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l. Introduction

The SGCT is an analysis tool that identifies the benefits of a SG project and guides the user through an
analysis which quantifies those benefits. It characterizes smart grid (SG) projects by identifying what
technology will be installed and what functionality that technology will enable. Based on the
characterization of a project it identifies the economic, reliability, environmental and security benefits
the SG project will yield. The SGCT uses user entered data to calculate the monetary value of benefits
and prepares graphs and tables that compare the costs and benefits to help determine the project’s
overall value. The SGCT can also perform a sensitivity analysis.

The SGCT adopts an EPRI-based methodology to evaluating the Cost-Benefit Analysis of smart grid
projects. The SGCT calculates the incremental costs and benefits of individual existing smart grid
technologies. The user inputs the assets that their project will add to the power grid. Next the user
chooses the functions that will be added to the grid by the application of the assets. Then the user adds
mechanisms that result from the functions. These mechanisms determine the benefits that the project
will yield. The final step is to monetize the value of these benefits through the use of provided
calculation formulas.

The SGCT has a few issues that limit it from producing a definitive assessment of smart grid value. A key
trait that could use more representation in the SGCT is flexibility. It struggles to combat some of the
most common challenges of evaluating smart grids. The combined factors of fast-changing information
technology, novel and cost-effective resources, multiple and overlapping energy markets, and new
business strategies leads to high uncertainty about the future of smart grids, yet the SGCT relies on
predefined assets that affect predefined functions that define predefined mechanisms which lead to
predefined benefits. All of these predefined inputs are less valuable when considering the uncertainties
and the assumptions being made.

Along with uncertainties of the future there is also some uncertainty as to what defines a smart grid. It is
nearly impossible to take into account all of the complicating differences between one project and
another. There can be any number of differing factors as a result of location alone.

The combined influence of all these uncertainties reduces the value of the single estimate of smart grid
value that the SGCT produces. The SGCT methodology defines a standardized set of assets, functions,
and benefits in order to evaluate all smart grid projects consistently. Yet it does not help address the
numerous uncertainties.

The value of smart grid will be driven by future demand and supply side developments in the electricity
sector. The SGCT provides an estimate based on the state of the present and current technologies and is
unable to be updated as new information arises.



Another issue with the SGCT is based on its execution. The SGCT is an Excel-based program that was
developed using Excel macro. While Excel macro combined with spreadsheet capability is a powerful
platform to develop a program such as the SGCT, it has a number of disadvantages.

The excel-based toolkit has less than stellar performance. When running an analysis on an example
smart grid project the SGCT has a long execution time which can be frustrating when trying to run
detailed analyses with many different scenarios and assumptions.

Excel macro has low scalability and limited capability. The SGCT does not have the analysis capabilities
required to accurately study the value of future smart grid power systems. It is limited in its ability to run
truly detailed analyses. The SGCT attempts to provide reliable data on the incremental costs and
benefits of smart grid technologies but it does not have the scale to do so. The SGCT lacks the potential
to accommodate for growth in future smart grid investments.

In a similar vein the excel macro program is also limited in writing sophisticated computational
algorithms. The SGCT relies on a simplified modelling approach by evaluating a standardized set of
assets, functions, and benefits. The linkage among them, however, is not quite clear and not easy to
understand by just examining this excel based SGCT. It also leads to an inability to handle unusual
situations and circumstances.

Inputs

Smart Grid Project
Assets, Functions,
and Mechanisms

Data that
corresponds to
Impact Metrics

Data derived from
estimates and
assumptions

Cost Parameters and
Escalation Factors

Sensitivity Factors

Above all, the current SGCT is basically designed for the use of US smart grid projects and is not for any
other member countries.

Examples

AMIfSmart Meters,
Automated Feeder
and Line Switching

Annual Generation
Costs, Number of
Tamper Detections

Value of Service,
Price of Capacity at
Peak, Value of CO2

Discount Rate, Total
Capital Cost,
Inflation Rate,
Population Growth

High and Low case
Value of CO2

All Output is
calculated
over multiple
years
(beyond
initial 5 years

of data entry)

Figure 1 lllustration of the Input and Output of SGCT

Outputs

Monetary Value of
up to 22 Benefits

NPV Analysis of
Project

Sensitivity Analysis
of Project




This manual is for the simple replicated version of SGCT of DOE, but it expands the users to all the
member countries and all the parameters which are hidden in SGCT can be modified explicitly by the
users.

In the following, a brief introduction of SGCT is given first, especially with its focus to the linkage among
assets, functions, and benefits. Other details of the workflow including project characterization module
(PCM), data inputmodule (DIM) and computational module (CM) will be summarized in the appendix .

Then, the current replicated and revisedversion of SGCT is presented:

1. |Installation process

File Structure when installed

Brief Explanation of the program — How to use the program?

A. How a member country can use this program

B. How to modify the given parameters using default excel files — details of the parameters
used in SGCT is provided at Appendix II.

C. How to choose Assets, Functions and Mechanisms

D. Continuingfor Final Results

E. Otherissues to run the program

Detailed Architecture in the Replication of SGCT

Project Characterization Module in SGCT and Its GUI Replication

Comparison of Data Input Module in SGCT and Its GUI Replication

N o vk

Computational Module in SGCT and Its GUI Replication



Il. A Brief Review of SGCT

In the following diagram, the linkage among assets, functions, and benefits is presented in a very easy
way, although the diagram looks a bit complicated. The explanation on such linkage is not quite straight
forward when using SGCT of DOE. At appendix |, the details of the linkage between Assets and Functions
are given at one table, while the linkage between function and benefits are presented in another table.
Combining the two tables into one diagram will simply produce the following diagram.

Once Asset types are selected for smart grid out of 22 assets, those will be linked to 15 types of
functions. Those functions will have their linkage to related types of benefits. There are 22 types of
benefits presented in SGCT.
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Figure 2 Easy Representation of the Linkage among Assets, Functions, and Benefits

What are Smart What does the How does it What “goodness”  What is the
Grid technologies?  Synart Grid do? do that? results? goodness worth?

Monetary

Assets Functions Mechanisms Benefits

Value

Example
Distribution Automatic Improves feeder  Reduced feeder
. voltageand VAR  voltage losses worth $60  $6,000
Automation . -
control regulation per MWh

Figure 3 lllustration of the Translation of Smart Grid Assets to Monetary Value

Source: USER GUIDE FOR THE U.S. DEPARTMENT OF ENERGY SMART GRID COMPUTATIONAL TOOL
(SGCT) Guide for SGCT Public Version 1.3, Navigant Consulting, March 2011

In the above diagram of SGCT, however, you will see ‘Mechanisms’ not in the linkage described above.
But these are the detailed functional forms to be applied once the linkage between functions and
benefits are identified. Appendix | provides a couple of examples of the detailed functional form of
‘Mechanisms’.



lll. Replicated and Revised Version of SGCT

111.1 Installation Process

111.1.1 Simple Installation Process

First step of installation is really an easy process. Just insert the CD into the computer and the program
will  automatically install the program. This CD contains installation  program

SMARIe

o Sehroou
REVISE
IYEM

‘dotNetFx45_Full_setup.exe’.

L

Figure 4 Installation CD for Smart Grid BCA Toolkit Revised by EML (Energy Modeling Lab., Ajou Univ.)

All you have to do is to determine where to install at the following dialog box. Choosing the ‘change ...’
button at the following dialog box will give the user a chance to change the default directory to his own
choice. Once the file is installed, the following icon can be seen at the desktop background such as

)3

following:



2l RevisedSGCT_EML - InstallShield Wizard

Destination Folder
Click Mext to install to this folder, or dick Change to install to a di

Install RevisedSGCT_EML to:
C:WProgram Files (x38) W

Installshield

Mext =

Figure 5 Directory Setting Dialog Box

., RevisedSGCT EML - InstallShield Wizard

Change Current Destination Folder
Browse to the destination folder.

Look in:
‘ (L3 Program Files (x36) W ‘
[_Jadobe [_1Beyond Compare 4 [
[CAaGEA Technologies [CACommon Files &
[CJahnLab [ 1DevExpress 14.1 2]
[CJamustar [dDevExpress 14.2 &
|- Application verifier [CdDriverToolkit 2]
[:InquaPIayer [[JDtsFilter 2

< >
Folder name:

C: WProgram Files (x86) 1

InstallShield
| oK || cancel

Figure 6 User’s Choice of Folder for Installation




111.1.2 Trouble Shooting

It may be possible that user may encounter some problem of running the installed program. When the
user encounter a problem that the installed software doesn’t work, it may be the case of the new
window system’s security settings of the target computer. The following setting, in this case, will be of

).\

the property shown at the bottom of menu. Choosing

help.

Select the icon produced after installation process, and right click the mouse button to choose

‘Run this program as an administrator’

at the given dialog box shown on the right hand side of the following will solve the problem.

& Revised SGCT - EML.exe Properties

General | Shortcut| Compatibility | Security | Details

Ifthis pragram isn'tworking correctly on this version of Windows, try
running the compatibility troubleshooter.

Run compatibility troubleshooter

How do | choose compatibility settings manually?

Compatibility mode

["JRun this program in compatibility mode for:
g Windows 8
= e Settings
Open

hsﬂ& [ JReduced color made
Y e
Run with graphics processor 4
Open file location

8-bit (256

Troubleshoot compatibility [ ]Runin 640 x 480 screen resolution

Pin to Taskbar []Disable display scaling on high DPI setlings
Send to » Run this program as an administrator
Cut [ ]Enable this program to work with OneDrive files
Copy
Create Sortan “¢/ Change settings for all users
Delete
Rename
X oK Cancel Apply
Properties

Figure 7 Trouble Shooting by choosing to ‘Run this program as an administrator’



111.2 File Structure when installed
Once installed, you will see the directory structure such as following:
At the root directory, you will see the following files:

/data

/xml

ClassLibrary.dll

ControlLibrary.dll
DevExpress.Charts.v14.1.Core.dll
DevExpress.Data.v14.1.dll
DevExpress.Mvvm.v14.1.dll
DevExpress.Printing.v14.1.Core.dll
DevExpress.Xpf.Charts.v14.1.dll
DevExpress.Xpf.Controls.v14.1.dll
DevExpress.Xpf.Core.v14.1.dll
DevExpress.Xpf.Docking.v14.1.dll
DevExpress.Xpf.Layout.v14.1.Core.dll
DevExpress.Xpf.Printing.v14.1.dll
DevExpress.Xpf.Ribbon.v14.1.dll
ISGAN Project.exe

Manual.html

WpfAnimatedGif.dll

For the subfolder of /data,

/data/constants.csv
/data/default-values.csv
/data/escalated-factors.csv

For the subfolder of /xml,



/xml/config.xml
/xml/input-def.xml
/xml/project-def.xml|

/xml/sys-def.xml

‘ISGAN Project.exe’ is the execution file for the Smart Grid BCA Toolkit Revised by EML. Following is the
initial page of the replicated and revised version of SCGT.

SMART
..., BGAT00LKIT

REVISED BY

Figure 8 Initial Page of the Replicated Program

111.3 Brief Explanation of the program — How to use the program?

Clicking any place on the initial page will guide to the initial program page of the following:

10



T MainWindow & - O
Mew Project Initialize Load Save Help

Project Information

Project Name 130303120314 Organization | 130305120314 Start vear |2013 Country | North America v | Region | NPCC v
Assets Functions Mechanisms
AMI Assets =

Adaptive Protection
[ AmI/Smart Meters Automated Feeder and Line Switching

Automated Islanding and Reconnection
Customer Assets
Automated Voltage and VAR Control

Customer EMS/Display/Partal
U pay Customer Electricity Use Optimization

Smart Appliances and Equipment {Customer
L PP qup { ) Diagnosis & Motification of Equipment Conditic

Vehicle to Grid Charging Station
U ang Distributed Production of Electricity

Distribution Assets Dynamic Capabilty Rating
Enhanced Fault Protection
[] Advanced Interrupting Switch
Fault Current Limiting
[ controllable/requlating Inverter
Power Flow Control
[ Distribution Automation
Real-Time Load Measurement & Management
[ Distribution Management Systern
Real-time Load Transfer
[] Loading Monitor
Storing Electricity for Later Use
[] Microgrid Controller
Wide Area Manitoring, Visualization, and Contr

Other Assets

L SRR PO I RO 1

Figure 9 Initial Page of Program

Project information
At the top of the page, you will see the project information related boxes. Default values for

v' Project Name
v/ Organization
v/ Start Year

will be given for convenience. User will edit or change the project information for his own.

11



111.3.1 How a member country can use this program

Country

As is explained, the SGCT is originally designed for North America composed of 10 NERC (North
American Electric Reliability Corporation) regions and extra one region not in NERC. For this program to
be usable for all ISGAN member countries, this designated region should be expanded to all the member
countries of ISGAN.

In the following diagram, it can be seen that the choice is expanded for all the member countries.

Country Morth America ¥ | Region |NPCC -

Australia
Austria
Belgium
Canada
» |China p
European Commission
Finland

Framce

Germany

India

Ireland

Italy

Japan

Republic of Korea
Mexico

Metherlands

Morway

Russia

Singapore

South Africa

Morth America

Spain

Switzerland

United Kingdom
Sweden

nditic

Figure 10 Expansion of Country Choices to all ISGAN Member Countries

However, the parameters used in SGCT are predefined only for those 11 regions including NERC and
non-NREC. This part of the SCGT is one of the most important parts of the program. How to choose the
choice of your own region and related parameters proper to use will be the critical part of the proper
utilization of the program.
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Let’s first look at the all the parameters applied in this part, once the region of your choice is selected.

Followings are the list of parameters required to use for analysis of your own region:

ANEANEANE

<

Average Hourly Generation Cost (5/MWh), which is the average hourly cost to generate 1
MWh of energy, which could also be the average hourly cost to purchase 1 MWh of
electricity from a supplier, which number is multiplied by the Avoided Annual Generator
Dispatch to monetize the value of this benefit

Price of Capacity at Annual Peak ($/MW) , which is the price paid for peak capacity,

Average Price of Reserves (S/MW), which is the price of electricity reserves, which could be
spinning or non-spinning type.

Average Price of Frequency Regulation ($/MW), which is the price of frequency regulation
service.

Average Price of Voltage Control (5/MW), which is the price of voltage control service.
Average Price of Congestion (S/MW), which is the price of congestion relief

Average Price of Wholesale Energy (S/kWh), which is the average of wholesale price of
electricity, which input will be used to monetize electricity losses.

Inflation Factor

Restoration Cost per Event(S/event), which is the average cost of restoration after one
outage event

Average Fuel Efficiency for Truck Roll (miles/ gallon), which is the average vehicle or fleet fuel
efficiency of the vehicles used for service calls and truck rolls.

CO2 Emissions per Gallon of Fuel (tons/ gallon ), which is the typical amount of CO2 emitted
from burning a gallon of fuel in vehicles used for service calls and truck rolls. The default data
is based on gasoline.

Value of CO2, the anticipated/current market price of CO2 emissions

SOx Emissions per Gallon of Gas (tons/gallon), which is the typical amount of SOx emitted
from burning a gallon of fuel in vehicles used for service calls and truck rolls. The default data
is based on gasoline

NOx Emissions per Gallon of Gas (tons/gallon), which is the typical amount of NOx emitted
from burning a gallon of fuel in vehicles used for service calls and truck rolls. The default data
is based on gasoline

Value of SOx, the anticipated/current market price of SOx emissions

Value of NOx, the anticipated/current market price of NOx emissions

Value of PM-2.5, the anticipated/current market price of PM-10 (or PM-25) emissions
Average Fuel Efficiency (miles/gallon), which is the average vehicle or fleet fuel efficiency of
the vehicles used for service vehicle.

Electricity to Fuel Conversion Factor (gallons/kWh), the equivalent amount of gasoline a PEV
would use by consuming one kWh of electricity

13



Details of the parameter values are found at Appendix Il. Some of the parameters could be directly
obtained from domestic market conditions, while others may not be. Until the detailed data base for all
the possible choices of the regions for each member countries, not all of those parameter information
may be available.

Configuration and Other Choices in Menu
Here is how we revised, once again, for the use of the program:

1. Button of Parameter Setting is placed at the upper right corner of the program page.

Prameter
Setting

Figure 11 Button of Parameter Setting

2. Click Button, then you will see the following diagram. There are many options you can choose.
A. Digit will allow you to control the digits below decimal point.
B. Parameter setting will allow you to take the default values from North America and modify
them at your own disposal. That is, you can choose any specific region out of NERC or take
the average of NERC with ‘similarity weight’ of your own choice in between 0 to 100%.
Details are as following:
* In the following dialog box after choosing ‘Configuration’ in Menu, user can add
country name (when a new member country is added or any other country might
want to try the program!) by clicking ‘Add’ button just below the Country list.

r"ﬁ" CountryDlg EEETST)

Country MName:

| Add | |Can|:el|

Figure 12 Addition of a New Country
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ConfigDlg “ = =

Ul Setting

Digit :

Para

2

meter Setting

Country Escalated Factors

Italy
Japan

Weight (36)

Population Load Inflation : Energy Price

Netherlands Default Value

Norway

Default value : = Weight (%) :

Russia

Singa,
South
North
Spain

pore [
Africa
America

Region

| Save ‘ | Cancel | ‘ Close |

Figure 13 Dialog box for ‘Configuration’ in Menu

When a country is selected and a user’s choice of region is to be added, choose the
button ‘Add’ down below the Region.

This will give the user a choice of parameter values to be used. He can give his own
region name and choose to copy the default parameter values from North America’s
NERC regions. Even if he chooses not to, this process of copying the parameter values
will create and save the values for his own region so that he can modify it later at his
disposal.

‘Similarity weight (%)’ is what you can use for discounting the default parameter
values at 0 to 100% range. Once the values are saved, user can utilize the saved data
file for further modification. (Details are explained in the following subchapter.)

User may also want to modify the values one by one once the region of his choice is
added. With the cursor on the newly added region (here, it is named as ‘My Region’ as
below), choosing the pull-down menu next to ‘Default Value’ will give all the detailed
choices possible.

Once you checked the 'Use the average parameter of a selected country’, you would
utilize an average parameter value of selected countries, not utilizing just one region's
parameter value.

15



i

RegionDI§

_oEE

Region Name :

Republic of Korea - 1

Region

Country :

Similaity weight (3¢} :

Copy the parameter from another region

Morth America

[ ] Use the average parameter of a selected country

. | NeCC

100

Add

Cancel

Figure 14 Addition of New Region and the Use of Parameter Values

ConfigDlg

Ul Setting

Parameter Setting

Digit :

Country Escalated Factors
Germany | Weight (%)
India
Italy
Japan Default Value
Republic of Korea Default value - | Average Hourly Generation Cost - | Weight () - | 100
Mevica Ay Hourly G ation Cost
verage Hourly Generation Cos ol
Metherlands
Norviay 2008 208 price of Capacity at Annual Peak 18 2019 2020
Russia 91.60] & Average Price of Reserves og0] 8331  sa24]
< : ; >
Average Price of Frequency Regulation
singapore v ¢ : Eduency Reg
Average Price of Voltage Control
Average Price of Congestion
Average Price of Whoalesale Energy
. : |
Region d
Republic of Korea - 1 Value of Service - Industrial
Restoration Cost per Event
Value of Service - PQ
Value of Service - Sags & Swells
Average Fuel Efficiency for Truck Roll Vehicle
C0O2 Emissions per Gallon of Fuel
Value of CO2
Sox Emissions per Gallon of Gas
NCx Emissions per Gallon of Gas v
‘ Save ‘ ‘ Cancel ‘ ‘ Close ‘
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Figure 15 Detailed Items for the Change of Default Parameter Values




* Suppose the user chose ‘Average Price of Wholesale Energy’, there will be the default
values of the user’s choice shown as below and the user can edit them right at the
dialog box.

Default Value
Default Value - | Average Price of Wholesale Energy - Weight (35) - | 190

2008 2000 2000 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
oo6f oos| o007l oosl o000l o009] ool oo o010 01 010 o 0.11

Figure 16 Values Shown at the Dialog Box

C. (For advanced users) You can also change the excel files which contains the parameter
values of your own choice once your project is ‘Save’ at the above Menu. Detailed
explanation will be given in the next subchapter.

3. Once the parameter values are properly input, you can ‘Save’ and ‘Close’ the dialog box to
continue.

4. Menus is placed at the upper program page.

'

Mew Project Initialize Load Save Help

D. The choice of ‘New Project’ will ask you whether you want to save the current project to
initiate a new one as following:

Do you want to save this project?

G OFLI 2. (M) o

........................................

Figure 17 Dialog box for ‘New Project’ in Menu

E. The choice of ‘Save’ or ‘Load’ will ask you whether you want to save the current project or
load any existing project.

F. The choice of ‘Information’ will provide information on those who worked for this project.

G. You can see the manual of the Revised SGCT in Manual in Help.
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111.3.2 How to modify the given parameters using default excel files

(For advanced users) As discussed, user can also change the excel files which contains the parameter
values of your own choice once your project is ‘Save’ at the above Menu. This will be useful when there
are so many parameters to modify. You don’t have to go through the GUI of the revised SGCT one by
one. Rather, you can go directly to the portion of excel file which contains the values for your region
after you saved your project, and modify the values with your prior knowledge of domestic market with
all the functionalities provided by excel.

111.3.3 How to choose Assets, Functions and Mechanisms

This replicated and revised SGCT by EML has very much simplified the process of linkage among assets,
functions and mechanisms shown in the following diagram.

T MainWindow d - oIEl
New Project Initialize Load Save Help

Project Information

Project Name |My_project01 Organization |Ajou_Univ_01 Start vear 2015 Country | North America v | Region | NPCC v

Assets Functions Mechanisms

AMI Assets

Adaptive Protection

AMI/Smart Meters Automated Feeder and Line Switching
Automated Islanding and Reconnection

Customer Assets
[C] Automated Voltage and VAR Control

Customer EMS/Display/Portal
= Py [C] Customer Electricity Use Optimization

Smart Appliances and Equipment (Customer)
- Bp P ; . Diagnosis & Notification of Equipment Conditic

Vehicle to Grid Charging Station
0 ~ Distributed Production of Electricity

Distribution Assets Dynamic:Capability:Rating
[[] Advanced Interrupting Switch Enhanced Fault Protection

[ Controllable/regulating Inverter e

[] Distribution Automation ek

[[] Real-Time Load Measurement & Management

[] Distribution Management System
Real-time Load Transfer

[[] Loading Monitor
Storing Electricity for Later Use

[] Microgrid Controller
Wide Area Monitoring, Visualization, and Contr

Other Assets

M) Aiedil b d ~emecebee fdioe ol P2 e b

- i : —

Figure 18 Choosing among Assets, Functions and Mechanisms
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For the test, suppose the user choose AMI/Smart Meters among all types of Assets. It will give available
choices in functions as shown above. The boxes on the left of the list of functions which are related to
the selection of asset is given in different colors.

T MainWindow Gl = =2
MNew Project Initialize Load Save Help

Project Information

Project Name | My_praject01 Organization |Ajou_Univ_01 Start Year |2015 Country | Nerth America v | Region | NPCC P;Z;‘:_Sr
Assets Functions Mechanisms
AMI Assets ' )

Adaptive Protection Automated Voltage and VAR Control
AMI/Smart Meters Automated Feeder and Line Switching

[] Improves system power factor and voltage red

Automated Islanding and Reconnection [] Optimizes voliage and VAR levels to reduce T&

Customer Assets

Automated Voliage and VAR Contral [] Reduces emissions from carbon based fuel due

[ Customner EMS/Display/Portal lectrici R
[ Customer Electricity Use Optimization [] Reduces manual labor hours associated with ¢z
[] Smart Appliances and Equipment (Customer) ) 3 I _ .

Diagnosis & Notification of Equipment Condition

Wehicle to Grid Charging Station
- ging Distributed Production of Electricity

Distribution Assets Dynamic Capability Rating

Enhanced Fault Pratection
[] Advanced Interrupting Switch
Fault Current Limiting
[ controllable/regulating Inverter
Power Flow Control
[[] Distribution Automation
[] Real-Time Load Measurement & Management
[ Distribution Management System
. ) Real-time Load Transfer
[] Loading Monitor
Storing Electricity for Later Use
[] Microgrid Controller
Wide Area Monitoring, Visualization, and Control

Other Assets

L T R = SR  OE TOR T P ST 1

- o - —

Figure 19 Choice of Function Gives Following Choice of Mechanisms

Choosing one of the candidate choice of functions will give the list of available Mechanisms as shown
above. Once the choice of assets, functions and mechanisms are made, the user can move to the next

-
stage by clicking the right arrow box - .

Suppose the user chose all the choices given in Mechanisms, the next page will be given as following:
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Benefit To Functions Benefits Review

Reduced Ancillary Service Cost Reduced Ancillary Service Cost .

Autornated Voltage and VAR Control

Reduced T&D Operations Cost
Autocmated Voltage and VAR Contral

Reduced T&D Operations Cost
Reduced Electricity Losses

o Reduced CO2 Emissions
Reduced Electricity Losses

Automated Vaoltage and VAR Contral
Reduced CO2 Emissions
Automated Vaoltage and VAR Contral

Reduced SOx, NOx, and PM-2.5 Emissions
Automated Vaoltage and VAR Control

Reduced SOx, MOx, and PM-2.3 Emissions

Close

Figure 20 Function list Used for the Calculation of the Listed Benefits

This page shows what kind of benefits are being considered for monetary value calculation. On the left
hand side, there is a diagram which shows the functions used for the calculation of the listed benefits.

20



111.3.4 Continuing for Final Results

When the user close the above dialog box, the following page will be shown. This part is basically the
replicated DIM (Data Input Module) of SGCT. This stage will require a bunch of detailed information on

power market of user’s choice:

4

&

New Project  Initialize

For each customer class (Residential, Commercial, and Industrial), information on
average energy rate, average demand charges, and customer served for sub-classes are
required to be entered.

Escalation factors and cost data are also required to entered for the user’s choice of
assets.

) |

MainWindow -

load Save Help

Project Infarmation

Project Mame |My_projectd1

Organization |Ajed_Univ_01 Start vear |2013 Country | North America v | Region | NPCC

o | prameter
Setting

(%) Custorners & Tariff

Residential Customer Class

Commercial Customer Class Industrial Customer Class

Average Average Average Average Average Average
g Demand  Customers g Demand  Customers g Demand  Customers
Energy Rate ) Energy Rate ) Energy Rate )
(8/kwh) Charga(s/ Served (8/kwh) Charga(s/ Served (8/kwh) Charga(s/ Served
R kwmonth) R kwmonth) R kwmonth)
Sub-Class 1 |0 0 Q Sub-Class 1 |0 0 Q Sub-Class 1 |0 0 Q
Sub-Class 2 |0 0 Q Sub-Class 2 |0 0 Q Sub-Class 2 |0 0 Q
Sub-Class 3 |0 0 0 Sub-Class 3 |0 0 0 Sub-Class 3 |0 0 0
Sub-class 4 |0 o 0 Sub-class 4 |0 o 0 Sub-class 4 |0 o 0
Sub-Class 5 |0 0 Q Sub-Class 5 |0 0 Q Sub-Class 5 |0 0 Q
Average 0 0 Tatal: 0 Average 0 0 Tatal: 0 Average 0 0 Tatal: 0
Rate: Rate: Rate:
Average Energy Rate : 0 Average Demand Charge : 0 All Customer Classes - 0
@ Escalation Factors & Cost Data
Enter Escalation Factors Enter Project Cost Data
Escalation Factor Default Value Valus Discount Rate 0 %
Population Growth Factor 02 s Use Custom Cost Schedule No v
Load Growth Factor 0.8 2 Initial Year of Project Spending |0 yr
- Final vear of Project Spendin 0 r
Economic Inflation Factor = % . D ¢ Y
- Total Capital Cost of Project 0 13
Energy Price Factar : %
Interest Rate 0 %
Final Year of 2enefits - ¥r Yearly Amortized Payment NaN 3

) Enter Benefit Calculation Input Data

Benefit Option Input Name Unit  Default Base 2015 Base 2016 Base 2017 Base 2018 Base 2019 Project 2
Reduced Ancillary Service Cost [] |Ancillary Services Cost $ 0.00 0.00| 0.00 0.00| 0.00
Reduced T&D Operations Cost [0 |oistribution Operations Cost % 0.00 0.00| 0.00 0.00] 0.00
Reduced T&D Operations Cost Transmission Operations Cost 5 0.00 0.00) 0.00 0.00) 0.00
Reduced Electricity Losses Distribution Feeder Load MVA 0.00 0.00| 0.00 0.00] 0.00
Reduced Electricity Losses Distribution Losses % 0.00 0.00| 0.00 0.00] 0.00
Reduced Electricity Losses Transmission Line Load MVA 0.00 0.00| 0.00 0.00] 0.00
Reduced Electricity Losses Transmission Losses % 0.00 0.00| 0.00 0.00] 0.00

Figure 21 Data Input Module Dialog Box Replicated
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After all appropriate data are inputted into the program, then the user can go to the Result tab.



One thing to be noted here is that SGCT by DOE may have an error not including the benefit of reduced
oil use. It is found in the process of replication that this specific benefit is not included in the final
summation of all the benefits, although the benefit of reduced oil use itself is calculated.

In the SGCT of DOE, a dialog box such as below showing the message that “the ‘Reduced Qil Use’ is not
included in SECURITY TOTAL. But it is corrected here in this Smart Grid BCA Toolkit revised by EML.” is
provided whenever any function caused the calculation of the benefit of reduced oil use so that the user
can be aware of the modification.

In the SGCT of DOE, the 'Reduced Oil Use' is not included in SECURITY TOTAL.
But it is comected here in this Smart Grid BCA Toolkit revised by EML.

Figure 22 Message Box for the Calculation of Reduced Oil Usage

In the following, all types of dialog boxes available for result part are presented without any further
discussions for references :
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T MainWindow s = = -
Mew Project  Initialize Load Save Help

Project Infarmation

Project Name |Sample Organization |Sample Start vear (2013 Country | North America v | Region | NPCC 2

Reference Case | Sensitivity Case

Result Table | Result Charts | Net Present Value Analysis

ANNUAL Beneift($)

Cartegory Sub Cartegory Benefit 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 20
Economic Electric Cost Saving| Reduced Electricity Cost 15.00] 13.33] 11.67| 10.00] 833 8.62] 8.93 9.24] 9.56] 9.90 10.24] 10.60] 10.97] 11.36] 11.75)
Economic Energy Efficiency | Reduced Electricity Losses 864030.71| £50487.66| 513404.00 332309.86|1219200.01|1228358.57(237781.56(247593.28|257810.07)268448.35|1279525.60|201059.94{303070.24/315576.13|228598.07|342
Economic Improved Asset Ut | Optimized Generator Operation 500 4.44) 3.89 333 278 289 im 3.3 3.26] 340 354 3.68 383 399 415
Economic Improved Asset Ut | Deferred Generation Capacity Investments 000 -5666.58) -1127437| -16829.79|-22928 08| -23874 18(-24859.33( -25885.12| -26953.25) -28065.44| -29223 54| -30429 42(-31685.06| -32992.51| -34353.91| -31
Economic Improved Asset Ut | Reduced Ancillary Service Cost 7.00] 5.12] 438 3.50] 175 1.82] 1.20| 1.87| 2.06| 2.14| 2.23) 232 241 251 2.62|
Economic Improved Asset Ut | Reduced Congestion Cost 7.00] 6.22] 467] 3.89] 233 243 2.53 2.63 2.74) 285 2.97| 3.09 3.22] 335 349
Economic T&D Capital Savinc| Deferred Transmission Capacity Investments -314 0.00f 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00|
Economic T&D Capital Saving| Deferred Distribution Capacity Investments -2.12] 0.00| 0.00) 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00|
Economic T&D Capital Savinc| Reduced Equipment Failures 0353 0.24] 024 0.12 0.06| 0.06 0.06| 0.06 0.07] 0.07] 0.07] 0.07) 0.07| 0.07) 0.08)
Economic T&D O&M Savings| Reduced T&D Equipment Maintenance Cost 0.00 0.00f 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00| 0.00 0.00| 0.00 0.00]
Economic T&D O&M Savings| Reduced T&D Operations Cost 0.00 0.00f 0.00| 0.00 0.00| 0.00 0.00| 0.00, 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00|
Economic T&D O&M Savings| Reduced Meter Reading Cost 0.00] 0.00] 0.00| 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00]
Economic Theft Reduction Reduced Electricity Theft 0.00] 0.00] 0.00| 0.00] 0.00| 0.00] 0.00| 0.00 0.00] 0.00 0.00| 0.00 0.00] 0.00 0.00]
Environmental | Air Emissions Reduced CO2 Emissions 127.00] 110.94] 77.39) 61.33 27.78| 2851 29.27] 30.04] 30.84 31.65] 3249 23.35) 34.23) 25.14] 36.07)
Environmental | Air Emissions Reduced SOx, NOx, and PM-2.5 Emissions -54400.00|-345188.89|- 275977 78|-134766.67(-65555.56( -67325.56| -69143.35| -71010.22| -72927 49| - 74896.53(-76918.74{ - 78995.55| -81128 43| -83318.89| -85568.50 -87
Reliability Power Interruption | Reduced Sustained Outages 3214214| 2403373 1416826( 023376) 299192 568371 590186( 612192 635019 658696| 6832.57| 708733 735159 762571 791004| ¢
CUMULATIVE Beneift($)

Cartegory Sub Cartegory Benefit 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Economic Electric Cost Saving| Reduced Electricity Cost 15.00] 2833 40.00 50.00] 58.33] 66.96| 75.89) 85.12] 94.69) 104.58 114.83 12543 136.40) 1
Economic Energy Efficiency | Reduced Electricity Losses 864030.71[1514518.37[2027922.37|2360322.24|2579631.24|2807989.82| 3045771.28| 2293364.76| 3551174.83| 3819623.18| 4090148.78( 4290208.72) 4693278.96 5008¢
Economic Improved Asset Ut | Optimized Generator Operation 500 944 1333 16.67 13.44] 22.34) 2535 28.438] 3174 3514 38.67| 4235 46.18]
Economic Improved Asset Ut | Deferred Generation Capacity Investments 000 -5666.58( -1694095| -33770.74| -56698.52| -80573.00) -10543233| -131317.45| -158270.70| -186336.14| -215559.68( -245989.10) -277674.15| -310¢
Economic Improved Asset Ut | Reduced Ancillary Service Cost 7.00] 13.12] 17.30) 21.00| 22.75] 24.57| 26.47| 28.44] 30.50| 32.64] 34.56) 37.18) 39.60)
Economic Improved Asset Ut | Reduced Congestion Cost 7.00 13.22 17.89 21.78| 24.11 26.54) 29.07| 31.70] 34.44 37.29) 40.26| 43.35) 46.57]
Economic T&D Capital Saving| Deferred Transmission Capacity Investments -314 -3.14 -3.14 -3.14 -3.14 -3.14 -3.14) -2.14 -3.14 -3.14) -3.14 -314 -3.14)
Economic T&D Capital Savinc| Deferred Distribution Capacity Investments =212 =212 =212 =212 -2.12] -2.12] -2.12) -2.12| -212] -212) -2.12| =212 =212
Economic T&D Capital Savinc| Reduced Equipment Failures 053] 087 1.11 1.23] 1.29 135 141 147| 1.54 1.60) 1.67| 1.74 1.82
Economic T&D O&M Savings| Reduced T&D Equipment Maintenance Cost 0.00] 0.00 0.00 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00
Economic T&D O&M Savings| Reduced T&D Operations Cost 0.00] 0.00 0.00 0.00] 0.00| 0.00] 0.00) 0.00] 0.00] 0.00) 0.00] 0.00] 0.00)
Economic T&D O&M Savings| Reduced Meter Reading Cost 0.00] 0.00 0.00 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00] 0.00| 0.00] 0.00]
Economic Theft Reduction | Reduced Electricity Theft 0.00 0.00] 0.00) 0.00 0.00] 0.00) 0.00) 0.00] 0.00) 0.00 0.00] 0.00 0.00
Environmental | Air Emissions Reduced CO2 Emissions 127.00| 237.94 315.33 376.67 404.44( 432.98| 462.22f 492.27| 522.10] 55476 587.25 620.60| 654.83 €
Environmental | Air Emissions Reduced SOx, NOx, and PM-2.5 Emissions -54400.00|-399588.89| -675566.67| -810333.33| -875388.89| -943214.44|-1012357 79(-1083368.01|-1156295.50|-1231192.03|-1308110.77|-1387106.32|- 1468234 74|-1551¢
Reliability Power Interruption | Reduced Sustained Outages 3214214| 5707587 7124413 8048289 8347482 B916453| 9506639 101188.32) 10753850 11412547 120958.04[ 12804537 13539696 143(
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Figure 23 Replication Reference case: Result Table
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Mew Project  Initialize Load Save Help

Project Information

Project Name Organization |53“"P|5-' | Start Year |2U15 | Country | Morth America v | Region ‘ NPCC
Reference Case | Sensitivity Case |
Result Tahlel Result Charts ‘ Met Present Value Analysis ‘
Cumulative Gross Benefits 2015 - 2038 Cumulative Economic Benefits 2015 - 2038 Cumulative Reliability Benefits 2015 - 2038

I\ Economic: $8252241 I Improved Asset Utilization: $-725283 I Reduced Sustained Qutages: $236805

I Reliability: $238992 I T&D Capital Savings: $-2 I Reduced Major Outages: $0

I Environmental: §-251795% I T&D O&M Savings: 50 I Reduced Restoration Cost: §130

I Security: $104 I Theft Reduction: 30 I Reduced Momentary Outages: $2258
I Energy Efficiency: $8977241 I Reduced Sags and Swells: $-201

I Electric Cost Saving: $286

‘ DM ‘

Figure 24 Replication Reference case: Result Chart
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Mew Project  Initialize Load Save Help

Project Infarmation

Project Name Organization |Sample | Start vear (2013 | Country | Morth America v

Reference Case | Sensitivity Case |

Region ‘ NPCC 2

Result Table | Result Charts | Net Present Value Analysis ‘

Annual PV Cost Benefit

M Annual Present Value(PV) Cost

E, 00000 B Annual PV Benefit

2 M Annual PV of Net Benefit

. IM

o | _“ S [/ T T 1T T O O T O 1 O O VT
T T T T T T T T
2016 2019 2022 2025 2028 2031 2034 2037
Year

Cumulative PV Cost Benefit

4000000
M Cumulative Present Value{PV) Cost

2 M Cumulative PV Benefit
S 2000000 M Cumulative PV of Net Benefit
o
>
: wn i 00NN “

0 _l | _ _ | | _l | _ _ | | _ _ _ _ | | _ _ _ | _ _
T T T T T T T T
2016 2019 2022 2025 2028 2031 2024 2037
Year
@ Datagrid

Title 2013 2014 2015 2016 207 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Annual Cost 0.00[ 000 -85.59 -65.59 -65.59| -65.59 -65.59 -65.59) -65.59| -65.59) -65.59| -65.59| -65.59 -65.59] -65.59 -65.59 -65.59) -
Annual Benefit 0.00] 0.00{242070.84 324810.02) 240510.46) 190191.05) 123908.14| 142966.45) 140202.16) 156944.08| 164408.26( 172205.90| 180352.41| 128862.80) 197753.12| 207039.52) 216739.22| 2268
Annual PV Cost 0.00] 000 -65.59| -62.31 -39.19] -56.23 -5342 -50.75 -48.21 -45.80) -43.51 -41.34) -39.27 -37.31 -35.44| -33.67 -31.99) -
Annual PV Benefit 000 000[842070.84] 308578.13| 217060.69) 163065.05| 109069.02| 110624.71] 110118.35| 109600.54| 109071.80| 108532.67| 107983.65| 107425.23) 106857.89) 106282.10) 105698.29| 1031
Annual PV of Met Benefit 0.00[ 0.00|842005.25| 308515.82| 217001.50| 163008.82) 109015.60| 110573.96] 110070.14| 109554.73| 109028.2% 108491.33| 10794438 107387.83| 106822.45| 106248.43| 105666.31) 1050°
Cumulative PV Cost 0.00[ 000 -85.59 -127.8¢) -187.09) -243.32] -286.74| -347.49) -385.70| -441.50) -485.02) -526.35| -565.62 -602.93] -638.37) -672.04) -704.02] -7
Cumulative PV Benefit 0.00] 0.00{242070.84{1150648.97)1367709.67|1530774.71|1620843.73|1750468.45|1860586.80{1970187.34{2079250.1 4{2187791.80|2295775.45 [2403200.68|12510058.58|12616340.68|2722038.97|1282714
Cumulative PV of Net Benefit 000 0.00{842005.251150521.08)1367522.58|1530531.40|1639546.99|1750120.96/1860191.10{1969745.83|2078774.12|2187265 45|2295209.83 2402597 76|2503420.21|1261 5668.64|2721334.95|128264

< >

‘ e ‘ = ‘ o ‘ - -

Figure 25 Replication Reference case: Net present value Analysis
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Project Infarmation

Project Name |Sample Organization |Sample Start vear (2013 Country | North America v | Region | NPCC 2

Reference Case | Sensitivity Case

Escalated Input Data | Benefit Table | PV Benefit Table | Sensitivity Graphs | Sensitivity Charts

Changing the whole ratio: (100~ |100 *
Input Name Unit Low(%) Hihg(%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Annual Generation Cost § ap vil12s 4.00| 336 an 2.67 222 23 241 2351 261 272 283 2.94] 306 319 332 3.46] 3.60) 375
Price of Capacity at Annual Peak MV ag v (425 ~ [63772.01|63465.73(63136.45/62831.22|64198.62|66317.17|68505.64/70766.23|73101.62|75312.97|78005.93(205280.13(83239.27|85086.17(88822.71|91754.80(94782 80(97910.64
Total Customer Peak Demand MW | ap vl125 ~ 2.00| 17 143 114 0.86| 0.86) 0.87| 0.88 0.88] 08¢ 050 091 081 0g2 0.93] 0.24 0.84) 095
Energy Storage Use at Annual Peak Time MW | ag vii2s 3.00| 262 225 188 130 151 1.52] 1.34] 135 1.56| 157 159 160 161 1.62| 164 1865 166
Ancillary Services Cost § ap vil12s 1.00| 033 062 0.50 025 0.26| 0.27| 0.28) 0.29| 031 032 033 034 038 037 039 040} 042
Congestion Cost § ap vil125 2.00| 1.78 133 1 0.67] 069 072 0.75 0.78| 082 0.85 [0 092 0.9g 1.00] 1.04 1.08] 112
Capital Carrying Charge of Transmission Upgrade |§ a0 vil125 ~ 1.00] 0.00 0.00 0.00] 0.00| 0.00) 0.00] 0.00( 0.00] 0.00] 0.00 0.00] 0.00] 0.00 0.00] 0.00| 0.00) 000
Transmission Investment Time Deferrsd yrs | ap vii2s 4.00| 0.00 0.00 0.00 0.00] 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00 000 0.00 0.00| 0.00| 0.00| 000
Capital Carrying Charge of Distribution Upgrade $ a0 vi125 ~ 3.00] 0.00 0.00 0.00] 0.00| 0.00) 0.00] 0.00( 0.00] 0.00| 0.00 0.00] 0.00] 0.00 0.00] 0.00| 0.00] 000
Distribution Investment Time Deferred yrs ap vi12s 2.00| 0.00 0.00 0.00 0.00] 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00 000 0.00 0.00| 0.00| 0.00| 000
Capital Replacement of Failed Equipment $ a0 v 125 ~ 1.00| 0.78 0.67| 044 0.33 0.34 035 0.28] 0.37] 0.38| 039 0.40 041 0.42] 0.44) 045 0.4 047
Portion Caused by Fault Current or Overloaded Equ| % a0 vi125 =~ 1.00] 083 0.67 0.50] 033 0.33] 033 033 0.33] 033 033 0.33] 033 033 0.33] 033 033 033
Distribution Feeder Load MVA | ap vi125 ~ 1.00] 083 0.67 0.50] 033 0.34 0.34 0.24] 0.34] 035 035 0.35] 0.36) 036 0.3 0.36| 037] 037
Distribution Losses % ap vi12s 2.00| 200 200 200 2.00] 200 2.00| 2.00| 2.00| 2.00| 2,00 2.00 200 200 2.00| 2.00] 2.00] 200
Transmission Line Load MVA | ag vi125 =~ 4.00| 3.36 an 2.67 222 224 2.26| 2.28) 2289 231 233 235 237 239 241 243 243 248
Transmission Losses % a0 w125 = 1.00] 073 0.67 044 033 0.33] 033 033 0.33] 033 033 0.33] 033 033 0.33] 033 033 033
Average Price of Whalesale Energy S/kW( ap v 125 - 0.09] 0.10 010 0.10] 011 on 0.1 0.2 0.12] 012 013 0.13] 014 014 0.15] 0.15 0.16] 0.16
Total Residential Electricity Cost $ ap v f125 = 4.00| 336 an 2.67 222 230 233 2.46| 255 264 273 283 293 303 313 324 336 348
Total Commercial Electricity Cost $ an v 125 =~ 4.00| 3.36 an 2.67 222 230 2338 2.46| 255 264 273 283 293 303 313 224 336 248
Total Industrial Electricity Cost $ an v (125 =~ 4.00] 3.56 in 2.67| 222 230 2.38 246 2.55) 254| 273 283 293 303 3.13] 224 3.36 348
SAIDI (system) Index| ap v 125~ 1.00] 0838 0.62 0.50] 0.25| 0.46] 0.46| 045 0.45) 0.46| 046 0.46) 048] 048 0.48) 0.44| 0.48) 046
Walue of Service - Residential $/kw| ag v 125 =~ 2.65 272 220 287 295 303 ERN 3.19| 328 337 348 355 365 375 3.85 395 408 417
Walue of Service - Commercial S| ap v 125 =~ 330.871| 34299 35841 363.00| 27803 28823 39872 40948) 42054) 42189 44355 45553 467.83| 48046 49243 50676 52044) 53440
Walue of Service - Industrial $/kW( ap vi125 1844 1a83 19.45] 19297 2031 21.06) 2163 22221 2282 2343 2407 247 2538| 2607 2677 2749 2824 2900
Average Hourly Load Mot Served During Qutage pe|kW | ag vil12s ~ 1.00| 0388 062 0.50 0.25] 025 025 0.26| 0.28| 0.28| 026 026 027 027 027| 0.27| 028 028
Average Hourly Load Mot Served During Outage pe|kW | ag vil12s 2.00| 178 133 11 067] 0.67| 0.68| 0.68) 0.69| 069 0.70 070 071 072 072 073 073 074
Average Hourly Load Mot Served During Qutage pe|kW | ag vil125 1.00| 078 0.67| 044 033 024 034 0.24) 0.24] 035 035 0.35] 036 036 0.26] 0.26) 0.37| 037
B[R]

Figure 26 Replication Sensitivity case: Escalated Input Data
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Project Infarmation

Project Name |Sample Organization |Sample Start vear (2013 Country | North America v | Region | NPCC 2

Reference Case | Sensitivity Case

Escalated Input Data| Benefit Table | PV Benefit Table | Sensitivity Graphs | Sensitivity Charts

ANNUAL Beneift (§)
Cartegory Scenario Sub Cartegory 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030 2031 203
Economic Reference |Improved Asset Utili:| 0.00] 0.00 19.00( -564979 -11261.44(-16819.07(-22921.22| -23867.04)-24851.89| -25877.28|-26945.19( - 28057.06(-20214.81| -30420.23) -31675.59 -32082.66( - 34342.66( -35760.82( -37236.45| -387
Economic Low Case  |Improved Asset Utili:| 000 0.00 17.10[ -4574.82] -9120.60(-13622.48(-18565.57|-19331.66|-20129.36) -20959.958|-21824.88( - 22725 46(-23663 21| - 24639 65| -25656.38| -26715.07| - 27817 44| -28965.30( -30160.53| -31«
Economic High Case |Improved Asset Utili;| 0.00] 0.00| 2375 -8333.05| -17600.03[-26283.15(-35816.55| -37294.45)| -38833 40| -40435 83|-42104.38( -43841.77( -45650.86 -47534.60| -49496.07| -51538 48| -53665.17| -55879.61| -58185.43 -60¢
Economic Reference | T&D Capital Savings | 0.00] 0.00 -4.73] 0.34) 0.24] 0.12] 0.06| 0.06) 0.06| 0.06 0.07] 0.07 0.07] 0.07 0.07| 0.07 0.08] 0.038 0.08]
Economic Low Case | T&D Capital Savings | 0.00] 0.00 -3.92] 0.28| 0.19 0.10 0.05 0.05 0.05 0.05 0.05 0.05 0.06| 0.06 0.06| 0.06 0.06| 0.06 0.07|
Economic High Case |T&D Capital Savings | 0.00] 0.00 -6.99] 0.54) 0.37] 0.18 0.09| 0.09 0.10| 0.0 0.10] 01 011 0.11 0.11 0.12 012 0.12 013
Economic Reference | T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00) 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00|
Economic Low Case | T&D O&M Savings 0.00] 0.00] 0.00] 0.00] 0.00) 0.00 0.00| 0.00 0.00| 0.00, 0.00| 0.00, 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00]
Economic High Case |[T&D O&M Savings 0.00] 0.00 0.00] 0.00] 0.00f 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00] 0.00 0.00)
Economic Reference | Theft Reduction 0.00] 0.00] 0.00] 0.00| 0.00 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00] 0.00 0.00| 0.00 0.00| 0.00 0.00]
Economic Low Case  |Theft Reduction 0.00] 0.00 0.00] 0.00) 0.00f 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00] 0.00 0.00)
Economic High Case |Theft Reduction 0.00] 0.00 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00 0.00] 0.00 0.00)
Economic Reference |Energy Efficiency 0.00] 0.00] 864030.71| 650487.66| 513404.00|332390.86(219300.01(228358.57|237781.56|247593.38|257810.07|1268448.35[279525.60{291050.24/303070.24/315576.13|228598.07|342157.34{256276.1 2| 370¢
Economic Low Case _|Energy Efficiency 000] 0.00] 629878.39| 474205.50] 374271.52|242319.50{159876.27[166473 40|173342.76|180495 57187343 .54|195698 85[203774.16(212182.70[220938 21|230055.00)1239547 99|249432 70[2597 25.28| 270+
Economic High Case |Energy Efficiency 0.00] 0.00|1687559.99|1270483.71{1002742.19|649213.48[428337 90[446012.84|464417.11|483580.82|502535.30/524313.18(545948 44{568476.45|591934.07|616359.63|641793.10|668276.05[695851.79| 724!
Economic Reference |Electric Cost Saving | 0.00] 0.00 15.00] 13.33] 11.67] 10.00] 833 8.62] 893 9.24] 9.56| 9.90 10.24 10.60] 10.97] 11.36) 1175 12.17] 12.59)
CUMULATIVE Beneift ($)
Cartegory Scenario Sub Cartegory 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Economic Reference |Improved Asset Utili:| 0.00] 0.00 19.00( -5630.79| -16892.23 -33711.30[ -56632.51| -80490.55)-105351.45|-121228.83|-158174.02|-186231.07| -215445.88| - 245866.21| -277541.80 - 310524 46| -344868.12( -380628
Economic Low Case |Improved Asset Utili:| 0.00] 0.00 17.10{ -4557.72| -1367832 -27300.80( -45866.37| -65198.03) -85327.39|-106287.37|-128112.25|-150837.71|-174500.92 - 199140.57| -224796 .95/ -251512.01| -279329.45( -308204
Economic High Case |Improved Asset Utili:| 000 0.00 2375 -830930| -2640933| -52692.48( -88500.02| -125803.50|-164636.91|-205072.74|-247177.11|-291018.89| -336669.75| - 384204 35| -433700 42 -485238.91| -535904.08( -594783
Economic Reference |T&D Capital Savings | 0.00] 0.00 -4.73] -4.38) -415 -4.04) -3.98) -3.92 -3.85) -378 -3.73 -3.66| -3.58) -3.52| -3.45) -3.37] -3.29| -3
Economic Low Case | T&D Capital Savings | 0.00] 0.00 -3.92| -1.64) -2435 -3.36) -3.31 -3.2 -3.21 -3.18| -311 -3.05 -3.00| -2.94| -2.88) -2.82] -2.76| -2
Economic High Case |T&D Capital Savings | 0.00] 0.00 -6.99] -6.45 -6.08 -5.90) -5.81 -5.71 -5.61 -5.51 -5 -5.21 -5.20) -5.09| -4.97) -4.86 -4.74 -4
Economic Reference |T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00 0.00| 0.00) 0.00 0.00 0.00 0.00f 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0
Economic Low Case |T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00) 0.00| 0.00) 0.00 0.00 0.00 0.00f 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0
Economic High Case |T&D O&M Savings 0.00] 0.00 0.00f 0.00] 0.00f 0.00| 0.00 0.00] 0.00 0.00 0.00] 0.00| 0.00] 0.00| 0.00] 0.00 0.00| 0
Economic Reference |Theft Reduction 0.00] 0.00 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00 0.00] 0.00] 0.00] 0.00| 0.00] 0.00 0.00| 0
Economic Low Case | Theft Reduction 0.00] 0.00] 0.00] 0.00| 0.00 0.00] 0.00 0.00 0.00 0.00 0.00f 0.00] 0.00| 0.00| 0.00] 0.00 0.00] 0
Economic High Case |Theft Reduction 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00 0.00 0.00 0.00f 0.00] 0.00| 0.00| 0.00] 0.00 0.00] 0
Economic Reference |Energy Efficiency 0.00] 0.00 8564030.71{1514518.37|2027822.27|2360322.24(2579631.24| 2807989.82(3045771.38|3293364.76/3551174.83|3819623.18|4099148.78|4200208.72|4653278.96)3008855.10) 5337433.16 5679610
Economic Low Case |Energy Efficiency 0.00] 0.00] 6292878.29|1104082.891478355.41|1720674.91(1880551.18/2047024.58|2220367.23|12400862.91|2588806.45|12784505.20|12988279.46|3200462.16|3421400.36/3651455.36( 3891002.36( 4140438
Economic High Case |Energy Efficiency 0.00| 0.00|1687559.99|2958043.70|3960785.89|4610004.37|5035342 27| 5484355.11|3948772.22|6432353.04|6935888.34|7460201.52|5006149.95|8574626.41|9166560.48/19782920.11[10424713.21{11092939
Economic Reference |Electric Cost Saving 0.00] 0.00] 15.00] 2833 40.00] 50.00] 5833 66.96 75.89 85.12 9469 104.53] 114.83] 125.43] 136.40] 147.76 158.52] 7

‘ PCM ‘ ‘ DIM

Figure 27 Replication Sensitivity case: Benefit Table
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Project Name |Sample Organization |Sample Start vear (2013 Country | North America v | Region | NPCC 2
Reference Case | Sensitivity Case
Escalated Input Data | Benefit Table nefit Table { Sensitivity Graphs | Sensitivity Charts
ANNUAL PV Beneift ($)
Cartegory Scenario Sub Cartegory 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Economic Reference |Improved Asset Utili:| 0.00] 0.00 19.00( -5367.30|-10163.45|-14420.25|-18669.47| -18467.86) -18268.42| -18071.14| -17875.99| -17682.04( -17491.98| -17302.09| -17116.23|-16931.39| - 16748.54(-16567.67( - 16388.76| - 162
Economic Low Case  |Improved Asset Utili:| 000 0.00 17.10[ -4346.08| -8231.34|-11679.57|-15121.77|-14858.47| -14796.93|-14637.14| -14479.07| 14322 71(-14168.04| -14015.03| - 13863 68| -13713.97| -13565.87(-13419.37[ - 13274 45| -131¢
Economic High Case |Improved Asset Utili;| 0.00] 0.00| 2375 -8391.39|-15884.03|-22534.51|-29172.80|-28857.76| -28546.12|-28237 85| -27932.00| -27631.25(-27332.86| -27037.69| -26745 70| -26456.87| -26171.16(-25888.53( - 25608.96| -253!
Economic Reference | T&D Capital Savings | 0.00] 0.00 -4.73] 0.33] 021 0.10) 0.05 0.05] 0.05] 0.04] 0.04 0.04) 0.04 0.04 0.04 0.04 0.04 0.04 0.04]
Economic Low Case | T&D Capital Savings | 0.00] 0.00 -3.92] 0.28| 017 0.08| 0.04 0.04) 0.04 0.04) 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Economic High Case |T&D Capital Savings | 0.00] 0.00 -6.99] 0.51 033 0.1g| 0.07 0.07| 0.07 0.07] 0.07 0.07] 0.06 0.06| 0.06 0.06| 0.06 0.06| 0.06
Economic Reference | T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00
Economic Low Case | T&D O&M Savings 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00| 0.00 0.00| 0.00, 0.00| 0.00,
Economic High Case |[T&D O&M Savings 0.00] 0.00 0.00] 0.00] 0.00 0.00) 0.00 0.00) 0.00] 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00| 0.00 0.00] 0.00
Economic Reference | Theft Reduction 0.00] 0.00] 0.00] 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00| 0.00 0.00] 0.00
Economic Low Case  |Theft Reduction 0.00] 0.00 0.00] 0.00) 0.00 0.00) 0.00 0.00) 0.00] 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00
Economic High Case |Theft Reduction 0.00] 0.00 0.00] 0.00] 0.00 0.00) 0.00 0.00) 0.00] 0.00] 0.00] 0.00] 0.00] 0.00| 0.00] 0.00| 0.00 0.00| 0.00
Economic Reference |Energy Efficiency 0.00] 0.00] 864030.71| £17963.28(463347.11|284901.33|178628.56|176699.51|174791.30|172903.69|1171036.47|169189.41|167362.30(165554.92(163767.06|161998.51|160249.06|158518 49| 156806.62[1551°
Economic Low Case _|Energy Efficiency 0.00] 0.00] 629878.39| 450495.23|337780.04207758.68|130220.22|128813.94|127422 86|126046.79|124685.59|123339.08(122007.12(120689.54(119386.19|118096.91|116821.56/115559.98{114312.03[1130°
Economic High Case |Energy Efficiency 0.00] 0.00|1687559.99|1206959.52(904974.33|556623.70/343883.90|345116.23|341389.25|337702.52|334055.60|330448.07|326879.50|323349 46(319857.54|316403.34|312986 44|309606.43|306262.93[3029
Economic Reference | Electric Cost Saving | 0.00] 0.00 15.00) 1267 1033 357 679 5.67] 636 645 6.34 6.24) 613 503 503 583 573 5.64) 5.54]
CUMULATIVE PV Beneift ($)
Cartegory Scenario Sub Cartegory 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Economic Reference |Improved Asset Utili:| 0.00] 0.00 19.00( -534830| -15511.75| -20932.00( -48601.47 -67069.33) -85337.76|-103408.90|-121284.80|-138967.83| -1564530.81| - 173762.90/ -190879.13| -207810.51| -224559.05|-241126.72
Economic Low Case |Improved Asset Utili:| 0.00] 0.00 17.10[ -432898 -1256032 -24239.89 -3936167 -54320.14| -69117.07| -83754.20) -98233.27|-112555.98|-126724.02| -140739.05|-154602 .74 -168316.70| -181882.57|-195301.94
Economic High Case |Improved Asset Utili:| 000 0.00 2375 -8367.64| -2425167| -46786.19] -7595899| -104816.75|-133362.87|-161600.72|-189533 62| -217164.87| -244497.73| -271535.41| -298281.12| -324737 99| -350009.15| -376797 6
Economic Reference |T&D Capital Savings | 0.00] 0.00 -4.73] -441 -4.19) -4.09| -4.05) -4.00 -3.95) -391 -3.86| -3.82| -3.78) =374 -3.70] -3.66) -3.63| -3.56
Economic Low Case | T&D Capital Savings | 0.00] 0.00 -3.92| -1.66) -3.4¢) -2.40) -3.37) -3.33 -3.29] -3.25 -3.22 -2.19| -315 -3.12 -3.09) -3.08) -3.03] -3.0C
Economic High Case |T&D Capital Savings | 0.00] 0.00 -6.99] -6.48 -6.14) -5.99 -5.01 -35.84] -5.77 -5.70)] -5.63] -5.56| -5.50) -5.44| -5.37] -5.31 -5.26 -5.20
Economic Reference |T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00 0.00| 0.00) 0.00 0.00 0.00 0.00f 0.00| 0.00| 0.00| 0.00| 0.00 0.00 0.0C
Economic Low Case |T&D O&M Savings 0.00] 0.00] 0.00| 0.00| 0.00) 0.00| 0.00) 0.00 0.00 0.00 0.00f 0.00| 0.00| 0.00| 0.00| 0.00 0.00 0.0
Economic High Case |T&D O&M Savings 0.00] 0.00 0.00f 0.00] 0.00f 0.00| 0.00 0.00] 0.00 0.00 0.00] 0.00| 0.00] 0.00| 0.00] 0.00 0.00] 0.0C
Economic Reference |Theft Reduction 0.00] 0.00 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00 0.00] 0.00] 0.00] 0.00| 0.00] 0.00 0.00] 0.0C
Economic Low Case | Theft Reduction 0.00] 0.00] 0.00] 0.00| 0.00 0.00] 0.00 0.00 0.00 0.00 0.00f 0.00] 0.00| 0.00| 0.00] 0.00 0.00 0.0C
Economic High Case |Theft Reduction 0.00] 0.00] 0.00] 0.00] 0.00 0.00] 0.00 0.00 0.00 0.00 0.00f 0.00] 0.00| 0.00| 0.00] 0.00 0.00 0.0
Economic Reference |Energy Efficiency 0.00] 0.00[ 8564030.71{1481993.99/1945341.10|2230332.43(2408860.99|2585660.50|2760451.80|12933355.49/3104391.96|3272581.27|3440943.67| 3606498.603770265.66)3932264.17)4092513.22)4251031.72
Economic Low Case |Energy Efficiency 0.00] 0.00] 6292878.29|10280372.62(1418153.66|1625912.341756132.56/1884946.50|2012360.26|2128416.13|2262101.74|2386440.82|12508447.04|12620137 48|12748523.67|2866620.58(2083442.14/2099002.12
Economic High Case |Energy Efficiency 0.00] 0.00|1687559.99|2894519.51|3799494 34|4356118.03{4705001.93|5050118.16|3391507 42|5729209.94|6063265.54|6393713.61|6720593.11|7043%42 57|7363800.12|7680203.45(7993189.89/8302796.32
Economic Reference |Electric Cost Saving 0.00] 0.00] 15.00] 27.67| 35.20) 46.77| 53.56 60.23 66.79 7325 79.59 91.96) 97.99| 103.92] 109.75 11548 12112

‘ BCM ‘

DM

Figure 28 Replication Sensitivity case: PV Benefit Table
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Mew Project  Initialize Load Save Help

Project Information

Project Name Organization |S*'“"P|E | Start Vear |ZU15
[ Reference Case | Sensiity Case |

Escalated Input Data | Benefit Table | PV Benefit Table | Sensitivity Graphs | Sensitivity Charts |

| Country | North America v

Region ‘ NPCC

Sensitivity Comparison : Annual Gross Benefits Sensitivity Comparison : Annual PV of Gross Benefits
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Figure 29 Replication Sensitivity case: Sensitivity Graphs
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Mew Project  Initialize Load Save Help

Project Infarmation

Project Name Organization |55“"P|5-'

| Start Year |2015

| Country | North America v

Region ‘ NPCC 2

Reference Case | Senitivity Case |

Escalated Input Data | Benefit Table | PV Benefit Table | Graphs || Sensitivity Charts |

Select Year: | 2015 v
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Figure 30 Replication Sensitivity case: Sensitivity Chart
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111.4 Detailed Architecture in the Revised SGCT

After the separation of Ul and data, it is possible for us to design flexible and extensible Ul at our
disposal. For example, if data changes to new data or edits some data, Ul does not have to be designed.
Since the controls in SGCT is fixed already by predefined data set, but controls in our program are
created from data when program begins.

DB structure can be summarized as is shown below. Contents in the colored boxes in the following
diagram presents some of data information included in several files.

v" Data in blue box are PC (Project Characterization) data which consist of definition of assets,
functions and benefits. PC data is defined in ‘sys-def.xml’.
v' Data in green box are defined data to calculate benefit and it defined in ‘input-def.xml’.

<\

Data in brown boxes are rearranged default values and it is defined in ‘defulat-values.xlsx.
v'  Llastly, data in black box is saved information data of project and it is defined in ‘project-
def.xml’.

Original default values are hidden in SGCT. User can save and load those data information which is being
utilized by the software program.

|  Asset Category Input Data If input data has default value Default Values
- *  Benefit ID : - Input Data ID
+  Name . * Year
- Unit User Input Data - Region
- s Optional? - D . « Value
Assets »  Has Default Value? +  Project Information
) - Escalation factor type Assets
Category D »  Name L__- Functions
i - Description H—  Input data -
- Name p . Escalation Factor Escalétlon Factor
+  Description »  Region .
»  Function 1D Customer Tariffs »  Population
+  Load
Type »  Inflation
5 Sub Class »  Energy Price
Functions Benefits = Energy rate
- D - D +  Demand charge
+  Name - Category = Served customers
+  Description = Sub Category
) »  Name Cost Data
Mechanism * Description Discount rate
- 1D + Is used custom
. Namel +  Initial year
+  Benefit ID - Final year
»  Total capital
/]\ «  Interest rate
|

Figure 31 Detailed Architecture of DIM in Replicated Tool Kit

In the following, each of the component boxes in the above diagram are show in detail for the
information it contains.
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Tag name/Text Text

.Asse;lDCategory 1 |5 category |AMI Assets T
. Name 2 |<5> category |Customer Assets 2
3 |<5 category |Distribution Assets 3
4 |<5 category |Other Assets 4
5 |5 category |Transmission Assets 5
Figure 32 Asset Category DB
2 Attributes:
name value
o Assels 1= id T
- Category ID 2 | = category |3
. Name 3 Subtags:
»  Description Tag name/Text | 7| Text
+  Function 1D 1 |<p> name Advanced Interrupting Switch
2 |<p> description |Switches or technology that can...
3 |<p> function 10
Figure 33 Asset DB details
1 Attributes:
name |value
Functions 1|8 1d |b
' :“D 3 Subtags:
. Description Tag namefText |[1] Text _ &> m
1 [<p name Autornated Feeder and Line Switching
Mechanism 2 |<p> description [Automnated feeder and line switching is realized throug...
« 1D 3 |«» mechanisms 4> MME
*+  Name I
- Benefit ID 2 Subtags:
Tag namefText |[= id <> name
1 |«» mechanism |1 Prevents fault currents from exceeding the levels of the ¢
2 |«» mechanism |2 Reduce stress on equipment
Figure 34 Function Details |
3 Attributes: ‘
name value
Benefits 'BIERE T
. IC[E]lTegory 2 | @ category Economic
. Sub Category 3 | § sub-category |Improved&ssetltilization
« Name 2 Subtags:
1 <T§ name Optimized Generator Operation
2 |<p description |Better forecasting and monitoring of load and arid performance w

Figure 35 Benefit Details
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1 Attributes:

Input Data name m.e
+  Benefit ID 1 |E benefit|l
+ 1D
«  Unit 3 Subtags:
+ Is Optional? Tag name/Text | = id unit = is-.. = has-.. 5 esc-type [= t.<1> nan
» Has Default 1 |«» Input 45 $ talse false Energyload 0O Annual
Value? 2 |«» input 2 MWh  True  false Coad 0 Avoidec
: tE;;:Iatlon factor 3 [«» input f §/MWh True  true EnergyPrice 0 Average
+  Name
+  Description
Figure 36 Input Data Details
User Input Data
+ D .
+  Project Information 5 Attributes:
»  Assets
- Functions name value
»  Escalation Factor 2 |E name test
3 | E organization [test
+ Type 5 |E nerc MRO
Sub Class 6 Subtags:
*  Energy rate Tag name/Text = discount-rate = is-used-custom <> Unique
+ Demand charge
1 |«» assets < asset (b
»  Served customers 2 ]
2 |«» founctions «» function
3 |«» customer-tariffs «» custome
N Co:stt Da:a 4 |«» input-data «» data (3b
scount rate 5 |«» esc-factor <3 5 Unigue
» Is used custom 4
« Initial year 6 [«» cost-data 3 False <3 def-scht
+  Final year
»  Total capital
» Interest rate

Figure 37 User Input Data Details
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111.5 Project Characterization Module in SGCT and Its GUI Replication

First, four dialog boxes from PCM are compiled in a single dialog box in the following page.

PCM - Project Information

Figure 38 PCM Project Information Screen
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Figure 39 PCM Asset Selection Screen
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Figure 41 PCM Mechanism Selection Screen

'

Figure 40 PCM Function Selection Screen
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T

MainWindow

MNew Project Initialize Load Save Help

Project Information

Project Name |My_project0 Organization |Ajou_Univ_01 Start vear (2015 Country |N0l'th America v

Assets

AMI Assets

AMI/Smart Meters

Customer Assets
[] Customer EMS/Display/Portal
[ Smart Appliances and Equipment {Customer)

[] Vehicle to Grid Charging Station

Distribution Assets

[] Advanced Interrupting Switch

[] Controllable/requlating Inverter
[ Distribution Automation

[] Distribution Management System
[] Loading Monitor

[1 Microgrid Controller

Other Assets

Lo B T S PR LAY VI S Y

<

Region | hpce "1 | setting

Functions Mechanisms

Adaptive Protection

Automated Feeder and Line Switching

Automated Islanding and Reconnection

[] Customer Electricity Use Optimization
Diagnosis & Notification of Equipment Condition
Distributed Praduction of Electricity
Dynamic Capability Rating
Enhanced Fault Protection
Fault Current Limiting
Power Flow Control
[] Real-Time Load Measurement & Managsment
Real-time Load Transfer
Storing Electricity for Later Use

Wide Area Monitoring, Visualization, and Control

Automated Voltage and VAR Control

[] Improves system power factor and voltage red
[[] Optimizes voltage and VAR levels to reduce T8
[ Reduces emissions frem carbon based fuel due

[] Reduces manual labor hours associated with ce

Figure 42 Project Information and Asset/Function/Mechanism Selection Screen (Replicated Tool Kit)
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The SCGT selects the benefits that the smart grid project should vyield, given the assets, functions, and
mechanisms user have selected. The PCM Benefits Screen displays related benefits.

x
IMW of the benefit click
the button to the right of the benefit,
Optimized Generator Operation Explanation Reduced Electricity Losses Explanation
Deferred Generation Capacity. Investments Explanation Reduced Electricity Cost Explanation
Reduced ancillary Service Cost Explanation Redlced Sustained Outages Explanation
Reduced Cangestion Cost Explanation Reduced Major Outages Explanation
Deferred Transmission Capacity Investments Explanation Reduced Restoration Cost Explanation
Deferred Distribution Capacity Investments Explanation Reduced [Mormentary Outages Explanation
Reduced Equipment Failures Explanation Reduced Sags and Swelle Explanation
Reduced T&D Equipment Malntenance Cost Explanation Reduced CO2 Emissions Explanation
Reduced T&D Operations Cost Explanation Reduced SOx, NOx, and PM-10 Emissions Explanation
Reduced Meter Reading Cast Explanation Reduced O Usage (ot monetized) Explanation
Reduced Electricity. Theft Explanation Reduced Widescale Blackouts Explanation
Previous | | Proceed to Function-Benefit Chart

Figure 43 PCM Benefits Screen (DOE SGCT)

Following dialog box is from Replicated Tool Kit — left hand side of the box is still to be incorporated with
further information on the detailed asset, function, mechanism and benefits. Current diagram is simple
example of what it would be after the details are implemented in the code.

0 nleE)

Benefits Review \ Close

Reduced Ancillary Service Cost

"

Figure 44 Benefits Screen (Replicated Tool Kit)
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111.6 Comparison of Data Input Module in SGCT and Its GUI Replication

In DIM Step |, the user is required to enter information on electricity tariff and customer population. This
data entry is required regardless of which benefits were enabled by the PCM because it used in many of
the benefit calculations. The two tables are the Electricity Rates by Customer Class and the Number of
Customers by Class tables, or Table 1 and 2 respectively in upper left figure in the following table.

DIM Step | : Number of Customers, and Electricity Tariff Data

Directions: In the outlined section below the user should enter the appropriate electricity tariff and customer s
population data. The user should refer to the detailed directions in the section below for instruction on how to

changing cell formatting or pasting formulas, Once all data has been entered click the button below to finish this e e e e e .I ]
step and return to the DIM Main Page. After finishing this step a new page will become visible which contains all

of the data entered in this step, the user can view this page to review all data entered in this step. ‘ = s —
[ — w1 s A - s P s is i

In'this saction the user should anter elactricity tariff rates and information about the Rumber of customers served. For Table
1at least one energy rate must be entered for each class and at least one demand eharge must be entered for the
commercial and industrial customer class. If there is no demand charge for a certain customer class a zero should be entered
in the Avg Demand Charge column of Table 1. Similarly for Table 2 a number must be enterad for at least one sub-class for
each customer class; if there are no customers served for a certain class  zero should be entered. Once the appropriate data
has been entered in Tables 1 and 2 click the "Submit Rate and Number of Customers Served Data" button below to submit
and store the entries,

Table 1: Electricity Rates by Customer Class in 2010 ‘Table 2: Number of Customeres Served by Class in 2010

[Restdential Customerci

Residential Rate Sub-Class 1 Residentisl Rate Sub-Class |
Fesidential Rate Sub.Class 2 Residentil Rate Sub-Class 2
Fesidential ate Sub.Class 3 Residontial Rate Sub.€lass 3

Residential ate Sub- Class & Residentiol Rate Sub Class &
Rasidantial Rate Sub Class S Residantil Rate Suls €lass ©

1 Customer Class

Commerdal Rate sub-Class 1 ‘Commercial Rate sub-Class 1
Commercial Rate Sub-Class 2 Commercial Rate Sub-Class 2
Commencial Rate sub-Class 3 Commestial Rate Sub-Class 3
Commerlal Rate Sub-Closs & Commercialfate Sub-Class
Commerclal tate sub-class 5 Commercial Rats sub-Class 5

lass
Class 1

Tock

2
eclustral Suly Clazs 1
Incluselal sul-class
Inclustal Sul-lass 5 Industrial sub-Class §

Submit Rate and Number of Customers Served Data

Figure 45 Electricity tariff data and customers served
data entry tables

mmosfs  smme|s s

Figure 48 Data input sheet

Figure 47 Escalation factor table
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The above four dialog boxes are now compiled in a single box presented in the following in Replicated Tool Kit.

T

MNew Project Initialize Load Save Help
Project Information
Project Name |Sample Organization |Sample

(®) Customers & Tariff

Residential Customer Class

Average Energy  Average Demand

MainWindow

Start vear 2013 Country | North America

Commercial Customer Class

Customers Served Average Energy

Region

NPCC

Average Demand

Customers Served

Industrial Customer Class

Average Energy

Average Demand

Customers Served

Rate(S/kwh)  Charge($/kWmonth) Rate($/kWh)  Charge($/kWmonth) Rate($/kwh)  Charge($/kwmonth)
Sub-Class 1 s 4 E Sub-Class 1 2 1 1 Sub-Class 1 2 7 B
Sub-Class 2 o 0 0 Sub-Class 2 0 o 0 Sub-Class 2 0 0 0
Sub-Class 3 a 0 o Sub-Class 3 0 a Q Sub-Class 3 0 0 0
Sub-Class 4 a 0 o Sub-Class 4 0 a a Sub-Class 4 0 0 0
Sub-Class 5 a 0 o Sub-Class 5 0 a a Sub-Class 3 0 0 0
Average Rate: 5 4 Total: 3 Average Rate: 2 1 Total: 1 Average Rate: 7 Totak 6
Average Energy Rate: 5 Average Demand Charge : 4 All Customer Classes © 10
@ Escalation Factors & Cost Data
Enter Escalation Factors Enter Project Cost Data
Escalation Factor Default Value Valus Discount Rate 5 %
Population Growth Factor 0.2 o Use Custom Cost Schedule No v
i 2015
Load Growth Factor o Initial Year of Project Spending yr
- Final Year of Project Spendin 2038 r
Economic Inflation Factor < % 4 ° g ¥
o Total Capital Cost of Broject 1000 $
Energy Price Factor - %
Interest Rate 4 %
Vi 2038
Final Year of Senefits O ¥ Yearly Amortized Payment 6559 $
(%) Enter Benefit Calculation Input Data
Benefit Option Input Name Unit Default Base 2015 Base 2016 Base 2017 Base 2018 Base 2019 Prajeq
Optimized Generator Operation [1 |Annual Generation Cost 3 9.00| 8.00] 7.00| 6.00
Deferred Generation Capacity Investments [[] |Price of Capacity at Annual Peak S/MW 72.01 5.73 3645 2831.22| B4
Deferred Generation Capacity Investments Total Customer Peak Demand MW 7.00) 5.00| 400
Deferred Generation Capacity Investments Energy Storage Use at Annual Peak Time MW 8.00| 7.00 6.00| 5.00
Reduced Ancillary Service Cost 1 |Ancillary Services Cost 3 8.00| 7.00 5.00| 400
Reduced Congestion Cost O Congestion Cost 5 9.00| 8.00 6.00| 5.00
Deferred Transmission Capacity Investments Capital Carrying Charge of Transmission Upgrade 3 9.00) 7.00 6.00) 400
Deferred Transmission Capacity Investments Transmission Investment Time Deferred yrs 9.00) 8.00 7.00) 6.00
Deferred Distribution Capacity Investments Capital Carrying Charge of Distribution Upgrade 3 8.00| 7.00 6.00) 5.00
Nafarrad Nictribaitinn Fanacitu Invactmante Nirdribitian Inunrtrmant Timma Nafaread wre 700l [l S nnl A nn|

Figure 49 Data Input Module (DIM) Screen (Replicated Tool Kit)
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111.7 Computational Module in SGCT and Its GUI Replication

CM Main page allows you to run the cost-benefit analysis with the inputs entered in the DIM,
collectively referred to as the Reference Case, or it allows for an analysis to be run with high and low
sensitivity case inputs, collectively referred to as the Sensitivity Case.

Run CM with Sensitivity Case Inputs.

Select % using topele Reference Case Values (project)
Input Name Unit Reference 2012 2013 2014 2015
INumber of Customers Residential Rate Sub-Class 1 = 100% 100% - B B B
Number of Customers Residential Rate Sub-Class 2 B 100% 100% - - - -
INumber of Customers Residential Rate Sub-Class 3 B 100% 100% - - - B
INumber of Customers Residential Rate Sub-Class 4 B 100% 100% - - - B
Number of Customers Residential Rate Sub-Class 5 B 100% 100% - - - -
INumber of Customers All Residential Classes B 100% 100% - - - B
Number of Customers Commercial Rate Sub-Class 1 B 100% 100% - - - B
INumber of Customers Commercial Rate Sub-Class 2 B 100% 100% - - - -
INumber of Customers Commereial Rate Sub-Class 3 B 100% 100% - - - B
INumber of Customers Commercial Rate Sub-Class 4 B 100% 100% - - - B
INumber of Customers Commercial Rate Sub-Class 5 B 100% 100% - - - -
INumber of Customers All Commertial Classes B 100% 100% - - - B
INumber of Customers Industrial Sub-Class 1 B 100% 100% - - - B
INumber of Customers Industrial Sub-Class 2 # 100% 100% - - - B
INumber of Customers Industrial Sub-Class 3 B 100% 100% - - - B
Number of Customers Industrial Sub-Class 4 B 100% 100% - - - B
INumber of Customers Industrial Sub-Class 5 # 100% 100% - - - B
[Number of Customers All ndustrial Classes B w00% | 100% - - - -

Figure 50 CM Main Page (DOE SGCT)

The above dialog box is now compiled as the following in Replicated Tool Kit.

T Mainwindow - - oIEd

New Project Initialize Lload Save Help
Project Information

Project Name |Sample Organization |Samele Start vear 2013 Country | North America v | Region | NPCC v

Reference Case| Sensitivity Case

Escalated Input Data | Benefit Table | PV Benefit Table | Sensitivity Graphs | Sensitivity Charts

Changing the whole ratio: [100 v | [100 ~

Input Name Unit Low() Hihg®s) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2006 2027 2028 2029 2030 2031 2032

Annual Generation Cost s oo v[as v| <0o] sse| sm| 267 222 231 24| 2si| 2e1| 272 283 ze4l 306|319 332 346 360 375
Price of Capacity at Annual Peak sMV[ g0 v[[12s v [6377201[6346573]63136 45[6283122]6410: 17.17(68505.64[70766.33[73101.6275513 1 9.27[85986.17]88223.71[91754 80]04782 800791064
Total Customer Peak Demand Mw g0 v[[12s v| 200 17| 143 11a] oss o0sg o087 o8] s o0s oo ooi| oo 092 o3 oo 004 o003
Energy Storage Use at Annual Peak Time MW [gg  v[12s v| 300 2e2] 25| tes] 1sof 1si  1sg s s 1se 157 1so]  tso| 11| 162 teq 165 166
Ancillary Services Cost s e [ -~ 100 oesl os2f osof 25| o2 027 02g] o2g] o3| 03 03] o3 oz 07| o3 o4 o2
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Figure 51 CM Main Page (Replicated Tool Kit)
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For the results, the below three graphs would show how it was done in the original SGCT program. As
for the case of the Replicated Toolkit, please refer to the previous subchapter

Reference Case Output: Annual and Cumulative Results Tables
The tables belovr display the annmal 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, RETURN TO CM MAIN PAGE
(serai Goun for Cumuistive Benafi
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Figure 52 Results table (DOE SGCT)

Reference Case Output: Cumulative Benefits by Category and Sub-Category
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Figure 53 Result Charts (DOE SGCT)
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Reference Case Output: Present Value Cost and Benefit Analysis
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Figure 54 NPV Analysis (DOE SGCT)
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111.8 Help

Finally, this manual is attached to the tab “Help” for easy access during the use of the software provided.
When the tab “Help” is chosen such as below, a help file will be ready. Help file is designed in such a way
that it has a separate window for the list of contents on the left while main contents will be presented
on the right. All the lists have related contents hyperlinked.

T MainWindow = = E

New Project Initialize Load Save | Hel

Project Information ’

Project Name |150305232119 | Hrormation P | StartYear 2015 Country | North America v | Region | NPCC v Péaa";.e:ger
Assets Functions Mechanisms

AMI Assets Adaptive Protection

[] AMI/Smart Meters Automated Feeder and Line Switching

Automated Islanding and Reconnection
Customer Assets
Automated Voltage and VAR Control

Customer EMS/Display/Portal
U G Customer Electricity Use Optimization

Smart Appliances and Equipment (Customer]
U i e { ) Diagnosis & Notification of Equipment Conditic

Vehicle to Grid Charging Station
U 29 Distributed Production of Electricity

Distribution Assets Dynamicicapablity.Rating
Enhanced Fault Protection
[C] Advanced Interrupting Switch
Fault Current Limiting
[ Controllable/regulating Inverter
Power Flow Control
[[] Distribution Automation
Real-Time Load Measurement & Management
[] Distribution Management System
Real-time Load Transfer
[] Loading Monitor
Storing Electricity for Later Use
[] Microgrid Controller
Wide Area Monitoring, Visualization, and Contr

Other Assets

[ PO S L SRR PR T VW EPPRE Y

Figure 55 Tab for Help
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Appendix | Overview of SGCT

A1.1 SGCT Framework and Work Flow

There are basically three modules in SGCT, which are: first the Project Characterization Module (PCM);
second the Data Input Module (DIM); and third the Computational Module (CM), as shown in the figure
below. The first module helps users determine the functionality of the projects by mapping the various
assets provided by a smart grid project onto a standardized set of benefit categories. This module
represents the first to fourth steps in EPRI’s ten step approach. In the second module, users can input
the required data to calculate the project's specific benefits. The list of anticipated benefits is derived
from the first module and the list of inputs needed is dependent on the individual formulas of the
various benefit calculations. This module represents the fifth, sixth and ninth steps of EPRI’s ten step
approach. The last module then calculates the project's costs and benefits. It also provides a mean of
sensitivity analysis, by changing the range of some basic inputs, such as costumer number, electricity
price, and various inputs for further benefit calculations.

Phase 111

Project Characterization
Module (PCM) : Helps user
determine the functionality

of the project. Determines
benefits the project will yield.

Project Assets,
Functions, and
Mechanisms

Project Computational Module
input clat: (CM): Calculates project
e costs and benefits; allows

" I . for project sensitivity
Project benefits analysis

|

Data Input Module (DIM) :
Facilitates data input
required to calculate project Sensitivity ranges

benefits, .

Results

Project input data

Sensitivity Analysis Input
Interface (Optional): Allows
user to set the sensitivity
range for specific variables.

Sensitivity
ranges

Key
:> = User Input E = Inputinterface
—> =Dataflow - = Calculation engine

Figure 57 SGCT Architecture

Source: Navigant, 2011
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MODULE 1 What is the

goodness
worth?

Monetary

Assets Functions Mechanisms Benefits
Value

S —
Metrics Calculations } ﬂ

What equations are  How can benefits be
required to projected beyond
translate data into the first 5 years?
monetary value?

MODULE 2

MODULE 3

Figure 58 The Structure of SGCT

A1.2 Project Characterization Module (PCM)

This process takes up from phase one to phase two. The process done in the tool is explained by the
figure below. It started from identification of Smart Grid technologies available (Assets) in the project.
Then from those assets, the user must determine the functions those Assets can do. Each function
would have several mechanisms, which in turn would provide some benefits, to the utility, consumer or
society. Then based on the list of benefits that can be provided by a smart grid project, a monetized
value is calculated.

Each process above will have its own standardized map. Figure below shows the illustration of Assets to
Functions to Mechanisms to Benefits mapping in SGCT. It can be seen that the function can be mixed,
such as that an asset can have several functions as well as a function can be done by several assets. The
same goes for any of the mapping, up to mechanisms to benefits mapping.
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Ascciin Function A Mechanism A | Benefit #1

Asset B Function B Mechanism B . Benefit £2

Asset C Function C 4 Mechanism C Benefit #3

Asset D

Function D Mechanism D Benefit #4

Figure 59 lllustration of Asset, Function, Mechanism, Benefit Mapping (Navigant, 2011)

Source: Navigant, 2011
Assets to Functions

There are 21 assets listed in the tools, which can be divided into five categories: Customer Assets, AMI
Assets, Distribution Assets, Transmission Assets, and Other Assets. Please note that the listed assets
here is different from the one in EPRI’s Methodological Approach for Estimating the Benefits and Costs
of Smart Grid Demonstration Projects (2011, Table 4-4 Linkage of Smart Grid Assets and Functions),
which has 19 assets.

Table below shows the mapping of Assets to Functions in SGCT. There are 15 functions that are defined
in the tools, starting from Fault Current Limiting to Distributed Production of Electricity. In EPRI (2010),
the function is divided into two parts, which is called Functions and Enabled Energy Resources (due to
Functions). Here the Enabled Energy Resources is just another part of Functions (as Other). Also, it must
be noted that the PEV (Plug-in Electric Vehicle) and Distributed Generation in EPRI (2010) are combined
together into Distributed Production of Electricity in DOE’s SGCT.

Table 1 Mapping of Assets to Functions (DOE SGCT)

Functions
Smart Grid Assets

Delivery bse ‘ Other
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Advanced Interrupting
. \'}
Switch
AMI/Smart Meters Vv \'} Vv
Controllable/regulating v v
Inverter
Customer
. \)
EMS/Display/Portal
Distribution
. \'} \Y) \') V V
Automation
Distribution
\Y) \") \Y) \') V \') \')
Management System
Enhanced Fault Vv
Detection Technology
Equipm
quipment Health v Vv
Sensor
FACTS Device Vv
Fault Current Limiter Vv
Loading Monitor Vv \" Vv
Microgrid Controller \
Phase Angle Regulating
\'}
Transformer
Phasor Measurement
\' \' \'} \'} \'} \'} \'}
Technology
Smart Appliances and v
Equipment (Customer)
Software - Advanced
. o vV |V
Analysis/Visualization
Two-way \Y Vv \Y \Y Vv \Y \'
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Communications (high
bandwidth)

Vehicle to Grid
Charging Station

Very Low Impedance
(High Temperature \Y
Superconducing) cables

Distributed Generator
(diesel, PV, wind)

Electricity Storage
device (e.g., battery, \' Vv
flywheel, PEV etc)

Figure below shows the windows that show up in the process of executing DOE's SGCT. In this window
user is required to choose the assets of its own smart grid project from various list of defined assets. It is
classified into four class which are:

v' Customer Assets

v AMI Assets
v"  Distribution Assets
v" Transmission Assets
v" Other Assets
PCM - Choose Assets gl

Please zelect 2l assets that wil be instaled as part of the smart grid project. The cheices on this page may represent a groLp or category

of assets. If a particular asset that is being installed does not appear explicity in this list choose the asset group that is most closely related to the
asset being instaled. The assets that are chosen on this page wil detarmine the subset of functions that vou wil be able to choose fram on the
folowing page.

Customer Assets Transmission Assets

W Cugtomer EMS /Display/Portal Definition I” Phase Angle Regulating Transfor mer Definition
W Smart &ppliances and Equipment (Customer) Definition ™ Phasor Measurement Technology Definition

I wehicle to Grid Charging Station Definition | ¥ Softwars - Advanced AnalysisMisualization Definition ‘

AMT Assets Other Assets

W AMIfSmart Meters Definition I” Enhanced Fault Detection Technology Definition
Distribution Assets ™ Equipment Health Sensar Definition

r Flexible Alternating Current Transmission Definition
™ Advanced Interrupting Switch Definition System (FACTS) Device

[ controllable/fregulating Inverter Definition ™ Fault Current Limiter Definition
I™ Distribution Automation Definition I™ Two-way Communications thigh bandwicith) Definition
™ Distribution Management System Definition r “ery Low Impedance (High Termperature Definition

Superconducting) cables
" Loading Monitor Definition
™ Distributed Generator (diesel, PY, wind) Definition
¥ microgrid Controller Definition

Electricity Storage device (g.g., battery, é
F flywheel, PEY stc) Definition

Previgus Exit Mext

Figure 60 Choosing Assets in DOE's SGCT
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The next step is choosing functions that can be enabled by the assets that already chosen in the
previous step. Figure below shows the example of the window that showed up for that process.

PCM - Choose Functions El

Please select al functions that vou expect the smart grid project to enable. For a definition of a
functon click the button to the right of the functon. Certain functions may be disabled
(grayed out) becalse the necessary project assets were not indicated on the preceding page.

1 Definition
2 W Wide Area Monitoring, Yisualization, and Control Definition
2 I Dynamic Capability Rating Definition
4 - Definition
5 - Definitian
5 Definition

7 autmated Islanding and Reconnection Definition

8 W autbmated Voltage and WaR Contral Definition

9 Definition
o Defirition

11 [T Real-Tima Load Measurament & hManagement Definition

12 Definition
13 W custorer Electricity Use Optirnization Definition
14 ¥ Storing Electricity for Later Use! Definition
15 Definition

Previous Exit et

Figure 61 Choosing Functions in DOE's SGCT

In the macro code (Visual Basic for Applications, VBA), the mapping of function to asset can be found in
object “Function to Asset Map” (sheet 16)

Functions to (Mechanisms to) Benefits

In the original EPRI’s Methodological Approach for Estimating the Benefits and Costs of Smart Grid
Demonstration Projects (2010), there is only a mapping of Functions to Benefits, such as shown below.
There are four categories of benefits: Economic, Reliability, Environmental and Security, which then
translates into 22 types of benefits, starting from Optimized Generator Operation to Reduced
Widescreen Blackouts.7
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Table 2 Mapping of Functions to Benefits (with comparison to EPRI version)

EPRI: Stationarv Electricitv Storage + Plug-in Electric Vehicle
Functions
e 3
= .
S| F = 5 c e H [
= = £ E 5
Benefits 2lES & c 8 Bz J: g > B
s zZ| 8| 8 8 =| 8 8 = E]
EEE| = c E & k-] o Il Zlls
=1 = k- 8 d I £ = @ = (B ofl 2
= c o 5 5P o 2 = g < = =
ERS| 8| 8| & @ Pz| £ S Es g
SBE 2| | sErEEE_BE|zEc|zl:| 2|2
=1 = e T = ) —_— a 3
o -} E = = = £ E [} = £ » a iE = =
[ = H =12
£83| 2 % _E S § Slgeps| Eps5| sBE| 3
EEs| 8| 8| 3EZEE38BE8| S5@B=s| 2P0
Optimized Generator Operation .
Improved Asset Deferred Generation Capacity Investments . -
Utilization Reduced Ancillary Service Cost . . . . .
Reduced Congestion Cost . - . . -
. Deferred Transmission Capacity Investments - . - . . .
T&Szvci?:_a Deferred Distribution Capacity Investments . . - . -
Reduced Equipment Failures . . . .
Economic TRD O&M Reduced T&D Equipment Maintenance Cost .
Savings Reduced T&D Operations Cost . .
i} Reduced Meter Reading Cost .
Theft .
Reduction Reduced Electricity Theft .
E
j?rgv Reduced Electricity Losses . - . . . . .
Efficiency
Electricty Cost
= Ic_ y Lo Reduced Elactricity Cost . - .
Sawvings
Reduced Sustained Outages . . - . . . . .
Power .
X Reduced Major Outages . - . -
Interruptions -
Reliability Reduced Restoration Cost - . - . - .
. Reduced Momentary Outages . -
Power Quality
Reduced Sags and Swells . .
Reduced CO, Emissions . . . . . . . . .
Environmental Air Emissions
Reduced 50,, NO,, and PM-10 Emissions . . . . . - . . .
. X Reduced Qil Usage (not monetized) . . . .
Security Energy Security
Reduced Widescale Blackouts . . %

Mapped in EPRI

In the SGCT, though, the concept of mechanisms is introduced as a linkage between functions and
benefits. The complete mapping from functions to mechanisms to benefits is shown in the appendix.

Each function can have 1 to 13 mechanisms. Each mechanism, in turn, can lead to one to three benefits.
Through these mechanisms to benefits mapping, the resulting functions to benefits mapping in SGCT will
be exactly the same with the one from EPRI (2010)
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PCM - Choose Mechanisms 3]

lechanisms describe specifically how each function wil be realzed. In this page the applicable mechanisms for each enabled function should be selected. The

ombinaton of the functions and mechanisms determine which benefits the project may vield, Each tab in this page represents one of the enabled functions of
this project. Please navigate to all enabled tabs and select all applicable mechanisms for each functon. Be sure to navigate to all enabled tabs before procesding
o the next page.

| Function 2 | | 1 1 | Funetion 7 | Function 8 | | | | | Function 13 Function 14 |

Storing Electricity for Later Use

W Provides electricity at peak time to reduce distribution peak load

I Provides electricity at peak time to reduce generation peak capacity required

W Provides electricity at peak time to reduce transmission peak lnad

I~ Enables load following/smoothing allowing generatars to remain in their optimum operating zone and avoid the dispatch of less efficient generation
W Provides electricity at peak time to reduce ancillary services related o peak load

¥ Provides electricity during times when price of "grid power" exceeds cost of providing electricity with the storage asset
I~ Acts as an uninterruptible power supply during a momentary outage

I~ Utilizes uninterrupted power supply capability to enable load to ride through voltage sags and swell

I~ Enables islanding or alternative power supply

W Decreases loading on congested transmission pathways

¥ Optimizes net load shape to reduce electricity losses

¥ Reduces emissions from carbon based fuel due to losses

I PEVs used as energy storage assets reduce gasoline cansumption.

Previous Previous Tab ‘ Exit | Next Tab |

Figure 62 Choosing Mechanisms in DOE's SGCT

Figure above shows the process of choosing mechanism in DOE's SGCT. For each function that has been
chosen from the previous step, there will be a unique tab with several pre-defined mechanisms. These
mechanisms will lead to the benefits of smart grid. Once we choose all the mechanisms that could be
realized by our Smart Grid project, the mechanism to benefit table will give the resulted benefits. Figure
below shows the result, which is a function-benefit chart. The green cells show the relationship of
function and benefit that can be realized by the Smart Grid project. After this, the next process in
monetization of each benefit listed in the chart.
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Function-BenefitChartis
INCORRECT
Return to Initial Project Characterization
Module (PCM)

Function-Benefit Chart is
CORRECT
Proceed to the Data Input Module [DIM)

Smart Grid Functions

ing

i Feeder and

Automated Voltage and
Real-time Load Transfer

AR Contral
Storing Eleatrisiy for

Later Use

Adaptive Pratestion

Cynamic Capability

Fiating
Fower Flow Contol

Fault Current Limiting

Optimized Generator Dperation
Deterred Generation Capacity

Improved fisset Uiilization | Inuestmerts
Fleduced Ancillan Service Cost FEST| TvEE
Fleduced Cangestion Lozt FEST| HES

Defened Transmission Capacity
Investments

T&0OCapial Savings Daismed Cistibution & apaciy .
Econamic Investments
Fleduced Equiprment F aiirs
Feduced 160 Equipment
. aintenance Cost
TEDDEM Sauings Foduied TED Diper sinns Cast
Reduced Meter Reading Cost
Theft Reduction Reduced Electiicity Theft
Eneigy Efficiency Feduced Electiisity Losses YES VES
Electricity Cost Savings Feduced Electricity Cost TES
Reduced Sustained Outages ES
Power Intermuptions Feduced Major Outages YES WES
Relisbility Reduced Restoration Cost
Reduced Momentary Ourages
Fower Qusly Fleduced Sags and 5w ails
Reduced COZ Emissions, ES vEs [ ¥ES
Environmental Air Emissions Reduced S0+, N0k, and PM-10 vES vES vES

Emissions
Reduced Oil Usage [mat monetized]
Feduced Wide-scale Blackours

Security Energy Security

Figure 63 Function-Benefit Chartin DOE's SGCT

In macro code (VBA), these mappings can be examined in objects “Fxn_Benefit List” (Sheet 29), “Fxn-
Mechanisms” (Sheet 47), “FxnMech to Benefits List” (Sheet 19), and “Function-Benefit Chart” (Sheet 25).

A1l.3 Data Input Module (DIM)
Benefits Monetized Value

Once the list of benefits is produced, the SGCT then proceeds to the next step, calculating the monetized
value of SG benefit. The complete calculations formula are explained Appendix A.1 Benefit Calculations
of “User Guide for the US Department of Energy Smart Grid Computational Tool (SGCT): Guide for SGCT
Public Version 1.3 (Navigant, 20100). Its summary can be examined in Table 9.

It must be noted that although in the previous processes a benefit can be achieved by various
mechanisms of functions, the benefit calculation process itself does not necessarily need to be based on
or contributed by those specific mechanisms. Some benefit calculation only considers the general
picture of its benefit itself. In other words, the benefit is not calculated by adding each mechanism’s
effect on creating the benefit.

Figure below shows the input sheet that is shown in the DOE's SGCT. In this sheet, a user must input all
the data and parameters required to assess/monetize a specific benefit. There is an option to fill it with
the default parameter, if available. Another option is provided to change the formula of benefit
monetization. As discussed above, a benefit can be monetized following more than one formula.
Choosing a formula would depend on the data availability.
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In the Macro code (VBA) the main object for benefit calculation can be seen in object “Calcs” (Sheet 38).
Below is the screenshot of the sheet. This object is linked with other various objects in the Macro code.
It must be noted that the input table in the previous table will also be linked with the object "Calcs"

below.
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Figure 64 Benefit Calculation Input in DOE's SGCT

Baseline ~2016, Project 2012-2016




Figure 65 Calcs Object (Sheet 38) in Macro code

Cost Representation

In SGCT, the cost representation is somewhat simple. There are two types of cost schedule that can be
inputted to the SGCT. The first is the user must directly enter a nominal cost schedule. But in this case
there is no specific guideline from the manual regarding the minimum requirement or the details of the

cost structure needed. Also the tools only need one representative cost (capital) for each year of project,

as long as the cost spending is still needed by the project.

The second type of cost schedule input is an even more simplified version. The only user inputs that
must be provided are: initial and final year of project spending, the total capital cost of the project, and
interest rate. Based on those numbers, the SGCT then calculates the amortized yearly cost schedule. In
other words, the tools will regard each year’s spending of the project to be equal.

Both types of cost representative (as can be seen in the macro) is showed in figure below
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Value (3] = [Annual Generation Cost (3] baseline - Annual Generation Cost [$) praject)
Category: Economie MAIN CALCULATION Braseline Project
Sub. Asset Utilizati Annual Generation Cost inputds | ] |
Value [£] = [&nnual Generation Cost (§] baseline - Annual Generation Cost [§] project]
alue [ ] -] s
Functions:
Wide Area Monitoring TOTAL BEMEFIT = Bazeline value - Project value
Stationary Electric Storage
Plug-in Electric: Vehicles OPTIONAL CALCUALTION Baseline Project
Awerage Hourly Generation Cast inpurt | | [
Optimizes Caleulation Avoided Annual Gienerator Dispatch inpuz | | | | rawn
e Walue [$]= Annual Generation Cost (4] bassline - Annual Generation Cast] (4] praject
aperation “wide Area Manitoring, Visualization, and Control Averag 0 %
Optional Calculation Annusl Energy Storage Efficiency [ inputa "
Walue ($] = Annual Generation Cast Auoided ($] project - Annual Generation Cost Auaided (] baseline Annual PEY Effisiency [ inputd «
Annual Generatian Cast Avoided ($) = Average Hourly Generation Cost B3MWH) * Avaided Annual Generator Dispath (M Average Efficiency #OviD wovi  x
Walue [ HON0] [ o 4
TOTAL BENEFIT = Froject value - Easeline value &
TOTAL BENEFIT FOR ALL FUNCTIONS:
Value () =[Frice of Capacity 3t Annual Peak ($11] " Peak Generation Fequired MW ]Jbassline - [Frics of Capasity 2t Annual Peak ($i1]* Feal, Generatio
Category: Economic MAIN CALCULATION Braseline Project
Sub- Asset Utili; i
Benefit: Deferred Generation Capacity Investments
Walue [$] = [Frioe of Capasity at Annual Peak [$ilV] " Peak Generation Required (M) baseline
[Frice of Capacity at Annual Peak [$M\)* Peak Generation Required (M Jpraject
Total Customer Peak Demand inputids 1 1 (2
Functions
Customer Electricity Use Optimization Energy Storage Use at Annual Peak Time inputs [
Distributed Generation Distributed Generation Use at Annusl Peak Time inputd L5
Stationary Electricity Starage FEY Use at Annual Peak Time inputtd M
Flug-in Electric Vehicles Feak Generatian Fiequired M
Calculation Frice of Capacity at Annual Feak inputs [ [ | sraw
¥alue [$) = [Frice of Capacity at Annual Pesk [$i14) " Pesk Generation Required (Mw]]basel
Peak Generation Required = [Customer Peak Demand (M) - Energy Storage Use 3t Annu Walue [= -1 [= ]
Customer Peak Demand (MW ) wil be determined by Inad surves [E(Average Customer Pez
TOTAL BEMEFIT = Bazeline value - Project value £
Optional Calculation
Walue [$) = [NPY of Generation Investment Deferral[$]Jproject - [NPY of Generation Investment Deferral ($]Jbaseline OPTIONAL CALCULATION Baseline Project
Deferred MPY of Generation Inve stment Deferral[$] = Capital Carying Charge of Mew Generation [$) "[1-{1-discount rate [32)) Time Defe] C.apital Carrying Charge of New Generation input? [ 1 |
Generatian Generation Investment Time Deferred inputz | [ | w
Capacity
Inuestment [P l COEOT= woanEl s
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DIM Step llI: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This information will be used to complete a simple net
present value cost benefit analysis. The user can enter total costs, initial and final spending years, and the interest rate and the
tool will amortize the cost evenly over the spending period. Or the user can enter a customized cost schedule. I pasting data
from another source into these tables please use the "Paste Value® function to avoid changing cell formatting or pasting
formulas. When the cost information has been entered dlick the blue button at the bottom to submit and store the entries

Project Start Year

Discount Rate

Use Custom Cost Schedule
Initial Year of Project Spending
Final Year of Project Spending : B d
Yo ot Gt P | Amortized Cost
Interest Rate i TOTTOT
Yearly Amortized Payment '

Custom Cost Schedule
Year 2014

Capital (5)

H H i H H
— - e

Figure 66 Cost Input in SGCT Macro

'

Al.4 Computational Module (CM)

The Computational Module is said to be the calculation engine of the SGCT (DOE, 2011). The primary
purpose of the CM is totransform the input data either from the DIM default values or from user defined
inputs into the costs and benefits of the smart grid project being analyzed. According to DOE (2011),
default values are based on the following sources:

v"EIA (Annual Energy Outlook 2009, Form 861, Form 411, etc.)
Global Energy Decisions, Energy Velocity (FERC Form 714, etc.)
SNL (FERC Form 1, etc.)

Public filings, rate cases (PUC, FERC, ISO, etc.)

AN

Then this computation module, CM, calculates costs and benefits on a yearly basis and presents
summaries of these results to theuser in tabular and graphical formats.
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Computational Module (CM) Main Page

Instructions

Welcome to the Computational Modulz {CM) phasz of the Smart Grid Computational Teol. The CM is the calculation engine of the tool, it
crunches the numbers and generates the output. Tne CM also allows the user to complate 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 1o
change any inouts thay can return to the PDIM by clicking the arrow to the right of this diractions hox.

Running the CM with Reference Inouts - To run the CV with the inputs that were entered in the DIM phase, simaly 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 "Vizw Reference Case Results” bution.

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 anzalysis 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 "Vizw Sensitivity Resulis" button. All of the sensitivity ranges can
be reset to 100% by clicking the button above the foggle switches that says "Reset all values to 100%4".

Fhase I11

Project Computational
input data) Module(CM): Calculates Results
project costs and benefits;
allows for project
sensitivity analysis

Sensitivity ranges
|
Sensitivity Analysis Input
Interface (Optional):
Allows user to set the
sensitivity range for specific
variables,

Sensitivity
ranges

Key
:> = User Input :| = Input interface
—> =Dataflow - = Calculation engine

Figure 67 CM Main Page

Source: DOE (2011)
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Reference Case

View Reference Caze

CM with Reference Case Inputs
Run CM with Reference Case Inpur iy

Sensitivity Analysis

Run CM with Sensitivity Case Inputs View Sensitivity Results

Resetallvalues to 100%

ingtogele

Input Name Refarence High
Number of Custom ers Residential Rate Sub-Class 1 uid 100% 100% 100%
Number of Customers Residential Rate Sub-Class 2 ki 100% 100% 100%
Number of Customers Residential Rate Sub-Class 3 = 100% 100% 100%
mumber of Customers Residantial Rate Sub-Class 4 = 100% 100% 100%
Number of Customers Residentlal Rate sub-Class 5 = 100% 100% 100%
Number of Customers all Residential Classes = 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 1 = 100% 100% 100%
mumber of Customers Commercial Rate sub-Class 2 & 100% 100% 100%
Mumber of Customers Commercial Rate Sub-Class 3 & 100% 100% 100%
Mumber of Customers Commercial Rate sub-Class 4 # 100% 100% 100%
Mumber of Customers Commercial Rate sub-Class 5 # 100% 100% 100%
Mumber of Customers all Commereial Classes 7 100% 100% 100%
Mumber of Customers Industrial Sub-Class 1 g 100% 100% 100%
MNumber of Customers Industrial Sub-Class 2 i 100% 100% 100%
Mumber of Custom ers Industrial Sub-Class 3 i 100% 1005 100%
Number of Customers Industrial Sub-Class 4 F 100% 100% 100%
Number of Customers Industrial sub-Class 5 F 100% 100% 100%
Number of Customers All Industrial Classes F 100% 100% 100%

Figure 68 Benefit Calculation Window

Source: DOE (2011)

Figure below shows the example of benefit calculation which is quite in detail. It can be seen that each
function has its own monetization calculation. Thus the total monetized benefit of Optimized Generator
Operation is the sum of Wide Area Monitoring, Visualization & Control monetization part and Stationary
Electricity Storage and PEV monetization part.
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Functions &
Benefit Enabled Energy Input Parameters Monetization Calculation
Optimized o Wide Area \ o Hourly Generation Cost (| For Wide Area Monitoring, Visualization, & Gontrol:
832?;3;?: Q{.-‘I_onitlc_nring, | ($/MWh) Value ($) = [Annual Generation Cost {$)].eine - [Annu
G'gﬁ;‘_[:lza"on’ an . Ah:&;;al Generator Dispatch Generation Cost ($)]Pmiect
e Stationar ( ) For Stationary Electricity Storage and PEV:
hary o Annual Energy Storage )
Electricity Storage - o/ Value ($) = {{Hourly Generation Cost ($/MWh) * Annual
+  Plug-in Electiic M Generator Dispatch (MWh)]gaeeine — [Hourly Generation Cost
Vehicles (3/MWh) * Annual Generator Dispatch (MWh)]. ...} Energy
\\ J Storage Efficiency (%)
Deferred e Customer ¢ Price of Capacity at Annual Value (3) =Price of Gapacity at Annual Peak (5MW) * EER
gener{__ﬂion Electricity Use Peak ($/MW), Use or Customer Optimization at Annual Peak (MW)]escsine -
apacity Optimization [Price of Capacity at Annual Peak ($/MW) * EER Use or
Investments e Distributed * F P\E&,«)Use At Annual Peak Customer Optimization at Annual Peak (MW)]rrjse:
Generation s Capital Carrying Charge of Or
¢ Stationary New Generation ($/yr) Value ($) = Capital Carrying Charge of New Generation ($/yr) *
Electricity Storage | Time dsfened (yrs) Time deferred (yrs)
*  Plug-in Electric
Vehicles

Figure 69 Example of Benefit Calculation which is Related to Its Functions

As mentioned above, the calculation of benefit is not necessarily in detailed case as previous case.
Figure below shows the example of generalized and simplified benefit calculation. As can be seen,
although the benefit of Reduced Wide-scale Blackouts can be realized through Wide Area Monitoring &
Visualization, Dynamic Capability Rating, and Enhanced Fault Detection functions, the monetization
calculation simply uses the number of events (Wide-scale Blackouts) times the estimated cost per event
in baseline case and project case. Thus there is no “Dynamic Capability Rating-contributed benefit” or

“Enhanced Fault Detection-contributed benefit”.

Functions &
Benefit Enabled Energy Input Parameters Monetization Calculation
Resources
Reduced Oil ¢ Automated Feeder | ¢ Number of Switching or For Automated Feeder Switching, Diagnosis & Notification of
Usage Switching Maintenance Operations Equipment Condition, & Real-Time Load Measurement &
« Diagnosis & Completed (# of events) Management:
Notification of » Average Miles Travelled per Value ($) = {Operation (# of events) * Average Miles Travelled
Equipment Operation (Baseline per Event (milesfevent) *Average Fuel Efficiency for Service
Gondition miles/operation) Vehicle (gallons/mile) * Oil Conversion Factor (barrels of
hy ) _ - N )
e Real-Time Load + Average Fuel Efficiency for oﬂ-gﬂ\lon of gasoling)}gacoine {Ogel ation (# of events) A\;.'e_rage
Measurement & Service Vehicle (gallons/mile) Miles Travelled per Event (miles/event) *Average Fuel Efficiency
Managemeant for Service Vehicle (gallons/mile) * Qil Conversion Factor
g i ¢ kWh consumed (kWh) (barrels of cil/gallon of gasoline)}, ...
¢ Plug-in Electric * Electricity to Fuel Conversion
Vehicles Factor
For PEVSs:
Value ($) = {Electricity consumed (kWh) * Gasoline Conversion
Factor (gallons of gasoline/kWh) * Qil Conversion Factor (barrels
of cil/gallon of gasoline)],...... - {Electricity consumed (kWh) *
Gasoline Conversion Factor (gallons of gasoline/kWh) * Qil
Reduced Wide- o Wide Area o Number of Events (# of Value ($) = [Number of Events (# of events) * Estimated Cost
scale Blackouts Monitoring & events) per Event ($/event)],...... - [Number of Events (# of events) *
Visualization e Estima Per Event Estimated Cost per Event ($/event)]. ..
*  Dynamic Capabili Bvent)
Rating
* Enhanced Fault
Detection

Figure 70 Example of Benefit Calculation which is Generalized and Simplified
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In benefit calculation of SGCT, it is possible to have two types of calculation for each benefit, which is
called standard and optional calculation. Each calculation will have different set of inputs that need to
be provided by the user. For example, let’s examine the calculation for Reduced Ancillary Service Cost.
The standard calculation is:

Value ($) = [Ancillary Services Cost (S)]saseiine - [Ancillary Services Cost (S)]project
which only needs one type of input: Ancillary Service Cost (S).
The optional calculation for the same benefit is:

Value ($) = [Z (Price of Ancillary Service ($/MW) * Purchases (MW))]gaseiine - [Z (Price of Ancillary Service
($/MW) *Purchases (MW))]project

which requires the user to provide these inputs:

v" Average Price of Reserves (5/MW)

Reserve Purchases (MW)

Average Price of Frequency Regulation (S/MW)
Frequency Regulation Purchases (MW)
Average Price of Voltage Control (S/MVAR)
Voltage Control Purchases (MVAR)

SN NENEN

It can be noticed that in this case, the Ancillary Services that is considered in this calculation is Reserve
Purchases, Frequency Regulation Purchases, and Voltage Control Purchases.

Since these key concepts can be very technical, it is advisable to examine closely Appendix B.2 Detailed
Explanation of SGCT Inputs of the User Guide (2011).

Macro (VBA) Code

The SGCT is provided by DOE in form of Microsoft Excel’s Macro. For a user who wants to execute
Benefit Cost Analysis of a specific smart grid project, the tool can be utilized by following its step-by-step
procedure. But it must be noted that to do so, the user needs to fully understand characteristics of its
smart grid project (the assets, functions, and mechanisms). The user also needs to understand various
concepts of those characteristics and other technical and economical key concepts and provide all the
needed data inputs.

In order to understand how the inside of the macro works, a user needs to access and closely examine
the macro code, which is written in Visual Basic for Application (VBA) environment. Once the access is
granted, it can be seen that the code contains three parts:

» Microsoft Excel Objects
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An object in VBA is something like a tool or a thing that has certain functions and properties, and can
contain data. For example, an Excel Worksheet is an object, a cell in a worksheet is an object, range of
cells is an object, a command button is an object, and a text box is an object. In SGCT, there are various
sheets which range from all the mappings, user inputs, calculations, showing summaries, sensitivity
analyses, results, etc. There are total 43 sheets listed in theSGCT VBA.

Figure below shows the list of Microsoft Excel Objects in the
US_DOE_Smart_Grid_Computational_Tool_Public_Version_1.xIsb (excel basic) and an example of
properties (sheet 11). These sheets are normally hidden, as can be seen in the last property, “Visible: 2 —
xISheetVeryHidden”. In order to examine the sheet, the first thing that must be done is changing this
property to “-1 — xISheetVisible”. After that, the corresponding sheet can be examined in the excel file.

@ Microsoft Visual Basic - US_DOE_Smart_Grid_Computational_Tool Public_Version_1 (version 1).xlsb - [Sheet11 (Code]]
EQE; File Edit View Insert Format Debug PBRun  Tools Add-Ins Window Help

EHE-E B A 9 oy o noE k3 EFY R @], caz -
e
E = ||

- & ¥BAProject (US_DDE_Smart_Grid_Computational_Tool_I -
-5 Microsoft Excel Objects

B Sheetl (DIM MAIN)

) Sheet10 (Start)

1 Sheet1l (Results Table)

1 Sheet12 (Default Data)

1 Sheetl3 (Cost)

1 Sheet14 (Project Information)

1 Sheetls (Azsets)

1 Sheetls (Function to Asset Map)

1 Sheet1? (Functions)

1 Sheet1d (FxnMech to Benefits List)

B Sheet2 (CM Sheets—>)

B Sheet23 (Benefits)

B Sheet24 (Gresn Matrix 0 1)

o —

BB Chaot?S (Fimeticn Bonofit Char b
< | =
|Sheet11 workshest |
Alphabetic lCategDrized ]
Sheet1l

DisplayPageBreaks False

DiizplayRight ToLeft False

EnableautoFiter False

EnableCalculation True
EnableFormatConditionsCalculation | True

EnableOutlining Falzz

ErablePivotTable False

EnableSelection 0 - xMNoRestrictions

arne Results Table

Scrollarea

Standardividth 3.43

isible 2 - ¥lSheetveryHidden

Figure 71 List of Microsoft Excel Object and an Example of Properties (Sheet 11)

> Forms
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A user form in VBA is a kind of dialog/message box combined with various control properties. The user
can input a text, choose from a bulleted list, open another message box, or move to another user form
of worksheet. In SGCT, forms are used to display many dialog boxes and windows, such as for choosing
assets, functions and mechanism, showing information about definitions or explanations of various key
concepts, reminding user to fill out all needed input data, etc. There are total 13 forms listed in the SGCT
VBA.

Figure below shows an example of form, which is the Choose Assets form. This form will be shown when
a user start a new project in the excel macro file of SGCT.

& Microsoft Visual Basic - US_DOE_Smart_Grid_Computational_Tool Public_Version_1.3.xlsm - [Choose_assets (UserForm)]

) File Edit View Insert Format Debug Bun Tools Adddns  Window Help

=™ REE A pouo@ b WA Y R .
== 6B 'CM - Choose Assets
Shests (Project Summary - Template) ~  [Please select al assets that wil be instaled as part of the smart grid preject. The cheices on this page may represent a group or category
&) Thisworkbook 1 © | of assets. If a particLlar asset that is being installed does not appear explicitly in this list choose the asset group that is most closely related to the
=& ”é‘s it =4 - | asset being installed. The assets that are chosen on this page wil determine the subset of functions that you wil be able to choose from on the
Enemts o2 i
Choose_assets il sx ) g

Choose_functions
Choose_mechs
Default_data

energy_factar T asset Definition [ assetia Definition
B inf_factor A .. .. PR . U .. PR
Ioad_gr_factar 4 assetls Definition I” assetld Definition

mirror_inputs

optional_inputs 10T assetln Definition [ assetld Definition

Customer Assets o o o o : Transmission Assets

pop_gr_factor

Project_Infarmation

Welzame_IPSM -
- (13 Madules ~

< 5 BHiT aser Definition T assety Definition

AMI Assets B B R : Other Assets

x|
: Distribution Assets I asoets Bl
Choose_assets UserForm x| i A s As e o o il :
T IR o o IR o o IR . ___Dm__j
P | catogoresd| T asset Definition assed

e hooe ot = o U . . e 3o R . e s s S

[ &HE000000FE: [ B T asses Definiion 2T assetln Definiion
orderColor M &HE0000012: -
BorderStyle 0 - frBorderStyleMone - Definition 1 assetl? Definition
Cantor ey B U . . e _,_____,_____,____,i i A . e _,_____,_____,____,i

4
v 0 - fmCyclsAlForms of ] wesets .. .. e Defintion DT assetls Definition
DrawBuffer 32000 - :
Enabled True ][ asset1n Definition
Font Tahoma z I™ asset20 Definition
ForeColor M &HB00000125: [ sset1z Definition 5 T T T
Height 5265 . I asse21 Definition

HelpCantextID 0

KeepscrolBarsvisble 3 - fmScralBarsBath

Left o i

Mouselcon (hiore) L R A R RS R TR AR S SR SR SRS R SRS S R
MousePcinter 0 - fmiousePointerDefault - [— Bk e
Picture (hone) -

S A S [ v S 2

Figure 72 Example of Form (Choose Assets)

> Modules

Module is a collection of macros. Each macro is able to run a procedure which is composed of several
lines of programming codes. The purpose of using macro is to build customized functions or solutions
using Microsoft Excel. For example, it can handle the procedure for creating function mechanism table,
inputting various data, filling in default input data, or protecting/unprotecting a sheet. There are 5
modaules listed in the SGCT VBA:

v" Module 1 contains all of the macros that helped create the tool and will help edit the tool

v" Module 3 contains all of the codes that make the IPSM and DIM work and allow navigation
through the tool.

v" Module 4 contains all of the code for showing optional inputs.

v" Module 5 contains all of the codes for filling in the default data inputs.
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v" Module 6 contains all of the code for the CM.

Figure below shows the example of Module three, which manages the IPSM (Initial Project Setup
Module), DIM (Data Input Module), and navigation through the tool.

1.3.xIsm - [Module3 (Code)]

Edit View Insert Format Debug Run Tools AddIns Window Help

PREEREY: W P @ e Y @, con =
aoreray =1 [ arations)
B =& = ‘This module contains all of the codes that make the |PSM and DIM work and allow navigation throuah the tool.
Choose_functions e Sub Begin_|PSH()
Choose_mechs ‘Hideal |sheets
Default_data ‘This macro begins the IPSM userforms. Before doing this it clears the Load Curve and Electricity Tariff Sheet, the Data Input Sheet,

‘the Load Cureve and Electricity Tariff date storage sheet, and the Cost input sheet.

energy_factor
Application.Screenlpdating = False

infl_facter Application.Calculation = xIManual
oad_gr_factor “Hideal lsheets
miFror_inputs Protectallsheets
optional_inputs “hny entries in the Project Information page are cleared
pop_ar_factar Sheets("Project Infarmation”). Unprotect mypass
i Rangel “project_infarmation”).ClearContents
Project_Information Sheets( "Project Information”).Protect mypass
welcome_IPSk
=3 Modules “hny entries in the assets page are cleared
4 Moclel Sheets{"Assets” ) Unprotect nypass
4 Modules Range(&'asset,\np)uta J.ClearContents
Sheets( "Assets”) . Protect nypass
& Moduled v
& ModuleS B “hny entries in the Function page are cleared
& Modulet: v Sheets( "Functions” ).Unprotect mypass
- Rangel “function_inputs”).ClearContents
< | * Sheets( "Functions”).Protect mypass

“any entries in the Fxn-Hechanisn page are cleared
Sheets( "Fxn-Hechaniems").Unprotect mypass

Module3 Modkle Rangel “fxnmech_inputs” ). ClearContents

Alphabetic kategunzed] Sheets{ "Fxn-Mechanisms" ). Protect mypass

Module2 “4ny entries in the Population and Tariff Entry page are cleared

Sheets( "Population and Tariff Entry").Unprotect mypass

Worksneets( "Population and Tariff Entry”).Rangs(”load_curve_data_allres”).ClearContents
Worksheets( "Population and Tariff J.Ranse( " load_curve_data_allind" }.ClearContents
Worksheets( "Population and Tariff .Rangel " load_curve_data_allcon” }.ClearContents
Worksheets{ "Population and Tariff .Rangel " load_curve_entry_yr” ). GlearContents
Worksheets( "Population and Tariff .Range( "rate_data_allres") ClearContents
Worksheets( "Population and Tariff .Rangel "rate_data_allcom” ) ClearContents
Worksheets( "Population and Tariff .Rangel “rate_data_allind”) ClearContents
Worksheets( "Population and Tariff -Rangel "numcust _data_allres”).ClearContents
Worksneets("Population and Tariff .Rangel “numcust_data_allcom™ ) ClearContents
Worksheets( "Population and Tariff ry*).Range( "numcust_data_allind").ClearContents
Sheets( "Population and Tariff Entry”) Protect mypass

Figure 73 Example of Module (Module 3)

62



Appendix Il Default Parameters in SGCT

Table 3 Average Hourly Generation Cost

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

NPCC | 916 | 87.1 | 724 | 73.0 | 724 | 732 | 744 | 773 | 775 | 77.6 | 809 | 833 | 842 | 832 | 833 | 847 | 859 | 889 | 91.0 | 927 | 945 | 956 | 96.2

RFC 69.0 | 67.0 | 586 | 583 | 57.7 | 581 | 585 | 59.1 | 599 | 604 | 614 | 62.7 | 630 | 63.2 | 640 | 652 | 665 | 684 | 70.1 | 719 | 733 | 73.6 | 75.0

MRO | 382 | 39.1 | 398 | 387 | 388 | 389 | 388 | 381 | 375 | 372 | 369 | 36.7 | 364 | 359 | 358 | 358 | 358 | 354 | 351 | 352 | 356 | 36.6 | 37.8

FRCC | 875 | 916 | 80.0 | 83.2 | 853 | 854 | 854 | 858 | 86.1 | 86.0 | 86.6 | 884 | 90.7 | 90.7 | 90.6 | 90.8 | 91.6 | 92.9 | 94.7 | 96.8 | 98.0 | 99.0 | 99.6

SERC | 56.7 | 574 | 54.0 | 533 | 526 | 52.1 | 51.5 | 50.9 | 51.0 | 51.2 | 516 | 51.6 | 51.7 | 51.7 | 52.1 | 52.5 | 53.6 | 54.8 | 56.1 | 57.5 | 584 | 59.3 | 60.0

SPP 569 | 60.0 | 54.5 | 55.8 | 53.5 | 53.7 | 53.7 | 53.7 | 545 | 549 | 554 | 56.0 | 56.0 | 55.6 | 55.8 | 564 | 57.5 | 589 | 60.0 | 615 | 624 | 63.3 | 64.1

TRE 76.7 | 740 | 62.2 | 62.0 | 615 | 640 | 649 | 649 | 664 | 696 | 71.8 | 754 | 779 | 784 | 79.5 | 80.7 | 819 | 84.6 | 88.0 | 915 | 93.7 | 946 | 955

WECC | 63.2 | 644 | 59.8 | 57.7 | 555 | 542 | 534 | 53.3 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 594 | 60.7 | 624 | 63.8 | 65.0 | 66.3 | 67.2

ASCC | 63.2 | 644 | 598 | 57.7 | 555 | 54.2 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 594 | 60.7 | 624 | 63.8 | 650 | 663 | 67.2

HI 63.2 | 644 | 59.8 | 57.7 | 55,5 | 542 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 594 | 60.7 | 624 | 63.8 | 65.0 | 66.3 | 67.2
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Table 4 Price of Capacity at Annual Peak (1)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NPCC 46,829 46,829 50,144 39,137 29,167 35,958 50,224 63,772 63,466 63,136 62,831 64,199
RFC 40,150 40,150 40,150 40,150 39,194 50,795 64,377 66,021 70,702 75,091 79,833 84,813
MRO 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
FRCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SERC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SPP 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
TRE 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
WECC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
ASCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
HI 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700

Table 5 Price of Capacity at Annual Peak (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 76,909 89,004 100,504 100,478 100,472 100,484 100,510 100,475 100,454 100,513 100,509
RFC 96,727 102,203 110,401 114,992 114,133 105,800 105,515 109,794 114,412 119,436 124,817
MRO 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
FRCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SERC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SPP 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
TRE 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
WECC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
ASCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
HI 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700

64




Table 6 Average Price of Reserves

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
RFC 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 16.3
MRO 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
FRCC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103
SERC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
SPP 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 10.3
TRE 128 | 12.7 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 12.7 | 127 | 12.7
WECC 54 54 54 54 54 54 54 54 54 54 54 54 54 5.4 5.4 54 54 5.4 54 54 54 54 54
ASCC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3
HI 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
Table 7 Average Price of Frequency Regulation
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC | 334 | 334 | 341 | 348 | 355 | 356 | 357 | 357 | 358 | 358 | 358 | 359 | 359 | 359 | 36.0 | 360 | 361 | 362 | 36.2 | 363 | 363 | 364 | 365
RFC 369 | 40.2 | 402 | 40.6 | 410 | 411 | 412 | 412 | 413 | 414 | 415 | 416 | 41.7 | 41.8 | 419 | 419 | 420 | 421 | 421 | 422 | 422 | 423 | 423
MRO 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
FRCC | 26.1 | 285 | 285 | 288 | 29.0 | 291 | 29.1 | 29.2 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 29.8 | 29.8 | 29.9 | 29.9 | 299 | 300
SERC | 26.1 | 285 | 285 | 288 | 29.0 | 29.1 | 29.1 | 29.2 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 297 | 29.7 | 29.8 | 29.8 | 29.9 | 29.9 | 29.9 | 30.0
SPP 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
TRE 149 | 16.2 | 162 | 164 | 165 | 166 | 166 | 166 | 16.7 | 167 | 168 | 168 | 168 | 169 | 169 | 169 | 169 | 170 | 170 | 170 | 170 | 171 | 171
WECC | 193 | 211 | 211 | 213 | 215 | 215 | 216 | 216 | 21.7 | 21.7 | 21.8 | 21.8 | 21.9 | 219 | 220 | 220 | 220 | 221 | 221 | 221 | 221 | 222 | 222
ASCC | 261 | 285 | 285 | 288 | 29.0 | 291 | 291 | 29.2 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 29.8 | 29.8 | 299 | 299 | 299 | 30.0
HI 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
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Table 8 Average Price of Voltage Control (1)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NPCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
RFC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
MRO 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
FRCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
SERC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
SPP 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
TRE 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
WECC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
ASCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
HI 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8

Table 9 Average Price of Voltage Control (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
RFC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
MRO 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
FRCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
SERC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
SPP 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
TRE 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
WECC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
ASCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
HI 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
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Table 10 Average Price of Congestion

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
RFC 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6
MRO 13.2 | 13.2 | 132 | 13.2 | 132 | 132 | 13.2 | 132 | 13.2 | 132 | 13.2 | 132 | 13.2 | 13.2 | 132 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2
FRCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SERC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TRE 34 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
WECC 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
ASCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Table 11 Average Price of Wholesale Energy
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC | 0.06 | 0.06 | 0.07 | 0.08 | 0.09 | 009 | 0.09 | 0.09 | 0.10 | 010 | 0.10 | 0.11 | 0.11 | 0.11 | 0.12 | 012 | 012 | 013 | 013 | 0.14 | 0.14 | 0.14 | 0.15
RFC 0.07 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 010 | 0.10 | 0.10 | 0.10 | 011 | 0.11
MRO 0.04 | 0.03 | 0.04 | 0.04 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.06
FRCC | 0.09 | 0.07 | 008 | 009 | 0.11 | 011 | 011 | 010 | 011 | 011|011 | 011|012 | 012 013|013 | 013|013 | 014|014 | 014 | 014 | 0.15
SERC | 0.06 | 0.04 | 0.05 | 0.06 | 0.07 | 0.06 | 0.06 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09
SPP 0.06 | 0.04 | 0.05 | 0.06 | 0.07 | 0.07 | 0.07 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10
TRE 0.08 | 0.05 | 0.06 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.10 | 0.10 | O11 | O.11 | 0.11 | 0.12 | 012 | 013 | 0.13 | 0.14 | 0.14 | 0.14
WECC | 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10
ASCC | 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10
HI 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10
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Table 12 Inflation Factor

Residential Commercial Industrial

NPCC 2.20 282.00 15.30

RFC 2.20 282.00 15.30

MRO 2.20 282.00 15.30

FRCC 2.20 282.00 15.30

SERC 2.20 282.00 15.30

SPP 2.20 282.00 15.30

TRE 2.20 282.00 15.30

WECC 2.20 282.00 15.30

ASCC 2.20 282.00 15.30

HI 2.20 282.00 15.30

Empty 2.20 282.00 15.30

Table 13 Restoration Cost per Event (1)
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NPCC 3,000.0 3,081.0 3,081.0 3,164.2 3,164.2 3,249.6 3,249.6 3,3374 3,3374 3,427.5 34275 3,520.0
RFC 3,000.0 3,063.0 3,063.0 31273 31273 3,193.0 3,193.0 3,260.0 3,260.0 3,3285 3,3285 3,3984
MRO 3,000.0 3,063.0 3,063.0 31273 31273 3,193.0 3,193.0 3,260.0 3,260.0 3,3285 3,3285 3,3984
FRCC 3,000.0 3,087.0 3,087.0 3,176.5 3,176.5 3,268.6 3,268.6 3,3634 3,3634 3,461.0 3,461.0 3,561.3
SERC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 32212 3,221.2 3,298.5 3,298.5 3,377.7 33777 3,458.8
SPP 3,000.0 3,063.0 3,063.0 3,127.3 3,127.3 3,193.0 3,193.0 3,260.0 3,260.0 3,328.5 3,3285 3,398.4
TRE 3,000.0 3,069.0 3,069.0 3,139.6 3,139.6 32118 3,211.8 3,285.7 3,285.7 3,361.2 3,361.2 34385
WECC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 32212 3,221.2 3,298.5 3,298.5 3,377.7 3,377.7 3,458.8
ASCC 3,000.0 3,078.0 3,078.0 3,158.0 3,158.0 3,240.1 3,240.1 33244 3,3244 3,410.8 3,410.8 3,499.5
HI 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0
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Table 14 Restoration Cost per Event (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

NPCC 3,520.0 3,615.1 3,615.1 3,712.7 3,712.7 3,8129 3,812.9 3,915.8 3,915.8 40216 4,021.6
RFC 3,3984 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
MRO 3,3984 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
FRCC 3,561.3 3,664.6 3,664.6 3,770.9 3,770.9 3,880.2 3,880.2 3,992.8 3,992.8 4,108.6 4,108.6
SERC 3,458.8 3,541.8 3,541.8 3,626.8 3,626.8 3,713.8 3,713.8 3,803.0 3,803.0 3,894.2 3,894.2
SPP 3,3984 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
TRE 3,438.5 3,517.6 3,517.6 3,598.5 3,598.5 3,681.3 3,681.3 3,766.0 3,766.0 3,852.6 3,852.6
WECC 3,458.8 3,541.8 3,541.8 3,626.8 3,626.8 3,713.8 3,713.8 3,803.0 3,803.0 3,894.2 3,894.2
ASCC 3,499.5 3,590.5 3,590.5 3,683.8 3,683.8 3,779.6 3,779.6 3,877.9 3,877.9 3,978.7 3,978.7
HI 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0

Table 15 Average Fuel Efficiency for Truck Roll Vehicle

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

NPCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
RFC 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
MRO 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
FRCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
SERC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
SPP 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
TRE 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
WECC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
ASCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
HI 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
Empty | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3
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Table 16 CO2 Emissions per Gallon of Fuel

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-30
NPCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
RFC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
MRO 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
FRCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
SERC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
SPP 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
TRE 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
WECC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
ASCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
HI 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
Empty 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
Table 17 Value of CO2
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 23.4 | 239 | 244
RFC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
MRO 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
FRCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
SERC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 23.4 | 239 | 244
SPP 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 23.4 | 239 | 244
TRE 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 23.4 | 239 | 244
WECC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 234 | 239 | 244
ASCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
HI 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 234 | 239 | 244
Empty 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 22.1 | 225 | 23.0 | 23.4 | 239 | 244
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Table 18 SOx Emissions per Gallon of Gas

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-30
NPCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
RFC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
MRO 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
FRCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
SERC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
SPP 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
TRE 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
WECC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
ASCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
HI 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
Empty 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
Table 19 NOx Emissions per Gallon of Gas
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
NPCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
RFC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
MRO 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
FRCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
SERC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
SPP 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
TRE 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
WECC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
ASCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
HI 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
Empty 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
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Table 20 Value of SOx

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC | 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 589 601 614 | 627 640
RFC 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 5563 565 | 577 589 601 614 | 627 640
MRO 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
FRCC | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
SERC | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
SPP 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
TRE 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
WECC | 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
ASCC | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
HI 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
Empty | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 553 565 | 577 | 589 601 614 | 627 640
Table 21 Value of NOx
2008-12 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
RFC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
MRO 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
FRCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
SERC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
SPP 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
TRE 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
WECC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
ASCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
HI 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
Empty 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
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Table 22 Value of PM-2.5

2008-20 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
RFC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
MRO 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
FRCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
SERC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
SPP 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
TRE 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
WECC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
ASCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
HI 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
Empty 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
Table 23 Average Fuel Efficiency
Feeder Service Vehicle Diagnosis/Notification Service Vehicle Real Time Load Measurement/Management Service Vehicle

NPCC 20.3 20.3 20.3

RFC 20.3 20.3 20.3

MRO 20.3 20.3 20.3

FRCC 20.3 20.3 20.3

SERC 20.3 20.3 20.3

SPP 20.3 20.3 20.3

TRE 20.3 20.3 20.3

WECC 20.3 20.3 20.3

ASCC 20.3 20.3 20.3

HI 20.3 20.3 20.3

Empty 20.3 20.3 203
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Table 24 Electricity to Fuel Conversion Factor

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-30
NPCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
RFC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
MRO 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
FRCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
SERC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
SPP 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
TRE 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
WECC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
ASCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
HI 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
Empty 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
Table 25 Escalation Factors
Population Growth* Load Growth** Inflation*** Energy Price***

NPCC 0.002 0.008 0.027 0.033

RFC 0.003 0.014 0.021 0.025

MRO 0.004 0.023 0.021 0.015

FRCC 0.020 0.026 0.029 0.025

SERC 0.009 0.022 0.024 0.018

SPP 0.004 0.018 0.021 0.014

TRE 0.016 0.022 0.023 0.039

WECC 0.013 0.016 0.024 0.022

ASCC 0.011 0.022 0.026 0.025
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HI 0.60

0.013

0.028 0.072

*%

k%

*kkk

Source: U.S. Census Bureau, Population Division, Interim State Population Projections, 2005.
http://www.census.gov/population/www/projections/projectionsagesex.html 11

Source: 1990 - 2008 Retail Sales of Electricity by State by Sector by Provider (EIA-861),

http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html

Source: US Bureau of Labor and Statistics CPI Database, All Urban Consumers (Current Series) (Consumer Price Index - CPI), All ltems,

http://www.bls.gov/cpi/#tables

Source: 1990 - 2008 Average Price by State by Provider (EIA-861), Industry Sector Category = Full-Service Providers,

http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html
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