

Average Hourly Residential Load Not Served During Outage kW 100% 100% 100% 1.2                                      1.2                                      1.2                                      

Average Hourly Commercial Load Not Served During Outage kW 100% 100% 100% -                                     -                                     -                                     

Average Hourly Industrial Load Not Served During Outage kW 100% 100% 100% -                                     -                                     -                                     

Residential VOS $/kWh 100% 100% 100% 2.3$                                   2.3$                                   2.3$                                   

Commercial VOS $/kWh 100% 100% 100% -$                                   -$                                   -$                                   

Industrial VOS $/kWh 100% 100% 100% -$                                   -$                                   -$                                   

Total Renewable Energy Discharged for Arbitrage MWh 100% 100% 100% -                                     -                                     -                                     

Total Renewable Energy Discharged for Energy Time-Shift MWh 100% 100% 100% -                                     -                                     -                                     

Instructions
Welcome to the Computational Module (CM) phase of the Energy Storage Computational Tool (ESCT).  

The CM is the calculation engine of the tool, it crunches the numbers and generates the output.  The CM 

also allows the user to complete a sensitivity analysis if desired. 

Running the CM with Reference Inputs - To run the CM with the inputs that were entered in the DIM 

phase, simply click the button in the "Reference Case" section that says "Run CM with Reference Case 

Inputs". The CM will take about 20 seconds to complete the analysis. Once the analysis is complete the 

results can be viewed by clicking the "View Reference Case Results" button. 

Running the a Sensitivity Analysis - Before running a sensitivity analysis the CM should be run with the 

reference case inputs by following the directions above. To run a sensitivity analysis first change the 

High and Low sensitivity ranges of the desired inputs by using the toggles that are to the right of every 

input. After all of the desired sensitivity ranges have been set click the button in the "Sensitivity 

Analysis" section that says "Run CM with Sensitivity Case Inputs". The CM will take about a 40 seconds 

to complete the analysis. Once the analysis is complete the results can be viewed by clicking the "View 

Sensitivity Results" button. All of the sensitivity ranges can be reset to 100% by clicking the button above 

the toggle switches that says "Reset all values to 100%".

Run CM with Reference Case Inputs

Run CM with Sensitivity Case Inputs

View Reference 

Case Results

View Sensitivity

Results
Reset all values to 100%

Go Back to the DIM
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Reference Case Output: Annual and Cumulative Results Tables

Annual Benefit and Cost Table

Benefits

Additional Benefits - 

Total Present Value over 

the Deployment Period

+

Primary and Secondary 

Benefits - Total Present 

Value over the 

Deployment Period

=

Total Benefit - 

Present Value over 

the Deployment 

Period 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Arbitrage Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Capacity Market Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Ancillary Services Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation (Non-Utility 

Merchant)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation  (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Generation Capacity Investments  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Non-Utility Merchant)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Transmission Investments  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Distribution Investments  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Energy Efficiency Reduced Electricity Losses  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Consumer)  $                                                              -  $                                                     4,200  $                                           4,200 500$                        500$                        400$                        400$                        400$                        400$                        400$                        400$                        400$                        400$                        

Reduced Electricity Cost (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Outages (Consumer)  $                                                              -  $                                                        200  $                                               200 20$                           20$                           20$                           20$                           20$                           20$                           20$                           20$                           20$                           20$                           

Reduced Outages (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Power Quality Improved Power Quality  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced CO2 Emissions  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced SOx Emissions  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced NOx Emissions  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced PM Emissions  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Total Gross Benefit  $                                             -  $                                      4,400  $                               4,400 520$                 520$                 420$                 420$                 420$                 420$                 420$                 420$                 420$                 420$                 

 $                                         28,800 3,600$                     3,400$                     3,200$                     3,100$                     2,900$                     2,800$                     2,600$                     2,500$                     2,400$                     2,300$                     

 $                                           1,000 100$                        100$                        100$                        100$                        100$                        100$                        100$                        100$                        100$                        100$                        

 $                                               600 -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              600$                        

 $                             30,400 3,700$              3,500$              3,400$              3,200$              3,000$              2,900$              2,700$              2,600$              2,500$              2,900$              

 $                           (26,000) (3,180)$             (2,980)$             (2,980)$             (2,780)$             (2,580)$             (2,480)$             (2,280)$             (2,180)$             (2,080)$             (2,480)$             

Cumulative Benefit and Cost Table 1 2 3 4 5 6 7 8 9 10

Benefits

Additional Benefits - 

Total Present Value over 

the Deployment Period

+

Primary and Secondary 

Benefits - Total Present 

Value over the 

Deployment Period

=

Total Benefit - 

Present Value over 

the Deployment 

Period 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Arbitrage Revenue  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Capacity Market Revenue  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Ancillary Services Revenue  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation (Non-Utility  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Optimized Generator Operation  (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Generation Capacity Investments  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Non-Utility Merchant)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Congestion Costs (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Transmission Investments  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Deferred Distribution Investments  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Energy Efficiency Reduced Electricity Losses  $                                                              -  $                                                              -  $                                                    - -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Electricity Cost (Consumer)  $                                                              -  $                                                     4,200  $                                     4,200.00 500$                        1,000$                     1,400$                     1,800$                     2,200$                     2,600$                     3,000$                     3,400$                     3,800$                     4,200$                     

Reduced Electricity Cost (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced Outages (Consumer)  $                                                              -  $                                                        200  $                                         200.00 20$                           40$                           60$                           80$                           100$                        120$                        140$                        160$                        180$                        200$                        

Reduced Outages (Utility/Ratepayer)  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Power Quality Improved Power Quality  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced CO2 Emissions  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced SOx Emissions  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced NOx Emissions  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Reduced PM Emissions  $                                                              -  $                                                              -  $                                                  -   -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              

Total Gross Benefit  $                                             -  $                                      4,400  $                          4,400.00 520$                 1,040$              1,460$              1,880$              2,300$              2,720$              3,140$              3,560$              3,980$              4,400$              

 $                                   28,800.00 3,600$                     7,000$                     10,200$                  13,300$                  16,200$                  19,000$                  21,600$                  24,100$                  26,500$                  28,800$                  

 $                                     1,000.00 100$                        200$                        300$                        400$                        500$                        600$                        700$                        800$                        900$                        1,000$                     

 $                                         600.00 -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              -$                              600$                        

 $                        30,400.00 3,700$              7,200$              10,600$            13,800$            16,800$            19,700$            22,400$            25,000$            27,500$            30,400$            

 $                      (26,000.00) (3,180)$             (6,160)$             (9,140)$             (11,920)$           (14,500)$           (16,980)$           (19,260)$           (21,440)$           (23,520)$           (26,000)$           Total Net Benefit

Air Emissions

Market Revenue

Power Interruptions

Improved Asset 

Utilization

T&D Capital Savings

Electricity Cost 

Savings

Costs
Capital Cost of Deployment (fixed charge rate)

Operating and maintenance costs not related to energy (labor for operation, plant maintenance, equipment wear leading to loss-

Decommissioning and Disposal Costs

Total Annual Cost of Deployment

The tables below display the annual and cumulative project benefits and costs. The benefits are organized by category. The total gross benefit, total 

cost, and net benefit are also displayed at the bottom of each chart. All values are present value terms. To calculate additional benefits navigate to the 

additional benefits worksheets from the Additional Benefits tab.

Improved Asset 

Utilization

T&D Capital Savings

Market Revenue

Air Emissions

Power Interruptions

Electricity Cost 

Savings

Capital Cost of Deployment (fixed charge rate)

Operating and maintenance costs not related to energy (labor for operation, plant maintenance, equipment wear leading to loss-

of-life)

Decommissioning and Disposal Costs

Costs

Total Annual Cost of Deployment

Total Net Benefit
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Cumulative Gross Benefits over the Deployment Period (Present Value) 

Arbitrage Revenue

Capacity Market Revenue

Ancillary Services Revenue

Deferred Generation Capacity Investments

Reduced Congestion Costs (Non-Utility Merchant)

Reduced Congestion Costs (Utility/Ratepayer)

Deferred Transmission Investments

Deferred Distribution Investments

Reduced Electricity Losses

Reduced Electricity Cost (Consumer)

Reduced Electricity Cost (Utility/Ratepayer)

Reduced Outages (Consumer)

Reduced Outages (Utility/Ratepayer)

Improved Power Quality

Reduced Emissions

Total Gross Benefit95%

5%

Cumulative Gross Benefits over the Deployment Period 
(Present Value) 

Arbitrage Revenue

Capacity Market Revenue

Ancillary Services Revenue

Optimized Generator Operation (Non-Utility Merchant)

Optimized Generator Operation  (Utility/Ratepayer)

Deferred Generation Capacity Investments

Reduced Congestion Costs (Non-Utility Merchant)

Reduced Congestion Costs (Utility/Ratepayer)

Deferred Transmission Investments

Deferred Distribution Investments

Reduced Electricity Losses

Reduced Electricity Cost (Consumer)

Reduced Electricity Cost (Utility/Ratepayer)

Reduced Outages (Consumer)

Reduced Outages (Utility/Ratepayer)

Improved Power Quality

Reduced Emissions

Cumulative Gross Benefits over the Deployment Period (Present Value) Lifetime Benefit per kW of Energy 

Storage Installed

Arbitrage Revenue -$                                                         -$                                                            

Capacity Market Revenue -$                                                         -$                                                            

Ancillary Services Revenue -$                                                         -$                                                            

Optimized Generator Operation (Non-Utility 

Merchant) -$                                                         -$                                                            

Optimized Generator Operation  

(Utility/Ratepayer) -$                                                         -$                                                            

Deferred Generation Capacity Investments -$                                                         -$                                                            

Reduced Congestion Costs (Non-Utility Merchant) -$                                                         -$                                                            

Reduced Congestion Costs (Utility/Ratepayer) -$                                                         -$                                                            

Deferred Transmission Investments -$                                                         -$                                                            

Deferred Distribution Investments -$                                                         -$                                                            

Reduced Electricity Losses -$                                                         -$                                                            

Reduced Electricity Cost (Consumer) 4,200$                                                     700$                                                           

Reduced Electricity Cost (Utility/Ratepayer) -$                                                         -$                                                            

Reduced Outages (Consumer) 200$                                                         33$                                                              

Reduced Outages (Utility/Ratepayer) -$                                                         -$                                                            

Improved Power Quality -$                                                         -$                                                            

Reduced Emissions -$                                                         -$                                                            

Total Gross Benefit 4,400$                                                     733$                                                           
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Annual Gross Benefits, Costs, and Net Benefits 

Gross Benefit (Present Value Dollars)

Total Annual Cost of Deployment (Present Value
Dollars)

Net Benefit (Present Value Dollars)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Gross Benefit (Present Value 

Dollars) 520$                                                           520$                      420$                      420$                      420$                      420$                      420$                      420$                      420$                      420$                      

Total Annual Cost of Deployment 

(Present Value Dollars) (3,700)$                                                      (3,500)$                 (3,400)$                 (3,200)$                 (3,000)$                 (2,900)$                 (2,700)$                 (2,600)$                 (2,500)$                 (2,900)$                 

Net Benefit (Present Value 

Dollars) (3,180)$                                                      (2,980)$                 (2,980)$                 (2,780)$                 (2,580)$                 (2,480)$                 (2,280)$                 (2,180)$                 (2,080)$                 (2,480)$                 
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Cumulative Gross Benefits, Costs, and Net Benefits 

Gross Benefit (Present Value Dollars)

Total Annual Cost of Deployment (Present Value
Dollars)

Net Benefit (Present Value Dollars)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Cumulative Gross Benefit 

(Present Value Dollars) 520$                                                           1,040$                   1,460$                   1,880$                   2,300$                   2,720$                   3,140$                   3,560$                   3,980$                   4,400$                   

Cumulative Cost of Deployment 

(Present Value Dollars) (3,700)$                                                      (7,200)$                 (10,600)$               (13,800)$               (16,800)$               (19,700)$               (22,400)$               (25,000)$               (27,500)$               (30,400)$               

Cumulative Net Benefit (Present 

Value Dollars) (3,180)$                                                      (6,160)$                 (9,140)$                 (11,920)$               (14,500)$               (16,980)$               (19,260)$               (21,440)$               (23,520)$               (26,000)$               
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