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Introduction and Executive Summary

The objective of ISGAN's Annex 3 is to develop a global framework and related analyses that can identify,
define, and quantify in a standardized way the benefits which can be realized from the demonstration
and deployment of smart grids technologies and related practices in electricity systems. To meet the
required objective of this Annex, a program of work is designed and it includes the following three tasks:

Task 1: Assess Current Network Maturity Model and Update data
Subtask 1.1: Trial application of two network maturity analysis tools and results discussion
Subtask 1.2: Development of the questionnaire for the assessment of the level of smartness of
transmission and distribution networks
Task 2: Analyze Current Benefit-Cost Analytical Methodologies and Tools
Subtask 2.1: Analyzing benchmark benefit-cost frameworks and tools
Subtask 2.2: Model research to overcome limit of current BCA frameworks and tools
Task 3: Develop Toolkits to Evaluate Benefit-Costs
Subtask 3.1: Development of Simplified cost-benefits analysis tool
Subtask 3.2: Technical Analysis of current BCA took-kit and Modification of Simplified tool-kit

In the previous two year report, initial discussions following the tasks specified above are carried out
and examined.

For Task I, the report goes through several maturity frameworks available, especially those of Software
Engineering Institute (SEI) and Katholieke Universiteit Leuven (KUL). The SElI has developed a
management tool that can be used to measure the current state of a smart grid project, aiming to help
utilities to identify the target and build proper strategies to reach it. The tool, Smart Grid Maturity
Model (SGMM), utilizes a set of surveys called Smart Grid Compass. The drawback of this tool is the
undocumented scoring method of the surveys once a result is obtained. Full assistance of an SGMM
Navigator is required for the utility to understand and analyze the SGMM output. Meanwhile, the KUL
references’ introduce the characteristics, categories and key performance indicators of a smart
electricity grid. The previous report also includes own survey methods developed by Annex Ill, although
there has not much of progress after that.

For Task Il, an extensive update of the BCA survey has been provided in the previous report. It started
with various frameworks related to BCA, which include Frontier Economics and the Smart Grid Forum
(SGF) in UK, Smart Grid Investment Model (SGIM) of SGRC, IMPLAN Model, McKinsey Tool, and general
overviews of EPRI's methodology to BCA and its subsequent developments by DOE and JRC. After that,
several BCA applications to country-specific or states cases are summarized. Some of the surveyed
countries are Czech Republic, Netherland, Lithuania, Denmark, and USA states. For the comparison
purpose, the summary for each case is carried out following some key points: background of the smart
grid project, the methodology or toolkits used, the scope of the project (location, period, technologies),

! Refer to Dupont and Ronnie Belmans (2010)



the list and definition of benefits and costs, and deliverables (results, recommendations, policy and
regulations). The 1% year’s work of Task Il can be compared with the previous year’s work in the sense
that how EPRI guideline has any impact on the work development of JRC and DOE frameworks,
especially for the Smart Grid Computational Tool (SGCT), a BCA toolkit that is developed by US DOE. This
report summarizes the findings from the previous works with the focus of selecting the benchmark
smart grid tool kit for the development of own ISGAN tool kit for member countries.

For Task lll, a simplified cost-benefit analysis tool is being developed taking SGCT of DOE as a benchmark
tool kit, based on the previous year report on the development plan of ISGAN member countries’ tool
kit. A standalone program based on Object Oriented Programming (OOP) is now being developed
replicating, revising and upgrading the currently available excel-based SGCT. As will be discussed, this
tool kit has various advantages over other tools: First, this tool is open to public and anyone can take a
look inside of the model deep enough to examine the visual basic application modules. JRCEU, McKinsey
models were once discussed in Annex Il before for any potential utilization for ISGAN member countries’
tool kit. However, members acknowledge the fact that JRC works on excel based format and there
seems to be not much difference between JRC’s work and DOE. The difference lies in the fact that JRC
never opened up the details of the functionalities and sample calculation of BC in their whole work
process. McKinsey software was discussed but it is not open to public. Rather it is a commercial package
with no specific advantage over to SGCT of DOE. Detailed engine is not fully explained and the scope of

the analysis the tool kit provides does not seem to be very useful (Nigris 2012, Kim 2013).

The new tool kit being developed is named for the time being as ‘Replicated Tool Kit’ for convenience.
Through the replication process, a lot of details have been identified, which, otherwise, would not have
been known to us. Many of the parameters utilized in the process of benefit calculation may be required
to be collected from outside, reflecting the region specific characteristics. Some of the default values
provided by SGCT, although they are from USA case (refer to Appendix), may also be useful until those
detailed information becomes available for ISGAN member countries even when they don’t have them.
In addition, there a at least 12 smart grid projects currently being conducted in USA (refer to 111.2.24),
and those projects are starting to produce some detailed information which might be potentially utilized
by current SGCT. Not only those advantages, there are many interesting researches being conducted
around the world and the work results could be very useful sources of updating this replication effort in
the future, once this replication process allows us to identify the pros and cons of the current model.

The last chapter of the Expansion of Smart Grid Computational Tool is the wild idea of what could be
accomplished in this whole process of simplified own ISGAN tool kit for member countries. Some of the
ideas for the tool kit development become clearer as the process of the replication progresses. By the
time of the completion of this year’s work, we hope to have a very concrete idea on how to proceed to
further develop this current work in the future for the benefit of every member country in ISGAN.



Task I: Assess Current Network Maturity Model and Update data

Subtask 1.1: Trial application of two network maturity analysis tools and results discussion
Subtask 1.2: Development of the questionnaire for the assessment of the level of smartness of
transmission and distribution networks

1.1 Questionnaire of ISGAN’S Annex 3: Chronology

1. Brussels Belgium - On July 2™-3" 2013

A. National experts meeting for Annex 3 of ISGAN was conducted in Brussels, Belgium.

B. In total, there are representatives from five countries (ltaly, Korea, Sweden, Switzerland,
USA) and JRC that present on that meeting.

C. One of the main focuses on that meeting is the discussion of the questionnaire of smart
grid maturity measurement that could be disseminated to member countries.

D. The draft of the questionnaire has been prepared by the leading Italian team to be
criticized and reshaped by the national experts.

Focus on the two main chapters;
Chapter 0: state of the art (Ajou, per fissure le basi; Psmart; alter info —» pubblicare)
Chapter 1 — smartness assessment

The state of the art has been suitably illustrated and discussed in the valuable work by AIOU UNIVERSITY
(see attach 2).

Other methods, based on naticnal practices, have been investigated too (Psmart, see attach 3); those
practices have proven to be precise and useful for evaluating and comparing homogeneous initiatives, but
it seems very difficult to make a general use of such tools.

The Bellmans method (see attach4) has been extended, and afree access web questionnaire has been
prepared by softeco (see attach5).

This model has been applied to different initiatives, and the relevant results will be discussed during the

meeting.

Figure 1 Main Topic of Discussions at Brussels

E. The other agenda for that meeting is the preparation for the executive meetings of ISGAN
and the other two tasks of the ISGAN Annex 3.

F. From the discussion, a new and updated survey has been produced. This survey would be
disseminated by the member countries and gathered by the Annex 3 team to evaluate its
effectiveness to measure the smartness of smart grid.

v"In the case of Korea, the survey was disseminated to the sole power utility, Korean
Power Company (KEPCO).
v"Initial survey result was reported (Refer to Kim et al. 2014)
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v" Frequent follow-ups after the meeting and the attached survey questionnaire was
drafted (Refer to Appendix)
2. Shanghai, China - 31* to 1*" April 2014 (Shanghai Hengshan Hotel, Blossom Hall (3rd floor of the
Hotel)
A. Programme of 4th ISGAN Workshops - "Smart Grid Transition"
v" There is no explicit discussion on network maturity analysis and the measurement of
smartness
3. Montreal, Canada - Wednesday, October 1, 2014
A. IEAISGAN Public WORKSHOP #5: Lessons Learned from Smart Grid Innovations

1.2 Current Status of Questionnaire of ISGAN’S Annex 3: As of Dec. 1%, 2014

Official Website is prepared at IEA-ISGAN home page such as following:

>
(), CLEAN F C
ML SAANIA S p—" N International Smart Grid Action Network (ISGAN) I
ABOUT ISGAN  SCOPE & PROJECTS PARTICIPATION WORKSHOP PUBLICATIONS ANNOUNCEMENTS ENARD  REPRESENTATIVES LOGIN
Q ' : =a
LOG ™
Sacretarsat 014,11.36 13:4 Hit 5§ ar " o ForR* ¢ -
Dear Energy Colleagues,
Latest Post
We warmly encourage ISGAN and broader experts to participate in the Annex 3(Cost-Benefit
(Ouestonnuire] Anrex 3 Analysis) questionnaire.
(Cattorpaonrs) Cal tor poers 1or The Preface Questionnaire and the Smartness Questionnaire are available at the following links:
I195W 2015
https://docs.google.com/forms/d/ 1wVSMxIFAOXCVGrE _hXyXujodtMglt 3KK -NVeSsSIGas/odit?
2012 ISGAN Anvwal Repont usp=sharing
https://docs.google.com/forms/d/ 1KduleX9rlUhPs2) IZVRTYLDW 7TwdbzaYhIVwghDluc/edit?usp=
111 IS5AN Arvual Bepont sharing
ISGAN Intes-Annex Woekshop - & Please select one or more test cases on which to apply both guestionnaire. This will iead to the
Déirve Wap-ul development of 3 simple excal file In arder to obtain an overall picture of the maturity level base
on the answers gathered from the questionnaire for the electric system of one country
ISGAN Inter-Annex Workshop - 4 {transmission + distribution), The assessment of the maturity of the network Is deemed necassary
Repon as a benchmark In view of better assessing the costs and benefits of smart grids projects. The
latter activity represents the next step for the Annex 3,
: For further information, please contact Annex 3 Lead, Or. Maurizio Deifanti
”_ > (maurizio.deifanti@polimLit) or ISGAN Secretariat {isgan@smartgrid.or.kr),
Thank you for your cooperation.
| LE ATON (

Figure 2 Current Questionnaire Website
Source: http://www.iea-isgan.org/?m=bbs&bid=Announcements&uid=1573



PREFACE QUESTIONNAIRE

* Required

TecAN

mnlm;u.;cmni:u’

General Information

The following questionnare 1s aimed at collecting prelsminary information about the level of smartness
of electricity grids

Name *

Surname °

Job position
Company/institution
Address; City; Country -
emall -

The questionnaire is referred to: -
A specific distnbution grid (manimum consistence at least one HV/MV substation)
A specilic transmisson grid
A whole distnbubion grid belonging to / operated by a single Company (DSO)
A whole transmission gnd belonging to / operated by a single Company (TSO)
A set of distributions gnds considered at a nabonalregional leved
A set of transmission gnds considered at a natonalregional leval
Other

Continue » =]
33% completed

f

E (‘V\.\

[ i is nafther creatod n endorsed by Googh

)8[( Forms Repart Abuse - Terms of Setvice - Addiionsd Terms

Figure 3 First Page of Survey Questionnaire
Source: https://docs.google.com/forms/d/1wV5MxIfAOXCVgr8_hKyXujo4tMglt3KK-

NVe8sSIG8s/viewform?edit_requested=true



Task Il: Analyze Current Benefit-Cost Analytical Methodologies and Tools

Subtask 2.1: Analyzing benchmark benefit-cost frameworks and tools
Subtask 2.2: Model research to overcome limit of current BCA frameworks and tools

11.1 Overview: Smart Grid BCA Frameworks

As professor Delfanti (Leader of Annex 3) properly summarized in his presentation material (Oct., 2014),
the review of possible tools for cost benefit analysis has been completed with up-to-date information.
Referring to Ajou (Kim at al., 2014), he summarizes the two Models

v" EA Technology “Transform Model”: provides a detailed representation of a given electricity
network and describes the impact that future scenarios may have on those existing
networks. The Transform Model is based on four steps:

. Step 1: Scenarios

J Step 2: Existing Networks

J Step 3: Solutions

. Step 4: Modelling Combinations

v Synapse Energy Economics “Benefit — Cost Analysis for Distributed Energy Resources”: BCA
results should be reported using the Societal Cost Test, the Utility Cost Test and the Rate
Impact Measure test. The principal characteristics of the model are as follows:

* A parameter-based model, which allows the network to be constructed of
common elements

e |t is based on real data from distribution networks, local authorities, central
government and a range of other sources

* |t can assess and optimize investment over a range of conventional and ‘smart’
strategies, and involving a wide range of solutions

Other frameworks of Smart Grid's Benefit and Cost Analysis available in the literature were surveyed in
Kim et al. (2014).

11.1.1 Smart Grid Forum (SGF) of UK

According to SGF (1 May, 2011), the Smart Grid Forum (SGF) aims to bring together key opinion formers,
experts and stakeholders in the development of GB smart grids to provide strategic input to help shape
Ofgem? and DECC's thinking and leadership in this area. To help provide the network companies with a

? The Office of Gas and Electricity Markets
*The Department of Energy and Climate Change



common focus in addressing future networks challenges and to provide drive and direction for the

development of smart grids, SGF drives policy change by:

v" Developing a common understanding of the value that smart grids can deliver,

v Identifying barriers to network companies adopting smart grid solutions, and

v' Putting smart grids in the context of wider policy developments.

5 workstreams (WS) identified were followings:

v

AN

Work Stream 1 “Assumptions and Scenarios”
Work Stream 2 “Evaluation Framework”
Work Stream 3 “The Ideal Network”

Work Stream 4 “Closing doors”

Work Stream 5 “ways of working”

After a long series of DECC/Ofgem SMART GRID FORUM mostly held in London, 11" DECC/Ofgem
SMART GRID FORUM (22nd October 2013, BIS Conference Centre, 1 Victoria Street) identifies the current
workstreams such as followings:

v

AN NEANEA

ANERN

v

Work Stream 1 “Assumptions and Scenarios”

Work Stream 2 “Evaluation Framework”

Work Stream 3 “The Ideal Network”

Work Stream 4 “Closing doors”

Work Stream 5 “Knowledge management” or development and launch of the
knowledge portal

Work Stream 6 “assessment of the options for the development of smart grids”

Work Stream 7 It is not clear from meeting minutes, but it is likely an extension of WS5.
Work Stream 8 “Vision and Routemap”

For BCA analysis, WS2 of evaluation framework seems to have been successfully accomplished. SGF
meeting minutes of 4", 5™ and 6" already declares that. Following the presentation and draft report by
Frontier Economics (March 2011, October 2011), Frontier Economics submitted the result of analysis as

Frontier Economics (November 2011). The developed too is based on real options methodology which

accounts the probability of salvaging option in each of the decision tree within the period of the project

life. It is noted to be circulated within UK utilities.

(To be further updated in the final report)

11.1.2 BCA analysis of Smart Grid by Frontier Economics

Frontier Economics (Oct. 2011) presets the reason for using real options valuation for BCA as “to avoid

lock-in to a particular investment path”. For the investment with option values, it presents example
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cases such as, investments that can be incrementally augmented in future periods; investments that
promote learning, and which may therefore make future investments less costly or more feasible; and
investments that entail high upfront costs, but reduce ongoing investment costs.

Real options-based analysis in the face of uncertainty is chosen to allow the best strategy by factoring in
the impact of new information into the analysis at a decision point in the future; and the possibility that
the investment strategy can adjust when this new information becomes available.

Following diagram describes the methodology adopted by Frontier Economics for SGF.

Move to best
remaining
strategy for
scenano 1

Move to best

remaining
strategy for

scenario 2

Mave to best
remainmg
s for

Figure 4 Real Options Valuation Process for SG BCA
Source: Frontier Economics (March 2011)

As the diagram shows, this model adopts two periods (Time 1 and Time 2) for analysis: the first time
period from 2012 until 2023, and the second from 2023 out to 2050. The year 2023 is selected
considering the fact that Government’s Carbon Plan sets out scenarios for meeting the UK’s 4™ carbon
budget covering the period from 2023 to 2027*.

Based on three smart grid investment strategies, Top-Down (Top-down smart grid investment strategy),
Incremental (Incremental smart grid investment strategy) and Conventional (Conventional strategy), the
best available strategy is tried to be identified for each different scenarios for each of two different Time
period. That is, some of the strategies chosen for Time period 1 may or may not be available for Time

* DECC (2011)



period 2, since, for example, Top-Down strategy selected for period 1 would prevent other strategies to
be adopted for period 2 since it would strand a number as previously invested assets.

This report is focuses on the benefit, cost calculation of three different investment strategies and

scenarios. Followings are the cost and benefit considered in their model:

4

DN NI NN

Distribution network reinforcement
Distribution network interruption costs
Distribution network losses
Generation costs

DSR “inconvenience” costs
Transmission network reinforcement

o

Half-hourly load Initigl demand profies & penelratons
profiles and

penetrations

Calculate GB demand,
adjust load profiles to
lower generation coslts

Determine headroom,
adjust load profiles for
local DSR

Profiles afier DSR 1o reduce disl
Neatwork remforcement caols

Calculate generation
costs based on mix of

both demand profiles

Real options CBA
model

Figure 5 Model Interlinkages Accommodating DSR

Source: Frontier Economics (Oct. 2011)

Above diagram depicts how network model, generation model for proper representation of demand, for
intermittent generation facilities such as wind and PV, and Real Options CBA model can be utilized in an
interlinked manner.



Simply reviewing the details of model documentation on these aspects would not reveal the modeling
details of real options CBA. But this report shows a way to overcome the problems of cost and benefit
guantification arising from uncertainty.

As mentioned before, one of the focus of EPRI methodology, as well as other BCAs that follow its lead, is
the benefit quantification. In the DOE's SGCT, the process of transforming smart grid elements (assets)
to the monetized value of benefits is done.

The tool already has a list of Smart Grid assets that can be analyzed, which is divided into five categories:
Customer Assets, AMI Assets, Distribution Assets, Transmission Assets, and Other Assets. In total, there
are 21 possible assets--an increase from the 19 assets in EPRI report--provided by the tool. Then those
assets are translated into 15 functions, such as automatic voltage and VAR control. The mechanism is a
translator between functions and benefits in this toolkit. Each function would have several possible
mechanisms that can be chosen by the user. The toolkit then translates those mechanisms into the
benefits of smart grid. Lastly, the user would need to provide the data and values of the smart grid to fill
out the parameters and variables needed to monetize those benefits.

11.1.3 BCA analysis of Smart Grid by JRC, EU

European Commission (EC)'s Joint Research Centre (JRC) also developed its own BCA framework as an
improvement of the EPRI methodology. The joint effort between Members of EURELECTRIC and JRC
resulted in a methodological framework to systematically estimate the different benefits of smart grid
projects in seven steps, as follow.
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\
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Figure 6 Cost Benefit Analysis Framework of JRC

Source: JRC (2012b)

In some of their reports, JRC outlines the seven steps of this BCA and its application to In Grid, a smart
grid project in Portugal that is used as sample case of this proposed BCA framework. JRC also combines
several of its other researches with the basic EPRI methodology. In "Assessing Smart Grid Benefits and
Impacts: EU and U.S. Initiatives," (2012), EC JRC and US DOE compares the two frameworks developed
by the two institutions. Figure below shows the comparison between the two:

European Union

Ideal Smart Grids defined in terms of Smart Grid Services and Functionalities (ANNEX II)
Definition of the outcome of the ideal Smart Grid in terms of Benefits (ANNEX I11)

Metrics to measure progresses and outcomes: 54 Key Performance Indicators (ANNEX [I1)
USA

Ideal Smart Grids defined in terms of Smart Grid Characteristics (ANNEX 1)

Metrics to measure overall progresses and outcomes: 20 Build/Value metrics (ANNEX [11)

Figure 7 Comparison between EC JRC and US DOE Framework

Source: Giordano (JRC) and Bossart (DOE), 2012
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11.1.4 BCA analysis of Smart Grid by McKinsey and Company

Another framework that was also considered in the ISGAN Executive Committee Meeting’ for the Annex
3's BCA research is the one from McKinsey and Company. McKinsey already developed a BCA tool and
was under trial within ERDF (European Regional Development Fund) and three other European DSOs
(Distributed System Operators). The drawback of this proposal is the high cost for hiring McKinsey to do
the job of tool development, that is, 70000 Euros.

In their tool, the smart grid elements (applications) are classified into four different groups with
different functionalities, those includes: AMI, customer application, grid automation, and integration of
DG (Distributed Generation) and EV (Electric Vehicle). They also put the smart grid benefits into four
major groups: demand shift and savings, longer life of assets, operational improvement, and reliability
improvement. These categorizations are different than those proposed by EPRI, but still they share
general similarities. In essence, most if not all smart grid benefits is based on the saving, reduced, or
avoided costs of normal grid between the baseline and scenario. Figure below shows the groups of
benefits proposed by McKinsey

~Avoid capacity investments In grid

. |_Avoid capacity investments

(13 Reak shar/ing | in generation Reduce fuel cost
: pre o generation

| Domand shift L Shift to more efficient generation

& savings ‘ | B
2 ; 2 educe CO,
| A\{?ld capaflfg investments in gn 4~ emissions
Demand | _Avoid capacity investments in
reduction generation Reduce fuel cost
X "~ | ingeneration
: —Reduce generation volume
P e S | Retucs OO
| | Longer life Avoid capacity investments in grid emissions
' ] of assets due to extension of asset lifetime
Smarl grid & )
benefits _ [JfE9 [‘3‘?‘_‘“_“ meter reading costs
- |iSperationul Reduce meter interventions costs
vn'rlgrovement‘ |_ i . ;
Reduce grid maintenance costs
@ Jlncmaaa ;]_ Reduce cost from outages due to
|~ Reliability ey Uil AN
improvement | | More |_Reduce waiting time for customers
convonionco 1 due to optimized operatione

Figure 8 The Four Major Groups of Smart Grid Benefits according to McKinsey

Source: Nigris, 2012

> The framework was proposed in the 4™ Executive Committee Meeting in Nice, France, September 26M-28", 2012.
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11.1.5 Smart Grid Investment Model (SGIM) of SGRC®

Initially as a research project to assist cooperative and municipal utilities with smart grid investment
analysis, the SGRC transitioned to an independent research and consulting firm in January 2011. The
model itself is completed on December 2011 and available to non-consortium members on February
2012. The main product of the SGRC is the Smart Grid Investment Model (SGIM). The SGRC has
completed smart grid business case analysis for 16 utilities and is currently engaged in four new
projects’. Each investment analysis project applies the SGIM to provide the most cost-effective and
comprehensive smart grid business case analysis available. These utilizations of the model then has
been maintained by the SGRC for future references so that new analysis of smart grid investment can be
conducted more effectively and efficiently.

SGIM utilizes four basic steps to evaluate the benefits and costs of smart grid project, that includes:

v Identify each technology and program that fits within the smart grid purview,

v' Ildentify benefits of each technology/program including cost savings, operational efficiency
and reductions in customer kWh, peak kW and hourly load profiles over the next twenty
years,

v Identify technology, installation, program and management costs based on utility and
customer characteristics

v' Compare benefits and costs to determine investment returns.

In general, the steps of SGIM utilization are illustrated in the figure below. Although each utility might
have a unique information of load profiles, avoided power costs, and customer characteristics among
others, the same quantitative BCA is applicable to all cases. To take into account the utility-specifics, as
shown in figure below, combination of utility customer data and member utility data would be used to
estimate end-use hourly load model for 20-year horizon. The model then applies various impacts--
technology, program, economic and utility--to estimate the avoided costs (benefits)

®The SGRC is a research and consulting firm providing smart grid software and financial analysis with
headquarters in Orlando, Florida. It was initiated by Dr. Jerry Jackson at Texas A&M University in 2010,
which is an energy economist with experience in energy technology market analysis, financial model
development, and project management.

” As mentioned in http://www.smartgridresearchconsortium.org/index.htm, accessed December 27th, 2013
13
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Figure 9 Basic Steps of BCA using SGIM
Source: Jackson, J. (2012)

On the application of the model, SGRC developed Excel based stand-alone program for the users
inputting various specific data and analyzing the results. The first part of the program is a quantitative
characterization of the base case electricity use. This base case would be later used as a reference point

to the avoided costs calculation.

Then, a specific worksheet called GATEWAY is used to provide some information: selecting the
technologies and/or programs that would be available through the smart grid investments, starting
point to input detailed parameters related to the technologies/programs, showing selected summary
BCA results (IRR, undiscounted breakeven period, discounted breakeven period, NPV) among others.

The detailed BCA results are presented in the DASHBOARD and other worksheets. The DASHBOARD also
provides the user with appropriate buttons to evaluate the parameters applied in the analysis. The users
can also modify the parameters that are supplied by the SGIM.

Some of the smart grid applications that can be analyzed by the SGIM include:

v' AMI/Smart Meters

v’ Distribution Automation

v' VAR Control

v/ Customer Technologies and Programs, such as Programmable Communication Thermostats
(PCT), Pricing and Demand Response

v' Communication and IT Application

v' Meter Data Analytics
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Although the model could be very good comparison and base for the improved SGCT program, the fact
that it is a privatized model (not public) deters the possibility. Also, there is not enough documentation
of the model and its utilizations to be based upon.

11.1.6 United States: Smart Grid Consumer Collaborative (SGCC)

By macroeconomic analysis, many researchers have forecast the cost and benefit of Smart Grid. As the
real-world experience is growing, Smart Grid Consumer Collaborative (SGCC) reviewed available
research quantifying benefits — economic, environmental, reliability, and customer choice — and costs
associated with Smart Grid investments.

In this report, benefit cost analysis was fulfilled with reference case and ideal case. Reference (low end)
case embodies conservative assumptions typical of the current average capability deployment. Ideal
(high end) Case is based on the achievable, “the state of the possible” Smart Grid deployment goal. Also
this report describes the benefit drivers for each Smart Grid capability. Benefit-cost analysis is done by
calculation of Net Present Value for 13 year deployment of Smart Grid infrastructure and its operation.
The table below compares the assumptions of Reference and Ideal case.

Table 1 Reference Case and Ideal Case benefit assumptions

Capability Primary Benefit Drivers Reference Case Ideal Case
Assumptions Assumptions
Integrated « Average reduction in peak demand * 3.5% peak reduction | ¢ 3.5% peak
Volt/VAr iR reduction
Control * Average reduction in energy use *n/a
¢ 2.7% energy
reduction
Remote * Type of meter reading * Routine monthly  Meter reading
Meter (manual or automated) prior to Smart meter reads previously manual
Reading .
Meter rollout previously automated
* Policy regarding move ins/move outs * Prorating prohibited | ¢ Prorating
(is prorating allowed between meter prohibited
reads or must meters be read on
customer move dates?)
Time-Varying | .customer participation rates (opt in) * 2% participation * 20% participation
Rates

 Customer response level to price * 20% load shift * 20% load shift

differentials

* 4% usage reduction | ¢ 4% usage reduction
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e Conservation impact

* Average peak demand

per residential customer

* Value of generation capacity avoided
 Average usage per residential
customer per year

* Value of electricity use avoided

e 2.575kW/customer
(1)

* $134.28/kW year(1)
» 11,280 kWh/ year
(1)

* $0.0682/kWh (1)

* 2.575kW/customer
(1)

* $134.28/kW year
(1)

» 11,280 kWh/year
(1)

* $0.0682/kWh (1)

Prepay «Customer participation rates * 2.5% participation * 5% participation
and remote
. . . ° 0, H ° 0,
disconnect/ Conservation impact 11% usage reduction 11% usage
reconnect « Existence of remote disconnect * No remote reduction
prohibitions disconnect * No remote
prohibitions disconnect
prohibitions
Revenue » Level of electricity theft prior to Smart
Assurance Meter deployment
* Average age of meters being replaced
Customer «Customer participation rates * 2% participation * 5% participation
Energy
Management | ° Feedback mechanism Type * In-home display * In-home display
 Conservation impact * 5% usage reduction | ¢ 5% usage reduction
Service « Value assigned to a minute of * $1.80/minute * $1.80/minute
Outage reliability improvement (weighted average (weighted average
Management;

Fault Location
and Isolation

opportunity cost to
residential,
commercial,
industrial)

opportunity cost to
residential,
commercial,
industrial)

Renewable
Generation
Integration

« Difference in cost of relative to central
resources

« Difference in environmental impact
vs. central

* Value of environmental impact
reductions

* Ratio of customer-sited to central

resources over time
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Note: (1) These assumptions are used throughout the report as appropriate.

Source: Smart Grid Consumer Collaborative (SGCC), Smart Grid Economic and Environmental Benefits: A Review
and Synthesis of Research on Smart Grid Benefits and Costs, October 2013.

In this report, the results show that the direct and indirect economic benefit of the grid modernization is
larger than the cost of deployment of Smart Grid infrastructure and its maintenance. Also it indicates
that the grid modernization has a significant benefit on the environment through conservation and
renewable generation integration.

1.2 Summary of BCA Frameworks and Application Cases

The Methodology of EPRI (EPRI, 2010) could be considered as the general approach of estimating
benefits and costs of a smart grid project. Other institutions that built their BCA tools upon the
Methodology are US Department of Energy (DOE) with its Smart Grid Computational Tool (SGCT) and
European Commission's Joint Research Centre (EC JRC) although with integration of its own elements
such as smart grid characteristics, Key Performance Indicators (KPl), and qualitative analysis. Similar
frameworks are developed by McKinsey and Smart Grid Investment Model (SGIM).

The main focus of these BCA is the definition of benefits. In general, most of the smart grid benefits is in
form of reduced costs. As to which benefits are considered and how to quantify those benefits, each
framework could have different interpretations compared to others. Some of the general benefits are
reduced generation cost, reduced CO, emissions, reduced meter reading cost, reduced outages, and
reduced cost of transmission and distribution system.

Interesting framework is presented by Frontier Economics, which works closely with Smart Grid Forum
(SGF) of UK. The model they developed applies real options valuation, which is application of option
valuation techniques to capital budgeting decisions. The reason is to avoid a stuck-in scenario where
only one specified investment path can be chosen. In a sense, it is similar to integrating the advanced
version of sensitivity analysis to the main BC Analysis itself. Also, the Frontier Economics combine their
Real options BCA model with network model and generation model to provide the network and
generation costs to the BCA model.

In IMPLAN discussion (as well as others) it is notified that impacts of smart grid could be more than a
direct economic impact. Utilizing input output data, the model could analyze the indirect economic
impacts and induced economic impacts of smart grid, in addition to the normative direct economic
impacts.

The main focus of the comparison between the studies is the definition of benefits and costs. It can be
observed that depending on the background and scope of each project, the list of benefits and costs
would differ one from another. It must be noted also, that not all studies surveyed here has a clear
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documentation of the exact calculation (quantification and monetization) of the benefits, which could
be tricky sometimes.

Taking Czech Republic case as an example, the smart grid project there focus more on reshaping the
electricity load, thus the smart grid benefits are categorized into load leveling effect, time shifting effect,
and off-peak time shifting effect. The calculation of these benefits, then, would base on the cost
avoidance resulting from the project.

Meanwhile in Denmark, the benefits of smart grid is divided into savings on reserves and regulating
power, savings on electricity generation, and savings on energy-saving initiatives. The method of
benefits quantification--seeing this categorization--would be the reduced cost that stems from the
reduced electricity consumption.

Both Czech Republic and Denmark cases have similarities that they don't consider much the benefits
related with the transmission and distribution. As can be seen, most of the benefits are related with
reduced generation or load saving. Netherland's report also shares the same point of view for benefits
estimation. On the other hand, Lithuania does not consider the savings from generation side, but mostly
deals with benefits related with smart metering.

The environmental benefit of smart grid, which is reduction of CO, emission, also becomes more
important. The BCA report of Ireland is one of those that take this into account. In relation to CO,
emissions, the McKinsey framework also made it into their list of smart grid's major benefits. The same
goes for SGCC report, which covers several utilities.

In conclusion, the list and definition of benefits may differ between cases and a standardized list and
definition that encompass the whole possible benefits must be generated. Table below compares the
benefits definition from various BCA reports. It basically expands the similar table from the previous
report. As usual, the benefits categorization coined by EPRI (2010) is used as the base. But the listed
benefits might have unclear monetization method. The estimation of benefits, then, is quite a delicate
process.

A further discussion is being made for the review of SGCT (Smart Grid Computational Tool Kit)
developed by DOE following the guideline of EPRI (2012) for the selection of benchmark benefit-cost
frameworks and tool.
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Economic

Table 2 Benefits Comparison from Various BCA Reports

BCA REPORTS
EPRI | EPRI | FERC | FSC IEE | McKi | Czec | Den | Irela | Lithu | Netherl | New sGee
2004 | 2011 | 2006 | 2008 | 2011 | nsey h mark nd ania and York
Optimized Generator
. X X X X X X X
Operation
Deferred Generation
Improved . X X X X X X X X X
Capacity Investments
Asset
. Reduced Ancillary
Utilization . X X X X X X X X
Service Cost
Reduced Congestion
X X X X X X
Cost
Deferred
Transmission X X X X X X
Capacity Investments
T&D Capital —
. Deferred Distribution
Savings . X X X X X X X
Capacity Investments
Reduced Equipment
. X X X
Failures
Reduced T&D
Equipment X X X X X
Maintenance Cost
T&D O&M
i Reduced T&D
Savings . X X X X X X
Operations Cost
Reduced Meter
. X X X X X X X X X
Reading Cost
Theft Reduced Electricity X
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Reduction

Theft

Energy Reduced Electricity
Efficiency Losses
Electricity Reduced Electricity X
Cost Savings | Cost
Reduced Sustained X
Outages
Power Reduced Major X
Interruptions | Outages
o Reduced Restoration
Reliability X
Cost
Reduced Momentary X
Power Outages
Quality Reduced Sags and
Swells
Reduced CO2 X
Environ- . o Emissions
Air Emissions
mental Reduced SOx, NOx,
and PM-10 Emissions
Reduced Oil Usage
. Energy
Security . Reduced Wide-scale
Security

Blackouts

20




11.3 Smart Grid Computational Tool (SGCT)

11.3.1 Overview of SGCT

DOE’s Smart Grid Computational Tools (SGCT) is a benefit cost analysis (BCA) tools developed by DOE

which is strongly based on EPRI’s Methodological Approach for Estimating the Benefits and Costs of
Smart Grid Demonstration Projects (2010).

- | j NPCC
=) RFC
WECC| |
‘ 5 =
J : R 5 Yy T
‘ | SERC
¢ |
TRE FRCC

Figure 10 NERC Regions
Source: http://www.kestrelpower.com/services NERC.php

The tool is designed to deliver some answers to smart grid projects’ benefit related questions for the
above designated NETC (North American Electric Reliability Corporation) regions.
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Table 3 NERC Regions

NERC Region NERC Region Name
Abbreviation
FRCC Florida Reliability Coordinating Council
MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RFC ReliabilityFirst Corporation
SERC SERC Reliability Corporation
SPP Southwest Power Pool
TRE Texas Regional Entity
WECC Western Electricity Coordinating Council
ASCC Alaska Systems Coordinating Council
HI Hawaii
NA No NERC Region

Source: DOE (2011)

This approach is then modified by SGCT in its own BCA process. The first modification is that SGCT
bypasses or simplifies some of the 10 (ten) steps approach of EPRI. For example, there is no detailed
characteristic needed in SGCT, only a mapping from assets-functions-mechanisms-benefits is needed.

11.3.2 Steps of SGCT

The step of project’s baseline definition for benefits calculation is given to the user and the tools will
only receive it as an input. Also, the quantified and monetized benefits steps are combined. The second
modification is the addition of several additional analyses in the tools, such as sensitivity analysis.

What are Smart What does the How does ot Wihat ~ goodness Wit ts the
Grid techmologies? — Spart Grad do? do that? results? soodness worth?

Monetary

Assels Mechanisms

Value

Example ‘
o Automatic Improves feecder  Reduced feeder
Distribution AR ;
. voltage andd VAR voltage losses worth $60  $6,000
Automation .
control regulation por MWh
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Figure 11 lllustration of the Translation of Smart Grid Assets to Benefit's Monetary Value
Source: DOE (2011)

The above diagram of SGCT characterizes smart grid projects by identifying the technology (assets) that
will be installed and identifying what that technology will do (functions and mechanisms). Based on this
characterization, the SGCT identifies the economic, reliability, environmental, and security benefits the
smart grid project will yield.

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.

Asset A Function A Mechanism A Benefit 71

Asset B Function B Mechanism B Benefit 72

Asset C Function C 4 Mechanism C Benefit 73

330 ) 5 . ’
Assel | Function D Mechanism D Benefit 74

Figure 12 lllustration of Asset, Function, Mechanism, Benefit Mapping (Navigant, 2011)
Source: DOE (2011)

11.3.3 Detailed Steps of SGCT

The relationship between technology and benefit calculation is governed by the choices of functions and
the related mechanisms shown above,

B Assets
The first step is to identify the smart grid assets that a project will implement.

v" Advanced Interrupting Switch
v" Advanced Metering Infrastructure (AMI)/Smart Meter
v" Controllable/regulating Inverter
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Customer EMS/Display/Portal

Distribution Automation

Distribution Management System

Enhanced Fault Detection Technology

Equipment Health Sensor

FACTS Device

Fault Current Limiter

Loading Monitor

Microgrid Controller

Phase Angle Regulating Transformer

Phasor Measurement Technology

Smart Appliances and Equipment (Customer)

Software — Advanced Analysis/Visualization

Two-way communications (high bandwidth)

Vehicle to Grid Charging Station

Very Low Impedance (High Temperature Superconducting ) Cables
Distributed Generator (diesel, PV, wind)

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

SN N N N N N N N N N N N N N N NN

The list of assets could be regarded to expand in the future as there will be technological progress in this
field of smart grid. Currently 22 types asset are defined in SGCT.

B Functions

Followings are the type of functions identified in SGCT and the number of functions is 15.

<

Fault Current Limiting

Wide Area Monitoring and Visualization and Control
Dynamic Capability Rating

Power Flow Control

Adaptive Protection

Automated Feeder and Line Switching

Automated Islanding and Reconnection
Automated Voltage and VAR Control

Diagnosis and Notification of Equipment Condition
Enhanced Fault Protection

Real-time Load Measurement and Management
Real-time Load Transfer

Customer Electricity Use Optimization

Storing Electricity for Later Use

NN N N N N N N N N N N

Distributed Production of Electricity
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B Mechanism

Once the function is chosen, there will be mapping relation provided by the SGCT to select related
benefit. It will be discussed in the figure to be provided below.

B Benefits

There are four categories of benefits: Economic, Reliability, Environmental, and Security. Total of 22
benefits are calculated as the form of avoided cost due to the introduction of smart grid technologies.
Following is a table of the List of Smart Grid Benefits.

Table 4 List of Smart Grid Benefits
Benefit

Benefit Category ‘ Sub-category Benefit

Optimized Generator Operation
Improved Asset Deferred Generation Capacity Investments
Utilization Reduced Ancillary Service Cost
Reduced Congestion Cost
Deferred Transmission Capacity Investments
T&D Capital Savings Deferred Distribution Capacity Investments
Economic Reduced Equipment Failures
Reduced T&D Equipment Maintenance Cost
T&D O&M Savings Reduced T&D Operations Cost
Reduced Meter Reading Cost
Theft Reduction Reduced Electricity Theft
Energy Efficiency Reduced Electricity Losses

Electricity Cost Savings | Reduced Electricity Cost
Reduced Sustained Outages
Power Interruptions Reduced Major Outages
Reliability Reduced Restoration Cost

Reduced Momentary Outages

Reduced Sags and Swells

Reduced CO: Emissions
Reduced SOx, NOy, and PM-2.5 Emissions

Reduced Oil Usage

Reduced Wide-scale Blackouts

Power Quality

Environmental Air Emissions

Security Energy Security

Source: DOE (2011)
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Figure 13 Asset, Function, Mechanism and Benefit



Above diagram is prepared simply to show the role of mechanism. Mechanism maps the choice of
benefit to be considered when a function is selected. The red box in the above figure is the role of
mechanism linking the choice of technology to the benefits to be calculated.

11.3.4 Overall Architecture of SGCT

There are basically three modules in SGCT, which are: 1. Project Characterization Module (PCM); 2. Data
Input Module (DIM); and 3. Computational Module (CM), see figure below. The first module helps user
determine the functionality of the projects. Basically it maps each assets provided by a smart grid
project to onto a standardized set of benefit categories. It handles the first to fourth steps in EPRI’s ten
step approach. In the second module, user can input the required data to calculate project benefits. The
list of anticipated benefits is derived from the first module and the list of inputs needed depends on the
formula of each benefit’s calculation. The module basically tackles the fifth, sixth and ninth steps of
EPRI’s ten step approach. The last module then calculates the project 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 benefits calculation.

Following diagram show the overall structure of SGCT.

Phase III
Project Characterization
Project Assets, Module (PCM) : Helps user
Functions, and determine the functionality
Mechanisinis of the project. Determines

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

for project sensitivity
Project benefits analysis.

|

Data Input Module (DIM) :
Facilitates data input

benefits the project will yield.

Results

Project input data required to calculate project Serisitivity ranges
benefits. T I o=
Kev Sensitivity Analysis Input
ey Sensitivity Interface (Optional): Allows

user to set the sensitivity

ranges = :
range for specific variables.

:> =User Input [:] = Input interface
—> =Data flow - = Calculation engine

Figure 14 SGCT Architecture

Source: DOE (2011)
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11.3.4.1 Project Characterization Module (PCM)

PCM provides a brief overview of SGCT, regarding the project’s characteristics. Following is the PCM

dialog box in SGCT.

x|
| Flease irput project information below. |
Organization Name I

Project Name I

Project Start Year |
NERC Region || |

_rees | e | e |

Figure 15 PCM Project Information Screen

Source: DOE (2011)

The choice for NERC region could be modified to include all the ISGAN member countries in the future.
However, current SGCT can only be specified for either NREC region or non-NERC region. After this
specification of project characteristics, a couple of pages should be managed to choose technologies and
functions with default mechanism provided. The diagrams for such choices are given in the dialog boxes

PCM - Chosse Assets m

Plagse osect ol asoats that wil be nétsled a5 oot of the St gd project. Tha chooss o ths page may represent 8 grop or categry
of assets, If 3 particular asset that & being installed does not appear explctly N this 6t droces the asset group that is most dosely related to e
asser bery) retsled, The assets that e dhosen on e page wil datermne the subsst of funchions that you wil be abls o chocse from on the

fobowrg page

Customer Assets Iransiission Assets
¥ Customer EMSOplay Fortal COefren | I~ Phase Angle Reguiatrg Traresormer Oafessn
% Smart Agpliances and Equpeent (Dusomer )  Cefven | I” Phascr Msssroment Technokogy  Detewen |
I” Yehde 1 Grid Charging Station emten | ¥ Softwars - kdvanced snslyss/Vealeaton Detrtim |
AM] Assets Other Assets
¥ LML/Smart Mevcs Defren | [ Erbhanced Fauit Detocton Technoogy Defritnn |
Distribution Assets I" Eqapment esih Semor R

- Flaibe Alrnating Currantt Tranamisaion Dairition

I Advarced Inernpong Swith Cufrsten | Bystem PALTS) Devier
I Corfrokabie rog.4atng Fnerter Oefiren | I Fault Cuent Limtee Setraan |
1" Ditrbuton Auomation Cefvation l I” Two-way Commurications (high bardwidt) Do |
I™ Distrtston Maragamest Sywisen Cefrizion | [ Very Low Impedns (i Temper atre m— |
= LA Superconducting) cabies — —_— J
1™ Louding Monior Defrten ] }
1™ Destr buted Genaratr (tiesel, PV, wind) Deledion |
¥ Mrogd Cormolee Cwtvten l ————t—
Electrichy Storage device (9., batery,
Mywhesi, PV 91) e |

LT £ [

Figure 16 Choosing Assets in DOE's SGCT
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Source: DOE (2011)
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Figure 17 Choosing Functions in DOE's SGCT

Source: DOE (2011)
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11.3.4.2 Data Input Module (DIM)

Each steps for the DIM is briefly explained in the following DIM main page.

Data Input Module (DIM) Main Page

Go Back to the PCM

Instructions

Welcome to the Data Input Madule (DIM]) phase of the Smart Grid Computational Teol, The DIM will help you navigate
through the process of entering the required data. Its main purpose is to ensure that all the required data is entered in the
proper format so that the benefits can be analyzed successfully. The DIM uses the project benefits identified by the IPSM to
determine and present only a relevant subset of all possible tool inputs to the user. Once all required groject data is entered
the DIM will send the data to the next phase of the tool for analysis and calculation,
Progress through the DIM by clicking on the blue buttons below. Each button corresponds to a step in the DIM. The first
three staps prompt the user to enter three different types of data: load curve and tariff data, benefit calculation input data,
and project cost data. The fourth step allows the user 10 review their inputs before proceeding 1o the next module, The final
step exits the DIM and brings the user to the Computational Module which uses the inputs provided by this module to
calculate the benefits of the project.

l

Project benefits

l

Data Input Module (DIM) : Project
- Facilitates data input input data
Project input data required to calculate project —>
benefits.

Key
>- User Input : = Input interface

~———> =Data flow

Organization Name tast
Project Name tost
NERC Regl 3. MRO
Project Start Year 2010

Step I: Enter Number of Customers and Electricity Tariff

Data Step IV: Review DIM Cost and Benefit Calculation Inputs

Step II: Enter Benefit Calculation Input Data and Escalation Step V: Proceed to the Computational Module {CM)

Module to complete Costs and Benefits Calculations

Factors

Step lii: Enter Project Cost Data

Figure 19 DIM main Page
Source: DOE (2011)
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DIM Step | : Number of Customers, and Electricity Tariff Data

Directions: In the outlined section below the user should enter the appropriate electricity tariff and customer
population data. The user should refer to the detailed directions in the section below for instruction on how to
enter data. If pasting data from another source into these tables please use the "Paste Value' function to avoid
changing cell formatting or pasting formulas. Once all data has been entered click the button below to finish this
step and return to the DIM Main Page. After finishing this step a new page will become visible which contains all
of the data entered in this step, the user can view this page to review all data entered in this step.

Finish Electricity Tariff and Customer Data Entry and Return to Main Page.

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

Table 1: Electricity Rates by Customer Class in 2010
Aorg Dremand

Table 2: Number of Custemeres Served by Class in 2010

Average Energy  Charge [5/lw-
Rate [5fkwh) month]

Customers Senved

Rasidential Customer Class

Residential Rate Sub-Class 1
Aesidential Rate Sul-Class 2
fesidential Rate Sul-Class 3
fesidential Aate Sul-Class 4
Residential Rate Sub-Class 5
Awerage Residential Rate

Commercial Customer Class

Comimercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
Awerage Commercial Rata

Industrial Customer Class

Industrial Sul-Class 1
Industrial Sub-Class 2
Industrial Sub-Class 3
Industrial sub-class 4
Industrial Sub-Class &
Average Industrial Rate

Average Retail Electricity Rate

Residential Customer Class

Residential Rate Suby-Class 1
Residential Rate Sub-Class 2
Residential Rate Sub-Class 3
Residential Rate sub-Class 4
Residential Rate Sub-Class 5
Al Residential Classes

Commercial Customer Class

Cominercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5

Al Commercial Classas

Indhustrial Customer Class

Industrial Sul-Class 1
Industrial Sub-Class 2
Industrial sub-Class 3
industrial sub-Class 4
Industrial Sab-Class 5
Al industrial Classes

Al Customer Classes

Submit Rate and Number of Customers Served Data

Figure 20 DIM Step 1

Source: DOE (2011)
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DIM Step II: Enter Benefit Calculation Input Data

Directions: Use the table below to enter the project data that will be used to caloulate benefits. All inputs are grouped according to the benefits they are used to calculate. For each
Input the user must enter data for all baseline years and data for at least one project year defore being able to submit entries and complete this step. When all data has been
entered click the blue button at the bottom of the table to submit and store the data entries. There are three 10pics conceming this step that deserve special attention: Optional
Inputs, Default Values, and “Mirror™ Inputs. Click the buttons below 10 learn more about each of these Important topics.

Optional Inputs Default Values "Mirror® inputs

The price paid for peak capacity (S/MW), which
represents the capital expenditures for conventional Assumption/Estimate

Price of Capacity at Annual

Deferred Generation Capacity Investments Use Default

Peak
|generation
Total annual cost of ancillary services, Ancillary services,
including spinning reserve and frequency régulation,
could be reduted If: generators could more closely follow
Reduced Ancillary Service Cost Ancillary Services Cost - y Impact Metric Data N/A

load; peak load on the system was reduced; power factor,
voltage, and VAR control were improved; or Information
available to grid operators were improved.

Average apparent power readings for all feeders
impacted by the project. This input will be used to
calculate electricity losses 5o feeders that have been
made more efficlent or feeders that have had peak or
Distribution Feeder Load veragt 0adings decraesed Shouldbe included. f Impact Metric Data N/A
substations have been made more efficienct the average
power level of the substation(s) should be Input.
Information should be based on hourly loads.

Average losses for the portion of the distribution system
Distribution Losses impacted by the project expressed as a percentage of Impact Metric Data N/A

! ing. Thi f "
Reduced Electricity Losses total loading. This can be modeled or calculated.

Average apparent power readings for all lines impacted
Dy the project. This information will be used to calculate
Trarsmission Une Load electricity losses so lines over which losses could be Impact Metric Data N/A
reduced as a result of the project should be included.
Information should be based on hourly [oads.

Average losses for the portion of the transmassion system
Transmission Losses Impacted by the project exprésses as a percentage of Impact Metric Data N/A
1013 loading. This can be modeled or calculated.

Average Price of Wholesale  |Average wholesale market price of electricity. This input

Assumption/Estimate
Energy will be used 1o manetize electricity losses, prion/

Figure 21 DIM Step 2

Source: DOE (2011)
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Projact

Baseline 2010 Basaline 2011 Baseline 2012 Baseline 2013 Baseline 2014 2010 2011 2012 2013 2014
s 5 95,700.00 95,700.00 95,700.00 | 5 95, 700.00 95,700.00 95,700.00 95, 70000 95,700.00 | 5 95,700.00 | 5 95,700.00
3 5 1 1 1|3 1 1 1
WA 100.00 100.00 100.00 100.00 100.00 90.00
i 3% 3% 3% 3% 3% 3%
NIV A - - - -
Additional

Source: DOE (2011)

input ce"s/
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Step llI: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This information will be used to complete a simple net presant
valug tost benaefit analysis. The user can enter total costs, initial and final spending years, and interest rate and the tool will amortize
the cost avenly over the spending period, Or the usar can enter a customized cost schadule, Whnen the cost infarmation has been
entered click the blue button at the botiom to submit and store the entries,

Start ¥ear

stom Cost Schedule

Additional
Years

Capital () ! ! ! !

Finish Cost Data Entry and Return to Main Page

Figure 23 DIM Step 3

Source: DOE (2011)

Step IV: Review DIM Cost and Benefit Calculation Inputs

15 DANATIL CALLBTION INDURS MG IResec! LOST Sata THa? will D 1ad 55 e urv! B

§ Doge My 0 fevrew e 3400 telore peocesds
qvre—r
Finith Reviewing TIM inputs snd Return to Main Page Additional
Data
S| T TR
> 3 %5 7004 370
. ' 1
Vv X 100 00
. ) ) 0
Vv ~ -
- +
-~ . - T O - —— 1= ey
e 0 0a%asy 0 O w0l © D166 T 161
" 10000 10000 |
x X o] 20

e

Your Total | Bl s t M0 H o
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Figure 24 DIM Step 4

Source: DOE (2011)
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11.3.4.3 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 to transform 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.)

AR

Then this computation module, CM, calculates costs and benefits on a yearly basis and presents
summaries of these results to the user in tabular and graphical formats.

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 cutput. 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 OM 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 Is compiete the results tan oe viewed by clicking the "Viaw Reference (ase 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 sensitivity snatysis 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
“Sansitivity Analysis” section that says "Run CM with Sensitivity Case Inputs”, The CM will 1ake about a minute to compiete the anaysis
Onice the snalysis is cormplets the reswults con be vievesd by clicking the "View Sensitivity Results™ button, All of the secsitivity renges can

be resat ta 100% by clicking the buttoa above the toggle switches that savs "Reset all values to 100%

Phase [T

Project Computational
input datc ModulelCM): Caloulates Results
project costs ar d benefits.
allows for propct

pensttavity analysie

Sensitivity ranges

|

Sensitivity Analysis Input
Interface (Optional)
Allows user to set the
seisitivity tange for specific
variables.

Sensittivaty
ranges

pe———————

Key
:> * User lnput : « Input interface
=3 = Data tlowy - = Calcubation engine

Figure 25 CM Main Page

Source: DOE (2011)
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Reference Case

View Refarance Case

Run CM with Reference Case Inputs
Results

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%
Numoaer 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 ® 100% 100% 100%
Number of Customers All Commereial Classes 7 100% 100% 100%
Numaer of Customers industrial Sub-Class 1 = 100% 100% 100%
Numoer of Custamers Industrial Sub-Class 2 # 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 Custamers All Incustrial Classes # 100% | 100% 100%

Figure 26 CM Main Page
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Task Ill: Development of Toolkits to Evaluate Benefit-Costs

Subtask 3.1: Development of Simplified cost-benefits analysis tool
Subtask 3.2: Technical Analysis of current BCA took-kit and Modification of Simplified tool-kit

11l.1 Development of Simplified Cost-Benefit Analysis Tool

111.1.1 Overview

In this chapter, a simplified cost-benefit analysis tool is being developed taking SGCT of DOE as a
benchmark tool kit. As will be discussed later, this tool kit has various advantages over other tools: First,
this tool is open to public and anyone can take a look inside of the model deep enough to examine the
visual basic application modules. JRCEU, McKinsey models were once discussed in Annex Ill before for
any potential utilization for ISGAN member countries’ tool kit. However, members acknowledge the fact
that JRC works on excel based format and there seems to be not much difference between JRC’s work
and DOE. The difference lies in the fact that JRC never opened up the details of the functionalities and
sample calculation of BC in their whole work process. McKinsey software was discussed but it is not
open to public. Rather it is a commercial package with no specific advantage over to SGCT of DOE.
Detailed engine is not fully explained and the scope of the analysis the tool kit provides does not seem
to be very useful (Nigris 2012, Kim 2013).

The new tool kit being developed is named for the time as ‘Smart Grid BCA Toolkit Revised by EML’ for
convenience. Through the replication process, a lot of details have been identified, which, otherwise,
would not have been known to us. Many of the parameters utilized in the process of benefit calculation
may be required to be collected from outside in the future, reflecting the region specific characteristics.
Some of the default values provided by SGCT, although they are only for USA cases (refer to
accompanying manual), may also be useful until those detailed information becomes available for ISGAN
member countries even when they don’t have them. As discussed above at 111.2.24, it is being reminded
again that there are at least 12 smart grid projects currently being conducted in USA, and those projects
are starting to produce some detailed information which might be potentially utilized by current SGCT.

Not only those advantages, there are many interesting researches being conducted around the world
and the work results could be very useful sources of updating this replication effort in the future, once
this replication process allows us to identify the pros and cons of the current model.

111.1.2 Detailed Architecture of DIM in Replicated Tool Kit

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.
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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
D «  Benefit 1D : »  Input Data ID
+  Name . - Year

- Unit User Input Data - Region
= Is Optional? - D ) + Value
Assets »  Has Default Value? +  Project Information
- D - Escalation factor type Assets
Category 1D * Name L——. Functions
. = Description 1 { +  Input data .
- Name . 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 * s used custom
. Namel +  Initial year
+  Benefit 1D - Final year
+  Total capital
Interest rate

Figure 27 Detailed Architecture of DIM in Replicated Tool Kit

At the accompanying manual, each of the component boxes in the above diagram are presented in
detail for the information it contains.

111.1.3 A Brief Comparison to SGCT and our program
There are basically three modules in SGCT, which are:

1. Project Characterization Module (PCM)
2. Data Input Module (DIM)
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3. Computational Module (CM)

In the following, each of the modules indicated above will be compared to show its original form of
SGCT and our Replicated Tool Kit.

111.1.3.1 Comparison of PCM in SGCT and our program

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

Figure 28 PCM Project Information Screen

L L TR R U TR T T

Figure 29 PCM Asset Selection Screen

|

- | [
Figure 31 PCM Mechanism Selection Screen

Figure 30 PCM Function Selection Screen
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Figure 32 Project Information and Asset/ Function/Mechanism Selection Screen (Replicated Tool Kit)
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The SCGT selects the benefits that the smart grid project should yield, 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 33 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 34 Benefits Screen (Replicated Tool Kit)
41



111.1.3.2 Comparison of DIM in SGCT and our program

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

DIM Stop | : Number of Customess, and Electriciy Tariff Data

DA tipems s 1 (1 Gutinmd sexTion Lekow T o her $hon il S0n 1he s

FBLe et LRy Wi ardl o

rden dula. ¥ paiting Sata om srcthe wears

e e v e e | | —
harging ool dornatting s psting ‘armuiss. Ooce o dita hac been srtared clicd the Setton Selow 1o fakh tha I —— A G

e ared 2utaam 12 the D Wars Page. ASee Ariifang thes stp & naw pige wil 2ecaow eoble ahoe cortars of
©f Lhe St wrtarec 1 1 00 U et St shew L sage to rewee o ) dets ertared ot sves

L S S g -t

B L L L r——rp—— [rop——— ot boiTobe
L L SR LT L T
TEvawT emd i oerl vokmet theo, W e % rw Semarsd harpe b ¢ N crrReT e @ ere thedd e wrhesel
12 v g Darvand Coargm eobarmn of Tusta | Sieviarty for Table 2 & pamber matt e snersd Sor o ek e 109 chams hor
wach ooy can; ¥ there e erwed for . be evared Dece S 3po0oces cr

Pt bt avbavt in Tabtos & w2 O the “Sobett Raoe end Searvber o Curmmmers Seved Duss” botson below (s udod
04 1308 2 e

Figure 35 Electricity tariff data and customers served
data entry tables

= [~ . Figure 38 Data input sheet

Figure 37 Escalation factor table
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The above four dialog boxes are now compiled in a single box presented in the following in Replicated Tool Kit.
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Figure 39 Data Input Module (DIM) Screen (Replicated Tool Kit)
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111.1.3.3 Comparison of CM in SGCT and our program

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 40 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
| < 1l Jis i Jon fee bow [sa hoas four fae fom Jass Jose fasr Jor |uec jom
| 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
| - t_t_*il T_Jan fan [vmdn (e |18 [ves |3 |38 (o [0 53z | [23s |za
| - WAl ti i THET] T BrE
| - LA 0 i a
Lo Sk eneed [ 3 |aw Lo |1 ix
| Aage Ay Liad et lehad Oumg w t I &4 A
:;muuzﬁam |2 fost Jels 3
| s nses betanoe San () O » . (T4
| D bedzatan (o I' . ’ e 1 : A0 ladn Jedy luss Jeas fots s 135 A _!Lu a1
Ourhrs eate sad [~ PO O T O TN O S T T I O T (R TN R D
| Derbaon & [ Lo (el ow (o oae o Jada Toas baie [oas Jada [cas fase nunLnx
Trswnkscs Lre et }_&;\A 3 pusle e iw fTa be o | 18] 02l |1 | waaa Do 7] vama ] ot o] e | s 1 o
Tumarmicn Looe N |y feas(s 15 |3 I8 |s I) | ESM YN (IS RN P ) 1_4:
| Mrige Nas & Womde ety | (7Y OO N O S £ {._u-l [ () T (3 ) ) Oy ) ) N )
200 i g0t Gatar ol Vuth haewld 1 o Tax Jaa Jaa Jaa h‘ aa Jan Jea Jax Jea Tax Jea Jaa Jaa
| o of 200 tards 15 14 B lew P jar l fan aw un}a_n cat Jaas Joxr fesa [om)
| Yash haly ewrfs Fr Jex Fra Tes oy fes Jeo Jes Juy Tes Jos Tes o3 Jo3 Jas fas
| Buatngs Wi Viswiat po 1isk A Towwi]s Do Jesw Tan faje faes fase Jane (20 Joss [ow Jaus Jooe Jaoe Tam Jass [am
Ahiags ham efaavdy f 1ran meb Vereis =0 23 tan fey dev low dav Tes Jau fes Jas es l" o8 _J21 !u-
| mwenind pw 04 ¥ O wwals Tog 1w B fa T fo B4 Jo o Jo Ja Je J4 Ja Ja I
TN b e (e o e seplz  1ae ley Peas leae o (oo Jaos J=p baos looe jeas t:alm{ez,u‘ 7]
LT LTI e ld FENARYS (T 3138 (208 I8 CE F T (N (R0 (5 (X1 CTS (T T O3]
'"_!'.%’!2‘ 2 4 Ja a3t fam fans fam Jace [ozz Dyse [on
Y 4 o " [ ULIN 8 (I 0 PO P
Vo o TS i & EL o) ) 65 B0 B 3 T
| Tt # Curmmar Moot A bk | or [1oe |3 [300
| Nt of Covemeny Pooktertel S 26-Oani |@ N X 5O OO0 O
Farsbw ¥ Curmman ikl e 5c8-0ams) |& o
st o Cummens bklertal Ak S | @
TRersCer of Covamets bt e 8-t |@ i
Wemw ¥ Corawen A3 kv Cun . (AR tATN 20 T8 )
vt f Cummwan Cownsnial s G8-Owi! |¢ E 0 (3
st of Commmar: Comrmedsl 2ew St-Omid e g e 3 i
| e of Cammwen Commenisl Arw 5.0 Ouni e CI 0 & 0
| Moot o ey Comrmsnial Aaw St-Ound | ¢ Jo e 0 0
| T o Commmans Commemisl Saw SOud |& OO I il 0
| Tt o Commen W Corwersd Cum O 1 L20 |200 {207 |200 {209 (200|284 |10a [26e (108 [ame (20w a0 (i
farster of Cormmens Votw Mate 24 Janl |e
| N o Comamen rasion b Sb-Cait_|*
| Tt o Cummwens st bus Sb-Oais |+ F:
| arste of Cammwent ndstus fms b O |o [

ey i ST |
Figure 41 CM Main Page (Replicated Tool Kit)
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For other dialog boxes in SGCT including those of results, please refer to the accompanying manual for
‘Smart Grid BCA Toolkit Revised by EML’.

111.2 Calculation of Benefit

Once the asset or technology is selected, then the user selected functions from default candidates will
map those over to the benefit through mechanism. In the EPRI Methodological Approach, one of the
focus is the concept of benefit. The term "benefit" is defined as an impact (of a Smart Grid project) that
has value to a firm, a household, or society in general. To measure the size of benefits, quantification is
needed. In addition, the quantified benefits should be expressed in monetary so that it can be compared
with others. Basic formulation of the benefit calculation can be presented such as following:

Benefit = Cost —Cost

baseline Project

Benefit in the above equation represents the ‘avoided cost’ or ‘reduced cost’ due to the introduction

of assets or new technology for smart grid. Cost and Cost represents the cost before the SG

baseline project

and after the SG, respectively.

Followings are the benefit calculation selected:

111.2.1 Optimized Generator Operation

v" Annual Generation Cost ($)

Value ($) = [Annual Generation Cost ($))],.... — [Annual Generation Cost ($)];,ec

Optional Inputs

v" Average Hourly Generation Cost (5/MWHh)
Avoided Annual Generator Dispatch (MWh)
Annual Energy Storage Efficiency (%)
Annual PEV Efficiency (%)

AN

Value ($) = {[Average Hourly Generation Cost (5/MWh) * Avoided Annual Generator Dispatch
(MWh)]gasetine — Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch
(MWh)]pwiect) * Average Efficiency(%)

Average Efficiency (%) = For projects that yield this benefit as a result of Wide Area

Monitoring, Visualization, and Control, the value will be 100%. For projects that just support

Stationary Electricity Storage or Plug-in Electric Vehicles this value will be equal to the Annual

Efficiency of these technologies. For projects that enable multiple functions which lead to this

benefit an average of all efficiencies will be used.
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*Note: default value of Average Hourly Generation Cost for all NERC regions are provided in the
Appendix.

111.2.2 Deferred Generation Capacity Investments

v' Total Customer Peak Demand (MW)

Energy Storage Use at Annual Peak Time (MW)

Distributed Generation Use at Annual Peak Time (MW) — Impact
PEV Use at Annual Peak Time (MW) — Impact

Price of Capacity at Annual Peak (S/MW),

ASRNENIEN

Value ($) = [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak Demand (MW) — Energy
Storage Use at Annual Peak Time (MW) — Distributed Generation Use at Annual Peak Time (MW) — PEV
Use at Annual Peak Time (MW)]sasciine - [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak
Demand (MW) — Energy Storage Use at Annual Peak Time (MW) - Distributed Generation Use at
Annual Peak Time (MW) — PEV Use at Annual Peak Time (MW)]eroject

Optional Inputs

v" Capital Carrying Charge of New Generation (S/yr)
v' Generation Investment Time Deferred (yrs)

Value (§) = [NPV of Generation Investment Deferral($)] | .. .- INPV of Generation Investment Deferral
(S)]h.m-luw
NPV of Generation Investment Deferral ($) = Capital Carrying Charge of New Generation (%)
*[1-(1-discount rate (%)) "Time Deferred (yrs)]

*Note: default value of Price of Capacity at Annual Peak for all NERC regions are provided in the
Appendix.

111.2.3 Reduced Ancillary Service Cost
v" Ancillary Services Cost (S)
Value ($) = [Ancillary Service Cost ($)]sasctine - [Ancillary Service Cost ($)]rroject
Optional Inputs

v" Average Price of Reserves ($/MW)

Reserve Purchases (MW)

Average Price of Frequency Regulation ($/MW)
Frequency Regulation Purchases (MW)

ASRNIN
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v" Average Price of Voltage Control (S/MVAR)
v" Voltage Control Purchases (MVAR)

Value ($) = [Z (Price of Ancillary Service ($/MW) * Purchases (MW))],. e

- [Z (Price of Ancillary Service
($/MW) * Purchases (MW))];oie

*Note: default value of Average Price of Reserves, Average Price of Frequency Regulation, Average
Price of Voltage Control for all NERC regions are provided in the Appendix

111.2.4 Reduced Congestion Cost

v Congestion Cost ($)
Vallle ($) = [(j()]]\g’oSti()n C()St(’S)]Hn\vl::u = IC()]}%CS“()H C()St(ﬂs)]l'“yi“l

Optional Inputs

v" Congestion (MW)
v" Average Price of Congestion ($/MW)

Value ($) = [Congestion (MW) * Price of Congestion ($/MW)]sascine - [Congestion (MW) * Price of
Congestion (5/MW)]rroject

*Note: default value of Average Price of Congestion for all NERC regions are provided in the
Appendix.

111.2.5 Deferred Transmission Capacity Investments

v" Capital Carrying Charge of Transmission Upgrade ($)
v" Transmission Investment Time Deferred (yrs)

Value ($) = [NPV of Transmission Investment Deferral ($)]

bofeis [NPV of Transmission Investment
Deferral ($)],,, e

111.2.6 Deferred Distribution Capacity Investments

v Capital Carrying Charge of Distribution Upgrade ($/yr)
v" Distribution Investment Time Deferred (yrs)
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Value ($) = [NPV of Distribution Investment Deferral ($)]}u.,i.-l-«' [NPV of Distribution Investment Deferral
(S)]h.m-lmv

NPV of Transmission Investment Deferral ($) = Capital Carrying Charge of Distribution
Upgrade ($) *(1-(1-Discount rate (%)) Time Deferred (yrs))

111.2.7 Reduced Equipment Failures

v" Capital Replacement of Failed Equipment ($)
v" Portion Caused by Fault Current or Overloaded Equipment (%)
v" Portion Caused by Lack of Condition Diagnosis (%)

Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or

Overloaded Equipment (% - [Capital Replacement of Failed Equipment ($) * Portion Caused by
JUIE Baseling F F JUIE )

Fault Current or Overloaded Equipment (%)];,,;..

111.2.8 Reduced Transmission & Distribution Equipment Maintenance Cost

v" Total Transmission Maintenance Cost (S)
v" Total Distribution Maintenance Cost ($)

Value ($) = [Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment

Maintenance Cost ($) —[ Total Distribution Equipment Maintenance Cost ($) + Total Transmission

]l’-.xwluw

Equipment Maintenance Cost ($)],ic

111.2.9 Reduced Transmission& Distribution Operations Cost

v" Transmission Operations Cost (S)
v Distribution Operations Cost ($)

Value ($) = [Distribution Operations Cost ($) + Transmission Operations Cost ($)] - [Distribution

Baseline

Operations Cost ($) + Transmission Operations Cost ($)]},ec

Optional Inputs

v" Distribution Feeder Switching Operations (S)
v"  Distribution Capacitor Switching Operations ($)
v" Other Distribution Operations Cost ($)
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Value ($) = [Distribution Feeder Switching Operations ($) + Distribution Capacitor Switching Operations
(%) + Other Distribution Operations Cost ($) + Transmission Operations Cost ($)]s,.ime - [= Distribution
Feeder Switching Operations ($) + Distribution Capacitor Switching Operations ($) + Other Distribution

Operations Cost ($) + Transmission Operations Cost ($)] e

111.2.10 Reduced Meter Reading Cost
v" Meter Operations Cost (S)

Value ($) = [Meter Operations Cost ($)] - [Meter Operations Cost ($)]cq

Baseline

111.2.11 Reduced Electricity Theft

v Number of Meter Tamper Detections —Residential

Number of Meter Tamper Detections -Commercial

Number of Meter Tamper Detections — Industrial

Average Annual Customer Electricity Usage —Residential, Commercial, Industrial

AN

Value ($) = [Z{ Number of Meter Tamper Detections by class (#) * Average Annual Customer Electricity
Usage by class (kWh) * Average Percentage of Load not Measured by class (%) * Average Duration of
Theft by class (% of year) * Average Retail Electricity Rate by class ($/kWh){],, ... - [E{ Number of Meter
Tamper Detections by class (#) * Average Annual Customer Electricity Usage by class (kKWh) * Average
Percentage of Load not Measured by class (%) * Average Duration of Theft by class (% of year) * Average
Retail Electricity Rate by class ($/kWh)}];, .

*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor) for all NERC regions are provided in the Appendix.

111.2.12 Reduced Electricity Losses

v" Distribution Feeder Load (MW)

Distribution Losses (%)

Transmission Line Load (MW)

Transmission Losses (%)

Average Price of Wholesale Energy (S/MWh)

AN NI NN
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Value ($) = [(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) *
Transmission losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)],. e -
[(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) * Transmission
losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)]

Project

111.2.13 Reduced Electricity Cost

v"  Total Residential Electricity Cost (S)
v" Total Commercial Electricity Cost (S)
v" Total Industrial Electricity Cost (S)

Value ($) = [Total Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total
Industrial Electricity Cost ($)]s,.ime - [ Total Residential Electricity Cost ($) + Total Commercial Electricity
Cost ($) + Total Industrial Electricity Cost ($)]

Project

*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor) for all NERC regions are provided in the Appendix.

111.2.14 Reduced Sustained Outages

v" SAIDI (System)
v" Value of Service (VOS) ($/kWh) — Residential, Commercial, Industrial
v" Average Hourly Load Not Served During Outage per Customer by class (kW)

Value ($) = Z{ [SAIDI (System) * Total Customers Served within a class (#) * Average Hourly Load Not
Served During Outage per Customer by class (kW) * VOS by class ($/kWh)] - [SAIDI (System) *
Total Customers Served within a class (#) * Average Hourly Load Not Served During Outage per
Customer by class (kW) * VOS by class ($/kWh)],........!

Baseline

Optional Inputs

v" SAIDI (Impacted Feeders or Lines)

v' Total Customers Served by Impacted Feeders or Lines (#) — Residential, Commercial

Value ($) = Z{ [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or
Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
(5/kWh)]y.ccime - [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or
Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
($/KWh)[,icc!
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*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor), Value of Service - PQ (Inflation Factor) for all NERC regions are provided in the Appendix.

111.2.15 Reduced Major Outages

v" Outage Time of Major Outage (hr) — Residential, Commercial, Industrial
v" Average Hourly Load Not Served During Outage per Customer by class (kW)
v" Value of Service (VOS) ($/kWh) — Residential, Commercial, Industrial

Value ($) = Z{ [Outage Time of Major Outage by class(hr) * Average Hourly Load Not Served During
Outage per Customer by class (kW) * VOS by class ($/kWh)];...ii.. - [Outage Time of Major Outage by
class(hr) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class

($/kWh) ]I'u ject }

111.2.16 Reduced Restoration Cost

v" Distribution Restoration Cost (S)
v" Transmission Restoration Cost ($)

Value ($) = [Distribution Restoration Cost ($) + Transmission Restoration Cost ($)],... - [Distribution
Restoration Cost ($) + Transmission Restoration Cost ($)].q
Optional Inputs

v" Number of Outage Events (#)
v' Restoration Cost per Event ($/event)

Value ($) = [Number of Outage Events (# of events) * Restoration Cost per Event ($/event)]y. e -

[Number of Outage Events (4 of events) * Restoration Cost per Event (S/C\'cm)]rwu

111.2.17 Reduced Momentary Outages

v" MAIFI (System)
v" Value of Service (VOS) — Power Quality ($/interruption)
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Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per
interruption)], .. - [MOomentary Interruptions (# of interruptions) * VOS ($ per interruption)],, ..

Momentary Interruptions (+ of interruptions) = MAIFI (Index) * Z{Total Customers Served by

class (#))

Optional Inputs

v" MAIFI (Impacted Feeders)
v" Total Customers Served on Impacted Feeders (momentary) (#) — Residential, Commercial,
Industrial

Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per
interruption)]y, ... - [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)];,, ..,
Momentary Interruptions (# of interruptions) = MAIFI of Impacted Feeders (Index) * Z{Total

Customers Served by class on the Impacted Feeders (#))

*Note: default value of Value of Service - PQ (Inflation Factor) for all NERC regions are provided in the
Appendix.

111.2.18 Reduced Sags and Swells

v" Number of High Impedance Faults Cleared (# of events)
v" Value of Service (VOS) — Sags and Swells ($/event)

Value ($) = [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells
($/event)]saseiine - [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells
($/event)]projec

111.2.19 Reduced CO2 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
Notification of Equipment Condition

v" Truck Rolls (# of events)
Average Miles Travelled per Truck Roll (miles/event)
Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

AN

CO2 Emissions per Gallon of Fuel(tons/gallon)
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Value ($) = Z{Net CO2 Emissions Avoided (tons)}* Value of CO2 ($/ton)

Net CO2 Emissions Avoided (tons) = [CO, Emissions (tons)], ... - [CO, Emissions (tons)] ;...

Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoided(tons)], .., - [CO2 Emissions

Avoided (tons) | 4

*Note: default value of Average Fuel Efficiency for Feeder Service Vehicle, Average Fuel Efficiency
for Diagnosis/Notification Service Vehicle, Average Fuel Efficiency for Real Time Load
Measurement/Management Service Vehicle for all NERC regions are provided in the Appendix.

Optional Inputs

v" Number of Operations Completed (# of events) — Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

v" Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v" Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v" For PEV with Reduced Gasoline Consumption Mechanism

v" kWh of Electricity Consumed by PEVs (kWh)

v" Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)

v" CO2 Emissions (tons)
v" Value of CO2 (S/ton)

*Note: default value of Electricity to Fuel Conversion Factor, CO2 Emissions per Gallon of Fuel,
Value of CO2 for all NERC regions are provided in the Appendix.

111.2.20 Reduced SOX, NOX, and PM-2.5 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
Notification of Equipment Condition

v" Truck Rolls (# of events)
Average Miles Travelled per Truck Roll (miles/event)
Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

RN

Emissions per Gallon of Fuel(tons/gallon) — SOx, NOx

53



Value ($) = Z{Net Emissions Avoided (tons)* Value of Emissions ($/ton)}

Net Emissions Avoided (tons) = [Emissions (tons)]y, .. - [Emissions (tons)] ...
Net Emissions Avoided (tons) = [Emissions Avoided(tons)],, ... - [Emissions Avoided (tons) |
Baseline

Optional Inputs

v" Number of Operations Completed (# of events) — Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

v" Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v" Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

For PEV with Reduced Gasoline Consumption Mechanism

v" kWh of Electricity Consumed by PEVs (kWh)

Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)
SOx Emissions (tons)

NOx Emissions (tons)

PM-2.5 Emissions (tons)

Value of Emissions ($/ton) — SOx, NOx, PM-2.5

AN NN

*Note: default value of SOx Emissions per Gallon of Gas, NOx Emissions per Gallon of Gas, PM-2.5
per Gallon of Gas for all NERC regions are provided in the Appendix.

111.2.21 Reduced Oil Usage
For PEVs (with reduced gasoline consumption mechanism):

v" kWh of Electricity Consumed by PEVs (kWh)
v Electricity to Fuel Conversion Factor(gallons/kWh)

Value (gallons of oil) = Net Avoided Fuel Use (gallons)* Fuel to Oil Conversion Factor (gallons
oil/gallon fuel)
Net Avoided Fuel Use (gallons) = [Fuel Use (gallons)], ... - [Fuel Use (gallons)] , .,

Net Avoided Fuel Use (gallons) = [Avoided Fuel Use (gallons)],,.. - [Avoided Fuel Use

(g‘ll I()I-]S) ] “\l'v{']llll'

For all other Functions

v" Truck Rolls (# of events)
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v" Average Miles Travelled per Truck Roll (miles/event)
v" Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

Optional Inputs

v" Number of Operations Completed (# of events) —Feeder Switching and Maintenance, Diagnosis

and Notification, Meter Reading

v" Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,

Diagnosis and Notification, Meter Reading

v" Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,

*

p

Diagnosis and Notification, Meter Reading

Note: default value of Average Fuel Efficiency for Truck Roll Vehicle for all NERC regions are
rovided in the Appendix.

111.2.22 Reduced Wide-scale Blackouts

v
v

Number of Wide-scale Blackouts (# of events)
Estimated Cost of each Wide-scale Blackout ($/event)

Value ($) = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of each Wide-scale Blackout
($/event)],. ;.. - [Number of Wide-scale Blackouts (# of events) * Estimated Cost each Wide-scale

Blackout ($/event)]

Project

111.2.23 Potential Barriers in Benefit Calculation and in Expansion of SGCT for ISGAN Member Countries

In the

AN

AN N N N Y N N N VR NN

Appendix, all the default values for the followings are summarized:

Average Hourly Generation Cost

Price of Capacity at Annual Peak

Average Price of Reserves

Average Price of Frequency Regulation
Average Price of Voltage Control

Average Price of Congestion

Average Price of Wholesale Energy

Value of Service - Residential (Inflation Factor)
Value of Service - Commercial (Inflation Factor)
Value of Service - Industrial (Inflation Factor)
Restoration Cost per Event

Value of Service - PQ (Inflation Factor)
Average Fuel Efficiency for Truck Roll Vehicle
CO2 Emissions per Gallon of Fuel

55



Value of CO2

SOx Emissions per Gallon of Gas

NOx Emissions per Gallon of Gas

PM-2.5 per Gallon of Gas

Value of SOx

Value of NOx

Value of PM-2.5

Average Fuel Efficiency for Feeder Service Vehicle

Average Fuel Efficiency for Diagnosis/Notification Service Vehicle

Average Fuel Efficiency for Real Time Load Measurement/Management Service Vehicle

NN N N N N N N N NN

Electricity to Fuel Conversion Factor
It is noted, however, there are a couple of things to be discussed.

First, there are many parameters in the benefit calculation which is not given for NERC regions.
Examples for such are provided in the following:

111.2.2 Deferred Generation Capacity Investments
Total Customer Peak Demand (MW)
Energy Storage Use at Annual Peak Time (MW)
Distributed Generation Use at Annual Peak Time (MW) — Impact
PEV Use at Annual Peak Time (MW) — Impact
Price of Capacity at Annual Peak (S/MW),

I11.2.5 Deferred Transmission Capacity Investments
Capital Carrying Charge of Transmission Upgrade (S)
Transmission Investment Time Deferred (yrs)

I11.2.6 Deferred Distribution Capacity Investments
Capital Carrying Charge of Distribution Upgrade (S/yr)
Distribution Investment Time Deferred (yrs)

I11.2.7 Reduced Equipment Failures
Capital Replacement of Failed Equipment ($)
Portion Caused by Fault Current or Overloaded Equipment (%)
Portion Caused by Lack of Condition Diagnosis (%)

111.2.8 Reduced Transmission & Distribution Equipment Maintenance Cost
Total Transmission Maintenance Cost ($)
Total Distribution Maintenance Cost (S)
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111.2.9 Reduced Transmission& Distribution Operations Cost
Transmission Operations Cost (S)
Distribution Operations Cost ($)

Distribution Feeder Switching Operations ($)
Distribution Capacitor Switching Operations (S)
Other Distribution Operations Cost ($)

111.2.11 Reduced Electricity Theft
Number of Meter Tamper Detections —Residential
Number of Meter Tamper Detections —Commercial
Number of Meter Tamper Detections — Industrial

111.2.15 Reduced Major Outages
Outage Time of Major Outage (hr) — Residential, Commercial, Industrial
Average Hourly Load Not Served During Outage per Customer by class (kW)
Value of Service (VOS) (S/kWh) — Residential, Commercial, Industrial

111.2.16 Reduced Restoration Cost
Distribution Restoration Cost (S)
Transmission Restoration Cost (S)

Number of Outage Events (#)
Restoration Cost per Event (S/event)

Second, even if some of default values are given for NERC regions, it would not be easy for users not in
USA to find such values out of scratch. Examples for such include:

I11.2.3 Reduced Ancillary Service Cost
Average Price of Reserves ($/MW)
Reserve Purchases (MW)
Average Price of Frequency Regulation (S/MW)
Frequency Regulation Purchases (MW)
Average Price of Voltage Control (5/MVAR)
Voltage Control Purchases (MVAR)

111.2.17 Reduced Momentary Outages

MAIFI (System)
Value of Service (VOS) — Power Quality (S/interruption)
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Total Customers Served on Impacted Feeders (momentary) (#) — Residential,
Commercial, Industrial

111.2.19 Reduced CO2 Emissions
For Automated Feeder and Line Switching; Real Time Measurement and Management;
Diagnosis & Notification of Equipment Condition

Truck Rolls (# of events)

Average Miles Travelled per Truck Roll (miles/event)

Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

CO2 Emissions per Gallon of Fuel(tons/gallon)

Number of Operations Completed (# of events) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

For PEV with Reduced Gasoline Consumption Mechanism

kWh of Electricity Consumed by PEVs (kWh)

Electricity to Fuel Conversion Factor (gallons/kWh)

111.2.20 Reduced SOX, NOX, and PM-2.5 Emissions
For Automated Feeder and Line Switching; Real Time Measurement and Management;
Diagnosis & Notification of Equipment Condition

Truck Rolls (# of events)

Average Miles Travelled per Truck Roll (miles/event)

Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

Emissions per Gallon of Fuel(tons/gallon) — SOx, NOx
Optional Inputs

Number of Operations Completed (# of events) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading
For PEV with Reduced Gasoline Consumption Mechanism

kWh of Electricity Consumed by PEVs (kWh)

Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)

SOx Emissions (tons)

NOx Emissions (tons)

PM-2.5 Emissions (tons)

Value of Emissions ($/ton) — SOx, NOx, PM-2.5

111.2.21 Reduced Oil Usage
For PEVs (with reduced gasoline consumption mechanism):
kWh of Electricity Consumed by PEVs (kWh)
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Electricity to Fuel Conversion Factor(gallons/kWh)

For all other Functions

Truck Rolls (# of events)

Average Miles Travelled per Truck Roll (miles/event)

Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)
Optional Inputs

Number of Operations Completed (# of events) —Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

111.2.22 Reduced Wide-scale Blackouts
Number of Wide-scale Blackouts (# of events)
Estimated Cost of each Wide-scale Blackout ($/event)

To estimate the benefit according to EPRI guideline as is the case of DOE SGCT, as well as the cost, there
are three dimensional frameworks that must be analyzed upon, as shown in figure below.

Perspectives
Utilties Customers Externalities =
Eceonomic
o Environmental -
L}
o
ﬁ"‘ Reliability
Safety and Security |
Levels of
Precision

Figure 42 The Three Dimensions of Benefit and Cost of Smart Grid

Source: EPRI, 2010

The first dimension is the four fundamental categories (types) of benefits, that is economic,
environmental, reliability, and safety and security. The second is the different perspectives of the
benefits themselves, as seen by three beneficiaries: utilities, customers, and society as a whole. The
third dimension, though, is proven to be the most difficult one to tackle: the levels of precision. The only

reasonable way of characterizing the general level of precision is to use broad categories such as (EPRI,
2010):
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Modest level of uncertainty in quantitative estimates and/or in monetization
Significant uncertainty in quantitative estimates and/or in how to monetize
Highly uncertain

AN NN

Cannot be quantified

In the following, it is discussed that DOE has some carefully designed projects to overcome such
difficulties as the precision of the required answers increases.

111.2.24 Ways to Overcome the Barriers

According to NRCEA and CRN (2013), the National Rural Electric Cooperative Association (NRECA) has
organized the NRECA-U.S. Department of Energy (DOE) Smart Grid Demonstration Project to install and
study a broad range of advanced Smart Grid technologies in a demonstration that involves 23 electric
cooperatives in 11 states. For purposes of evaluation, the technologies deployed have been classified
into three major sub-classes, each consisting of four technology types. Following is the list of
demonstration projects:

Table 5 Demonstration projects
Advanced Metering Infrastructure
Enabling Meter Data Management Systems
Technologies | Telecommunications
Supervisory Control and Data Acquisition
In-Home Displays & Web portals
Demand Demand Response Over AMI
Response Prepaid Metering
Interactive Thermal Storage
Renewables Integration
Distribution Smart Feeder Switching
Automation Advanced Volt/VAR Control
Conservation Voltage Reduction
Note: Bold types are applied for the cases with information available.

Not all of the Demonstration projects has reported information available. However there are 6 projects
which have reports on the progress of the related projects:

v" Advanced Metering Infrastructure
Meter Data Management Systems
Telecommunications

AN

Prepaid Metering
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v" Smart Feeder Switching
v" Conservation Voltage Reduction

In the following, a brief summary of those projects are provided and the information gathered from
those demonstration projects will further provide more accurate parameters for SGCT in the future.

Advanced Metering Infrastructure (AMI)
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Figure 43 Net Metering Load vs. Generation Profiles - Residential.
Source: Cody (2014a)

"Average net load and generation profiles of selected net metering consumers on the KIUC system from
March 2013 are shown above. The data represent net delivered and net received energy, rather than
the full load requirements and total generation of the net metering customers." (Cody, 2014a)

Meter Data Management Systems

MDMS systems have four potential values which are Real-Time Information Sharing, Bidding Demand
Response and Other Storage Resources into MISO, Monitoring Line Losses and Power Theft, and Load
Forecasting. The below is an example of one of the types of aggregation the MT-MDMS provides.
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Figure 44 Aggregation MT-MDMS provides
Soruce: Walker (2014)

If sum(meters(1+2+3+6+7+8)) + Meter C = 0 then
Virtual Meter D=0
Virtual Meter E =0

Else If sum{meters(1+2+3+6+7+8)) = 0 AND Meter C > 0 then
Virtual Meter D= MeterC * .5
Virtual Meter E = Meter C* .5

Else

Virtual Meter D = Meter C / sum(meters (142+3+6+47+8)) * sum(meters (1+2+3))
Virtual Meter E = Meter C / sum(meters (1+2+3+6+7+8)0 * sum(meters (6+7+8))

Figure 45 If-Then Aggregation Logic
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Source: Walker (2014)

Telecommunications
In the Smart Grid, communication has a distinct role which enables other technologies to be valid.

Communication thus plays a unique role in the Smart Grid—it is the enabling technology for other
enabling technologies. In other words, benefits from communication are difficult to measure. It surely
does not direct impact on others such as utility, the end user, or society in general. And it is related with
multiple functions.

This ambiguous value has challenges to measure. Cody (2014f) listed four types of challenges: The first
thing comes up toward someone interested in estimating the value of a potential communication
upgrade. The second thing comes up because just one communication system can enable multiple
smart grid functions. Cody (2014f) gave us an example that a single radio network may support both
prepaid metering and demand response. Calculating the return on investment (ROI) of a communication
up grade requires knowing the value of each supported Smart Grid function, any of which may be
uncertain. In some cases, the communication upgrade may end up supporting functions that are
implemented only later. Perhaps these functions would not even be considered until after the new
communications are in place—the available bandwidth inspires system planners to consider functions
that previously were unfeasible. For example, a utility that installs fiber to support smart feeder
switching may find itself with excess bandwidth and later elect to use that bandwidth to support
volt/VAR control. A utility with excess bandwidth is likely to look for ways to derive value from it. The
third thing arises because it is moving target. As time goes by, the communication upgrade will be need
periodically. So we might decide whether installing a new one or upgrading the old one continuously. In
this context, a fourth thing is that the Smart Grid functions supported by communications are also
moving targets. Those functions need to have bandwidth.
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Prepaid Metering

Sioboda (2014) review three prepayment program under development at three distribution
cooperatives as a part of the National Rural Electric Cooperative Association-U.S. Department of Energy
(NRECA-DOE) Smart Grid Demonstration Project (SGDP)®. The report provides an overall status for each
program design. But this report present the statistics gathered on the Energy Advantage Program
Member Survey from EnergyUnited because the programs at DMEA and KEA are not yet in operation.

The level of participation for of EnergyUnited prepayment program is roughly about 1% of meter-based
members. And the systems involved in offering prepayment to EU members are the Customer
Information System (CIS) from Cayenta, and the advanced metering infrastructure (AMI) solution from
Cooper Power Systems. The figure below shows the how the program designed and what EnergyUnited
asked for their customer to assess the Energy Advantage Program Member Survey.

EnergyAdvantage Program Member Survey

The following is 3 survey for EnergyA g T gathered will b2 ysed 10 publish a
(\9 report on the affectiveness of tha program
Cp\')oe’( 1 How long have you been using EnergyAdvantage?®
‘\(}\‘\'6'\\(\6 2. Mow would you rate your overall satisfaction with EnergyAdvantage? {1-low, S-High) 12345
e
\&\(gz “\?‘ 3. What is the reason that you are on the EnergyAdvantage program?
8 ¢ Members
Q°

4. Kas EnergyAdvantage allowed you to save money on your bill? (Circle One) Yes No
5. Kas EnergyAdvantage made it easier for you to pay for your electric usage? (Cirche One) Yes No
6. How often do you make purchases on Energy Advantage? Daily Weeily Two Weeks Monthly

7. What is the biggest thing you like about EnergyAdvantage?

’
To All Disconnects and
RN 8 Reconnects .y
NN ocessed %)
@C‘, /g% Pr Manually ,\\0'2,‘ "zo\f’ 8. What is the biggest thing you dislke about EnergyAdvantage?
) 7S
\ o
QL
S

©

If possible, what would you change about EnergyAdvantage?

10. Please 3dd any other comments you have about the EnergyAdvantage Program.

EnergyUnited
Personnel

Figure 46 Cayenta/EU CIS High-Level Architecture and EA Program Member Survey
Source: Sioboda (2014)

The results are based on the 2,554 prepayment contracts which include purchase frequency,
consumption pattern before and after the program participation. The result shows that some customers
perceive that they conserve energy and also save money. But the statistical validity of data,
effectiveness energy efficiency and conservation, and the other problems has to be solved.

8 The three cooperatives are EnergyUnited (EU), Delta-Montrose Electric Association (DMEA), and
Kotzebue Electric Association (KEA).
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Smart Feeder Switching

Pinney (2014) discusses the deployment experience of Smart Feeder Switching (SFS) applications at nine

rural which experienced natural disasters and damaged the electric distribution system. They

investigated models to represent and predict the benefits of these technologies, with extensions to

automating screening and engineering analysis for future deployments. This study defines an analytical

methodology for quantifying the value of two SFS operational benefits: (1) more rapid restoration

following a fault and (2) reduced losses through feeder load balancing.

The benefits of SFS can be disaggregated into 4 parts which including Operational Benefits, Utility

Benefits, Customer Benefits, and Society Benefits. The figure below shows the benefits realized.

Fault Location, Isolation, Restoration

[

Smart Feeder Switching

[

I

.

1 Feeder Switching for Load Balancing

l

.

:

” Y Y
. Reduced Sustained Increased Situational
g::mt:nal Outages Awareness (# of Loss Reduction Peak Reduction
(Rapid Restoration) equipment monitored)
. ’ Enhanced "J"Reduted Supply Avoided/
Reduced OBM P Increased —»  Planning and Cost —» Defetred Capital |
Costs Revenues Ay
" Engineering (Energy Charges) Costs

Urility
Benefits -

Avoided

Penalties/ d)

Regulatory

Compliance

Reduced
Customer Customer [
Benefits Custoncszrl)utage < Satisfaction » Reduced Rates

st
Society Improved Public — TR Reduced
Benefits Safety [« [E==0 First Order Impacts Emissions
Second Order Impacts |

Figure 47 Smart Feeder Switching Benefits
Note: Benefits were categorized as having either first or second order impacts. First order impacts are

considered to be the main drivers of SFS systems.
Source: Pinney (2014)
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1. Gaining experience with increasingly prevalent distribution automation technology was an important
driver behind cooperative participation in these demonstrations.

2. Non-labor costs were consistent per automated switch, but costs per customer average interruption
duration index (CAIDI) minute of improvement, when calculable, were variable due to the diverse
system types under study.

3. Multiple cooperatives were able to bring large percentages (30%-50%) of their feeders into
configurations that enabled self-healing through back-feeds and automatic source transfers.

Conservation Voltage Reduction

Lowering system voltage save energy at low cost without risking on end-users’ appliances. Pinney(2014
a) investigated the conservation voltage reduction (CVR) technology in 4 rural area. In this report, the
benefits of conservation voltage reduction has examined primarily for the utility and customers. The
CVR benefits are peak demand reduction, loss reduction. And the principal cost is hardware
implemented for the project. Also the cost includes energy sales loss of utility. The table below shows
the cost and benefit on the monthly basis.

Table 6 Costs and Benefits for Re-Regulation of Test Feeder

0 > pad D o R e nerov Red 0 R e

pnth EASOI Avg Pe

January Winter 2740 4236 0 0 19.45 -778 0.06 4 -774
February Winter 2483 3312 0 0 10.20 -408 | 0.03 2 -406
March Spring 2031 2964 0 0 22.59 -904 | 0.17 10 -893
April Spring 2107 3025 0 0 26.58 -1063 | 0.20 12 | -1051
May Spring 2344 4076 0 0 5.19 -208 | 0.02 1 -206
June Summer 2769 5811 0 0 20.50 -820 | 0.07 4 -816
July Summer 3967 6746 0 0 0.00 0 0.00 0 0

August Summer 3274 5204 0 0 0.00 0 0.00 0 0

September  |Fall 2130 4904 0 0 27.78 -1111 | 0.21 13 | -1099
October Fall 1752 2337 4.94 |29613| 7.97 -319 | 0.06 4 29297
November |Fall 2208 3545 0 0 0.29 -12 0.00 0 -11

December |Winter 2482 3365 0 0 10.16 -406 | 0.03 2 -404

Source: Pinney (2014 a)

111.2.25 Summary of the Benefit, Functions, Input Parameters and Monetization of Benefit
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Benefil

Functions & Enabled Enerzy Kesources

Input Parameters

Monetization Calculation

| Optimized

Wide Area Monitoring, Vasualization, & Control
Distributed Generation

» Annual Ceneration Cost (3)

Dptional Inguts

Standard Calculation:

Genegator 5 ) Value $) = [ Anmual Generation Cost ()], * [Anaual Generation Cost (S)],.,.,
| Operation Statiomary Electricity Storape ® Average Hourly Generation Cost (SMWh)
| Plug-in Electric Vehicles ® Avoided Annual Generator Dispatch (MWh)
® Annual Energy Storage Efficiency (%) Optional Calenlation:
» Annual I'EV Efficiency (%) Value {$) = [Average Hourly Generation Cost (SMWh) * Avoided Anngal Generator Dispatch (MWh) * Average
Efficiensy {"W)],, ... = [Average Hourly Ceneration Cost (S/MWh) * Avoided Annual Generator Dispatch (MWh) *
Avvrage Etficiency (%], ...
Average Effidency (%) = For propcts that vield this beredit as o result of Wide Area Monitoring,
Visualization, and Control, the value will be 100, For projects that just support Stationary Electricity
Storage ar Plug:in Electric Vehicles this valoe will be exqual to the Annual Efficiency of these technologies
Foe progeets that enable multiple fursctions that lead to this benefit an average of all efficiencies will be
used,
| Deferred Customer Flectriaty Use Optimization ®» Total Customer Peak Demand (MW} Standand Calculation:
| tenesation Distributed Generation # Encegy Storage Use at Annual Peak Time (MW) | Value ($) = [Price of Capacity at Annwal Peak (S/MW) * | Total Customes Peak Demand (MW) - Energy Storage Use
ic apacity Stationary Electricity Storage ® Distributed Generation Use at Annual Peak Time | at Annuad Peak Timwe (MW) - Distributod Generation Use at Annual Peak Time (MW) < PEV Use at Annual Peak

| Investments

Plug-in Electric Vehicles

(MW) - Impact
® PEV Use ot Annual Peak Time (MW) - Impact
® Price of Capacity at Annual Teak (SMW),

Lptx 5

# Capital Carrying Change of New Generation
1$yr)
» Ceneration Investment Teme Deferrod (yre)

Time (MW)] Justn - [Price of Capacity at Anmual Peak ($/MW) * [Total Costomer Peak Demand (MW) - Energy
Storage Use st Annual Peak Time (MW) - Distributed Generation Use at Anmual Peak Time (MW < PEV Use at
Annual Peak Time (MW)| |ree

Value ($)= |Capital Carrving Charge of New Generation (8) *(1-(1-Dyscount rate (%)) Time Dederred {yrs))) ... -

[Capital Carrying Charge of New Ceneration (83 *(1-(1-Discount rate (%05 Time Deferred (vesh.,

| Reduod
| Ancillary
| Servive Cost

Wide Area Monitoning Visualization and Control
Automated Yoltage and VAR Control

Real-Time Load Measurement & Managemient
Distributed Caneration

Statiomary Electricity Storape

Plug-in Electric Vehicles

Customer Flectricty Lse Optimization

®» Anallary Services Cost (5}

Dyptional Ingruta

» Average Prioe of Reserves (SIMW)

® Ruserve Purchases (MW)

# Average Price of Froquency Regulation (SMW)
® Frequency Regulation Purchases (MW)

* Average Price of Voltage Control (SMVAR)

® Voltage Control Purchases (MVAR)

Standard Calculation:

Value ($) = [Ancillary Services Cost (5)], ., - [Ancillary Services Cost (8],

Optional Calculation:

Value {$) = L (Price of Ancillary Service ($MW) * Purchases (MW, - 15 (Price of Ancilary Servios (SMW) ¢
Purchases (MW, ...

| Reduced
| Congestion Cost

Wide Area Monltoang, Visualization, & Conteol
Dynamic Capability Rating

Power Flow Contral

Distributed Ceneration

Stationary Electricity Storage

Plug-in Electric Vehicles

Customer Flectriaty Use Optimization

# Congestion Cost {S)

» Congestion (MW)
» Average Price of Congestion (SMW)

Standard Calculation:
Value ($) = [Congestion Cost($)],., - [Congestion Co<($1]
Optional Calculation;
Value {$) « [Congestion (MW) * Average Price of Congestion (SMW)| ., - [Congestion (MW * Average Price of
Cangestion (SMW)),

Prvwar

vt

Figure 48 Summary of Benefit Input Parameters and Calculations (1)
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Benefit

Functions & Enabled Energy Resonrces

Inpul Parameters

Monetization Calculation

|

| Defernd

| Transmission
| Capacity

| Investments

o Fault Current Limiting

o Wide Area Monitoring Visuakizaton, & Control
o Dynamic Capability Rating

¢ TPower Flow Controd

o Cuswener Electricity Use Optimbzation

o Distributed Ceneration

o Stationary Electricity Storage

¢ Plugin Electric Vehades

® Capital Careving Charge of Transmission
Upgrade ($)
o Transmission Investment Timwe Dhferred (yrs)

Value {$)= [ Capstal Carrying Charge of Transmisston Upgrade (8) *(1-(1-Discoant rate (%)) Time Deferred
(v, ...~ [Capital Carrying Charge of Transmission Upgrade () *(1-{1-Dascount rate ")) Time Deferred

vrshun

Note: this shauld valy be calculated once amov all veams of deterral are included

; Dferned
| Distribution
i Capacity
| Investents

¢ Dynamic Capability Rating

o Real-Time Load Measurement & Management
o Real-Turse Losd Transter

¢ Custoener Electeicity Use Optimbezation

¢ Distributed Generation

o Stationary Electricity Storage

o Plug-in Flectric Vehides

* Capital Carrying Charge of Distributicon
Upgradde (Sivr)
o Distribution Investment Time Deferred (yes)

Value (8)~ |Capital Carrying Charge of Distribution Upgrade (5) *{1-(1-Descount rate (%)) Tene Deferred
(vesh)l,,, ...~ [Capital Carrying Charge of Distridution Upgrade () *(141-Discount cate ') Time Deferred

(L13)] N

Note: this should only be calculated onae smee all yours of deterral are includid

Reduced
| Equipment
' Failures

¢ Fault Current Limiting

o [ynamic Capabiiity Rating

o Diagnosis & Notification of Eguipment
Condition

¢ Enhanced Fault Prosection

 Capital Replacement of Falled Eguipenent (S)

o Portiom Caused by Fault Current or Overloadid
Equipment (%)

* Portion Caused by Lack of Condition Disgnosis
(")

For Fault Current Limiting, Dynamic Capability Rating. & Enhanced Fault Protection:

Value () = [Captal Replacement of Failed Equipment (S * Portion Caused by Fault Current or Overloaded
Equipment (%)), « [Copital Replacement of Failed Equipment (51 * Portion Caused by Fault Current o
Overoaded Equipeent (%],

For Di is & Notification of Equi Coodition;
Value ($) = [Capstal Replacement of Failed Exquipment (8] * Partion Caused by Lack of Condition Diagnosis
%)k - [Capital Replacement of Failed Equipmwnt {$) * Portion Caused by Lack of Conditin Diagioses (%],

il

| Reduced
; Trarsmission &
| Distribution

| Equipment

¢ Diagrosis & Notitication of Eguipment
Comdition

* Total Transmission Maintenance Cost (S)
o Total Distribution Maintenance Cost ($)

Value ($) = [Total Distribution Equipment Maintenance Cost (8) = Total Transmission Eguipment Maintenaror
Cost (S)4,.4., | Total Digtribution Equipment Mainsenanas Cast (8) + Total Transmission Equipment Maintenance

Cost {81}y

| Maintenance

L Lot

| Reduaed o Automated Feeder and Line Switching o Transeission Operations Cost (8) Standard Calculation:

| Travsmissionk [ o Atomated Voltage and VAR Control o Distribution Operations Cost (8) Value {§) = |Distribubon Operations Cost (3) = Transmission Operations Cost (3], - [Distribution Operations
. D’-""“’U“““_ Jpti Cast ) + Transmissson Operatlons Cost (3],

| Operations Cost @ Distribution Feeder Swilching Operations (§)

* Distribution Capacitor Switching Operations ($)
o Otiver Distribution Operatsons Cast (S}

Optional Calculation:

Value (8) = [Distribubon Feeder Switching Operations (8} + Distnbution Capacitor Switching Operations (3) =
Other Distribution Operations Cost (5) + Transmissian Operations Cost (5}, « [= Distribation Feeder Switching
Operations {$) + Distrbution Capacitor Switching Operations (5} + Other Distribution Operations Cost () +
Transmission Operations Cost (8)],,

| Reduced Meter
| Reading Cost

o Real-Timwe Load Measurement & Management

o Meter Operations Cost {$)

Value (5) = IMeter Operations Cost (5)],__ - [Meter Operations Cost (5},

Figure 49 Summary of Benefit Input Parameters and Calculations (2)
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Benefil

| Reduced
| Electricity Theft

Functions & Enabled Energy Resources

o Real-Timw Load Measurement & Management

* Number of Meter Tamper Dietections -
Resdential

® Number of Meter Tamper Dutections -
Commescial

' Number of Metor Tamper Extections - Industrial

® Average Annual Customer Electricity Usage -
Residential. Commercial. Industrial

Value (5}~ [Z] Number of Meter Tamper Dutectsons by dass (5)  Average Annual Customes Ehctricty Usage by
class (kWh) * Average Perventage of Load not Measuned by class (%) * Average Duration of Thwdt by class (') of
vear) * Average Retadl Electricity Rate by class (SKWhyl] ... - [Z] Number of Meter Tamper Detections by class {2)
* Average Annual Customer Electricity Usage by class (kWh) * Average Percentage of Load not Measured by class
(%) * Average Duration of Theft by dass ("% of yar) * Average Retail Electricity Rate by class (S/AWhL,
Average Percentage of Load not Measured by class (') = This s a DOE assumphion that varies by class
Avenage Duration of Theft by class (% of year) » This is 2 DOE assumption that varies by class

Average Retail Electricity Rate by class (SkWh) « Wedghted Average of electnity rate by custamers dlass

;' Redueed

o Power Flow Control

* Distnbution Feeder Load (MW)

o A 4 Voltage and VAR Cantrol lo Distrib Losses (" Value (8} « [{Dastribution feeder load (MW) * Distribution bosses (%) + Transmission line Joad (MW) * Transeussion
| Electricity AWML VT A VLS. L) o u."‘fn '.m“ ") ) bosesemy (%)) * 8760 (hefyr)* Average Price of Wholesade Enengy (SMWh)L,__ - {(Distiibution feeder Joad (MW) *
| x ¢ Real-Time Load Measurement & Management  fo Transmission Line Load (MW) y oy
| Losses o Real-Time Load Transder lo Transmissson Losses (%) Distribution losses (") + Transmission hine load (MW) * Transmission losses (%)) * 87560 {hr'vr)® Average Price of

X 2 o | . oy 18

o Customer Electrity Use Optimization o Average Price of Wholesale Eneegy (SMWh) Whobesale Energy (SYMWR)rupe

o Distobuted Generation

o Stattomary Electricity Storage
| ] lectriaty Use () Fhoctricity C = - P
| Reduced ¢ Cosmomes Klectsicty Use Optistaation P Total Resiclential Eloctricity Cout i) Value (S} = [Total Residential Ebectricity Cost (8) + Total Commercial Electnaty Cost ($) = Total Industnal

, Electricity Cost

o Distrbuted Generation
o Stationary Electricity Storage
¢ Plug-in Elctric Vehicks

® Total Commercial Bectricity Cost ($)
® Total Industrial Electricity Cost (5)

Electricity Cost (5)],,..,. - [Total Residential Ehectricity Cost ($) « Totad Commercial Electnaty Cost (5) « Total
Industrial Electricity Cost (81,

: Roduced o Adaptive Profection o . S'/\ml (Sz_,qn-gm — Standasd Calenlation:
| Sustaimed ° ‘\“'“““"‘:‘l :"‘I“':" and l-";‘ Switching . \.-\lllr of ?\'11 :(\HV(NIG. KWhi - Residential, Valae () = | [SAIDI (System) * Total Custoeners Served within o class{%) * Average Hourly Load Not Served
| Outages v Aubmeislissackeg snd Rarianeion CORMEC, Indeiils During Outage per Customer by class (kW] * VOS by ctass (SAWR)|.... - [SATDF (System) * Total Customess
o Diagnesis & Notilication of Equipment ® Average Hourly Load Not Served During, . <) L
Condition Outage per Customer by class (kW) Served Wll‘hm aclass {4)* Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by
o Enhanced Fault Protection Optional Inpute class ($KWhljy,
o Real-Time Load Measurement & Management — fo SAIDI (Impacted Feeders or Lines) i ion;
s Distributed Generation i Total Customers Served by Impacted Feeders or Value (8) = Z| [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or Lines (2)*
o Stationary Ektricity Storage Liress {2) - Residential, Commercial Average Houtly Load Not Served Durlng Qutage pee Custonser by class (kW) * VOS by class (§KWhil,. -
o Plugin Ehectric Vehides 1SAIDE {Impacted Feeders or Lines) * Total Customsers Served by Impacted Feeders or Lines (7] * Average Hourly
| Load Not Served During Cutage per Customeer by class (kW) * VOS by dass (§kWh],, )
| Reduod Major | ® Wide arca Monitoring, Visualization .& Control  |o (?um,:,\- Time of Mapor Outage (hr) - Residential, Value (§) = 21 [Outage Time of Major Outage by classthr) * Average Hourly Lood Not Served During Outage per
' Ouitages * Automated Islanding and Reconnection Commeecial, Indusrial Customer by chass (kW) * VOS by class (§KWh)) < [Outage Time of Major Outage by dasdhe) * Average

o Real-Time Losd Measurement & Management
o Real-Time Load Transter

® Avvrage Hourly Load Not Served Buring
Chutage per Customer by class (kW)
® Vadue of Service (VOS) (§/kWh - Resdential,

Commeraial, Industrial

Hourly Load Not Served During Outage per Customer by clase (kW) * VOS by dlass (NkWh)],,

Figure 50 Summary of Benefit Input Parameters and Calculations (3)
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Benefit Functions & Enabled Energy Resources Input Parameters Monetization Calculation

| Redueed 0 :‘:d;\Pfl\\*Sr;wf;inn e . E)lsmbgtinjm R}T;mli;m Cg,« :ﬁl | Standard Calculation:
- | e Automa g ine W o Transenission Restos wt(3) ! d < . A
Restoration Cost e \mr..u ne Swlaing r..m«mwuu sl Value (§) = [Distribution Restoration Cost i)+ Transmsson Restoration Cost (8)],,.,,, « [Pistribution Restoration
o Automated Islanding and Reconnection Optional Inpuls " ) o nnd
o Disgnosis & Notification of Equipment @ Number of Outage Events {#) Cost{3) + Transmission Restoration Cost($)h
Condition @ Restaration Cost per Event (Sfewent) nal Calculation:
¢ Enhanced Fault Protection Vatue {§) = [Number of Outage Events {7 of events} * Restoration Cost per Event (Sevent)],,...., - [Number of
¢ Real-Time Load Measurement & Management . .
Foak Tome Low et & Masgen (utage Events (2 of events) * Restoration Cost per Event (Sevent), .,
| Redoad o Enhanced Fault Protection o MAIFT {System) Standard Calculation:
| Momentary o Stafionary Ectricity Storage o Value of Service (VOS; - Power Quatity Vatue (§) « [Momentary Interruptions (7 of interruptions} * VOS - Power Quality (8 per interruption)],,,., -
{ Outages ' ($finterruption] [Momentary Interruptions (£ of interruptions) * VOS (S per interruption)
Opti ; A A ; .
s "‘"‘fl Iopuls Momentary Interruptions { of interruptions] = MAIFI {Index) * Z{Total Customess Served by class {2)|
. X].‘\“‘H]mf\&lu‘ Feeders) Q !l.i !!l g!lﬂ lllin!'
* Total (udumh S"m"j - _lmftm"d Feeders Value (§) = Momentary Inferruptions {# of interrupbions) * VOS - Power Quality (3 per interruption)], . -
(mumentary | (7) - Residential, Commercial, i .
industrial [Momentary Interraptions (¢ of interruptions) * VOS (S per interruption)],, .
i ,
Momentary Interruptions {+ of interraptions) = MAIFT of Impacied Feeders (Indes) * EfTotal Customers
Served by class on the Impacted Feediers (2))
= ¢ [ah ault Protecti @ Number of High Impadance Faults Cleared (2 . . - g . - i ;
Rty | * Fahaned FaskTrokedion amber of High impedance Fauls Cleared (1 of | v, 1.ty « [Number of igh pedaiice Fouls Clred (o évets)* YOS = Sags i Swrells (Seveit o
| ind Sivell o Stationary Eectricity Storage events) : : i VS el ;
| By o Value of Service [VOS) - Sags and Swells [Number of High Impedance Faults Choared (% of events) * VOS ~ Sags and Swells (Slevent)],, ...,
($/event)

Figure 51 Summary of Benefit Input Parameters and Calculations (4)
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Benetit

| Reduced CO:
| Emissions

Fanctions & Enabled Energy Resources

Pawer Flow Control

Automated Feeder and Line Switching
Automated Voltage and VAR Control
Diagrwsis & Notification of Equipmyent
Condition

Real-Tome Liad Measurement & Management

Real-time Lood Transfer

Customer Electricity Use Optimization
Distributed Gencration

Statlionary Electricity Storage

Plug-in Electric Viehicles

Input Parameters

or Automated Feeder and Line Switching: Real
Jim 54 ement: Di

AN LN {Lx 1] A1LU3 6

poen onditiop

Truck Rodls (£ of events)

on of kg

Average Mikes Travelled per Truck Roll
(miles/event)

Average Fuel Efficiency for Trudk Roll Vehicle
(allors/mile)

CQ, Emissions per Gallon of Fuel(tonsigallon)

Option LFUSLE
Number of Opeeations Completed (£ of events) -
Fevder Switching and Maintenance, Diagnosis
andd Notitication, Meter Reading
Average Miles Traveled per Operation
(milesfevent) -« Fopder Switching and
Maintenance, Diagnosis and Notification, Meter
Roading
Average Foel Efficiency for Seeviee Vehice
(miles‘galion) - Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

ot PEV with Reduced Gasoline Consumption
fechanism
KWh of Electricity Consumed by PEVs (KWh)
Electricity to Fuel Converssan Factor

(galkors&Wh)
y oth anctions (Incduding PFEV
Dffset Centr neration Mechanism

(0, Emissioms (tons)
Value of CO, (§/1on)

Monetization Calculation

Valae (S) = ZINet CO2 Emssions Avosded (tons)* Vadue of CO2 (S/kon)
Net CO2 Emissions Avoided (tons) = [CO), Emissions (tonsi],, ., - [CO. Emissions (tons)]
Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoideditons)],__ - [CO2 Emissions Avoided

H{TEE Y -

For Antomated Feeder and Line Switching: Real Time Measurement and Management; Diagnosis &

CO2 Emissions (tans) = Truck Rolls (2 of events) * Average Mibes Travelled per Truck Roll (miles/event) « Average
Fuel Efficiency for Truck Roll Vehicke (miles/gallon) * CO2 Emissions per Gallon of Fuel (tons/gallon)

CO2 Emissians (tons) = £{Number of Operations Completed{? of events) * Average Miles Traveled per Operatson
(miks/event) + Average Fuel Efficency for Service Vehicke {mides/gallon)] * CO2 Emissions per Gallon of Fuel
(tans/gallon)

For PEV with Reduced Gasoline Consumption Mechanism:

CO2 Emissions Avoided (tons) « KWh of Flectncty Consumed by PEVs (Wh) * Electricity to Fuel Conversion
Factor (gallora/AWh) * CO2 Emessions per Goallon of Fuel (tons/gallon)

For all ather Functions (Inclodi " with offset | generation);

€02 Emissians (tans) = Calculated and reported by the project directly

Figure 52 Summary of Benefit Input Parameters and Calculations (5)
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Benefit

| Reduced SO,

| NOw and '™
| 2.5 Emissicos

Functions & Enabled Energy Resources

P'ower Flow Control

Automated Feeder and Line Switching
Automated Voltage and VAR Controd
Diagnosis & Notificatson of Eguipenent
Condition

Real-Time Load Measurement & Management
Reak-time Load Transter

Customer Electricity Use Optimization
Destributed Generation

Statinary Electricity Storage

Plag-in Electric Vehides

Input Parameters

:lluuon of Equipment Con,!mg

® Truck Rolls (7 of events)

® Average Mikes Travelled per Truck Rodl

(milles'event)

» Average Fued Efficiency tor Truck Roll Vehide

(gl orwimile)

* Emissions per Gallon of Fuel{tons/gallon) - S0,

NOV

Optional Inputs

» Number of Operabivns Complefed (2 of events)

Feeder Switching and Malntenance, Diagnosis

ard Notification, Meter Reading

* Average Mikes Traveled per Operation
(miles/event) - Feeder Switching and
Mamtenanse, Diagaosis and Notification, Meter
Reading

o Average Fued Efficiency for Service Vehicle
(miles/gathon) - Feeder Switching and
Maintenance, Diagnosis and Nistiication, Meter
Reading

r PEV with sasoline Consumption

kWh of Electricity Consumed by FEVA (kWh)
Electricity to Fuel Conversion Factor
(galkors/xWh)

SO Emnissons {totas)
NOX Emissions (tons)

PM-2.5 Emissions (tons)

Value of Emissions ($/ton) - SO, NO, PM25

Monetization Calculation

Value i$) = £|Net Emissions Avolded (tons)* Value of Emisssans ($1on))
Net Emissions Avoided (tons) = [Emissions (lns)] - [Emissions (lons)]
Net Emissions Avoided (tons) « [Emissions Avoadeditons)), - [Emissions Avaided (tans) |
For Automated Feeder and Line Switching: Real Time Measurement M anagement; Diagnosis &
Notifisation of Equipment Candition:
Emissions (bans) = Truck Rolls (£ of events) * Average Miles Travelled per Truck Roll (milestevent) « Average Fuel
Efficiency for Track Roll Vehicke (milexfgatlon) * Emissions per Gallon of Fuel (tons/gallon)

Optional Caleulation:

Emissions (tans) « ZINumber of Operations Completed(# of events) * Average Mikes Traveled per Operation

(milesievent) * Average Fuel Efficency for Service Vehide (milesigallon)] * Emissions per Galloa of Fuel
(toas/gallon)
Eor PEV with Redu ine Consumption Mechanism:

Emissions Avoided (tons) « kWh of Electricity Consumed by PEVE (RWh) * Electricity to Fuel Conversion Factor
{gallonskWh} * Emisslons per Gallon of Fuel (tonsgatlon)

For all other Functions (Including PEV with offset central generation):

Emissions (tans) = Caleulated and reportexd by the project derectly

Figure 53 Summary of Benefit Input Parameters and Calculations (6)
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Maonetization Calculation

. Reduoed (4

o Automated Feeder and Line Switching

Value (gallons of odl) = Net Avvided Fuel Use (galiors)* Fuel to Ol Conyersion Factor (gallons ofl/gallon fuel)

Usage o Diagnosis & Notification of Equipment mechanism); Net Avoided Fuel Use (gallons) « |Fuel Use (gallonst], ., - [Foef Use (gallons)] ..
Condstion ® kWWh of Electricity Comsumed by PEVS (kWh) Net Avoided Foel Use (gallons) = | Avouded Fael Use (gatlons)], ., - IAvaided Foel Use (gallons) |,
¢ Real-Time Load Measurement & Management  p Electricity to Fud Converslon Factor
¢ Plug-in Electric Vehides (gallonskWh) For PEVs (with reduced gasoline consumption mechanism);
For all other Funct Avoided Fuel Use (gallons) = kWh of Electricity Consumed by PEVs (KWh) * Eicctricity to Fusel Conversion Factor
» Truck Rodls (2 of events) (mallonykWh) !
» Average Miles Travellod per Truck Keoll For all other Functions:
tioevent) Fuel Use {gallons) = Truck Rolls (2 of events) * Average Miles Travelled per Truck Roll imilesfevent) + Average
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A X Fuel Use (gallons) = LiNumber of Operations Completed(# of events) * Average Miles Traveled per Operation
P Nunbes of Operstions Completedt (# ol events) - (milesfevent) + Average Fuel Efficency for Service Vehicle (miles/gallon)|
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Reoding
Reduoed Wide- *  Wide Area Monitoring & Visualization P Number of Wide-scale Blackouts (£ of events) Value () = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of cach Wide-scale Blackout
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(Sevent)]

Figure 54 Summary of Benefit Input Parameters and Calculations (7)
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111.3 Calculation of Cost

111.3.1 Present Valuation of Cost in SGCT
Current SGCT calculates the cost in following 3 steps:

1. Determine a nominal cost schedule — this is accomplished in two ways:
A. the user can directly enter a nominal cost schedule
B. SGCT can calculate a cost schedule based on user inputs.

Determine a present value cost schedule
Determine the NPV of the project

According to DOE (2011), the cost entered into the SGCT should represent the total installed cost of the
project and should include all capital costs and direct labor costs, i.e. construction, installation,
integration, testing, and commissioning. Cost input made by the user of SGCT even allows two year prior
from the project start until 2040. Followings are the cost calculation related inputs:

Table 7 Cost Calculation Input
Initial Year of Project Spending The first year in which payments for project capital
costs are made.
Final Year of Project Spending The last year that payments for project capital costs

are made
Total Capital Cost of the Project The total capital cost of the project including direct

labor costs, i.e. construction, installation,
integration, testing, and commissioning.

Interest Rate The interest rate that would be paid on financing
the total capital cost of the project.

Source: DOE (2011)

Input nominal cost schedule is calculated by amortizing total capital cost evenly over the period of the
project according to the following equation:

rd+r)'
(1+r)' -1

where A, P, I, t represents Yearly Amortize Cost, Total Capital Cost of the Project, Interest Rate,
Total time (years) over which cost is amortized, respectively. Yearly nominal value is treated with
additional discount factor such as

® This equation’s discount factor for the project starting year is 1.
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d =Q@-r)

where dt A t represents Discount factor in year t, Discount rate, Discount year, (year O correspond

to the project starting year. Negative year values are used for expenditures that occur before the project
starting year). Even if it is not explicitly noted, this discount rate may reflect the inflation rate so that it
can treat the nominal value in terms of real one.

Following is the cost calculation section of DOE SGCT.

DIM Step IIl; Enter Project Cost Data

Directuns, 7 112 2age the 4 b 2o arier project com

| Yearly Cost |

Figure 55 Cost Input in SGCT Macro

111.3.2 Present Valuation of Cost in Replicated Tool Kit

Current formulation of cost calculation is simple total cash flow calculation without any direct link to the
implementation of technology specific investment. Replicated Tool kit can accommodate a new cost
calculation module with its direct linkage to the technology specific investment and related variable cost
to be handled separately for each technology.

A further discussion will be given in the next chapter for future revision of such representation of cost
related cash flow calculation.
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111.4 Expansion of Smart Grid Computational Tool
111.4.1 Overview

The main purpose of Smart Grid Computational Tool (SGCT) development is to assist the smart grid
players on conducting the benefit and cost analysis of smart grid project based on the guidelines made
by the EPRI. For this purpose, the SGCT is made focusing on:

e Defining the boundaries of a smart grid project, such as project period, area of implementation,
technologies to be deployed, etc.

e Identification of the potential benefits from the project based on the relationship of assets,
functions, mechanisms and benefits

e Quantification and monetization of the identified benefits

e Inputting the project costs

e The comparison and analysis of the costs and benefits of the project

In order to properly conduct the smart grid Benefit Cost Analysis, the SGCT is equipped with several
mappings (assets to functions, functions to mechanisms, mechanisms to benefits), functions and forms
to calculate the benefit calculations, some default parameters, project cost form, up to the results’
visual presentation and some sensitivity analysis options.

In SGCT, most if not all benefit calculation is based on the avoided cost principle. Therefore, the user is
required to define and estimate the baseline scenario for its smart grid project and derive the
parameters needed to calculate the benefits. Since the Benefit Cost Analysis of a smart grid project is
usually conducted for a certain time period to the future, the baseline scenario and its parameters for
those years must be estimated, too. Then, to calculate the avoided costs (benefits) resulting from the
smart grid project, the similar set of avoided cost parameters must be gathered and/or estimated, too.
Then the comparison between the Baseline and Project costs is set as smart grid benefits.

Since the SGCT is more focused on the smart grid BCA itself, the users are needed to input many
parameters exogenously. Unfortunately, not all parameters are easy to be gathered or estimated by the
users. Sometimes, those parameters can only be provided through some calculation processes or
simulation running utilizing other software/model.

One of the possible paths of the SGCT expansion is to make the users of the toolkit more comfortable in
assessing the BCA of their smart grid projects. This might include the integration with other simple

The difference of quantification and monetization lie in the benefits units. Quantification gives a
measurable quantity of the smart grid benefit; meanwhile monetization calculates the monetary value
of the benefit. For example, the quantification of CO, emission reduction would show how many tons of
CO, is reduced due to smart grid project. Then using the carbon price information, benefit is monetized.
It must be noted, though, that quantification can also be done in terms of monetary value.
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models

to assist users on providing benefit calculation’s parameters, more details in cost input form,

and addition of qualitative analysis to make the output of the tool more comprehensive.

111.4.2 Smart Grid Scenario: Socioeconomics, Technical, and Regulatory Context

One of the main parts in conducting smart grid Benefit and Cost Analysis is the project scenario

development. In his paper, Chardonnet and de Boissezon (2013) create several scenarios (or visions)

that are built under two assumptions of socioeconomics context and three assumptions of smart grid

technical and regulatory deployment. For the socioeconomics context, the two scenarios are based on

Grenelle de I’Environnement and NegaWatt scenarios. Each scenario has its own parameters. The listed

parameters are:

On the

GDP Growth Rate

Population

Fuel Prices

Electricity retail tax rate

CO, Emission Price

Electric vehicles

Nuclear energy in the electrical mix
BBC standard share in buildings
Power quality standard

other hand, the EPRI Report also mentions several ‘escalation factor’s that would affect the

benefit parameters, which in turn affecting the Benefits and Costs Analysis. The escalation factors are:

Population

In the case of AMI application, the population would be important to determine the number of
AMI operation and cost, etc.

Load growth

The load growth would affect greatly the utilization of transmission and distribution related
parameters, such as the need of voltage regulation devices, as well as the generation
parameters such as storage needed, etc.

Inflation

The inflation is one of the main escalation factors that could affect the various cost values, such
as emission, blackout, maintenance cost, etc.

Energy price

Since the electricity generation needs various forms of energy, these prices would be important,
especially for parameters like average generation cost.

The combination of those parameters could also contribute to the other parameters such annual

generation cost and total electricity cost. Figure below shows the complete list of parameters that

would be affected by the aforementioned escalation factors. In addition to those factors, there are also
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several important parameters that must be inputted by the users such as the number of power
consumer (could be derived from population) and price of electricity (could be part of energy price).

Escalation Factor ° Inputs that are projected by escalation factor

Population Number of Meter Tamper Detections — Residential,
Commercial, Industrial

Number of Meter Reading Operations

kWh of Electricity Consumed by PEVs

Load Growth Avoided Annual Generator Dispatch

Energy Storage Use at Annual Peak Time
Distributed Generation Use at Annual Peak Time
PEV Use at Annual Peak Time

Reserve Purchases

Frequency Regulation Purchases

Voltage Control Purchases

Congestion

Distribution Feeder Load

Transmission Line Load

Inflation Capital Replacement of Failed Equipment

Total Transmission Equipment Maintenance Cost
Total Distribution Equipment Maintenance Cost
Distribution Operations Cost

Transmission Operations Cost

Distribution Feeder Switching Operations
Distribution Capacitor Switching Operations
Other Distribution Operations Cost

Meter Operations Cost

Value of Service - Residential, Commercial, Industrial
Distribution Restoration Cost

Transmission Restoration Cost

Restoration Cost per Event

Value of Service - PQ

Value of Service - Sags & Swells

Value of CO2, SOx, NOx, PM-2.5

Estimated Cost of each Wide-scale Blackout
Energy Price Average Hourly Generation Cost

Price of Capacity at Annual Peak

Average Price of Reserves

Average Price of Frequency Regulation

Average Price of Voltage Control

Average Price of Congestion
Average Price of Wholesale Energy
Energy Price & Annual Generation Cost
Load Growth Ancillary Services Cost
Congestion Cost
Energy Price & Total Electricity Cost - Residential, Commerdial, Industrial

Population Growth

Figure 56 the Importance of Escalation Factors which Affects the Benefit Parameters in SGCT
Source: Navigant Consulting, 2011

Combining the two cases above, the current SGCT can be expanded to allow better representation and
utilization of the socioeconomics parameters listed. For example, the tool can be expanded to provide
option of population percentage for defining the number of electric customers in residential,
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commercial, and industrial sectors. It can also be expanded to as much consumer class as possible
depending on the electric price structure.

Table 8 Default Escalation Factors given in SGCT

Region Population (%) Load (%) Inflation (%) Energy Price (%)
NPCC 0.2 0.8 2.7 33
REC 0.3 14 21 25
MRO 04 23 21 15
FRCC 20 2.6 29 2.5
SERC 0.9 2.2 24 18
SPP 04 1.8 21 14
TRE 16 2.2 23 3.9
WECC 13 16 24 2.2
ASCC 11 2.2 2.6 25
HI 0.6 0.6 0.6 0.6
Empty 0 0 0 0

In the scenario building, a solid definition of technology to be applied is another important factor in
conducting smart grid benefit cost analysis. For the example of Chardonnet and de Boissezon (2013), the
technology parameters include: penetration of distributed generation monitoring and control, active
demand participation rate, storage capacity, dynamic pricing structures, distribution grid self-healing,
and penetration of electric vehicle off peak load management.

Each technology above would have different parameters to be inputted by the users. The current SGCT
can be expanded to reduce the confusion of the users by providing some potential parameters (probably
with some default/example value). Also, the tool can help by guiding the users to provide the
parameters using embedded models, which are explained next.

111.4.3 Load Curve Modelling

The load curve is an important parameter in the calculation of smart grid benefits. The reason for this is
that a lot of smart grid benefits come from the load related avoided costs. For example, the smart grid
can reduce the costly peak load. Then, to quantify this benefit, the users must know the load profile of
the grid system in the baseline and after the project is conducted. It must be noted that the separate
modelling of load curve can be seen as the expansion of the load growth escalation factor mentioned
before.
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It must be noted that the other Smart Grid BCA programs also put an emphasis on modelling the load
curve of a power system. For example, the UK case of Frontier Economics utilizes a parametric network
model called WinDebut developed by EA Technologies. Figure below shows how the BCA integrates the
BCA (real options model) with the network model and generation model (to be discussed later) and the
interactions between the models.

o

Half-hourly load
profiles and
penetrations

Initigl demand profies & penelrabons

Calculate GB demand,
adjust load profiles to
lower generation costs

Determine headroom,
adjust load profiles for
local DSR

Profiles afler DSR o reduce dist
Network remforcement csots

Calculate generation
costs based on mix of

both demand profiles

Real options CBA

model

Figure 57 Frontier Economics and OFGEM Uses Parametric Network model to Do Load Curve Modelling
Source: Frontier Economics (March 2011)

Another example is the Smart Grid Investment Model (SGIM) that utilizes member utility data such as
historical billing data, historical 8760 system loads, weather data and other parameters to forecast the
monthly kWh and hourly loads for the whole smart grid BCA period. Figure below shows the utilization
of utility energy and hourly load models in SGIM.
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Member Utility Data:

Historical Billing Data — Energy,

Demand by Customer Class
Historical 8760 System Loads, Utility Customer
Weather Data, ... Hourly Load Databases
(MAISY Customer Class/End-Use
1 ﬁ www.maisy.com)
Customer Class Zip-detailed Service Area
End-Use Hourly Customer Characteristics
Load Model
Estimation

}

| Utility Energy and Hourly Load Models ‘

Hourly Load Forecasts

s 7 Monthly kWh and hourly loads
_ il Customer class, end-use detail (space
= :: oot heat, central Ac, non-central AC, water
% heat, other)
o

,,,,, € 7aDRBLELMIEETEERNEDN 20-year forecast horizon

Figure 58 Smart Grid Investment Model Utilizing Hourly Load Models for Load Curve Modelling
Source: Jackson (2012)

Knowing the load pattern would enable the users to properly calculate the benefits parameter into the
toolkit. It can also help them to visualize the concept of avoided cost as a form of smart grid benefit. A
good example is showing the comparison of load curve in the baseline and project case so that the user
can see the actual reduction (probably most change must happen in the peak load) and the value of this
reduction (or the benefit).

The current SGCT should be developed further to be able to model the load curve integrally within the
toolkit. Then the tool must be able to automate the parameters input of the BCA from the output of the
load curve model. The modeling of the curve itself can range from a simple estimation from the current
load curve, parametric network model, to a nodal network model. It must be noted that to do this,
various parameters are still needed.

111.4.4 Generation Program Modelling

In the generation program modelling, the users should be able to determine the mix of electricity
generation for the whole period of the project. This information is important for many parts of benefit
calculation, such as the generation cost. As seen in the previous section, the UK case of Frontier
Economics also utilizes the generation model integrally within their BCA. In the paper by Chardonnet
and de Boissezon, the generation assets optimization software called EUROSTAG — SCANNER is used to
do the computation. Another software that might do similar work is the WASP (Wien Automatic System
Planning).

Other important benefit parameters that can be affected by the proper generation modelling is emission
and electricity price. The different power generation mix would result in different emission. The policy
available could also provide different scenario of the smart grid analysis. For example, the renewable
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policy could reduce the CO, emission even without the smart grid deployment. But on the other hand,
the smart grid is needed to improve the quality of the transmission sector so that the intermittent
renewable energy can be fully integrated into the power system.

The current SGCT can be expanded to include this generation mix modelling. Some of the important
parameters could be the energy price forecast. Different energy forecast could result in different energy
mix. A simple cost minimization program could be embedded into the current toolkit. Basically the
points up to now are dealing with the creation of proper baseline scenario and parameters before even
putting smart grid project scenario.

111.4.5 Integration with Qualitative Assessment

The current SGCT only focuses on the quantitative assessment of the smart grid project. Meanwhile, the
gualitative assessment of project itself is not touched. The users are expected to do this kind of analysis
separately from the BCA itself. Some models that can be used to analyse the qualitative aspect of the
smart grid project is Smart Grid Maturity Model (SGMM) or other ‘smartness’ measurement. To
comprehensively understand the smart grid project, both of these analyses must be conducted by the
smart grid players.

Another approach to this duality problem is proposed by the European Commission Joint Research
Centre (EC JRC). The JRC first take out the EPRI Methodology of smart grim BCA Assessment and modify
it with its own benefits definition. To do so, they developed similar yet unique mapping from smart grid
assets or technologies to the benefits through functionality. Then, they add the qualitative analysis that
is the Key Performance Index (KPI) into the same BCA. This KPI is another product of JRC specifically
designed to assess the performance of a smart grid. In other words, this is just yet another form of
smartness measurement. Figure below shows the concept of overall assessment concept of JRC applied
to smart metering roll-out project.

Economic appraisal Qualitative impact analysis

(CBA on behalf of society) (Non-monetary appraisal)

Smart metering roll-out overall assessment

Figure 59 Integrating Quantitative and Qualitative Appraisal to Provide Smart Grid Project’s Overall Assessment
Source: JRC (2012b)

Although the details of the smartness assessment of smart grid cannot be quantified directly, there are
several ways to somehow show the level of smartness using some numbers. In the SGMM case, they
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already developed a set of surveys (questionnaires) for the smart grid players who want to assess their
own smart grid ‘level’. With this, the same user can properly estimate its current position within 6 smart
grid categories five possible levels. Then it can also project a desired level of improvement that must be
achieved using the smart grid project.

Another option is to use some Key Performance Indexes or points that are deemed important for the
Smart Grid project’s target and assign some weighted values to them. In the case of JRC, they utilize the
Merit Deployment Matrix, which can be visualized in the figure below.

Efficiency and service

45.0 )
Grid connection & access, - 1™\, Security & QoS
300+
Support for EU IEM [~ - ¢ » Consumer participation
nism for new services | ; R 7/ Informed cons. decisions
Grid development - “Increased sustainability
Mitigated consumer bills Grid capacity

Figure 60 An Example of Visualization of Merit Deployment Matrix
Source: JRC (2012b)

The current SGCT can be expanded in such a way so that the users can also do some quantitative
analysis using the same toolkit as the quantitative assessment. The toolkit can integrate either the
surveys type of analysis such as the case of SGMM or the Key Performance Index type of analysis such as
the case of JRC. Since both types are actually quite similar, the toolkit can actually use the combination
of both methods. Although for this case to be realized, more research still needs to be done.

111.4.6 Detailed Cost Representation

The cost representation in the current SCCT is a bit too simplified. The good thing is the users only need
to input the overall project cost and the discount rate to calculate the NPV of the costs during the whole
project period. But the downside is that the users need to do the actual calculation of smart grid project
cost outside of the toolkit. This was probably done originally due to the possible difficulty on putting the
complicated cost calculation in the macro form. But utilizing the new version of the toolkit that is
developed using C++ (Object Oriented Programming) the detailed process of cost calculation can be
integrated in the toolkit.

There are many costs that can be attributed to smart grid project. Below is the potential list of costs
from one of the smart metering roll-out cases in Europe.
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Table 9 Some Potential Costs in Smart Grid Project

General category Type of cost to be tracked for roll-out and to be estimated for the baseline

Investment in the smart metering system

Investment in IT

Investment in communications

Investment in in-home displays (if applicable)

CAPEX Generation

Transmission

Distribution

Avoided investment in conventional meters (negative cost, to be added to the
list of benefits)

IT maintenance costs

Network management and front-end costs
Communication/data transfer costs (Inc. GPRS, Radio Communications, etc)

Scenario management costs

Replacement/failure of smart metering systems (incremental)

Revenue reductions (e.g. through more efficient consumption)

Generation
Distribution
Transmission

Meter reading
Call centre/customer care

Training costs {e.g. customer care personnel and installation personnel)
Reliability Restoration costs
Environmental Emission costs {CO, control equipment, operation and emission permits)

Cost of fossil fuels consumed to generate power

Energy security
Cost of fossil fuels for transportation and operation

Other Sunk costs of previously Installed (traditional) meters
Source: JRC (2012b)

The current SGCT can be expanded to expand the cost input form so that it can fully model and calculate
the complete calculation of smart grid project costs. As shown in the figure above, the overall cost of
smart grid project can be divided into several categories: capital cost, operation and maintenance cost,
reliability cost, environmental cost, energy security cost, and other cost.
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Appendix: Default Values for DOE Smart Grid Computational Tool
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Table 10 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 | 839 | 91.0 | 927 | 945 | 956 | 96.2

RFC 69.0 | 67.0 | 586 | 583 | 57.7 | 581 | 585 | 59.1 | 599 | 604 | 614 | 627 | 630 | 63.2 | 640 | 652 | 665 | 684 | 701 | 719 | 733 | 73.6 | 750

MRO | 382 | 391 | 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 | 53.3 | 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 | 545 | 558 | 53.5 | 53.7 | 53.7 | 53.7 | 545 | 549 | 554 | 56.0 | 56.0 | 55.6 | 55.8 | 564 | 57.5 | 589 | 60.0 | 615 | 624 | 633 | 64.1

TRE 76.7 | 740 | 62.2 | 620 | 615 | 640 | 649 | 649 | 664 | 696 | 71.8 | 754 | 779 | 784 | 79.5 | 80.7 | 819 | 846 | 88.0 | 915 | 93.7 | 946 | 955

WECC | 632 | 644 | 59.8 | 57.7 | 555 | 542 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 581 | 59.4 | 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 | 65.0 | 66.3 | 67.2

HI 63.2 | 644 | 598 | 57.7 | 555 | 542 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 581 | 594 | 60.7 | 624 | 63.8 | 65.0 | 663 | 67.2

Table 11 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
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Table 12 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
Table 13 Average Price of Reserves
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
RFC 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 16.3
MRO 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
FRCC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103
SERC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
SPP 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103
TRE 128 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 12.7 | 127 | 127 | 127 | 12.7 | 127 | 127 | 127 | 127 | 12.7 | 127 | 12.7
WECC 5.4 54 54 54 54 54 54 54 54 54 54 54 54 54 54 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 | 10.3 | 103
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
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Table 14 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 | 360 | 36.0 | 36.1 | 36.2 | 362 | 363 | 363 | 364 | 365
RFC 369 | 40.2 | 402 | 406 | 410 | 411 | 412 | 412 | 413 | 414 | 415 | 416 | 41.7 | 41.8 | 419 | 419 | 420 | 421 | 421 | 422 | 422 | 423 | 423
MRO 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
FRCC | 26.1 | 285 | 285 | 288 | 29.0 | 29.1 | 29.1 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 29.8 | 29.8 | 29.9 | 29.9 | 299 | 300
SERC | 261 | 285 | 285 | 288 | 29.0 | 291 | 291 | 29.2 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 29.8 | 299 | 299 | 299 | 30.0
SPP 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 297 | 29.7 | 298 | 29.8 | 299 | 299 | 299 | 30.0
TRE 149 | 162 | 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 | 217 | 217 | 21.8 | 21.8 | 219 | 219 | 220 | 220 | 220 | 221 | 221 | 221 | 221 | 222 | 222
ASCC | 261 | 285 | 285 | 288 | 29.0 | 291 | 291 | 292 | 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
Table 15 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
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Table 16 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
Table 17 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 | 13.2 | 13.2 | 13.2 | 132 | 132 | 13.2 | 13.2 | 132 | 13.2 | 132 | 13.2 | 13.2 | 13.2 | 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 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 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
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Table 18 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 | 0.10 | 0.10 | 011 | 0.11 | 0.11 | 012 | 0.12 | 012 | 0.13 | 0.13 | 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 | 011 | 0.11

MRO | 0.04 | 0.03 | 0.04 | 0.04 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.06

FRCC | 0.09 | 0.07 | 0.08 | 0.09 | 0.11 | 011 | 0.11 | 0.10 | O.11 | 011 | 0.11 | O.11 | 012 | 012 | 0.13 | 013 | 0.13 | 013 | 0.14 | 0.14 | 0.14 | 0.14 | 0.15

SERC | 0.06 | 0.04 | 0.05 | 0.06 | 0.07 | 0.06 | 0.06 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09

SPP 0.06 | 0.04 | 005 | 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 | 011 | 011 | 011 | 012 | 012 | 013 | 013 | 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 | O.10

Table 19 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
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Table 20 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 3,427.5 3,520.0
RFC 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 3,328.5 3,3984
MRO 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 3,328.5 3,3984
FRCC 3,000.0 3,087.0 3,087.0 3,176.5 3,176.5 3,268.6 3,268.6 3,363.4 3,3634 3,461.0 3,461.0 3,561.3
SERC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 3,221.2 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 3,328.5 3,3984
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 3,438.5
WECC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 3,221.2 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 3,324.4 33244 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

Table 21 Restoration Cost per Event (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

NPCC 3,520.0 3,615.1 3,615.1 3,712.7 3,712.7 3,8129 3,812.9 3,915.8 39158 4,021.6 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
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Table 22 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 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 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

MRO 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

FRCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

SERC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

SPP 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 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

TRE 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 | 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 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 | 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

Table 23 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
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Table 24 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 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 23.4 | 239 | 244
MRO 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
FRCC 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
SERC 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
SPP 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 23.4 | 239 | 244
TRE 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 23.4 | 239 | 244
WECC 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
ASCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
HI 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
Empty 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
Table 25 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
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Table 26 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
Table 27 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 | 531 542 553 565 | 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 5563 565 | 577 | 589 601 614 | 627 640
Empty | 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 542 5563 565 | 577 | 589 601 614 | 627 640
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Table 28 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
Table 29 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
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Table 30 Average Fuel Efficiency

Feeder Service Vehicle Diagnosis/Notification Service Vehicle Real Time Load Measurement/Management Service Vehicle

NPCC 20.3 20.3 20.3
RFC 20.3 20.3 20.3
MRO 20.3 20.3 20.3
FRCC 20.3 20.3 20.3
SERC 20.3 20.3 20.3
SPP 20.3 20.3 20.3
TRE 20.3 20.3 20.3
WECC 20.3 20.3 20.3
ASCC 20.3 20.3 20.3
HI 20.3 20.3 20.3
Empty 20.3 20.3 203

Table 31 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
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