QT_ e Ne

QUANTA

TECHNOLOGY

in Rotterdam, NL

Evaluation of PRC-023 Line Loadability Requirements
for Transmission Facilities Above 100 kV

by Tim Chang, Farid Katiraei, and Saman Alaeddini

Following the major blackout of 2003, which left
more than 50 million people without power, the
PRC-023 Reliability Standard was issued by North
American Electric Reliability Corporation (NERC)
to prevent future widespread power outages from
occurring. This standard requires utilities to re-
evaluate their protective relays settings so that all
fault conditions are reliably detected and that the
electric network is adequately protected. This must
be accomplished with no limitation to transmission
loadability or interference with the system
operator s’ abil
stressed system margins.

PRC-023 mandates that protective relay settings for
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impedance- and overcurrent-based protection schemes
must not violate specified short-term or long-term
thermal ratings for transmission facilities. Hence, the
protective relays must not operate under the transmission
line loading with specified margins for system
contingencies. PRC-023 requirements consider 150% of
a specified four-hour Long-Term Emergency (LTE) and
115% of a 15-minute Short-Term Emergency (STE) at
30 degree load angle per given line at 100 kV or higher.
In addition, to meet the specifying loadability
requirements, PRC-023 imposes requirements on

t rowrougehte proteqiian w elaments | awosiaed twith

transmission lines, such as switch-on-to-fault (SOTF)
protection schemes.
Continued on page 3

The Vulnerability
Assessment Tool (VAT)

by Len Januzik

The Vulnerability Assessment Tool (VAT) is a unique,
proprietary tool designed to identify the most critical
substations and areas in the interconnected bulk power
system and to numerically rank them in proportion to

their potential to impact the bulk power net\
reliability.

Designed by Quanta Techi
no other t ool on the n

specific functionality.

It can be used in many different areas of the power
system industry, including operational security, physical
security, asset allocation, expansion planning, and
standards compliance. Importantly, VAT can be used to
minimize the risk of a wide-area disturbance by
identifying scenarios that make a system more risk
averse.

Continued on page 5
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Letter from the President

Ay
Making a Differencei We 6 r e Proud of Supporting Exciti g'y,ﬁ b‘ |
4‘*%(‘%
Dear Colleagues, ;’ 2
Quanta Technology is six years old this month. ‘

As we reflect on our company’'s gr owt h atdpeopmioi , n
six offices on three continents, we also think about the changes our industry has gone through in the last

decade or so and how Quanta Technology has been a catalyst in these changes.

We’' ve seen policy and maturea goodideal sathateomd of tize nnsertainty aboutacosts, alecatidn,o
use, and operations have disappeared. Certainly work remains to be done, but the transmission sector seems healthy and
invigorated. Renewable energy is firmly established as a major resource for the power industry to a degree that would have
surprised many only a decade ago. And investments in a smarter grid are making a difference. We are pleased to be part of such
a vibrant industry and proud of the contributions our people are making in collaboration with our industry partners (utilities, I1SOs,
government entities, academia, etc.). It’s what moti v

When we turn our gaze to the future, about the only thing that will not change in our industry is the rate of change that is going to
continue at a rapid pace for the next decade. Among the developments we see are an accelerating trend toward asset life-cycle
management (using improved equipment models), global standardization to improve interoperability (e.g., IEC 61850 as the
automation standard; standards for integrating renewable energy sources and electrical vehicles on the grid), and retirement or
refurbishment of a large amount of generation.

Thus,i t ° s n ogtthat Quantagechinadogy is involved in a large number of projects helping our clients address these issues,
with some of the examples described in articles in this issue. What is intriguing is the tremendous variety of project types. For

example, automati on and “smart” technology are making inroads
number of Smart Grid depl oyment projects include eve
benefits. Success of these deployment projects will set the direction for further steps in developing the grid of the future. The
next phase wil|l be transitioning into a “nor mal cour

deployed will uncover new applications and benefits. Smart systems will transform some parts of our industry — and ultimately
prompt us to rethink how we use electric power, and perhaps even what we use it for, and why.

Perhaps the biggest change we see before us is the growing interdependency and interaction of the gas and electric sectors. Only a
few decades ago, these were | argely “parallel” i ndundt
commercial energy markets. But with the supply of natural gas revitalized by new exploration and extraction technologies, the gas
and electric sectors, and their systems, are rapidly growing vastly more interconnected and synergistic. More and more electric
generation will be natural-gas fueled, making the electric sector dependent upon the gas industry. And what unearths and moves
that natural gas across the country — electric extraction machinery and electric-powered compressor stations. Quanta Technology
sees this trend as a fenergydeatonend gowelt andgds T&Dtcapabilities and meedsi-a tremd dhat ’
will be with us for the foreseeable future.

I often wonder what it must have been |ike to | i venow
know. It is indeed an exciting time to be in this business — to know you are at the threshold of good, positive, fundamental change
for the better of mankind and the environment. I care

Quant a Technol ogy'’'s t wel f t—wewill bepgrobdabfahg contributiomswedllimatleg i s f or

Sincerely,

Damir Novosel and the Quanta Technology Team
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Ensuring compliance with PRC-023 requires utilities to
perform an extensive review of all their transmission
protection schemes and settings, in an effort to identify
and correct any potential load violations. Utilities are
required to provide auditable documentations of their
investigation process and evaluation methodology.
Recently the PRC-023 loadability requirements have
been extended to transmission facilities above 100 kV
with a compliance due date of October, 2013. Any
violation beyond this date can result in significant fines.
Due to the extensive size and complexity of the
transmission systems to be reviewed, verification of
compliance has become a major challenge for many
utilities.

Automated evaluation process

Collaborating with Electrocon International, Inc., Quanta
Technology has developed an automated protection
review and analysis approach to help utilities identify
protection elements in violation of line loadability for
large and complex transmission systems. Central to
Quanta Technology ' s
Aided Protection Engineering (CAPE) software, a power
systems simulation and analysis package specializing in
system protection.

The transmission system and associated relay settings
are modeled in CAPE, and a customized protection
sensitivity analysis macro is used to compare modeled
relay settings with line loading ratings and determine
whether a violation would occur. The macro generates
reports detailing line loading and SOTF evaluations for
each individual line. To facilitate the analysis of large
systems with many lines, Quanta Technology developed
a post-processing application which reads each
individual line loadability analysis report and presents
the results in an easy-to-read Excel summary table,
which is then used to apply evaluation criteria and
compile the final report. The procedure is shown in
Figure 1.
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Figure 1.
PRC-023 Evaluation Process

For line relays, the distance protection settings are
compared with the line loading ratings. The macro
applies the criterion specified by PRC-023 and
determines whether the relay settings meet standard
requirements (four-hour LTE and 15-minute STE). Any
additionally requested, utility-specific line rating limits,
such as a Drastic Action Limit (DAL) —a New England
ISO-imposed limit — can also be identified and evaluated
simultaneously.

The automated loadability analysis macro also illustrates
the results in.a cogdination g{aphic, which provides a
use "of 0 e

mp u .
visual representation mp the protective el ement s

characteristics and corresponding reach with respect to
the boundaries of load regions, as shown in Figure 2. In
this example, the line loading curves (representing STE,
LTE, and DAL ratings) have intersected the Zone 3
curves of one or both protective systems (primary and
back-up relays). As a result, the line terminal under
examination will fail the PRC-023 requirements. More
detailed information regarding which specific protection
elements pass or fail the line ratings requirements is
presented in a report generated by the macro.

For SOTF loadability compliance, the macro checks the
corresponding overcurrent element settings against
specified criterion for the line loading parameters
(overcurrent setting must be higher than 150% LTE or
115% STE). In addition, the presence of undervoltage
supervision is also evaluated, as PRC-023 specifies that
overcurrent settings can exceed line loading criteria if
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supervised by an undervoltage element set less than 85%
of nominal voltage. To help resolve failures, the macro
performs a series of outage contingencies for every line
terminated on a bus and measures the maximum fault
current. This allows the engineer to determine whether a
failed overcurrent element can be increased without
violating the required ratio for pickup-to-fault-current as
specified by the SOTF sensitivity criteria. Similar to the
line impedance evaluation, the macro generates a
detailed report, including setting values and which
specific ratings requirements pass or fail.
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Postprocessing and reporting

Through use of the macro, the relay settings for each line
are evaluated against the PRC-023, and the generated
reports give a clear indication of any violations from the
requirements. However, due to the need to evaluate a
large number of line terminals and multiple protection
elements, a manual evaluation of the reports (per
scheme) can be time-consuming and prone to human
error. To facilitate the analysis of large and complex
systems, Quanta Technology has developed a post-
processing application which reads the CAPE macro
reports and arranges the results in a logical
(summarized) format highlighting potential violations.

A typical post-processing output for PRC-023 line
impedance evaluation is shown in Figure 3. Each

element of a protective relay under examination,
including corresponding station and associated line, are
arranged in tabular format, with the evaluation verdict
stated. Failed cases are highlighted in red and are
readily visible along with the element that caused the
violation. In this example, it can be seen immediately
that the Zone 3 elements of both relay sets on Station 2
of Line A are the PRC-023 line loading requirements.

Station Line Number |LTE/STE/DAL Rating (A) [Relay Name Protective Elements PASS Conditions

Station 1 lineA  [1640/1754/2165 LPRO _SetB 10448 DIST "21P1" Z:1 LTE/STE/DAL

Station 1 LineA  [1640/1754/2165 LPRO_SetB 10448 DIST "21P2" 2:2 LTE NOP/STE NOP/DALNOP

Station 1 lineA  [1640/1754/2165 SEL421 SetA 10449 DIST "M1P" Z:1 LTE/STE/DAL

Station 1 LineA  [1640/1754/2165 SEL421_SetA 10449 DIST "M2P" 2:2 LTE NOP/STE NOP/DAL NOP

Station 2 lineA  [2564/3046/4123 SEL-421 21PG_ A |7941DIST"MI1P" Z:1 LTE/STE/DAL

Station 2 lineA  [2564/3046/8123 SEL-421 21PG A |7941DIST"M2P" 222 LTE/STE/DAL

Station 2 LineA  [2564/3046/8123 SEL-421 21PG_ A |7941DIST"M3P" 23 FAIL

Station 2 lineA  [2564/3046/3123 LPRO_21PG B 7942 DIST"21P1" Z:1 LTE/STE/DAL

Station 2 LineA  [2564/3046/8123 LPRO_21PG_B 7942DIST"21P2" 7:2 LTE/STE/DAL

Station 2 lineA  [2564/3046/4123 LPRO_21PG B 7942DIST "21P3" 3 FAIL

Station 3 lineB  [1656/1781/2222 LFZP111 21PN A |7375DIST"Z1" Z:1 LTE/STE/DAL

Station 3 lineB  [1656/1781/2222 LFZPI11 21PN_A  |7375DIST 22" 22 LTE/STE/DAL

Station 4 lineB  [1656/1781/2222 SEL321 21PN B 7478 DIST"M1P" Z:1 LTE/STE/DAL

Station 4 lineB  [1656/1781/222 SEL321 21PNB  |7478DIST"M2P" 222 LTE/STE/DAL
Figure 3.

Post-processing Summary Table (Distance Elements)

Similarly, the post-processing output for the PRC-023
SOTF evaluation is shown in Figure 4. Failed cases are
highlighted in red. As can be seen in the case of the
LPRO relay at Station 1 on Line A, a SOTF scheme is
required but is not enabled in the relay. In the case of
the LPRO relay at Station 2 on Line B, it can be seen
that the overcurrent setting of the SOTF scheme is not
selected properly to pass the LTE, STE, and DAL
ratings requirements. However, the presence of an
undervoltage supervision, set at 0.753pu, allows for an
overall conditional pass, by preventing the scheme
operation (PASS - No Operation).

Station |Line Number|Relay Name LTE/STE/DAL Rating (A) [SOTF 50 (Prim. A)| SOTF 27 (PU of Nom.) | PASS Conditions

Station1| LineA [SEL-321 21PG_A |1195/1252/1535 6120 LTE/STE/DAL

Station1| LineA |LPRO_21PG B |// Not Enabled Not Enabled SOTF not Enabled
Station2| LineB |SEL421 21PG_A |1717/1817/2242 2592 LTE/STE/DAL

Station2| LineB  |LPRO 2PG B [1717/1817/2242 1560 LTE(UV]/STE{UV)/DAL{UV)
Station3| lineB |LPRO_2IPG B  |1717/1817/2242 4800 LTE/STE/DAL

Station3| LlineB  [SEL421 21PG_Set |1717/1817/2242 4800 LTE/STE/DAL

Station4| LineC |LPRO21P A (988/1012/1164 13200 LTE/STE/DAL

Stationd| LineC  |SEL-321_21PG B (988/1012/1164 13200 LTE/STE/DAL

Figure 4. Post-processing (SOTF)
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Using the data from the two summary tables shown in
Figures 3 and 4, Quanta Technology applies a set of
evaluation criteria to determine whether a specific
element passes the PRC-023 requirements, or an
immediate corrective action (Act Now), or a longer term
consideration (Act Later) needs to be taken for each case
to rectify a violation. The evaluation criteria also have
provisions to identify cases where the element setting
technically meets requirements, but could be modified to
further  improve  system  reliability = (Possible
Improvemenj.

Valued-added propositions

Using the CAPE sensitivity macro in conjunction with
the post-processing application, the process of
identifying and evaluating transmission systems for
PRC-023 line loading and SOTF compliance has been
largely automated. The process enables large systems to
be automatically analyzed, and auditable reports created
in a fraction of the time it would take to verify each relay
setting manually. With the speed and accuracy of
automation improvements also come the advantages of
reliability and repeatability in the results. This new
process enables Quanta Technology to offer utilities the
capability to practically evaluate the NERC compliance
requirements for large and complex transmission
systems facilities and categorize the action items.

For further information contact:

w3

Tim Chang
tchang@quanta-technology.com
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Farid Katiraei
fkatiraei@quanta-technology.com

Saman Alaeddini
salaeddini@quanta-technology.com

Vulnerability Assessment
Tool (VAT)

Cont.from page 1

Not a contingency analysis tool, it focuses instead on
buses and nodes rather than transmission lines.
Moreover, it can identify potential problems not seen in
contingency analysis and is tunable to meet specific
objectives.

VAT considers a facility critical if it:

1 impacts a large number of customers for an extended
period of time

9 has a detrimental impact on a large portion of the
electrical grid

9 impacts the health or safety of the public

VAT uses a standard power-flow (PSS/E, Powerworld,
etc.) or state-estimator output as the principal source of
its data. Unlike typical contingency analysis algorithms
(CAA), VAT can identify trigger points on the system
that are not manifest by contingency violations. To
perform its analysis, VAT develops certain heuristic
measures in and around a substation including:

net bus flow-through (transport)

injection (MW and MVAR)

voltage stability support

1

1

1 supply (load)
1

9 local area topology
1

impact of specialized substation equipment
9 proximity to other critical substations

One of the keys to VAT’
tuned to meet specific study objectives and, for
consistency, to normalize results across systems and
between system voltage levels. This normalization
allows direct comparisons to be made across multiple
systems.

S
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In addition, other measures not directly related to the
power-flow solution, such as microwave facilities,
Special Protection Systems, or black-start unit
designations, can be defined by the user associated with
individual buses and allocated a certain priority level in
the vulnerability assessment.

VAT produces a tabular output that ranks all the buses in
the area of interest from the most critical to the least
critical and also produces a tabular output on an area or
zone basis. In addition, it can produce contour maps of
the area of interest that indicate the buses, substations,
and areas that are most critical, as seen in the image
below.

Criticality

In summary, VAT can help utilities identify locations
and areas on the bulk power system that are most critical
and which deserve increased security (physical,
electrical, and cyber) to maintain system reliability.

For further information contact:

[ Len Januzik
ljanuzik@quanta-technology.com

Solar PV Inverters Current
Contributions During Faults
on Distribution and
Transmission Systems

by Farid Katiraei, Juergen Holbach, and Tim Chang

Proliferation of power electronic-based distributed
generation units at transmission and distribution systems
has introduced new challenges for utility engineers to
determine changes in the short-circuit capacity of a
system and potential impact on interruption rating of
switching devices.

As part of an interconnection study for a new generation
facility, utilities require detailed information on fault
characteristics of the generation sources. Yet, there is
limited knowledge or contradictory conclusions
regarding the behavior of power electronic-based
distributed energy resources (wind and solar
photovoltaic plants) during faults on distribution or
transmission systems. The issue is more complex in
nature when several renewable generation sources are
connected to the same system (e.g., a distribution feeder
or a circuit), as the aggregated effect of the contributing
sources to the fault and interaction among the
electronically controlled generation units are unknown.

Recently, Quanta Technology completed a third-party
study for CanSIA (an organization that represents PV
solution providers in Ontario, Canada) and Hydro One,
along with participation from other industry
stakeholders, including Toronto Hydro and several
photovoltaic (PV) inverter manufacturers and plant
developers. The study addresses various technical issues
regarding the connection of solar PV to the Ontario
electrical grid with specific focus on short-circuit current
impacts. Concern is currently widespread throughout
Ontario regarding the constraints limiting solar PV from
connecting to the electrical grid system for projects
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equal to or less than 500 kW. Many solar industry
participants have had connection applications rejected or
are experiencing delays regarding the connection of their
projects.

Field Capture of a PV Inverter Current
During Disturbances

This article reports on the study approach and major
findings from a series of extensive impact studies and
sensitivity analyses that were performed to determine the
level of contribution of PV inverters to system fault. A
combination of simulation studies and analytical
methods were applied to investigate the impact of
additional current contribution from PV inverters on
circuit breaker interruption ratings including: close-and-
latch rating (in the first half cycle after a fault), and
asymmetrical/symmetrical current rating (at contact
parting time). The study suggested improvement in fault
calculation methods and changes to the standard
formulas used.

Study approach

The specific focus of this joint CanSIA and Hydro One
study was to determine characteristics of commercial PV
inverters under short-circuit conditions and to investigate
the potential contribution of the PV inverters to short-

circuit current levels when there are faults on the
distribution and transmission systems. This study took a
systematic approach to examining the PV inverter
transient short-circuit characteristics and their short-
circuit contributions to the electrical grid that a
distribution or transmission utility needs to reflect in
impact assessments.

The overall approach of the study was to:

9 obtain detailed modeling information from
manufacturers of PV inverters that were likely to be
utilized for solar PV projects equal to or less than
500 kW in Ontario

9 develop the necessary mathematical and software
simulation models that provide the representative
response of such inverters, and then conduct
simulations of these devices on an electrical system
that is reflective of the distribution and transmission
network where currently short-circuit constraints
exist

9 perform simulations based on several fault cases and
investigate the sensitivity of changing system
parameters to assess the short-circuit impact of the
single and multiple PV inverters for a wide range of
system  fault  capacities and  impedance
characteristics

In addition, a literature survey was also conducted to
further inform the development of the study approach,
understand issues identified by others, and incorporate
findings from previous investigations. The survey also
provides insight on the state-of-the-art with respect to
modeling of PV inverters and their potential impacts on
system short-circuit levels.

PV inverter behavior during faults

The short-circuit phenomenon, as they apply to the
operation of power system equipment, takes place
typically from a few to 10 cycles (within the PV inverter
maximum interruption timeframe), which translates into
a timeframe of up to 170 milliseconds. During this
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period, circuit breakers must operate and be able to
interrupt the short-circuit current, which can be in the
order of thousands to tens of thousands of amps and
represent tremendous levels of energy. The electrical
behavior of inverter-based generation units and their
controls during this transient timeframe are extremely
complex, and different than the conventional
synchronous generator-based systems.

As a result, advanced simulation tools to conduct
switching transient analysis, such as PSCAD/EMTDC,
were required to examine the complex control systems
of PV inverters and their impacts to the system. More
conventional progr ams
connection impact studies by utilities, such as PSS/E and
CYMDIST,are referred to as
Both the analysis capability and the associated
simulation models of such programs are not suitable to
properly assess the dynamic three-phase analysis
required in this study.

Significant effort was required to consult with PV
manufacturers to obtain and assess models that simulate
inverters in the 60 Hz to 5 kHz timeframe and their
corresponding data. A total of eight PV manufacturers
were consulted in an effort to cover as much of the
Ontario market share as possible.  Ultimately, six
manufacturer models were obtained, verified, and their
short-circuit characteristics analyzed. These six models
represent more than 80% of the PV inverters being
installed in Ontario.

Following further analysis and verification of the
transient behavior of the six models under short-circuit
conditions, it was determined that these models could be
grouped into two categories:

9 PV inverter model with fast disconnection (i.e., in
less than one cycle)

1 PV inverter model with continued operation for up
to 10 cycles

us

The models are:

Model 1 — that interrupts the inverter current
contribution immediately during a fault event if the PCC
voltage drop is beyond 50%.

Generic Model — that continues the inverter current for
a few cycles (maximum of 10 cycles) after a fault
incident, even if the voltage reduction at the terminal of
the generic PV inverter model is below 50%. The
differences between the current characteristics of the two
PV inverter models during a fault are shown in Figures 1
and Figure 2.

Current at PCC
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Figure 1.
Inverter Currents During a Three-phase Fault Close to
PCC ¢ Model 1 (Time in Cycles)
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Figure 2.
Inverter Currents During a Three-phase Fault Close to
PCC ¢ Generic Model (Time in Cycles)

Study benchmark

Once the inverter models were established, a
PSCAD/EMTDC model of a benchmark system was
developed in consultation with Hydro One. The
benchmark model reflects a 115 kV transmission system
supplying typical step-down transformer stations (TS)
connecting a distribution system as shown in Figure 3.
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The distribution system includes the TS, downstream
distribution stations (DS), reclosers, and lower voltage
distribution feeders to represent the system levels that
supply typical end-user customers and where PV
installations may be found. The transmission and
distribution system includes modeling details, such as
transformer winding configurations and grounding
devices that may impact short-circuit levels. This
system represents an actual portion of the Hydro One
distribution and transmission system where short circuit
constraints presently exist. Single or multiple PV
inverters with individual sizes equal to or smaller than
500 kW were connected at various points along the
Feeder 1 and 2 (Points A to D) to investigate the change
in fault currents and aggregated contribution up to 16
MW distributed PV systems.

Distribution Substation 1
=

ggggggggg

Figure 3.
Study System with a PV Inverter at Location B
and Multiple Fault Locations

A large number of simulations were then performed
looking at the short-circuit impact with various
permutations of:

1 PV inverters at four different locations

9 one, two, and four inverters at each location

9 applying faults at five locations along the feeders

91 applying three types of faults: line-to-ground, line-

to-line-ground, and three-phase

More than 840 simulation case studies were conducted
to cover a wide range of conditions and scenarios. Both
the inverter behavior and the impact of the inverters on

e-New

the system short-circuit levels were reviewed. Further
sensitivity analysis was conducted looking at the short-
circuit impact of PV inverters to various system
parameters, including line/feeder length, transformer
impedance, X/R ratios, and system strength.

An assessment of the impact of PV inverters on the
close-and-latch capability of circuit breakers was also
conducted. The IEEE standard C37.04-1999 establishes
the close-and-latch requirement for circuit breakers and
maximum instantaneous current levels must not exceed
these requirements to ensure the integrity of the breaker
operation. Simulations were conducted for different
scenarios and fault conditions to assess the impact of the
PV inverters during the short-circuit period.

Based on the simulation studies and analytical
investigation, a modification for the formula introduced
by IEEE standard C37.04-1999 was also proposed for
precise calculation of the asymmetrical rating.

Findings and conclusions

The study showed that variations in the PV inverter
design among various vendors can introduce major
difficulties in precise calculation of the fault current.
However, in most cases, a generalized approach can be
applied and used during the typical short-circuit studies
performed by utility engineers. Some modifications in
the standard equations used to calculate symmetrical and
asymmetrical current ratings of circuit breakers were
also proposed and evaluated.

From the simulation results and analytical analysis, it
was concluded that the PV inverter current and the
system contribution to the fault have their maximum
values during the first cycle, but at different time
instances. Figure 4 shows how the contribution of the
PV inverter current will change the location and the
value of the first cycle peak of the system fault current.
For demonstration purposes both currents are assumed at
1 pu.
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Example of Total Fault Current Comparison (Assuming
One per Unit Rated Inverter Current on System Base)

The main findings and conclusions from the study are
outlined below:

1. The PV inverter current contribution during a fault is
not zero and varies by design.

a)

b)

d)

It was observed that, for most fault conditions,
several PV inverters continued supplying current
to the feeder, subsequent to a fault for a period
ranging from four to 10 cycles.

The current contribution level is a function of
the voltage at the terminal of the PV inverter
during a fault, which is determined by the type
and location of a fault.

For most vendor-specific PV inverter models,
the PV inverter current during the fault was
above the rated inverter current and may reach
up to 120% of the inverter-rated current.

For a few PV inverter models, the inverter
current during faults was maintained at the pre-
fault inverter current.

In one inverter model, the inverter current was
dropped to zero and the inverter was
disconnected in less than 0.5 cycles for a fault
case in which the terminal voltage reached
below 50% on any phase.

2. In computing the short-circuit level seen by a circuit

breaker,

the rated current of the PV inverter

(aggregate size) with an adjustment factor of 1.2
(maximum) may be used and arithmetically added to

the system fault current,

as calculated from

conventional distribution short-circuit study tools
(without incorporating PV inverters).

a)

b)

Applying an arithmetic summation is a
generalization approach for the worst case
scenario. The accurate calculation by using the
phase-angle difference between the two current
vectors contributing to the fault at the contact
parting time of a circuit breaker requires a
complex transient study, but can result in
smaller values.

Depending on the vendor-specific inverter
models, the adjustment factor may vary in the
range of 1.0 to 1.2 per unit. However, the
aggregate aspects of multiple inverters from
various vendors with potentially different
adjustment factors complicate the consideration
of a lower factor.

In one specific vendor model (and only for the
faults causing a voltage drop more than 50% at
the PV inverter terminal) there was no current
contribution (i.e., adjustment factor of zero).

In PV project site cases, where system fault current
levels are close to upstream breaker symmetrical/
interrupt rating, the computation of the fault current
level increment, due to PV inverter units addition/

connection,

can be better estimated through

performing electromagnetic transient simulation
studies.

a)

b)

In order to apply vector summation of the two
contributing current components, one needs to
determine the phase-angle difference between
the two currents at the contact parting time of a
circuit breaker.

Typically, there is an initial phase-angle
difference of 72 to 90 degrees between the two
currents. However, under some fault conditions,
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the phase angle of the inverter current may vary
with time.

Five out of the six selected inverter models
showed changes in the phase angle of the
inverter current during the fault, due to specific
inverter control behavior associated with design
of the Phase Locked Loop block. The frequency
of the PV inverter current during a three-phase
bolted fault at the PV inverter terminal may be
different than the pre-fault grid frequency. This
introduces a time-varying phase angle with the
potential of two current vectors gradually
becoming in phase at some point in time.

A relatively complex transient simulation study
wi || be needed t o
control behavior and properly investigate the PV
inverter's current
fault and its impact on the symmetrical rating of
a circuit breaker.

d)

From the circuit breaker close-and-latch viewpoint,
the PV inverter current contribution during the fault
is not a limiting factor, if the symmetrical rating
requirements are properly met. The close-and-latch
rating can be estimated based on the findings stated
below:

a) The PV inverter current contribution to the peak
of the first cycle fault (base for the calculation of
the CB close and latch rating) is about 20% of
the aggregated PV inverter-rated current.

The PV inverter current does not have any direct
current component (DC offset) that would cause
any shift in the output current.

Based on the IEEE standard C37.04-1999, the
close-and-latch rating of a circuit breaker is 2.6
times the asymmetrical rating.

b)

The  project report also included  several
recommendations for the PV industry to enhance
inverter technology, as well as suggestions to modify
existing standards to better explain fault-contribution

requirements for electronically-interfaced distributed
generation units.

Further information about this project can be obtained
from http://www.cansia.ca/. You may also contact:

Tim Chang
tchang@quanta-technology.com

Farid Katiraei
fkatiraei@qguanta-technology.com

"

Jugpggn Holpaghy e r t er ' s
jholbach@quanta-technolgy.com

t he

|
model

contribution t o system

International Business
G2 2NR 27F az2dziKé

Invigorate Growth Internationally

The second quarter continues to usher additional projects
our way worldwide.  Our international business
development efforts continue to cultivate new
customers, while reinforcing in existing customers our
commitment to partner with them to help solve their
technical challenges.

Quanta Technol ogy’s name
areas of Smart Grid Strategies and Technologies, Wide
Area Monitoring Protection and Control (WAMPAC),
and Special Protection Systems for bulk transmission
and distribution continues to spread. This proliferation
is driven not only by our own business development
activities, but also by customer satisfaction. As utilities
and industries become more familiar with the breadth
and depth of our capabilities and expertise, they help
spread the word to others.

a
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mailto:tchang@quanta-technology.com
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Our international business vision is to be recognized not
only as a world leader of integrating new technologies
that are changing the electric energy industry, but also as
the “go to” independent
community around the world.

Latin America and the Caribbean

We continue our work identifying and implementing
system measures to improve the system reliability of this
region’s

This quarter brought back a repeat customer — XM, the
National Interconnected Colombian System (SIN)
operator that administers the energy market of
Colombia. After a very thorough evaluation, we are
pleased to report that XM awarded Quanta Technology
t he “FI exi bl eThikprogeat gily dhalyze
operations planning, taking into account new
technologies, which include intelligent grids and Smart
Grid components.

Our South American projects are well entrenched, and
our experts are deeply involved in their execution and
success in enhancing the reliability of the power systems
in South America.

Conferences

In conjunction with XM and Dominion Power, David
Elizondo co-wr ot e t he paper
Technology: The Boom of Investments and Information
FIl ow from North America
presented at the IEEE general meeting in San Diego,
CA. This paper identifies alternatives in which
information and expertise may flow between utilities in
the U.S., as well as to other utilities, which have
experience in and/or are planning to implement
synchrophasor technology in Latin America.

Hans Candia was among the keynote speakers at the
opening plenary session of the X1l SEPOPE conference
in Rio de Janeiro in May. His presentation,

s yasdiutdities. oper at or s

“Revitali zi ng — Neade BeRefitsy end Gr
Advancement s ,Ddmir plovaseb Bresidedt by
of Quanta Technology, was well received, provoking an

p r enthdsiastiatechnicdl diseussiont o our i ndust

Juergen Holbach, Hans Candia, and David Elizondo at

/ 9b!/9Q& | SIRIjdzZ NISNBA A

East and Southeast Asia

We are pleased to report that CEM of Macau awarded
Quant a Technol ogy t he !
Communi cati on SMe wil teeelgpytiie
overall communication strategy and roadmap for CEM,

Co
pr
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including corporate information systems as well as T&D
operational systems. After the T&D Master Plan, the
preparation of the Advanced Technology Strategy, the
development of the CEM Smart Grid Roadmap, and
scoping of the AMI (Automatic Meter Information)
system, the communication system strategy and design is
the fifth step for CEM Macau in realizing their smart
T&D electricity supply system.

Macau, China

We are currently executing a number of additional
projects in the region. Our experts are demonstrating
their flexibility in understanding the local needs and
requirements as they relate to providing regional
customers with solutions that utilize best industry
practices for the particular local needs.

India

Tata Power Delhi Distribution Ltd. (TPDDL) of New
Delhi awarded Quanta Technology a Smart Grid training
project. This training will be done along with the
Distribution Reform Upgrade Management (DRUM)
and the United States Agency for International
Development (USAID), India. The pr oj ect

to demonstrate best commercial and technological
practices for improving the quality and reliability in
electricity distribution.  This DRUM training was
conceived to enhance the knowledge of distribution
engineers, managers, and technicians through the
facilitation of technical and managerial training. Smart
Grid is an intelligent network, enabling two-way
communication of data and information between the
utility and consumer. It offers advanced applications of
distribution automation and distribution management
software with a judicious selection of front-end and
back-end infrastructure.

Our company is currently heavily engaged in executing
the feasibility study project for TPDDL, as preparation
to develop their requirements and specifications for a
Smart Grid roadmap.

During the third U.S.-India Strategic Dialogue, held in
Washington, D.C., in June, Quanta Technology was
mentioned as the technical lead on this effort for its
participation in “Power Grid control electric power on
the grid in real time, to reduce transmission losses and
accommaodate renewable energy generation.”

The U.S.-India Strategic Dialogue provided the
framework for a series of high-level meetings with key
Indian and U.S. public and private sector officials to
discuss bilateral cooperation, economic development,
and enhanced trade. U.S. Trade and Development
Agency Director, Leocadia . Zak, participated in the
dialogue, which was led by Secretary of State Hillary
Clinton and India External Affairs Minister S.M.
Krishna.

Europe

The first half of this year has been an active one for
Quanta Technology Europe. The second half is
sweeping us along in a steady current of value-adding
studies, projects, and initiatives.

purpose is
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We are proud to offer a number of capable and
experienced professionals in the HVDC area, both in
Europe and in the United States. In an effort to address
all initiatives on interconnections throughout European
countries, we are discussing support opportunities in
HVDC submarine cable projects, as well as HVDC
protection and control (P&C).

Solar is another topic illuminating our radar screen — in
particular, integrating solar into grids and the various
grid support functions that converters should comprise.
We are offering our services in tandem with our team of
experts in Raleigh, NC, to chart the different
requirements for various markets and, subsequently,
compare the disparities in regulation. We are also
examining the technical impacts on these grids by
modeling, simulating, and calculating various scenarios.

A\

Concentrating Solar Plant in Spain

Other notable endeavors include State Estimator
investigation and fine tuning, DMS implementation
guidance, two Protection Coordination studies — one for
a transmission grid, and another for a group of
distribution grids. Both studies require a protection
coordination strategy and implementation roadmap.
Some first grid calculations have already begun.

Wide Area Measurement Systems (WAMS) is an
important consideration for all utilities throughout

Europe. As the U.S. market leader in this area, we are
combining resources in mixed teams with our U.S. and
European WAMS experts. In Europe, we are offering
our services to help set up strategies, investigate
applications and benefits (short- and long-term), define
roadmaps and implementation plans, and design future-
proof phasor measurement systems and network. So far,
the WAMS and PMU focus has been primarily on the
transmission  grids. New areas currently being
investigated include distribution grids, with much local
infeed from CHPs (combined heat and power plants,
e.g., in greenhouses), local windmill farms, and solar
power. This begets a great deal of volatility and
fluctuating power flows in the lower regions of the
distribution grids.  Yet phasor measurements have
proven to support grid stability, serve as an early
warning system, and provide islanding and reconnection
services. This adds additional help in managing and
operating the distribution systems in a significant way,
improving system stability and reliability, and promoting
fast and accurate response to disturbances, while limiting
the outage area and duration. It also has a significant
impact on reducing customer minutes interrupted.

Refurbishment of operational sibstations

As the process bus deployment adds momentum,
substation automation (SA) and IEC 61850 ascends
further on our agenda. A combined Europe and U.S.
Quanta Technology team is working together with a
service provider and a utility to undertake refurbishment
work and install IEC 61850-based substation automation
systems, which will remain in operation during the
refurbishment work.

The challenges utilities face as they seek to marry
different generations of protection and control and
automation in their substations are many and complex.
Yet as our experts help in design substation solution
standards and project implementation processes, these
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utilities are better able to achieve workable solutions
within the parameters of these challenges.

For exampl e, a
much longer life than its P&C parts. As such, substation
P&C systems need refurbishing at least once, but
probably twice or even three times, during the

e-New

substationTedaydrbshmentgpfesents .

an opportune time for a utility to upgrade the grid and
substation, and make it smarter by including IEC 61850-
based substation automation with integrated protection,
control, and remote control. If integrating new
technology into older, more conventional substations
isn’”t challenge enough,
done while the substation remains in operation.
Otherwise, connected customers may lose their reliable
and continuous power supply. Of course, the customers
can be fed through alternative routes, but it remains
imperative that the substation be refurbished on line as
quickly and safely as possible. It is for these reasons
that many utilities opt to refurbish piecemeal, while
other parts of the substation remain operational.

The service provider we are working with designs the
SA system configuration and executes the engineering
and delivery, buying components from international
vendors, thus creating inter-operable SA systems. Our
role endeavors to support standardization of the
solutions, not only for the SA system and the SA system
engineering, itself, but particularly for the standards to
redesign some of the primary and secondary installation
parts, as well as support quick and easy installation of
IEDS in the field. How FAT and SAT (Factory & Site
Acceptance Testing) is handled has a profound impact
on the overall project execution, as well as the baseline
for design of the entire substation system. We have
made our assessments, and recommendations will be
implemented soon. Our team will support and guide the
implementation and monitor its progress over the
coming six months. This includes redesign of substation
parts, such as primary and secondary installation, design
of the protection and control system, and the IEC 61850
system engineering process and practices.

t h

Conferences in Europe

Damir Novosel, President of Quanta Technology and

substat i on ’'BasKrpimer, Maagiyg Dieeajouof Quanmta fethnolbgg s

Europe, participated in the PAC World conference
(Protection, Automation and Control) in Budapest,
Hungary, in June. Bas delivered a paper on IEC 61850
business case methodologies, based on a study carried
out by our U.S. colleague, Solveig Ward.

We are preparing to participate in CIGRE in Paris,
August 26-31. Many of our U.S. colleagues will be
participating in workin
substation automation and IEC 61850, Live Work and
Matnteniné: Br#dsea%l on ?Jlth} s%nrda?dizaﬁoﬁ. eds

Farid Katiraei from our Toronto office will be at the
Microgrids conference in Evora, Portugal, September 3-
4. He will chair a session and deliver a presentation as a
member of the Programming Committee.

There is much focus on the Transmission & Distribution
and Smart Grids European conference in Amsterdam,
October 9-11. Damir Novosel will deliver a keynote
speech for the T&D track. Bas Kruimer will chair the
session Aseet iOptimigatdon, Intelligent
Systemsand Operati onal Ef fi

Among our utility customers who will be presenting
their projects and experiences:

1 Hubert Lemmens, Elia, Belgium — T&D Keynote
Session
Vahid Madani, PG&E, U.S. -“ WA MS

into EMS/SCADA —Project Exper i ences”

Grid Strategy, Roadmap
Narendra Singh Sodha, Power Grid, India i fiDesign
and | mpl ementation of
Sicelo Xulu, Johannesburg Power, South Africa —
“Dealing with Theft?”
Ursula Jager, Stedin, Netherlands —* BGrid 2.0:
Information, Predictability and Customer
Satisfaction”

a

g

t

I ntegr é

Benjamin Yue, CEM, Macau, China—" | nt el | i g

an

WA N
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91 Damir Novosel & Vahid Madani —“ R etiané For further information please contact:
Stability Management under Stressed Conditions
(System Stability and Voltage Instability
Prediction)”

1 Gerald Fitzpatrick, NIST-* St andar di zat
Regul ation | ssues”

T “Cyber Security: Security

Senior Director International Business
Hans Candia
hcandia@qguanta-technology.com

EatinfA\merica & fne.Caribbean
David Elizondo
delizondo@quanta-technology.com

Bas Kruimer and Juergen Holbach, our U.S. colleague,
will deliver a presentation on application experiences in
Wide Area Measurement Systems at the VDE Smart
Grid meeting in Stuttgart, Germany, November 5-6.

Europe
Bas Kruimer
bkruimer@quanta-technology.com

New Amsterdam office location

We’ ve relocated our European office in The Netherl an
to be closer to Rotterdam’ Whdiacent er |, near the Er

Bridge. The new address is: Houtlaan 21, 3016 DA, Srijib Mukherjee
Rotterdam. smukherjee@qguanta-technology.com
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Quanta Technology Staff Announcements

As Quanta Technology continues to grow, we are delighted the following experts in their fields have joined our
talented and dedicated team.

% Keerat Brar, Senior Engineer with the Protection Business Area group, is located in our Raleigh, NC,
headquarters.

Prior to joining Quanta Technology, Keerat spent four years with Black & Veatch as a Protection &
Control Engineer. Her responsibilities there included relay protection and control, as well as the physical design
of substation projects.

Keer at received her Master’s in Electrical Eng
Pune University in India.

-

) ( “"F Mevludin Glavic, Senior Advisor in the Renewables group, is also based in Raleigh.

& Mevludin has more than 25 years of experience in the Power Systems sector with expertise in transient
. and voltage stability control, as well as (security-constrained) optimal power flows.

He is also experienced in model predictive control application in power systems, wide area measurement, and
protection and control (particularly with voltage instability problems). Most recently, Mevludin provided
consulting services to Quanta Technology on a number of major projects. He has also conducted Fulbright post-
doctoral research studies in Power System Operation and Control at the University of Wisconsin, Madison.

Mevludin received both a Bachel or ' dniwrsitdof BuzlaPBosni®
and Herzegovina,a nd a Ma st e rEngiseeringifronithe &raversity o€ Belgrade, Serbia.

' Majida Malki returns to Quanta Technology with more than 20 years of power industry experience, as
Advisor with the Protection Business Area group.

In addition to having worked with Quanta Technology at one time, Majida has also worked with the
Transmission & Distribution Services group of Burns & McDonnell, Synergetic Design in Raleigh, and Office
Nati onal D' El ectricite i n Casabl anc aion aiMoAutomatomm
Department.

Majida received her Bachel orMommadiarSchddllokEndineeiing ia Rabat:
Morocco. She is also a Registered Professional Engineer in Wisconsin and Certified Project Manager Professional
(PMP).

9 =" ¥ Venkata Subbaiah Pasupulati joins us as a Senior Advisor in the Renewables group. He is based in
i . our Oakland, CA, office.

e Subbaiah has more than a decade of experience in the Renewable Energy sector with expertise in
Modeling and Analysis of Transmission and Distribution systems, including Renewable Power Plants such as



wind and solar. Moreover, he has expertise in Design, Build, Test, Install, Commission and Validate Process
Automation. Most recently Subbaiah was Senior Director of Power Systems Engineering Technology for Oak
Creek Energy Systems in Escondido, CA.

Subbaiah received his Mast er ' srsityohTexBlateAdington, as \aell as &
Ba.c'hsell™efr. * s..i n.“Ed e¥ei.r i-cal Engineering from Osmar

' ¥ Bryan Rushing is our new Manager of Business Development for the U.S. Midwest & South Central
Region. He will provide business development leadership to clients in those regions of the U.S. and
develop and maintain account management plans for Major Managed Accounts and Key Managed
Accounts. Bryan will also be conducting bid analyses and managing the proposal process.

i

Bryan has more than 13 years of engineering, operational, and business development experience in the power
industry, having previously worked in both Transmission Services and Energy Marketing groups within Ameren.
Most recently he was Director of Origination & Business Development for LS Power Development in St. Louis,
MO.

Bryan received his Master’”s in Business Admini
Engineering Management from the University of Missouri-Rolla, and a Bachelor of Arts in Business
Administration from Drury University. He is based in the St. Louis area.

, W Nick Abi-Samra is our new Vice President of Asset Management. Nick brings more than 35 years of

o <& experience in asset management, and developing a number of tools for grid optimization, monetization
Al of benefits of Smart Grid projects, and virtual power plant applications. He is heavily involved in
W5 work on metrics and measures of Smart Grid deployments and cross-cutting analytics. Most recently

he was Senior

Manager for Accent ur ehasalsocShelaSentor Té€hnicatExeSudve nolés at @osh EPRI

and Westinghouse. In addition Nick is the General Chair and Technical Program Coordinator for the IEEE 2012

Power & Energy Society General Meeting, as well as Chair of the Power & Energy Society and Power

Electronics Societies in San Diego, CA.

Nick received a Master’s in Electrical Engi neel
Engineering from the American University of Beirut. He is located in our San Diego, CA, office.

& Alex Schneider is our Principal Advisor, Transmission. Bfa siest™ i nicnieente™  CHhrc
|\ responsibilities are to provide technical counsel in the areas of dynamics, risk assessment, and
equipment ratings to assist clients with opportunities in these areas.

Alex brings us 44 years of experience in power engineering, having previously worked at an integrated
utility (Commonwealth Edison Company), reliability organizations (Mid-America Interconnected Network
(MAIN) and Reliability First), and consultants (I°R and TRC). He has extensive experience in the dynamic
simulation of power systems, dynamic modeling of generators and their ancillary systems, impact studies of
proposed generation and transmission projects, probabilistic planning, Loss of Load Expectation (LOLE)
analysis, and thermal rating. Moreover, he has participated actively in NERC and IEEE committees addressing
dynamic modeling of excitation systems and governors, collection and validation of dynamic data, and
transmission system outage data collection and analysis.

Alex received a Bachelor of Science in Electrical Engineering and Master of Science from Northwestern
University, and a Master of Business Administration from the University of Chicago. He holds Professional
Engineer registrations in Illinois, Wisconsin, Michigan, and Georgia.
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Recent QT Publications and Presentations

“See Flast to Keep Cal m,”
Heredia, D. Kosterev, A. Salazar, F. Habibi-Ashrafi, M.
Donnelly IEEE Power and Energy Magazirialy 2012

“1 nt e gr a-niElecmic ViehiclesBnt Distributed
Energy Resources on Powe
Romero Aguero, P. Chongfuangprinya, S. Shao, L. Xu, F.
Jahanbakhsh, H.L. Willis, 2012 IEEE International

Electric Vehicle Conference — Greenville, SC

“l nt e gr a t-scate Rhotavdltaic Bistributed
Generation on Power Distribution Systems — Dynamic
Anal yses,” B. Gudi metl a,
J. Enslin, H. Al-Atrash, 2012 IEEE PES T&D Conference
and Exposition — Orlando, FL

“I mproving the Efficienc
through TechnicalandNon-t e c hni cal Los
J. Romero Aguero, 2012 IEEE PES T&D Conference and
Exposition — Orlando, FL

“ A p p |Ssifthealipg Schemes to Modern Power
Di stribution Systems,” J
PES General Meeting — San Diego, CA

“Application of Smart Gr
Di stribution Systems,” J
IEEE Transactions on Smart Grid
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber
=6204229

www.guanta-technology.com

About Quanta Technology

Quanta Technology LLC, headquartered in Raleigh, NC, is
the expertise-based, independent consulting arm of Quanta
Services, Inc. We provide business and technical expertise
to energy utilities and industry for deploying holistic and
practical solutions that result in improved performance.
We have grown to a client base of nearly 100 companies
and to an exceptional staff — now more than 100 persons —
many of whom are foremost industry experts in serving
client needs.

Quanta Services, Inc., headquartered in Houston, TX
(NYSE: PWR), member of the S&P 500, with 2011
revenue of $4.6 Billion, is the largest specialty engineering
constructor in North America, serving energy companies
and communication wutilit
ECN. More information is available at
Www.quantaservices.com.

Please Join Us
CIGRE
August 26-31, Paris, France

Microgrids Conference
September 3-4, Evora, Portugal

Transmission & Distribution and Smart Grids,
Europe
October 9-11, Amsterdam, Netherlands

VDE Smart Grid
November 5-6, Stuttgart, Germany

Details at www.gquanta-technology.com

IEEE 225 socieny

2012 San Diego,CA

The 2012 IEEE Power & Energy Society General
Meeting was held July 22-27, 2012 in San Diego,
CA. This premier power engineering conference
brought together practicing power engineers and
academics from around the globe. One of our own,
Nick Abi-Samra, acted as both the General Chair and
the Technical Program Coordinator. The conference
attendance was at an all-time record (more than 32%
higher than the previous record) with more than 200
technical sessions and 67 panels.
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