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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 v e

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.

Smart Grid Assets

Amorested lenter vt Line

(Cantwmmer Pinctrioly e

ACptmianae

Functions



Figure 2 Easy Representation of the Linkage among Assets, Functions, and Benefits

What are Smart What does the Hozwe does it What “goodness What is the
Grud technologies?  Syart Grid do? do that? results? goodness weorth?

Mechanisms Benefits Monetary

Value

Example
R Automatic Improves feeder  Reduced feeder
Distribution . : ;
: voltageand VAR  voltage losses worth $60  $6,000
Automation ) . ) y
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

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

‘dotNetFx45_Full_setup.exe’.

E'..i!!mmxn

REVISED
BYEML

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

7’

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 see at the desktop background such as following:




¥ RevisedSGCT_EML - InstaliShield Wizard | < |

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

Install RevisedSGCT_EML to:
C:'WProgram Files (x86) WRevisedSGCT_EMLWRevisedSGCTH [—Change |

InstallShield

| <Back || Next> || cancel |

Figure 5 Directory Setting Dialog Box

] RevisedSGCT_EML - InstaliShield Wizard | - |

Change Current Destination Folder
Browse to the destination folder.

Look in:
| £ RevisedsGCT

InstallShield

Figure 6 User’s Choice of Folder for Installation



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.Xpf.Charts.v14.1.dll
DevExpress.Xpf.Controls.v14.1.dll
DevExpress.Xpf.Core.v14.1.dll
dotNetFx45 Full_setup.exe
ISGAN Project.exe

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.
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.. SCAToowKT

-
TIER™" "

REVISEDBY £

Figure 7 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:



T Marwindow

Project Indormation
Project Name  My_projectol

Assets

AMI Assets r

7] aMismart Maters

Customer Assets
7] Customer EM5/Display/Portal
I7] Smarnt Appliances and Equipment (Customer)

2] vehicle to Grid Charging Station

Distribution Assets
I Advanced Interrupting Switch
[7] Controdabie/requiating Irverer

I7] Distributicn Automation

[7] Distribution Mansgemert System
1| Loading Manitar

7] Microgrid Controtier

Other Assets

[7] Distributed Generator (diesel PV, wind) -

Organzation  Ajou_Unh_01

Functions

el

Start Year 2015 Country lmm * | Region INPCC

Mechanisms

ACaptive Frotaction
Automated Feedar and Line Seitzhing
Automated llanding and Reconnscion
Automisted Violtage and VAR Comtrol
Clstomes Pacircity Use Optimization

ragnous & Notificatian of tquipment Conditic
Distributsd Production of Hectnictty

Dyranic Capabiity Rating

wnieg Fault Srotection

fault Curmpnt Lamiting

Powwr Flow Caongrol

fae-Time Load Measurement & Managemant
oad Trarster

ricity Yor Laler Une

Wide Ares Monntonng Visuslizatan, and Contr

Figure 8 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.

111.3.1 How a member country can use this program

Country
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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 |North America ~ | Region [NPCC -

Australia
Austria
Belgium
Canada
» |China -
European Commission
Finland

France

Germany

India

Ireland

Ttaly

Japan

Republic of Korea
Mexico

Metherlands

Morway

Russia

Singapore

South Africa

Spain
Switzerland
United Kingdom
Sweden

inditic

Figure 9 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.

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:
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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 (5/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 ($/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

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.
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Configuration and Other Choices in Menu

Here is how we revised, once again, for the use of the program:

Menu
1. Choose Menu at the lower left corner of the initial program page.
2. Clicking Menu will give the following pull-down menus.

Menu ‘

Mew Project k
Load

Save
Initialize
Configration
Information

Close

Figure 10 Pull-down Menu of Menu

3. Select Configuration, 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.
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i § CountryDlg

Country Name:

| Add l |,Canoel|

Figure 11 Addition of a New Country

¥ coéaoly e = 3 e

Ul Setting
Digit : 1

Parameter Setting
Country Escalated Factors (%)

Austris “  Population Load Inflation Energy Price
Seigium -

Canaca
Chira

“ Defauit Value
European Commission |®

finlang Defauit Value ; . Weight%)

france
Germary
ndia
¥eland
Saly

Mewco
s | | s || peee

Region

Figure 12 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.

e 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
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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.

r'ﬁ' RegionDlg cluE)

Region Name

[C] Copy the parameter from another region

Country X North America
Used the average parameter of a selected country
Region : IPCC

Similaity weight (3¢) - | 100

‘ Add | ‘Cancell

A
Figure 13 Addition of New Region and the Use of Parameter Values
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T confgoig = P

Ul Setting
Digit : 1

Parameter Setting

Country Escalated Factors (%)
Feland “ Populatica 02 load OB Inflation 27 tnergy Price 33
Haly
lapar
Republic of Korea Default Value
s Defauit vae - | , : =] wesght
Norway | —{ Average Hourly Gensrsbion Cost .
Russiy ‘ ! {Pnice of Capacity 3t Annual Peak
Singapoce ™ Average Price of Reserves
Sauth Africa | i Average Price of Frequency Regulation
North America ‘ i Average Price of Voltage Control
Spain | Averags Price of Congestion
Sutzetang
ynited Kirgdom = {Value of Service - Revdential
{ Value of Service - Commercial
Ada | ] Ednt | Delete | value of Service - Industrial

[ Restoration Cost per Svant
Value of Setvice - PQ

Region {Value of Service - Sags & Swels
| Average Fuel Efficiency for Truck Roll Vehics
My Regicn 102 Emussion: per Gallon of Fusl

Value of CO2

Sax Emistiens per Gallon of G

| NOx Emissiors pee Gadon of Gas

{PM-25 per Gallan of Gas

Value of 50x

Value of NOx

Value of PM-25

Average Fuel Efficiency for Feeder Senice Vetucle
+ Average Fuel Efficiency fior Diagnasis /Notification Senvice Vehide
| Average Fuel Efficiency for Real-Time Losd Measurement/Maragement Senvice Vehacle
Electricity to Fuet Conversion Factor

Figure 14 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 - l;:ﬁ.verage Price of Wholesale Ene| v] Weight(%) - 100

2008 2009 2010 2011 2012 2012 2014 2015 2016 2017 2018 2019 2020

0.4 01 0.1 01 0.4 01 0.1 01/ 01 01 01 01 01
4| m | [

Figure 15 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’d at the above Menu. Detailed
explanation will be given in the next subchapter.

4. Once the parameter values are properly input, you can ‘Save’ and ‘Close’ the dialog box to
continue.
16



5. Otheritems in the above Menu are simple:
A. 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?

Y oruam z| 4

Figure 16 Dialog box for ‘New Project’ in Menu

B. The choice of ‘Save’ or ‘Load’ will ask you whether you want to save the current project or

load any existing project.
C. The choice of ‘Information’ will provide information on those who worked for this project.

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’d 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.
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Project Indormation

Project Name  My_projectol Organization  Ajou_Univ_01 Stan vear 015 Country |North Amerka » | Region |NPCE .
Assets Functions Mechanisms

AM‘ ASSC'.S Adaptise Protection

QEAWWW"‘ Autamated Feeder und Line Switthng

Customer Assets
IT1 Customer EMS/Display/Portal
[7] Sman Appliances and Equipment (Customes)

{21 vehicle to Grid Charging Station

Distribution Assets
I Advanced Interrupting Switch
[T Contro¥atiesrequlating Irverter
7] Distribution Autamation
|| Dustribatica Management System
7] Loading Manitor

7] Micrognd Controller

Other Assets

I7] Distribunted Generstor (diesel PV wind)

LJ P R ——
Mem

s —

)

Automated ilanding and Seconnecton

7] automated Voltage and VAR Control

£] Customer Electricty Use Cptimization

Diagrosn & NRotification of Egupment Condthon
Distribawtsn Procuction of Bectricity

Dynamic Capatility Rating

Enhanced Fault Protectian

Fault Current Limiting

Povsar Fiow Control

Real-Teme Load Messurement & Management

Heal-time Load Teansler
Stonng Slectnoty for Later U

Wide Area Mortoring, Wualisstion: and Control

Figure 17 Choosing among Assets, Functions and Mechanisms

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.
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Project Indormation
Project Name  My_projectol Organization  Ajou_Univ_01 Star vear 2015 Country | North Amecka = | Region |NPCE -
Assets Functions Mechanisms

AN anies Adapties Protection Automated Voitage and VAR Control
AMUSmart Meters Actomatsd Feeder and Line Swilcheg 71 improves system pawer factor and voltage redk

Automated Blandding and Reconnechon o

Customer Assets o 9 o I Cptimizes voltage and VAR devels to reduce T&

e , Wi Automated Voitage ard VAR Controf, . |17 Reduces emissices from carbos basad fuel dus
111 Customer EMS/Display/Ponal s

£ Customer Electrity Use Optimization 1] fleduces manual labor hours astociated with ca

[7] Sman Appliances ang Equipment (Customen =
[] Vehicle to Grid Charging Station

| Diagrowm & Notification of Equpment Condition
Distributed Proguction of Bectricity

Distribution Assets Dynamic Capabiity Rating

Enhanced Fault Protectian

I} Advanced Interrupting Switch
I11 Controfatiesrequlating Irverter

Fault Currerd Limiting

Poywer Fow Control

I7] Distribution Automation
[7] Distribettica Managemers System
'] Laading Manitor

'] Real-Teme Loag M went & Manage
| Meal-time Load Teanster

Sonng Electnoty for Later Lse

I} Microgrwd Controiler
Wide Arsa Morstoring, Visusization and Control
Other Assets
I Distributed Generator diesel PV, wind) . > -
P R e = o1 - e ; 5

Figure 18 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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Close

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 selected choices of assets, functions and mechanisms and
their relationship for the user’s information.

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:

v" 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.

v Escalation factors and cost data are also required to enterred for the user’s choice of
assets.
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Project Indormation
Project Name  My_projectol Orgarization  Ajou_Univ_ 01 Start Year 2015 Country |Republic of orea = | Region |EMty =]
a1 Customers & Tariff l:
Residential Customer Class Commexrcial Customer Class Industnal Customer Class
Average Average Average |
m Oemand  Customen mrm Demand  Customers Amgtm Demand  Customen
Soany Chatges/  Setved Sy Chatge’$/  Served s Charge(8/  Served
BN wmont) SR wmonth) 8RN month)
Sub-Classy 0 0 0 SubClasst 0 0 Q Sb-Class1 0 0 0
Sub-Class2 0 ¢ 0 Sub-Clas 2 0 ) 0 Sub-Class 2 © ) 0
SubClass3 0 0 0 subClass 3 0 0 0 SubClass 3 0 0 [}
Sub-Class 4 @ o 0 Sub-Class 4 @ ) 9 Sub-Class 4 0 0 0
SubClms$ 0 o 0 SubClmsS 0 0 0 SubCliss S 0 0 0
Average Rats. 0 0 Totat 0 Average Rate. O 0 Totat D Average Rate O 0 Totat 0
Average Energy Rate - O Average Demand Charge | 0 Al Customer Classes 0
*' Escalation Factors & Cost Data
Enter Escalation Factors Enter Project Cost Data
Escalation Factor Detfault Value Value Dacount Rate a %
Population Growth Factor | Description) |02 [a e Custom Cost Schedule (No_ -]
Load Growth Factor | Description) it fox o il Year of Project Spending O yr
ey 5 Final Year of Project Spending  ©
Economic Inflation Factor | Description] v (27 % 53 : 2%
e » = . Total Capital Cost of Prajet 0 s
Enerqy Price Factor ; % -
(Descnption) < i AR 3 5
Firal Year of Benefits I.M i' [y Yeuarly Amortized Payment Nadi $
~  Enter Benefit Calculation Input Data
Banefit , Opticn Input Name Un1  Defaoll Base 2015 Base 2016 Bate 2017 Base 2018 mmo»ncqeams;
Reduced Arcillary Senvce Cost 17 |Ancitary Seraces Cost s 00| 0] 09| oqf oo 0d
Reduced THD Operations Cost | Distribution Cperations Cost $ 00| 00 20| o ag} od
Raduced TA0 Operations Cost Transmission Operations Cost  [$ 00 00 09| ogf o 04
Reduced Hecirictty Losses Distribution Feeder Loxd MVA | 20 19| x| ag oY ‘
Reduced Hectricity Losses Distribution Losses % 00| 00l 00 0 a0 00 ‘
Reduced Tectricity Losses Transmission Une Load MVA 0| 0.0 0.0} o0 oof od
Reduced Eectnicly Lasses Transmission Losses * 00| 00 20) a0 ag] od |
Reduced floctncity Lasses Average Frice of Wholesale Ensegy [$Awn| T 09] 00 00 [ o} o
Reduced CO2 Emesons value of COZ $ton | I 09| 0.0 00 ogf ag od
Reduced SCx, NOX, and PM-25 Emasions| Value of 5% e [ 00| 00) og oo 04
Reduced 508, NOx, and PM-25 Emissions Value of NOx son | 1 00| 00 0] ogf onf od
Raduced SOx, NOX, and PM-25 Emissians Value of PM-25 ston | 1 o (& 09) o a0 od
.| ™ | .
- — [

Figure 19 Data Input Module Dialog Box Replicated

After all appropriate data are inputted into the program, then the user can go to the Result tab.
Followings are all types of result related dialog boxes available:
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Project Name | To3 Crganization |TeR3 Start Vear 2075 | Country [North Amecka  + | megion | NPCC -]
Reference Caze ' Sensitivity Case |
Result Table | Resuit Charts | Net Presont Vaus Anatysis |
ANNUAL wm
; gary Sub Ca gory Beneft 2013 2018 207 2008 208 2000 mn 2022 2003 204 2008 2020 l
[Ecsnomic ] mectic Con Savi| Reducad Sletrcny Con | se.00f 1651 1234 9,89 575 s 61 ﬂ :ﬂ sﬂm 7.07 737
i Enargy Efficiency | Reduced Electricity Losses |62020600 00{43540575 00{ 19349171 4331057761 90j4143792 BE4314782.33] :nm 78219 1261 5G[5072260 338281571 A3{S499S102
E Iimptoved Asset Ut|Op Ope ooof 00 2.0 0.00 0 0.00| ooof o.00f 000 0.00
| Economic___|improved Asset Ut| Deterred Generation Capacity lnvestments siﬂ 37.04) 2593 1667 [] 9.64| 19.34 vo.:_ﬂ 10 133 1180
proved Asset Ut | Reduced Ancilary Serdce Cost 2.44) B 333 2 2.89| 301 21 3 2408 354
Economic | improved Assst Ut | Reduced Congestion Cost 7 6.2 a4 3 175 182 1 197 208 214
Economic | T&D Capital Savine| Dot T - 0.00) ooy [ [ [ [ 0.00| og ocol iﬁ
Economic 140 ¢ Savint| Deferred Distribution investments - o0 oﬂ \% [ 0 o o 000! 000
Economic  jT&D Reduced Failures 05 034 2 01 0 0 0 0 007} 007] 007
\Economic___ |10 Roduced T&D Maintanance Cost % 0.0 acq oﬂ o o o o oo oa 2.00
T&D CaM Savingt| T&D Operaticns Cost 0 lales | 2.00 g [ O o o o0g Q Q.00
Econamic TA0 OBM Swving:| Reduced Meter Reading Cost o.00 o0gf 0.008 0.00 0.00 0.00] 0.00{ 0.00{ | 000 0.00
Eo Theft Reducts Reduced Electricity Theft nﬂ 00¢f 000 oﬂ oﬂ oﬂ 0.00f 000 000f 0 0
Ay d co2 X 18 273 562} 1 1 1 122 138 133 1 1

 Enviranmentsl | Alr Emissions Reduced SOx NOx a0 OM-25 Emisssons 19 11, 761 484 2. 265 272 200 287 283 3
Rolabfity | Powar Interruption | Reduced Su d Qutages 14791 71917 28012] 831 13105 13594]  wanoo]  wes2el  wsiT| 157
Relat e Interruption |3 : coo| o.00| 0.00| 00| aco| acol aco|

CUMULATIVE Beneift(s)

Cartegory - Sub Canegory  Senefit M35 2016 2017 2018 28 2021 003
Ec Bectric Cost Saving| Reduced Electricity Cost | “:3 3551 arad 5779 8353 5048 7554 8201 3361
Energy Efficiency | Reduced Electncity Losses 10597077500 124219946 4311 35977708 33[1 80121507 15{ 144430283 521148929111.02[1 32607330 56{1 58478562 15
Economic oved Asset Ut m‘ Generstor Operation 0 0.0 oo 0 0 0.00f 0.00] 0 0.00(

{ proved Asset Ut | Defermed 57.04 1208 12063 138 14853 158.87, 169.02 17961
Economic improved Asset Ut | Reduced Ancllary Service Cost 5 944 1333 1667 19.44 2234 25.35 3174
Ecanamic proved Asset Ut | Reduced Congestion Cost 7 131 17234 :wg} _2%:! 2437 26,47 2844 30.50]

i T&D Capital Savine| Defi Cagacity -2, 2 224 -228) . 228 . -2.28 ~228]
Economic | TAD Capits! Saving| Deferrad Distribution Capacity investments - -2 60} 26 -2.60] -260] 264 zgl -2.60] -260f

T&O Capital Savnc| Reduced Equip Failures 05 087 111 123| 1.29] 133 141 1.47| 154
Economic | 10 O&M Savingt| Reduced T&0 Maintenance Cost [ oﬁ 0.00) 0o 0.00 o [

| Economic TRO O&M Sivings| Raduced T&D oes Cost o ga 0 [ [ 0.00) 0.00 0 og
| Economic _ [TBD O&M Swringt| Reduced Meter Reading Cost 0. 0 0 0.00 0 000} 0.00] [ 0
Ecanamic Theft Reductio duced Elec Thedt oog ] [ [ 000 0. [:]

3 A Emissh Reduced CO2 Emmsions 1500 2374 24 34 30.44] 32 334 3274 361 ars

: c% % uﬂ 5126 54.05] 36,

5164.38] 522753 5534 =633.54] 5751561

0.00l o.0ol (2 c.00l 0.001 000l

Figure 20 Replication Reference case: Result Table
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Cumulative Gross Benefits 2015 - 2038

Cumulative Economic Benefits 2015 - 2038

I\ Econoene: 3261003657
B Aetatlny. $1056)

I Evvronmentai $174
I Secury $124

I mprowed Asset Utikzation. 3563
I 140 Caprtal Sovings: -2

I\ TAD OAN Savings: S0

I Thett Reduction: SO

I Energy Effickecy §261002856
I Bactric Cont Shwng. 5220

Cumulative Reliability Benefits 2015 - 2038

I Reduced Sustalned Outage. $8758
I Reduced Major Outages: $0

I Fodoced Restocotion Cost $130

I Fisduced Momentary Cutages §1821
I Raduced Sags and Swelis §-151

Figure 21 Replication Reference case: Result Chart
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Prajact information
Projct Naems | To583

| Reterence Case | Sensitity Case |

i Resuk Table | Rasuk Charts | Net Presect Vatas Anglysic

Start Ve 2013

| country  Norm Amanca

*| Rogion [MBCE -]

Annual PV Cost Benefit
B Annual Present ValuoPv) Cost
£ W At Py Bensft
§ B Anvasl PV of Net Senefit
; |
_..-_-.-.-_-.-“_-.-_‘.-.-‘_-‘_-.-_-‘
2016 2019 07 s 008 2031 034 2027
Year
Cumulative PV Cost Benefit
200000000 4-
B Cumulstive Present Voluer®V) Cont
] B Cumuathe PV Saneét
i 10200000 W Cumuathe PV of Net Banshit
; 1 l
D -
W6 me 222 2025 221 2001 2034 2097
Yeoar
(%) patagea
| Tive am a1e-205 206 017 208 2019 2000 2021 22 202 204
| Annual Comt ono 455  esso]  essf essl esw| 455l 65 o | 5;9]
Annual Senefit n repas| 43310117 1934997762 1905811217] 4143040.44] 433500043 a49309322] 467245313 4s7Tin0i| 07281943 mwu
| Aneusl BV Cost 00 onol 55.59| 8231 -sa14 5621 -5342 507% ETH| I 4351 3134 -302
| Annual V Benaftt 000 000}E2023760.65) 41374033 46 1746335490 048094887] 3375 333385508 330230698] 326713831 323tas4Es| 319695243
Iwnumu«m 00y coojs202aradca| 41273371 18] 1746329501 Sasdeszsd| 357521197 mamzd 3302738 77] umasu 32381133 :1se31:30] mwul ax
| Cumulative PV Cost 00y oool -issol -mq SR T 2974 mﬂ -85 -52635 -565 i
ﬂ.ﬂ . £5|103397803 11 musnlhmnm 133717372.17] umczsv uzsslusm

150054283 2315321 7216791 56345

| Cumulative PV Zeneiz
Cumulstive BV of Net Bensfit Oﬂ o@mﬁmmiﬂﬁﬁ ﬁ
.

130343862 2801 33717075 43137055886 76190358648 5311 23625 741.04] 125657552 28]150054443 47[153216851 n]lm

Figure 22 Replication Reference case: Net present value Analysis
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T MainWindow = = =

Project Information

Project Mame | Test3 Organization | Test3 Start Vear 2013 Country | North America ¥ | Region | NPCC v

Reference Case | Sensitivity Case

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

[ Run Sensitivity Anlysis |  Changing the whole ratio: | 100~ || 100 ~
Input Name Unit Low(%) Hihg(%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 .
Price of Capacity at Annual Peak $/MV|so v flq25 + | 1.000 083 067 030 033 034 038 0.37| 038 039 041 042 043
Total Customer Peak Demand MW | 50 « (935 ~ | 4000 356 3171 287 222| 224 226| 228 229 231 233| 235 237
Ancillary Services Cost $ 50 « (935 ~ | 4000 356 311 287 222 231 241 251 261 272 283 294 306
Congestion Cast $ 5o v [l1zs « | 1.00| 088 062[ 050 025 0.26) 027 028 029 031 032 033 034
Capital Carrying Charge of Transmission Upgrade |$ so0 ~ [ 13s +| 200 o000l o0o0Cf 0OOf 00O 000| 000 000 0O00f 000 000 000 000
Transmission Investment Time Deferred yrs 50 vl 125 ~| 1.00, 000 000 000 000 000 000 000 00O 000 000 000 000
Capital Carrying Charge of Distribution Upgrade $ so  ~|fl13s +| 1.00 000 000 000( 000 C00| 000 000 000 000 000 000 0.00
Distribution Investment Time Deferred yrs 50 (435 ~| 200 000 000 00O 000 000 000 000 000 000 000 000 000
Capital Replacement of Failed Equipment $ sg v fl13s v | 100 078 067 044 033] 034 035 036 037 038 039 040 041
Portion Caused by Fault Current or Overloaded Equ|% so  ~ [ 135 v | 100 083 067 050 033 033 033 033 033 033 033 033 033
Distribution Feeder Load MVA|so w125 « | 300 200 171 1.43] 114 115 118 1.7 1.8 1.9 1200 1.21) 122
Distribution Losses %% 50 « [l 435 ~ | 1.00 078 067 044 033] 033| 033 033| 033 033 033 033 033
Transmission Line Load MVA|so w125 ~ | 1.00| 083 067 0.30| 033 034 0234 034 034 035 035 035 038
Transmission Losses F 50 v 435 «~ | 1.00 083 062 050 025 025 025 0253 025 025 025 025 025
Average Price of Whalesale Energy $/kwW|so  ~ 125 ~ | 300 300[ 200 200( 1.50| 1.55| 160 1.65| 171 176 1.82 1.88 1.94|
Total Residential Electricity Cost % 5o v fl1zs | 1.00| 083 067 0.50) 033 034 038 0.37| 038 040 041 042 044
Total Commercial Electricity Cost $ 50 « (435 «~ | 200 178 133 111 067 069 071 074 077 079 082 085 0488

e o - o - -

Figure 23 Replication Sensitivity case: Escalated Input Data

25



T

-

e

Project Information
Project Name Test3

Organization |Test

Start Year (2015

| Escalated Input Data | Benefit Table [P Benefit Table | Sensitivity Graphs | Sensitivity Charts |

Country ;Nonh America

*| Region | NPCC

ANNUAL Beneift ($)
Cartegory  Scenario  Sub Cartegory 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Economic  |Reference |improved Asset utilz] 0.00] 00| 6200] 47.61] 34.19| 2350] 13.79] 14.35] 14.95] 15.56] 16.20] 16:87] 17.56] 1829 19.04] 19.82] 20.64] 21.49] ~
Economic  |Low Case |improved Asset Utilc] 0.00] 0.00| 1850 1454] 1061] 7.58] 4se| 477] a96] 517 538 s60| s583] 607 632] 658 s8s| 713
Economic  |High Case |Improved Asset Utili] 0.00 0.00[107.33] 81.77] 58.41] 39.60] 22.99] 23.93] 24.92] 25.95| 27.02] 28.13] 29.29] 30.49] 31.75] 33.06] 34.42] 35.84]
Economic  |Reference |T&D Capital Savings | 000 000 —435| 034] 024 012] 008 cos| 006 cos| 007 007] 007 007 007 007 008 oog
Economic  |Low Case |T&D Capital Savings | 000 ool -1.20] oo9] ool 003] 001 ooz 002 c02] 02| 002] 002 002 002] 002] 002] 002
Economic  |High Case |T&D Capital Savings | 000 o00| -7.40] 063] 043] 021] 011 o1 o1 ea2] e12] 012] 03] 03] 013] 014 0.14] 014
Economic  |Reference |T&D O&M savings | 000] ooo| ooo| cool cod ooof 000l cocl ool cool oo ooof oool cod ooo] coof ooof oo
Economic  |Low Case |T&D O&M Savings | 000 oocol ooo| ooco] ood ocof 000 cocl 000 cool coof ooo| oool ood o000 ooof coof o.o00
Economic _ |High Case |T&D O&M Savings | 000 000 ooo| cocol ood ocof 000 oool ooo cool coo] 00o| 000l oodf o000 coof coof 000
F(Mnnmit Reference | Theft Redurction noNt_0onl_nnal ool ool 0Nl onddl_nool ool nnol_ annl_ nnal nnol ool ANOE 00Nl 0 A0 ﬂﬂ)\ N
CUMULATIVE Beneift ($)
Cartegory  Scenario  Sub Cartegory 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 .,
Economic  [Reference |improved Asset utili] 0.00] 0.00] 6200]100.61|143 80]167.30]181.08]195.44]210.38]225.95]242.15]250.02|276 58] 294.87}313.91]333.73]354.37]3 ~
Economic  |Low Case |improved Asset Utili| 000 0.00] 18.50] 33.04] 4386] 51.24] 55.82] 60.59| 8555 70.72| 76.10] 81.70] £7.53] 93.60] 29.92|106.50{113.351"
Economic  |High Case |improved Asset utili] 000 0.00]107.33]189.09]247.50}287.10]310.09]334.02|358 94384 82|11 9144003460 32]490.82]531.57|564.62592.046
Economic Reference |T&D Capital Savings | 0.00] 000 -435] -4.01] -377] -385] -359 -353| -347| -341] -334] -327] -321] -3.13] -3.06] -299 -291
Economic  |Low Case |T&D Capital Savings | 000 o0.00] -1.20] -1.12] -1.08] -1.03] -1.01] -1.00] -0.98] -0.97] -0.95] -0.93] -0.91] -0.90] -0.88] -0.86] -084
Economic  |High Case |T&D Capital Savings | 000 0.00| -7.40] -6.78] -635] -6.13] -6.03] -5.92 -5.80] -5.69 -5.57] -5.44] -532] -5.19] -5.06| -492] -478]
Economic  [Reference |T&D O&M Savings | 000 ooo| ooo| oocol oool o0oo] ooof o00of 000 ocoof o000 o000 ood oocol oool ooof oog
Economic  |Low Case |T&D O&M Savings | 000 oool ooo| oocol oool ooo] ool ooof 000 coof o000 o000 oodf oool o000l ooof oog
Economic  |High Case |T&D O&M Savings | 000 000l oo0o| oool oool ooo] ool ooof 000 0oof oo o000 ood oool oool ooof ood
FeQDonNE i Aeterence iTheft Beduction b .00 0 00 R0 000 000, 0,000 A 000000 C00L 80000 001 annl anal nmal annl na e
- a0 - = .

Figure 24 Replication Sensitivity case: Benefit Table
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T MainWindow hd = =

Project Information

Project Name |Test3 Organization |Test3 Start vear 2015 Country | North America ¥ | Region | NPCC v

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

ANMUAL PV Beneift (%)

Cartegary Scenario Sub Cartegory 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Economic Reference |Improved Asset Utili| 0.00| 0.00| 62.00| 45.23| 30.86) 20.15 11.23] 11.11| 10.99 10.87| 10.75| 10.63| 10.52| 10.40| 10.29) 10.18] 10.07| 9.94
Ecanomic Low Case |Improved Asset Utiliz| 0.00| 000] 18.50| 13.82| 958 6.50| 2.73| 369 365 361| 3.57| 353| 349 345 342| 338 334 330
Ecanomic High Case |Improved Asset Utiliz| 0.00| 0.00[107.32| 77.68| 52.71| 33.95| 18.72| 18.52| 18.32| 18.12| 17.82| 17.73| 17.54| 17.34| 17.16| 16.97| 16.79| 16.60)
Economic Reference |T&D Capital Savings | 0.00| 000 -435| 033] 021 010 005 005 005 004 004 004 004] 004 0.04] 004 004 0.04
Economic Low Case |T&D Capital Savings | 000 000 -1.20) 008 005 003 001 001 001 001 001 001 001 001 001 001 001 001
Economic High Case |T&D Capital Savings | 0.00| 000 -740| 059 039 018/ 009 009 008 008 008 008 008 007 007 007 0.07[ 007
Economic Reference |T&D O&M Savings 0.00] 000 000] 000 000 000 000 000 000 000 000 000 000 000 000 000 000[ 000
Economic Low Case |T&D O&M Savings 0.00] 000 000] 000 000 000 000 000 000 000/ 000 000 000 000 000 000 000[ 000
Economic High Case |T&D O&M Savings 0.00 000 000) 00O 000 000f 000 000 000 000 000 000/ 000 000 000 000 0.00[ 000
Fronmmic Refaranca | Thaft Radurtinn onnl_nnonl ol nonl ondl ool o0l ool nonl nool ool ool oonl ool nonl onnl nonl . non

CUMULATIVE PV Beneift ($)

Cartegory Scenario Sub Cartegory 2012 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 .
Economic Reference |Improved Asset Utiliz| 0.00] 0.00] 62.00/107.23|138.08158.23|169.46|180.57|191.55|202.42|213.17|223.80|234.32|244.72|255.01|265.18[275.23|2
Economic Low Case |Improved Asset Utili;| 0.00| 0.00| 1850 32.32| 41.90| 48.40| 52.13| 55.82| 59.46| 63.07| 66.64| 70.17| 73.66) 77.12| 80.53| 83.91| 87.25
Economic High Case |Improved Asset Utili| 0.00[ 0.00{107.33|185.01|237.72|271.67|290.38|308.91|327.23|345.35|363.27|381.00|398.54|415.88|433.04|450.01|466.79|4
Economic Reference |T&D Capital Savings | 0.00| 0.00| -4.35| -4.02| -3.31| -3.71| -3.66) -3.61| -3.57| -3.52| -3.48| -3.44| -340| -3.36| -3.32| -3.28 -3.24
Economic Low Case |T&D Capital Savings | 0.00| 000 -1.20| -1.12| -1.07| -1.04| -1.03| -1.02| -1.01| -0.98| -0.98| -0.97| -0.96) -095| -0.94| -093| -092
Ecanomic High Case |T&D Capital Savings | 0.00| 000 -7.40| -6.81| -642| -6.24| -6.15| -6.06| -5.98| -5.90| -5.82| -5.74| -5.67| -5.58| -5.52| -545| -5.38
Economic Reference |T&D O&M Savings 0.00] 000 000 000 000] 000 000 000 000 000 000 000 000 000 0.00 000 0.00
Economic Low Case |T&D O&M Savings 000 000 000 000 000 000 000 000 000] 000 000 000 000 000 000 000 000
Economic High Case |T&D O&M Savings 000 000 000] 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Fronnmic Reference | Theft Redurtion anal_nonl ol onnl nonl ol onnlnonl oot analoonl nonl anal oont nonl anal o0on

e o - o - -

Figure 25 Replication Sensitivity case: PV Benefit Table
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Progact woemation

o= Gengs Banefits Aetwance = Groas Benetss Low case = Gross Benefity Migh cise

Sensitivity Comparison : Cumuiative Gross Benefits

o= Gross Genefity Retirence == Geows Beeality Low case == Gross Sanefits righ case

Sensitivity Comparison : Cumulative PV of Gross Benefits

Sensitivity Comparison - Annual PV of Gross Benefits

Projoct Hame | 18512 | Ceganizarcn (T3 Start vear | 2012 | Country MorhAmeeca  + | segion | NPCC «|
| Reforance Cave: Seoutnity Case ) 7
| Escalated wput Dats | Sensit Tabie | 5V Bemelit Table | Seositfifty Graphs | Setitivity Charts |
Sensitivity Comparisen : Annual Gross Benefits
15000000 4
- 100000000
Z
50000002 1
u-—>-r-— T p
00 003 030 035
Year

wo—— 4______-4

Figure 26 Replication Sensitivity case: Sensitivity Graphs
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Progect Information
Projct Nama T2 Crgantzation Test3 Start Yoar 2012
Refersnce Case | Secsitrity Cate
Escalatec input Data | Seneft Table | PV Sencde Table | Sensithty Graphs | Senytivity Chas
Seloct Year }mi -

Sonsitivity by Sonsfit Casegory

T T T ' T T T T
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Figure 27 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 1D
+  Name . * Year
- Unit User Input Data - Region
- s Optional? - D . -+ Value
Assets »  Has Default Value? +  Project Information
) - [Escalation factor type Assets
Category 1D »  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 28 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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Category namefText [ 1 Text = i
‘Assam 1 |5 category |AMI Assets T
«  Name 2 |4° category [Customner Assels 2
3 |5 category |Distribution Assets 3
4 |5 category |Other Assels 4
5 |5 category |Transmission Assefs 5
Figure 29 Asset Category DB
2 Attributes:
Assets 1= 1d T
. 1D t 3
+  Category ID B8 category
«  Name 3 Subtags: . _
+  Description |Tag name/Text | 1/ Text ,
+  Function ID 1 |<p> hame Advanced Interrupting Switch
2 |<p> description |Switches or technology that can,.,
3 |<1> function 10
Figure 30 Asset DB details
1 Attributes:
Functions 1|= id |b
* :\IDame 3 Subtags:
+  Description Tag name/Text Text &> m
1 |<p nhame Autornated Feeder and Line Switching
Mechanism 2 |<p description |Automated feeder and line switching is realized throug,,,
ID 3 |«» mechanisms Ten MME
Name .
Benefit 1D 2 Subtags: - __
Tag name/Text | = id <1> name . .
1 [«» mechanism || Prevents fault currents from exceeding the levels of the ¢
2 |«» mechanism (2 Reduce stress on equipment
Figure 31 Function Details |
3 Attributes:
] name value
Benefits 1= 1d T
« D 2 |E category Economic
: gztggggegory 3 [E sub-category |ImprovedAssetUiilization
+ Name 2 Subtags:
* Description Tag name/Text | 1 Text
1 |<p name Optimized Generator Operation
2 |<p> description |Better forecasting and monitoring of load and grid performance w

Figure 32 Benefit Details

31



1 Attributes:

Input Data name value
+  Benefit ID 1 |E Dbenefit|l
« ID
«  Unit 3 Subtags:
+ Is Optional? Tag namefText | = id = unit [= is-.. = has-.. = esc-type = t.<1> nan
+ Has Default 1 |«» input 45 $ false talse Energyload 0 Annual
Value? 2 |«» input Z MWh  True  false Coad 0 Avoidec
: tE;[:::Iatlon factor 3 [«» input 1 §/MWh True  true EnergyPrice 0 Averags
+  Name
+  Description
Figure 33 Input Data Details
User Input Data
« ID . .
+  Project Information 5 Attributes:
»  Assets
- Functions name value
« Input data 1|3 id 141127154448
»  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 ; v
2 |«» founctions «» function
3 |«» customer-tariffs «» custome
N Costt Da:a 4 |«» input-data «» data (3b
iscount rate 5 |« escfactor <3 5 Unique
» Is used custom 1
« Initial year 6 |«» cost-data 3 False <3 def-scht
»  Final year
» Total capital
» Interest rate

Figure 34 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.

Figure 35 PCM Project Information Screen

a
a
v"
B
.
..
-
f -

Figure 36 PCM Asset Selection Screen

- | [
Figure 38 PCM Mechanism Selection Screen

Figure 37 PCM Function Selection Screen
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Progect Mioemation
Prasctiome | W | Crgmcston | 0 guqver | 8 peacaegen [WCC <
Assets Functions Mechanisms
AV fsat ) adaoe proechon Automated Voltage and VAR Control .
R M 53 Acioroartes Feedor and Sne Swiiching 7] Wmpeon system pewer facter and vakage dking B amoust ol votags anifiary seevics peuired
Customner Assets i Snging-40d 7] Ciotimizes veitage 3d VAR Mewbls to rocdace THD fosses
——— ) Avcomated Veoitage ed VAR Control 7] Seduces emason hiem carbon based basd due 1o kestet
[ Smart and e Mmmm ’ ] Reduces marual stor hoars d with hing anavor seg:
hig x | Tlagnesis & Mosticmon of Equpmant Condition
[7] Vehucle to Gnd Chamging Staton 21 Ditribused Production of 1y Customer Electricity Use Optimization
Distribution Assets ) Dynamiz Capatiity Ratng (] St demand from geal tine 15 Neduts Simdusion peak ked
@ Aovencsd . [ Erhanced Faut Frotection T Shirts demand from zealt time %o redete DANITESSOn peak Lad
o regutating Everter ~) Faut Cumrent Limiting ] 3hifts demand from pea timo 20 reduce goneraton peak capachty maured
o (] Power Flow Control ] shits demand fram peak time %o reduce required ancifary sardces related to peak load
o - ) Real-Time Load Memurement & Mamegement 1 Optimzes Ioad whape treough praing snd o reduce y bosses
[ ol Weobor © Raaktime Lowd Tramnter 1) Beidcen ermmanony from carbion based bt duw 10 asen
] Micregid Cootrotie © Soring Electnioty for Later Lis O oading & Long pattn
T Wide Arsa Mooizaing Visealizatan and Contitl ] prowides Wi which = 15400 pemAME OF COMeraicn nslitieg
Other Assets
Enhanced Fault Protection

(7] Dutributed Genarator (dhesel 5V, wird)
) Secircny shorage devce iag. bamery, Sywheel 7EV et ] Raduzes stiens o squipmert Srough faster tadlt detection or reduted regiosng
(] emhancad Sault € o (7] hetcen of eliminate recioung & ledt cesting
(] Gaiprhent Megtth Saraer (] DNIRCS A8 chiirs Nard--Setact faslli mom Prechiay and Guickly 10 mdice Scope of Sutage
P — ] Demacts and Clears high imoodance ity mor pracissly acd quickly 10 fdice the Teguarcy aod weverity
1] Rendtle Alteenating Current Transmission Syitem FALTI] Dovco Power Flow Control
[ Two-way Comm p T Dhems powsr 50 28 1o 30k overaading lines of equpmant
DlveyLow fRmiey i b ] Reduces emasans hiom carbon based el due 10 Yostes
Transmission Assets T Comesi o S dsmend conm Gve et )
eaal: Aolesa e Tw O v ' ’

- mmroRR [l e

Figure 39 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 shouldyield, given the assets, functions, and
mechanisms user have selected.The PCM Benefits Screen displays related benefits.

N e A
the button to the right of the benefit.

St iy G Espisnation Raduced Elact ity Losses Eplsraton
Reduced Ancilary Service Cost Explaration Aid et S paireet (ot Explarton
Daferred et ibution Capacky Jvestments Explanaton P30 Moiretary (iTeaE Explonaion

Rt sted B ipvine =l Esplanstion Hidd o S ae Subis Explaration

| Explaration Reduced SO0, NOw, and P-10 Emssons Explaratnn

= I Explanation Redyed 0 L Explartion

) s Explanation | 1 Explaraton

Prevous | I[ Praceedto FunctionSenait ot |

Figure 40 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.

Benefits Review Cow

Reduced Ancllary Servee Cont

|
|
|
f

i |

Figure 41 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 respectivelyin upper left figure in the following table.

DIM Stop | : Number of Customers, and Electricity Tariff Data
D Tipons s 1 (1 Guimd senTion mbow T o ber $h0nkl 8008 The Sppron 08 seCt LRy Ll o+

POPAANtN At The Laa (houll refer 10 The Gt led Crectiang 1 1he yaeson belaw Sov tnacy)
00 thene Saliies plesis uis the Varte Vs T

ortov dala. £ paiting Cata am arcthes waers
harging ool dornatting s psting ‘armuiss. Ooce o dita hac been srtared clicd the Setton Selow 1o fakh tha
ttep 0red rutarm b2 e D Wars Page. A%ar At ng tes step & nea page wil oot ow soble shoe cortars af
f the Seta wriarec iy thh 00, ¥ve et ces vhew ths Tuge to rewe o 8 ete ertared ot thic vies

B L L L r——rp—— [rop——— ot boiTobe
1 o8 lnrt o srmign (ol nal be e wiered b serh satewes e ded o baael dne dermend ihage Taal be aviniad b he
mmrtie el indhots i ks b, M s % v femred sharpe bttt covme e ¢ s thedd e wrhessl
2 £ g Darmand Dvangm cobormn of Tuska | Sieviarty fror Table 7 8 Aumier matt b aomerad Sor o1 iatek oee 109-chams for

wach ooy can; ¥ there e erwed for . be evared Dece S 3po0oces cr
Pk b vt i Tuttos & and 2 OO the “Sobentt Race end Mo of Cummmmers Seved Dut” botson Selew U sl
w04 1100 12 T

Figure 42 Electricity tariff data and customers served
data entry tables

w5 ey p B, -

Figure 43 Cost calculation inputs

e e e S L

Figure 44 Escalation factor table

. Figur.e 45 Data input sheet
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The above four dialog boxes are now compiled in a single box presented in the following in Replicated Tool Kit.

LN MainWindow
@ Customers & Tarifl
Reycdentil Custormet Clny Commercal Customes Clasy Inckatiisl Custemer Clasy
Hoaatege Eviegy Tl Avenage Demare Avirage Traegy Ratel  Avwags Demana Averags Frergy Rated  Aveags Demand
) Chargesimontty e Sned o Owoaiiwinenty  CURMn Sared ) Chamgeiivemarayy < Uamen Fated
bcies) 5 2 | 3 ' st |9 = | [ | wbcer)  f | [ 7
sb-Clasz 3 4 | sbdemz |0 e | o | Sl 2 0 o [o
wh-Caws O o ¢ bt |© 3 | o whens 0 o [o
wh-Cwd [0 (] ° scld 0 B | o wwowud O 0 o
Wb-Claws 5 0 | o ° - 3 ° ) | o woomss 0 0 o
Average Rate 2TIRETIQESTY s Totat 7 Average Rate ] 4 Tota: 2 Kravace e 3 5 Tos 7
Average Energy Rate 48 Ayerage Demand Charge . 183 A Custornes Classes 10
@ Escalation Factors 8 Cost Data
Entor Escalanon Facion Entec Prnject Coet Data
Escalation Factor Delauit Vave Ve Dazount Rate 3 3
Poputanem Goouth fuctor [Dmicigmon| W % UsCuttomComichedols  No «
2z
Lodd Orowth Packee  [Demctipmon] 2 O x| ||t Gt Spandtng £ e
Aingl Yaar of Fropect Spendng 2034 I
wumw@ < - i g -
@ - Tot Coptal Cont of rges. 700 1
Energy Price Factor %
Irfeceat Rate ™ o -
Sirad Vear of Benefr o | P Yearty Amortsed Rayment 632 s
@ Enter Berofit Cakulation Input Data
['l«-o_- Cpicn trpunt Name () Dotaudl Bamwined Hassiod] Basebnel Naselngd Gasslned PORG0 Prowcr! Poiectd Broal Fromnd
Aeduced Ascilary Sanvcs Cost U1 Janctary Servces Cont 3 s & 3 2 ' 2 o 0 o o
Defermed Distribution Capacity irvestments Captai Campng Oraege 0f Qulritetion Lograde 3 1 2 S 1 3 7 3 - 3 2
Deferrad Cinbution Capectty tretments Ot bution investmant Time Datemad yre 2 S ? 2 1 3 ! 2 3 4
Aeduced Suntaned Outages 1 Jsuny dystemy it [ s ? 1 4 2 0 0 o 0
$ d Outages d Maor QUi Vabie of Sarvice - Reudentyl Lawh OB 4 s 2 ) F] 7 0 Gl 0
Reduced Sunttaned Cutages. Reduced Maor Outages Vabuw & Saevice - Sommercaal Sowh e 7 2 & 3 3 0 0 0 0
Qutages. Maor Outages Vakil of Serice - Wdustial wh - 8 3 U 3 1 0 o Q o
| Mot Suntirad Outages Lickced Maor Ouligh | Average Hourly Load Mot Served During Outage oo Customer - W 3 ) T 4 “ 5 fl [ (] 0 0
Aeduted ened Outages. 3 Maor Cutagei LAverage Hourly Loed Not Served Durig Outage pev Customer - Commeroial | KW I o 4 3 2 2 ! 1o 0 ¢ .
Organizaton . test! Start Yeur - 2013 o s
i ElEs

Figure 46 Data Input Module (DIM) Screen (Replicated Tool Kit)

37



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.

Senithvity Analysis

wn

b 1o oo

e (L3 1o

e e ioe

=~ - i

= [T ioon,

18 [T [C5Y

it [t o

20N 120% [t

Ve o Datren 40 bmetw Daren s | s ues

Figure 47 CM Main Page (DOE SGCT)

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

|

|34 ENE 08 36U Xva Ve 2080 AI) 2008 M3 S0 JGS X006 D 0N I8 2000

| w
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| Copel Corgrg Cwre st Tekbece ogen 4 J7 13 10 03 J s B¢ (. (O . O
| o |2 ] 3 . J G J 0 0 d d 0 O
152 wowT 1€ (150 1 |15a (290 [15¢ (v fiaa |18 [15€ [Soe |35 [vea (1o |voe |13
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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

Referonce Case Output: Annual and Cumulative Resuits Tables
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Figure 49 Results table (DOE SGCT)

Reference Case Output: Cumulative Benefits by Category and Sub-Category
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Reference Case Output: Present Value Cost and Benefit Analysis
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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 dats (CM): Calculates project
e costsand benefits; allows

- I i for project sensitivity
Project benefits analysis

l

Data Input Module (DIM) :
Faailitates data input
required to calculate project
benefits

Results

Project input data N NS
Sensitivity ranges

|

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

Sensitivity
ranges

Key
:> = User Input D = Input interface
— = Data flow -— Caleulation engine

Figure 52SGCT Architecture

Source: Navigant, 2011
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MODULE 2

MODULE 3

required to projected beyond
translate data into the first 5 years?
monetary value?

Figure 53 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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Asset A Function A Mechanism A Benefit #1

Asset B Function B Mechanism B Benefit 72

Asset ( Function C Mechanism C Benefit 73

Assel D

Function D Mechanism D Benefit #4

Figure 54 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 pse ‘ Other
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Communications (high
bandwidth)

Vehicle to Grid
Charging Station

Very Low Impedance
(High Temperature \
Superconducing) cables

Distributed Generator
(diesel, PV, wind)

Electricity Storage
device (e.g., battery, \Y 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
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Figure 55 Choosing Assets in DOE's SGCT

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.
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Figure 56 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

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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Figure 57 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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Figure 58 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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Figure 59 Benefit Calculation Input in DOE's SGCT

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.

50



Figure 60 Calcs Object (Sheet 38) in Macro code
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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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DIM Step I1l: Enter Project Cost Data

Amortized Cost

=TT

T PeWhCeMDmsEewysed Revnta Mool ' | Yearly Cost |

Figure 61 Cost Input in SGCT Macro

A1.4 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 Module [CV) phase of the Smart Grid Computational Tool, The TM is the calculation engine of the tool, it
crunches the numbers and generates the cutpet. The CM also allows the wser to complate & sensitivity analysis if desired. Before
1unning the CWV the uses can review thalr Inputs and the first flve years of grojected Inputs using the tables below, If the user wishes o
change any Inputs they can return to the PDIM by dlickéing tha armow ta tha righe of thic directions hox

Running the CM with Reference Inputs - To run the CM with the inputs that were entered in the DIM phase, simply click the button in the
"Reference Case” section that says "Run CM with Referance Case inputs”, The CM will take about 20 seconds to complete the analysis
Once the analysis s compiate the results tan oe vewed by clicking the "Viaw Reference Case Aesults” button.

Running the a Sensitivity Analysis - Before running a sensitivity analysiz the CM should be run with the reference cese inputs by
following the directions above, To run a sensitvity snalysis first change the High and Law sensitivity ranges of the dasired 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 1ake about a minute to compiete the anaysis
Once the snglysis is cormplete the results con be vievesd by clicking the "View Sensitivity Resolts® button, All of the secaitivity T8NgES Con
be resat ta 100% by clicking the buttoa above the toggle switches that savs "Reset all values to 100%"

Project Computational
ModulelCM): Caloulates

input dat Results

Sensitivity ranges
|
Sensitivity Analysis Input
Interface (Optionalk;
Allows user to set the
sensitivity tange for specific
variables.

Sensttivaty
ranges

Key
:> * User Input : « Input interface
=3 = Datatlow --\'Ahulm--n engine

Figure 62 CM Main Page

Source: DOE (2011)
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Reference Case

View Refarance Case

Run CM with Refe e Cas
un CM with Reference Case Inputs Rt

Sensitivity Analysis

Run CM with Sensitivity Case Inputs View Sensitivity Rasults

Resetall valuesto 100%

Select % using togsie
Input Name Reference
Number of Customers Residential Rata Subk-Class 1 = 100% 100% 100%
Numboer of Customers Residantial Rate Sub-Class 2 = 100% 100% 100%
Number of Customers Residential Rata sub-Class 3 = 100% 100% 100%
Number of Customers Residantial Rate sub-Class 3 = 100% 100% 100%
Number of Customers Residential Rate sub-Class 5 = 100% 100% 100%
Numbaer of Custamers All Residential Classes = 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 1 = 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 2 5 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 2 L 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 4. # 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 5 7 100% 100% 100%
Number of Customers All Commereial Classes 7 100% 100% 100%
Numaer of Customers industrial Sub-Class 1 = 100% 100% 100%
Number of Custamers Industrial Sub-Class 2 ft 100% 100% 100%
Number of Customers Industrial Sub-Class 3 i 100% 100% 100%
Number of Customers industrial Sub-Class 3 i 100% 100% 100%
Numboer of Customers Industrial Sub-Class 5 i 100% 100% 100%
Number of Customers All Industrial Classes 5 100% | 100% 100%

Figure 63 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 & - :
?leled o Wide Area Y\ ¢ Hourly Genesation Cost (| For Wide Area Monitoring. Visualizabon, & Control:
dopeiorind Morwtoring, (SWWh) Value ($) = [Annual Generation Cost ($)le, - [Anm
Operati
bl (\é:l::::&bon. and . :\unual Generatol Dlﬂpﬁidl Generaton Cost (s"ﬁ.‘,
« Stationary = A""u:l Eridioy B For Stationary Electrioty Storage and PEV:
Elactricity Storage o Value ($) = {[Hourly Generation Cost ($MWh) * Annual
o Piugein Elsctric Generator Dispatch (MWh)]g,.ee. — [Hourly Generation Cost
Vehicles ($MWh) * Annual Generator Despatch (MWh)L,__)* Energy
~\ ) Storage Efficiency (%)
Defesred o Gustomsar * Price of Capacity at Annual Value ($) ~ [Fnce of Eapemtv al Annual Paak (§
Generation Elactricity Uss Paak ($/MW), Use or Customer Optimization at Annual Peak (MW)]essese «
Capacity Optimization o EER Use At Annual Peak [Price of Capacity at Annual Peak ($MW) * EER Uss or
Investments ¢ Dicsibuted (W) Customer Optimization at Annual Paak (MW)]rees
Generation o Capital Carrying Charge of On
* Stationary New Generation ($'yr) Value ($) = Capital Carrying Charge of New Genetation ($/yr) *
Electricity Storage | | Tume delerred (yrs) Time deferred (yrs)
¢ Plug-in Electric
Vehicles

Figure 64 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 &
Resources
Reduced Ol o Automated Feeder | » Number of Switchang o For Automated Feedar Swiching, Diagnoss & Notification of
Usage Swatching Maintenance Operations Equipment Condaion, & ReakTune Load Massurement &
o Diagnosis & Completed (# of events) Managament:
Notification of o Average Miles TraveBad par | Value (8) = [Operation (£ of avents) * Average Miles Travelled
Equipment Operation (Bassline per Event (mdea/avent) *Average Fuel Efficiency for Serace
Condition milea/'opearation) Vehicks (gallona/mile) * Ol Conversion Factor (basvels of
¢ ReakTene Load o Average Fuet Efficiency for ol.:galon ot ga80lING}y:pun, « (Operation (¥ of events) * Average
Measurement & Seevice Vehicle (galiona/mile) | Miles Traveled per Event (miles/svent) "Average Fuel Efficiency
Management for Service Vehide (gallonsimile) * Ol Conversion Factot
* kWh consumed (KWh) {barrels of oiligallon of gascline)),...
¢ Plug-n Electric » Elecmcity 1o Fusl Conwersion
Vehicles Factor
For PEVs;
Value (8) = [Elecuicity consumed (kWh) * Gascline Conversion
Factor (gallons of gasclinakWh) * Od Conversion Factor (batrels
of ailigallon of gascine)), - {Electricty consumed (KWh) *
Ga.ooinq Corwersion Factor (gallons of gasoline/kWh) * Od
Reduced Wids- s Wide Aroa s Number of Events {# of Value ($) = [Numbes of Events (# of avents) ' Estinated Cost
scale Blackouts Montomng & evants) per Event (Sevem)] ., - [Numbee of Events (# of events) *
Visualizaton o Estima! et Event Estimated Cost per Event (Sovent)l__,
¢ Dynamic Capabdi Bvant)
Rating
¢ Enhanced Fault
Detacton

Figure 65 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 ($) = [Ancillary Services Cost (S)]gaseine - [Ancillary Services Cost ($)]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 - [2 (Price of Ancillary Service
(S/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)

RN 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.xlIsb (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 [wersion 1).xlsb - [Sheet11 (Code]]

QE; File Edit View Insert Format Debug Bun Tools  Add-Ins  Window  Help

EE-EH B A oy e BEFE S @, con =
Project - YBAProject x| |(Eenera| 3

E = |3

- & VBAProject (US_DODE_Smart_Grid_Computational_Tool_I ~
=15 Microsoft Excel Ohjects
B Sheetl (DIM MAIM)
B Sheet10 (Start)
) Sheetll (Results Table)
B Sheet12 (Default Data)
1 Sheet13 (Cost)
1 Sheet14 (Project Information)
1 Sheetls (Azsets)
1 Sheetls (Function to Asset Map)
1 Shieet1? (Functions)
1 Sheet1d (FxnMech to Benefits List)
1 Shieet2 (CM Sheets-=)
B Sheet23 (Benefits)
B Sheet24 (Gresn Matrix 0 1)

BB Chaot™S (Finetinn Ponacfit rhart [

< | =
Properties - Sheet11 x|
|Sheet11 workshest x|

Alphabetic lCategDrized ]

Sheet1l
DisplayPageBreaks False
DiizplayRight ToLeft Falzz
EnableautoFiter False
EnableCalculation True
EnableFormat ConditionsCalculation | Trueg
ErableOutlining Falzz
EnablePivotTable False
EnableSelection 0 - xINCRestrictions
Marme Results Tahle
Scrollrea
Standardiidth 542
isible 2 - ¥iSheetveryHidden

Figure 66 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.
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Figure 67 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.

58



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.
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Figure 68 Example of Module (Module 3)
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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 | 929 | 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 | 54.9 | 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 | 66.3 | 67.2

HI 63.2 | 644 | 59.8 | 57.7 | 55,5 | 54.2 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 594 | 60.7 | 624 | 63.8 | 65.0 | 663 | 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
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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 | 103 | 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 | 103
TRE 128 | 12.7 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 12.7 | 127 | 127 | 127 | 12.7 | 127 | 127 | 12.7 | 127 | 12.7 | 127 | 12.7
WECC 54 54 54 54 54 54 54 54 54 54 5.4 54 54 5.4 5.4 54 54 54 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 | 362 | 363 | 363 | 364 | 36.5
RFC 369 | 40.2 | 40.2 | 40.6 | 41.0 | 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 | 29.1 | 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 | 29.7 | 297 | 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 132 | 132 | 13.2 | 13.2 | 132 | 132 | 13.2 | 132 | 13.2 | 132 | 13.2 | 132 | 13.2 | 132 | 13.2 | 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 34 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 | 0.09 | 0.09 | 0.09 | 0.10 | 010 | 0.10 | 0.11 | 0.11 | 0.11 | 0.12 | 012 | 0.12 | 0.13 | 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 | 0.10 | 0.10 | 0.10 | 0.10 | O.11 | 0.11
MRO 0.04 | 003 | 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 | 0.11 | 0.11 | 010 | 011 | 011|011 | 011|012 | 012|013 | 013 | 013|013 | 014|014 | 014 | 014 | 015
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 | 011 | 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 3,127.3 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 3,127.3 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 3,363.4 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 3,377.7 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 3,211.8 3,211.8 3,285.7 3,285.7 3,361.2 3,361.2 3,4385
WECC 3,000.0 3,072.0 3,072.0 3,1457 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 3,812.9 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 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
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 | 221 | 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 | 22.1 | 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 | 221 | 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 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 23.4 | 239 | 244
Empty 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 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 203 203 203
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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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