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resource for network and global system operatiowergy
ABSTRACT efficiency and demand-side management measures are
L . _ becoming increasingly important and network opesato
Development of distributed generation, energy iefiicy have to deal with them and use them, if possiblmdintain

and demand-side management measures, economical anty,e o \er reliability and equilibrium for the gldtsystem.
technical constraints to meet the performance texgred

by the regulatory bodies are just some of the new
challenges facing distribution system operatothienSmart
Grid development context. Simulation capabilitia® a
playing a major role in the distribution business
improvements needed to meet these new objectives. F
instance, simulation is providing support to deyetbe
functionalities associated with the self-healingidgr
concept.

All these elements are taken into careful consttaredy
network system operators as new challenges andatteey
changing their processes and visions to take adgarf
progress in technology and research to integratsethew
stakes. Simulation capabilities available to therafors
play an important role in these improvements byjaiog
new perspectives on network operation with new
possibilities for “what if" analyses and on network

. . . . . development with more accurate models.
This article describes a roadmap for fast simulatand

modgling tools applied to distribution syst'emSl'JA/ey.of In order to support these developments, the “Fast
key industry experts was conducted to identifyntizen Simulation and Modeling” (FSM) project of the EPRI

d”"e!‘s f_o_r improving S|r_nulat|on and_ modelling IntelliGrid Consortium is developing the concepadiuite
functionalities and to determine the most likelyhpthat of tools designed to provide the mathematical fatioch
evolution will take. The results of this roadmapear 5 a high performance “look-ahead” capabilitydaelf-
|ntend_ed to provide a high level view of the funtilities healing grid — one capable of automatically antitilg and
tha.lt will be ’?eeded in the nex_t 10 years to enabreart responding to power system disturbances while coatiy
Grid operation. The_:se functhns will be en_al_ole_d by optimizing its own performance. DFSM tools provéde in
developments in various technical areas, providingd decision-makindpy permitting an operatdo optimize grid

foundat|or_ls to build “on. This roadmap 'de”“f'?’s operations as well as predict grid behavior basgohu
technological gaps and new software/hardware sotuti historical and real time data

needs, Itis focused on the future developmentiseise

areas. The approach taken by IntelliGrid is not to develop
products but to use software and equipment solsition
INTRODUCTION available today and identify new software and hamw
Distribution network operators are facing new MES solutions needed in the future. All tools would Wwar an
such as the direct consequences of the liberatizati the integrated and open environment to achieve thetifums
electricity market and the preparation for a sustaie necessary for FSM. For instance, EPRI is in thegss of
future. Regulatory bodies are now established aed a Structuring the Distribution System Simulator (DSS)
playing a major role in the interaction betweendtiterent software system as an open source software thdtective
actors of the system. They fix power quality tasgeiat basis for advanced simulation tools. This software
network operators have to balance with their ecaaom developmentis also being coordinated with a Deet of
issues (investments, maintenance, and operatiemptove Energy effort to develop an open source platforifeda

their own efficiency. The development of distritite ~ GridLab-D. These tools are particularly designed to
generation, which was formerly considered by nekwor incorporate distributed resources and demand respas

operator as a constraint, is now also seen as enfait part of the normal operation of distribution syssem
The first stage of this work has developed funation

" $ # 1% #8&'



requirements and cost-benefit analysis. It has bksen
documenting the lessons learned from these neuréssby
applying them in demonstration projects.

The second stage of this work will contribute tee th
integration of the many components that form tipero
platform. One important stage in this plan is teate a
roadmap of these advanced functions.

OBJECTIVES AND APPROACH

The objectives followed through this effort arecimied to
provide a concise overview of the FSM functionaéti
identified in the first stages of FSM and proposehe
electric industry the first roadmap of these functilities in

the next 5 and 10 years. This work complements the
functional and technical requirements of the Disttion
Fast Simulation and Modeling tools with a cleartynie of

the main drivers for change and their expected anpa

the key components of Fast Simulation and Modebogs.

The main questions that are addressed in this rapdre:
(1) What will be the main drivers for evolving grid
operation and planning both for transmission and
distribution operation?

(2) How these drivers will shape the basic nee&$i
functionalities?

(3) What functionalities will come in the next 5aye?

(4) What functionalities are likely to appear ire thext 10
years?

(5) What are the main paths of the evolution ofséhe
functionalities?

A survey of some of the main experts of the induatas
conducted to identify the main drivers of simulatitol
evolution and to measure the most likely evolutdrthe
Fast Simulation and Modeling functionalities. Atesis of
the answers received was compiled and shared héh t
participants of the study during a workshop whefesa
draft of the roadmap was presented and discussed.

Based on these materials, a first step is to ifjeitie
scenarios of evolution for networks by taking iatzount
the most important drivers of evolution highlighteg the
survey and classify them to build scenarios. Iragaltel

before the creation of the roadmap itself.

FSM FUNCTIONNALITIES

FSM functionalities are resources that achieve atjpsral
functions for end-use applications. The diagrafigure 1
presents this integrated view of the DFSM functiitiea as
identified in the previous stages of the project.

%% Operational functions
&
&

Resources

Figure 1: DFSM functionalities

The triangle shows the broad end-use applicati@~SM
(Expansion planning, Maintenance scheduling, Market
management, Scheduling and dispatch, Security
management), the necessary operational functioaslt(F
location and isolation, Grid reconfiguration, Vgeand
reactive power control, Protection relay coordimafiand

the resources needed to achieve them (algorithms,
modeling, simulation, visualization).

Real-time operation has very different constraims a
requirements depending if the system runs in nostage or

in emergency/recovery state. Normal state operatipties
preventive actions, with a longer time responseraastly
can be automated. The transformation of this moide o
operation could aim to be on ‘autopilot’ with mirain
human intervention. The associated functionalitiee
presented in Table 1.

Emergency/recovery operation implies the applicatié
pre-defined sequences combined with human decision-
making that cannot be easily automated, at leasheat

way, some analysis needs to be made on the key peginning. Ultimately, some of key functionalitiést fold

functionalities in order to develop a short listtafse which
appear to be the most critical for the evolutionttod
system. The next step is to unify those two resbits
forecasting how the key functionalities will evolwéthin
the evolution scenarios based on a qualitativeyaisabn
the way the drivers may impact the functionalitids. a
complementary step, a review of the way FSM cajiggsil
can provide a substantial contribution to the etioiu
process needs to be assessed for each of theofslities.
Based on these elements an analysis to identifgifpes
common contributions can then be performed, lap st

into these categories would be transformed to aaticm
actions and so become part of ‘normal state opeTsiti

Transmission operation and distribution operatiosnreot
alike. Many differences could be pointed out: tize sf the
network handled by tools, the time response anditke
associated with the area covered, the differendes o
responsibilities in itself (load/generation balamyifor
instance). So these two sectors of the electriovetsl
should have their need addressed specifically.

On the other hand, many similarities exist in disttion
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and transmission operation: similar basic respdlitgib
(fault isolation and grid reconfiguration even ifiet
resources are not the same), tools that rely orséinee
principles (load flow, performance indicators ...gv8ral
expected changes in grid operation might also ahamig
distribution of roles among transmission and disttion
thus narrow the distance between the two sectgesnfles
of factors that are in favor of that argument indu
increased penetration of distributed generation at
distribution level, appearance of active distribnthetwork,
multiplication of advanced monitoring technologiesthe
grid and ubiquitous communication infrastructuretfoth
transmission and distribution grid.

Normal applications DFSM Functionalities

Expansion planning Planning tools,
Load/generation economic

modeling,

Maintenance scheduling Integrated database,
System modeling,
Optimization of settings fo
local and coordinated

controls

Market management Electricity price
forecasting: price
simulation, volatility and

performance analysis

«Q

Scheduling and dispatch Load modeling, Modelin
of margin and assessment

of limits

Security management State estimation,
Contingency analysis,
Look-ahead analysis,
Aggregation of resources,
Integrated advanced
monitoring, DER

Monitoring and Control

Fault location and isolation Load forecasting, Pre-
arming optimization of

remedial action schemes

Voltage and reactive powerOptimization of settings of
control controls, Equipment and
system modeling

Table 1: Normal state applications
FSM ROADMAP

Industry survey and workshop

In order to create a roadmap for FSM functionajtia
survey has been conducted to collect an assesBomarihe
industry of the need and priority of the FSM comgrts.
Three main sections composed the questionnait2riigrs
for FSM, (2) Transmission FSM functionalities, af8)
Distribution FSM functionalities. The survey wasis® 63
individuals that represented 34 utilities, 9 versjo?

Independent System Operators, and 16 R&D entities o
consultants. The survey was sent by email and eeate
made to most of the individuals to explain the s of
the survey and verify that the material was propedeived
and understood.

Fifteen individual answers to the survey were atéd
representing 11 electric utilities, one Independgygtem
Operator, one vendor, one consultant and one &@sear
organization.

After this survey phase, a workshop was organindehilo
Alto on July, 26th 2007. The objectives of this mveere

to (1) present the results of the survey on FSM
functionalities, (2) share views on the prioritibst the
industry should tackle in the next 10 years in régd FSM
capabilities (for both T&D), and (3) develop a fiversion

of FSM roadmap for T&D operations.

A total of 28 representatives attended the workshop
including 12 utilities, 7 research companies, 4@rsities, 3
vendors and 2 consultants. In order to meet itedibjes,
the workshop program was structured around botinteal
presentations and brainstorming sessions. The stikms
and technical inputs resulting from the brainstogni
sessions yielded very good materials for definimgl a
reviewing the roadmap on the evolution of the T&D
functionalities for the next 5 to 10 years. Sonsedssions
on the next steps and activities provided very gnodance

to the project, including: (1) concrete implemeiatatof
functionality (incremental approach), (2) identfion of
gaps in the state of the art, and (3) valuatiorsystem
reliability, the business case, and data needed.

Key distribution functionalities

The objective of this process is to make a shsttai the
most important functionalities to consider in thelysis
based on the industry survey. The survey resultghie
Distribution Fast Simulation and Modeling functiditias
clearly indicates a strong correlation with the artpnce of
the functionalities and the effort needed in a &ryime
frame. The resulting functionalities to consider fboe
distribution systems are the following:
- Fault location and isolation

Substation reconfiguration

Load forecasting and modeling

Contingency analysis and visualization

Look-ahead analysis and visualization

Volt/Var control at substation

Protective relay coordination

Intelligent alarms

Circuit reconfiguration including islanding

State estimation

Drivers of evolution
The survey and workshop results allowed the idieatibn
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of the most important drivers that the electricatworks

will have to cope with in the coming years. Theg:ar
Transmission and distribution operation closerhi® t
thermal, mechanical and electrical limits: thideefs

the difficulties and barriers to developing new
transmission network capacity, the need to martzge t

congestions on transmission and distribution néetaor
and identify solutions that could defer investments
Increased use of Intelligent Electronic Devicesreno

and more sensors will be made available by vertdors
monitor the network state in both transmission and
distribution areas such as phasor measurementarnits

advanced meters.
An additional driver not ranked among the most intgoat
is the
Resources. However, depending on the context afatgn
and/or governmental orientations, it could havdrang

impact on the way the distribution and transmission

networks will operate in the future. In order tdleet this
element, this driver was classified as a diffewitn driver
to be taken into account in the process of defirtimg
scenarios of evolution on a mid-term basis.

The workshop participants reach consensus on anothe

driver that was not initially listed in the surveY¥he
coordination of Transmission & Distribution opeoats,
which can be considered as cross-cutting issuavialp
system wide efficiency of distribution or transniiss
operations. It can be applied to most of the Fasti&tion
and Modeling functionalities such as state estiomatr
fault location and isolation.

Building scenarios

The characterization of the main drivers identifiedl
define the 5-year evolution scenario (the red stehand

increased penetration of Distributed Energy

DG and RES penetration level

differentiation can be made on the way the capadity
Distributed Generation and Distributed Energy
Resources will grow, following the historical tresfor

a given area or meeting the objectives in terms of
installed capacity. At this stage, this evolutian i
closely dependent on non technical issues andeds|
mainly on governmental or regulatory orientations
which can evolve in time. The scenario associaiéu w

a growth of DG and DER installed capacity meetirgg t
governmental targets is identified as the greemasite
Coordination of Transmission & Distribution
operations: differentiation can be made on the
information exchange and automated coordinated
actions level. The scenario associated with the
significant enhancement of these two aspects is
identified as the blue scenario.

o Improve information flow to better prevent
and predict the grid state and events (real
time, planning, maintenance) in the exchange
of information between system operators

o Improve the number of planned coordinated
actions in order to react faster to various
unexpected events

High

Low

can be assessed by the following assessments:
Transmission and distribution operation closerhi® t

thermal, mechanical and electrical limits Low ‘ High

(o]

o Operator must have forecasted alternatives
and scenarios to react to contingencies
0 System must react autonomously with reflex

Increase use of Intelligent Electronic Devices

0
from various sources (coming from thermal,
manner and make it available to simulation
tools

0

The differentiation drivers can then be used toingef

alternative 10-year frame evolution scenarios depegron

the way their associated characterization will egol
Increased penetration of Distributed Energy Ressurc

Coordination level of T&D operations

Operator must have an accurate assessment of

the state of the network (condition, risks, ...)  Figure 2: Identification of the scenarios

Evolution of the key functionalities

In order to identify the functionalities that atgetmost
critical no matter which scenario is considered,isit
necessary to assess qualitatively and quantitstitres
Energy management systems must handle data impact of a given scenario on the functionalitiEsis step
will be achieved by assessing qualitatively theaotpf the
mechanical, electric sensors) in an integrated scenario and then define a ratio for each scefased on
this assessment applied to the corresponding ssoag.
Figure 3 presents the impact of the scenarios en th

controls to mitigate fast phenomena

Processes and practices to operate grid must distribution key functionalities.
adapt to the new resources and capabilities of

the system Once this analysis has been achieved, each fuatitipn

needs to be characterized depending on the wail ibav
impacted by each scenario (equally, with smalltorrg
differences). This step will be achieved by thediattion of
the Behavior Compliance Parameter for each of the
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functionalities and defined as follow:
BCP = AveragéSR) - AverageDadation(SR)
! AveragéSR)

(SR represents the forecasted Survey Result evolution f
the functionalityf in the red, green, blue and pink scenarios)

This parameter will be equal to 1 if the behavibrthe
functionality remains the same no matter which aderis
considered. Figure 4 presents the results for DFBih&.
highest ranked functionalities will then be seldcte
achieve the roadmap process and define the cotinibaf

Fast Simulation and Modeling to improve their

development. They are the following:

- Load forecasting and modeling
Contingencies analysis and visualization
Look-ahead analysis and visualization
Grid reconfiguration including islanding
State estimation

Pink scenario
Blue scenario

Size of the effort

Green scenario

Red scenario

Survey results
T

0+ T T T T T T T T T

Fault location and isolation
Substation reconfiguration
Load forecasting and
modeling
Contingencies analysis and
visu
Look-ahead analysis and visu
Volt Var control at substation
Protection relay coordination
Intelligent alamms
Circuit reconf + islanding
State estimation

Figure 3: Scenario impact on the DFSM functionalites
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DESM Contribution

This section presents for each of the identified
functionalities the present state of the art aral 10-year
projections for the future state of the art. laildentifies
the contribution that activities in the field of dbiibution
Fast Simulation and Modeling could bring to supplogse
evolutions.

Grid reconfiguration
- State of the art Grid reconfigured manually or

remotely by operator based on experience, some grid
reconfiguration local controls deployed

Evolution in five yearsGrid reconfiguration scenarios
suggested to operator by modeling and simulatiols to
DESM contribution Enhance existing algorithms
(load-flow) to integrate results from other appiicas

and use more dynamic models based on real time data
Provide accurate results that will help the operato
making decision with the maximum elements available
Evolution in ten yearsGrid reconfiguration scenarios
take into account demand-side management and
distributed generation

DESM _contribution Integration of real time
information and forecast associated to DER prodocti
and DR issues (dynamic models, quick calculation
steps); integration of the information coming fréma
transmission side to help finding the most reliable
solutions.

State estimation

State of the artDistribution state estimator at early
stage of research and development

Evolution in five yearsFirst prototype of distribution
state estimator in control center

DFSM contributionLarge amount of data coming from
different sources (AMI) management and integration
(architecture to retrieve data and make it avadldbl
DSE software); new algorithms for taking advantaige
all the measurement available in order to go state
solver instead of state estimator

Evolution in ten yearsDistribution state estimator as
an option in distribution management system

DFSM contribution Algorithms integrate DER
measurement and models; integration of dynamic
models including DR capability; exchange of
information between control centers and high level
information exchange with the TSO level.

Look-ahead analysis and visualization

State of the arHandful of look-ahead analysis projects

(based on load-flow); look-ahead taken into
consideration in daily planning using simple

assumption

Evolution in five yearsSeveral look-ahead analysis

projects (based on load-flow); simulated look-ahead

1% (&'



tested in daily planning

DFESM contributionLook-ahead analysis correlated to
the first state estimation prototypes : definitmfrthe
information to be exchanged

Evolution in ten yearsFirst look-ahead analysis
calculation linked to state estimator tested

DESM contribution Need perform the analysis faster
because of the increasing number of parametessato d
with; the link between state estimation resultslank-
ahead analysis is clearly established; look-ahead
algorithms integrate DER models variations; define
model to simulate the transmission level behavidra
way to exchange results.

Contingencies analysis and visualization

- State of the artContingencies analysis based on
operators experience
Evolution in five years Minor evolutions
contingencies analysis: first modules available
DESM contribution Evaluate different algorithms to
perform these analysis with as much detailed madels
possible and connect to the first state estimator
prototypes for data exchanges

in

Evolution in ten years New computer-aided
contingencies analysis solutions for distribution
operation

DFSM contribution Integrate the impact of DER on
the system in the algorithms with suitable models;
define the structure and nature of information € b
exchanged between different simulation area inrdcde
take into account the induced effects and provige h
level results

Load modelling and forecasting
State of the artLoad models based on types of
customers, weather forecast
Evolution in five yearsDetailed load models and loss
forecasts (Figure 5) calculated based in most acases
real energy consumption (AMI), specific models and
profiles added on demand-response behavior
DFESM contribution Enhancement of the existing load
models including more detailed electrical behasiut
other characteristics (economical, risk) thank&hd
data integration; integration of algorithms to deih
new data available and definition of the results
Evolution in ten yearsLoad models and forecasting
based on real-data with precise profile including

various rates/demand-response schemes; high agcurac

(example 10 min error lower than 1%)

DESM contribution Define dynamic DER detailed
models that would include time-based, frequencgtas
behaviors and DSM management; definition of a high
level precise model layer (including uncertainties
evaluation) to exchange information between
transmission and distribution systems; define dyinam

detailed models that would include time-based,
frequency-based behaviors and DSM management as
well.

Figure 5. Annual energy loss shape from 8760-hr ol
modelling

Roadmap

Figure 6 presents the aggregation of the previesslts in
the form of a roadmap for Distribution Fast Simigdatand
Modeling tools. The resources part is derived frivva
common characteristics and elements identified hie t
different DFSM contributions analysis.

CONCLUSION

The development of Fast Simulation and Modeling
functions is key to support the self-healing chaastic of
the Distribution Smart Grid. This paper has idéadifthe
most critical functionalities needed and their &sen
development in the future years with the supporEFast
Simulation and Modeling projects.

The objective of this roadmap exercise is to predision

to indicate what new functionalities are to be deped by
vendors to answer the forthcoming needs.This wis& a
helps to coordinate the efforts among worldwideeaesh
organizations and utilities in the Smart Grid dgptent
efforts currently being done. Examples of such dimation
activities are:

EPRI Intelligrid — EDF R&D common efforts to
develop distribution state estimation concept,qiyqpie

and deployment conditions,

Pacific Northwest National Laboratory coordination
efforts among the GridLab-D simulation platform
which focuses on expanding the scope of existing
models to all power system business areas and on
combining engineering and economic market models.
EPRI Distribution System Simulator (DSS) software
being released in open source community coordinated
with Department of Energy Research project being
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conducted by Enernex NexPower to develop an open REFERENCES

source integration platform based on standard ped o s o

interfaces for distribution simulation tools. [1] . Usmg AMM_ Data To Feed a Distribution State
Estimator”, O. Chilard, O. Devaux, O. Huet. D. \[dollen,

Naturally, this approach is anticipating standeaatian PSCC 2008

efforts that will keep applications open to datatenges.

This roadmap is not intended to provide a stasgwi for

the evolution of simulation tools and activitieslasill be

updated on a regular basis to refresh the stateecrt and

foreseen perspectives associated with the funditiesahat o~

will provide self-healing capability to the futwiestribution [3] "GridLAB-D: An Open-source Power Systems
Modeling and Simulation Environment”, D. P. Chasin

networks. .
Schneider, and C. Gerkensmeyer, IEEE 2007
[4] “An open source distribution system simulator”,
McDermott, T.E., IEEE PES 2006

[2] “Possible Roadmaps for New Requirements fengh
Distribution Control and Automation”, F. Gorgett®,
Devaux, JL. Fraisse, CIRED 2007

Data|integration and management
Large amount of data integration
Evolution of algorithms to deal with these new data
@ Modeling
o Expand technical models available
S
o . . . .
3 Dynamic models integrated in simulation topls
24
> Standard data models for T&D information exchange
(%]
v Architecture
Developpement of application integration techniques
Various distributed architectures available to support applications
Analysis techniques
Developpement of integrated risk assessm =
- Load models and forecasting based
Load models calculation on real-data with precise profile
based in most case on real including DR - High accuracy
energy consumption (AMI)
Distribution state estimator
First prototype of distribution state as an option in distribution
estimator in control center management system
n
2 v N V‘L vy ¥
c
c
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©
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= 4+ 4+
w Several look-ahead analysis First look-ahead analysis calculation
projects - Simulated look-ahead linked to state estimator tested
tested in daily planning
. . . New computer-aided contingencies
First modules contingencies analysis solutions for distribution
analysis available operation
I |

Figure 6: DFSM Roadmap
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