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Abstract

This report focuses on the procedures and technical requirements for interconnecting
utility-scale photovoltaic (PV) plants,t ypically greatert han20 MW,t ot he
transmission g rid w ithin th e U nited S tates. The discussion is primarily based on
requirements set out by entities such as the Federal Energy R egulatory Commission
and the North A merican E lectric R eliability C orporation. T he interconnection of
utility-scale PV plants is a relatively new concept within the United States, and the
requirements for p lant p erformance and interconnection facilities are different from
PV’s more common application as a distributed resource, especially with respect to
generator response to voltage and frequency disturbances. T he reasons for growth
and t he attractiveness o ft he U .S. PV m arket are al so ex amined al ong w ith t he
topology of a typical PV plant.
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1. INTRODUCTION AND OVERVIEW

1.1. Purpose of Report

The purpose of this report is to provide information to utilities and photovoltaic (PV) developers
on the general procedures for interconnection of large-scale PV plants as well as describe the
general technical requirements for plant performance. Since 2009 when the first utility-scale PV
plant b ecame o perational i nt he U nited S tates t he interest in u tility-scale in stallations has
continued to grow. More and more, large-scale PV has established itself as a viable resource to
meet 1 oad and to h elp m eet s tate r enewable en ergy portfolio s tandards and mandates. T his
growth in the United States is reflected in the amount of planned utility-scale PV projects that are
expected to take the industry from the 300+ megawatts (MW) in operation as of the first quarter
2011 to several gigawatts (GW) within the next few years. Before 2009, all PV plants were
connected to the grid at distribution-level voltages. Because of this, experience with PV project
interconnection is relatively new for the PV industry. Interconnection at the transmission level
does not follow the same principles applicable to distribution systems. This report is intended to
help bridge the gap in knowledge as transmission-connected PV becomes mainstream.

1.2. What is Considered Large-Scale PV?

PV installations ar e t ypically s eparated i nto t hree cat egories: residential, non-residential, an d
utility scale. Non-residential PV would include installations at government buildings and retail
stores ranging from tens of kilowatts (kW) to several MW, while residential installation would
be installed in homeowners premises, typically less than 10 kW. These types of installations are
typically on the customer’s side of the meter and the energy produced is used predominantly on
site. Customer-side generation is under state jurisdiction, and their interconnection is conducted
pursuantt o s tate-specifici nterconnection pr ocedures. The Federal E nergy R egulatory
Commission (FERC) has issued separate interconnection procedures for large generators, those
with nameplate cap acity greater than 20 M W, and for small generators, those with nameplate
capacity less than or equal to 20 MW.

Applicability o f r eliability standards is also related to plant size. All commercially av ailable
wind turbine generators and PV inverters are well under 20 M W, but the size of the respective
plant determines which procedures set of performance standards apply. Existing standards are
being modified to clarify application to PV (and wind) generation. For example, the proposed
North American Electric Reliability Corporation (NERC) PRC-024-1 standard, which deals with
voltage and frequency ride-through, applies to single generating units greater than 20 mega volt-
amperes (MVA) and aggregate plants greater than 75 MVA.

Because PV in stallations have h istorically b een s mall a nd d istribution-connected, the P V
industry is most familiar with the Institute of Electrical and Electronics Engineers (IEEE) 1547,
Standard for Interconnecting Distributed Resources with Electric Power Systems. 1EEE 1547 is
applicable for installationsupt o 10 MVA. R equirementsin IEEE 1547 were basedont he
assumption t hat energy production w ould be predominately c onsumed on site. The s pecific
requirements were ta ilored to avoid i nterference of d istributed r esources w ith u tility grid



operations. At t he t ransmission | evel, i n ¢ ontrast, i nterconnection s tandards a re de signed to
ensure that generation supports grid reliability. It is the purpose of this report to educate the
reader on t he pr oper r equirements a nd pr ocedures f or i nterconnecting large-scale P V p lants
greater than 20 MW per the FERC Large Generation Interconnection Procedures (LGIP).

1.3. Trend Toward Large-Scale PV Plants

The price of PV systems has decreased dramatically over the past years, particularly for large PV
systems. At the same time, states have strengthened incentives for renewable energy generation.
Not surprisingly, this has led to a sharp increase in utility-scale PV installations and proposed PV
projects. In 2010, a total of 820 MW of new PV generation was installed in the United States,
doubling the 435 MW that was installed in 2009 (utility and non-utility scale). On the basis of
installed capacity, the utility-scale PV segment has grown at a faster pace (Figure 1), and this
trend is expected to continue in the future.

Annual PV Installed Capacity by Market Segment, 2005-2010
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Figure 1. Annual PV system installations by industry segment.’

There are three features that make the United States an attractive market for PV installations.
The U nited S tates has an ex cellent resource in terms o f s olar i nsolation 1 evels, r anging from
3.5 kWh/m?/day in the northeast to 8.5 kW h/m*/day in the southwest.”> It is important to note
that the regions with the lowest insolation levels in the United States are comparable to those
found in Germany, the current global leader in PV installations.

Another r eason for s ustaining 1 ong-term P V growth is th e availability of land in the U nited
States, especially in the sparsely populated western states.

Source: SEIA Solar Market Insight, 2010 Year in Review.
National Renewable Energy Laboratory; http://www.nrel.gov/gis/solar.html.
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Where merely a few years ago in the United States a PV plant over 20 M W did not exist, now
installations of that scale are becoming more frequent. In 2009, when the DeSoto Solar Energy
Center in Florida was completed (Figure 2), it became the first transmission-connected PV plant
in the United States (230 kilovolts [kV]). With a total installed capacity of 25 MW it was then
the largest P V p lant in th e U nited S tates. Ultility-scale P V p lants ar e t ypically o wned and
operated by a third party and sells the electricity to a market or load serving entity through a
Purchase P ower A greement (P PA). Table 1 liststhe PV plants in the United States that are
greater than 20 MW.

Figure 2. DeSoto Solar Energy Center, FL.*

Florida Power and Light, http://www.fpl.com/environment/solar/desoto.shtml.
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Table 1. Large-Scale PV Plants in the United States (>20 MW).*

Name Size Purchasing Utility/ State In-Service

(MW) Service Territory Date

DeSoto Next Generation . )

Solar Energy Center 25 Florida Power & Light Company FL 2009

FSE Blythe 21 Southern California Edison Co. CA 2009

Copper Mountain Solar | . .

Project 48 Pacific Gas and Electric Co. NV 2010

Cimarron | Solar 30.2 | IMi-State Generation & NM 2010

Transmission Association Inc.

This trend of PV plant increasing in size is expected to continue in the near future. Figure 3
shows t he announced utility-scale P V projects t hat ar e under co ntract (PPA signed) and pre-
contract. Of the 6,055 MW currently under a signed contract, 561 MW of utility-scale capacity
is expected to come on line in 2011.

12000

10529

10000

3000

6055

MW 6ooo

4000

2000

335
o LI

Operational Contracted Announced (Pre-Contract)

Figure 3. Planned utility-scale PV projects in the United States.’

Solar Electric Power Association, http://www.solarelectricpower.org/.
As of first Quarter 2011, Source: GTM Research, wwwgtmresearch.com.
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1.4. Reasons for Growth

State and Federal policies are key drivers for renewable energy growth in the United States. Top
among those are state Renewable Energy Portfolio Standards (RPSs) that require a percentage of
a s tate’s el ectric en ergy co nsumption t o b e g enerated b y r enewable en ergy resources. A lso
contributing to th e additions o fP V are Federal ta x in centives, s tate r ebate and in centive
programs, and voluntary green markets. Below is a summary of a few of these key drivers.

Renewable Portfolio Standard

State RPSs require utilities to meet a specified percentage of electric energy needs from eligible
renewable energy technologies annually. Figure 4 shows a state-by-state breakdown of RPSs in
the United States as of September 2011. A total of 16 states p lus the District o f C olumbia
currently have set-asides for solar generation. A mong the states that have solar provisions, six
have additional requirements or incentives for PV systems: D elaware, Illinois, M assachusetts,
Nevada, Oregon, and Pennsylvania.

www.dsireusa.org / September 2011
VT: (1) RE meets any increase

X — ME: 30% x 2000
’ I RET :
WA: 15% x 2020* MN: 25% x 2025 i retail sates x 2012 New RE: 10% x 2017
: MT: 15% x 2015 ce|; 30% x 2020 ) 20% RE& CHP x 2017 NH: 23.8% x 2025 |

-4
OR: 25% X 2025 (large utilities)* ND: 10% x 2015 MI: 10% & 1,100 MW MA: 22.1% x 2020 | -
—— 1

5% - 10% x 2025 (smaller utilities 3 X 2015* NewRE: 15% x 2020
7 B = (+1% annually thereafter)
WI: Varies by utility;
~10% x 2015 statewide I NY: 29% x 2015 § RI: 16% x 2020

10%s by 2020 (co-ops & large munisy* 5“ PA: ~18% x 20211 a ’
IL: 25% x 2025 [i§ : .
NJ: 20.38% RE x 2021

CA: 33% x 2020 "I KS: 20% x 2020 3 + 5,316 GWh solar x 2026
20% by 20,

- MO: 15% x 2021 MD: 20% x 2022 & ;
1 15% x 2025 | w8
3 NC: 12.5% x 2021 (1oUs) DE: 25% x 2026*
10906 x 2018 (co-ops & munis

€O: 30% by 2020 (1ous) [1A: 105 MWD 'n OH: 25% x 20251 CT: 23% x 2020

0
NM: 20% x 2020 (I0Us) o - .
10% x 2020 (co-ops) "Y DC: 20% x 2020 6
.. - WP . [ PR: 20% x 2035

HI: 40% x 2030
é \

. Renewable portfolio standard <02 Minimum solar or customer-sited requirement

. Renewable portfolio goal 3K Extra credit for solar or customer-sited renewables

& Solar water heating eligible T Includes non-renewable alternative resources

Figure 4. Renewable Portfolio Standards by state.®

®  For more information, http://www.dsireusa.org/.
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Figure 5 trends the annual installation of grid-tied PV to state with a solar set-aside. T he trend
indicates that from 2005 through 2009, 65 to 81% of total new installed grid-connected PV in the
United States occurred in states with solar set-asides.’

120 100%

& npam HENH
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9 ‘2 30 solar/DG set-asides [right axis] , s o 8 =NV
g 2 2] 10% .g MY
c 10 A 3 b o
< == = WAZ

O T r 0% -NJ

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 5. Annual PV installation by state with solar set-aside.

The creation of state RPSs has led to the creation of a market for Renewable Energy Certificates
(RECs). A single REC represents the r enewable a ttributes of on e m egawatt hour (MWh) o f
electricity p roduction from an e ligible r enewable energy generation facility. In s ome s tates
RECs can be purchased by the utility and count toward the R PS mandate. T his can provide
potential r evenue f or s olar p rojects in th ose s tates th at a llow R ECs and e lectricityto b e
unbundled and sold separately.

Federal Tax Credits

Federal tax incentives applicable to large-scale PV include the Federal Investment T ax Credit
(ITC) and a M odified Accelerated Cost Recovery System.® Several states also offer investment
tax credits for solar installations.

Currently, solar projects receive an ITC equal to 30% of the project’s qualifying costs until the
end of 2016, at which time the credit will revert to 10%. T he credit is realized in the year in
which the PV plant begins its commercial operation and is vested over a five-year period. There
are also certain limitations on the ITC if it is used in combination with other incentives.

7 R. Wiser, G. Barbose, and E. Holt, Supporting Solar Power in Renewables Portfolio Standards: Experience

from the United States.
Production Tax Credit Implemented by IRS Code Section 45. ITC Implemented by IRS Code Section 48.
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Section 168 of the Internal R evenue C ode p rovides a M odified A ccelerated C ost R ecovery
system for investments in solar power projects. This section allows projects a five-year, double
declining-balance depreciation.

Additional i nvestigation i nto t he va rious R enewable P ortfolio S tandards, R enewable E nergy
Certificate programs, and tax incentives is warranted on a project-to-project basis.’

’  For more information regarding tax incentives, see “Financing Non-Residential Photovoltaic Projects: Options
and Implications,” M. Bolinger, 2009, and “PTC, ITC, or Cash Grant? An Analysis of the Choice Facing
Renewable Power Projects in the United States,” M. Bolinger, R. Wiser, K. Cory, and T. James, 2009.
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2. APPLICABLE TECHNOLOGIES
2.1. PV Plant Architecture

The components of a large-scale PV plant work together to transform the energy from the sun
into grid-compatible AC electricity. Figure 6 shows a typical layout of these components.

NN N NN
PV Array —— gﬂji j Tj

A

A
Intermnnection
i Line 'n- Eg
i ! P Inwerter

i

| " Transformer
Trans mission @
Swystem N
A ' } T"‘w-._ ______ MediumYokaze
Station ' P Feeder
: — |
Transformer  § ..., dther P plant

......... Feadears

Figure 6. PV plant topology.

The direct current (DC) energy created by the solar arrays is converted to low voltage (200 V to
480 V) AC by the inverters. At this point the voltage is then stepped up to a medium (12.5 kV to
34.5 kV) vol tage to more ef ficiently carry the energy to a single collection point, where the
voltage is further stepped up to match the transmission grid. The rest of Section 2 will provide
further detail on PV plant components.

2.2. Types of PV Arrays and Tracking Systems

Photovoltaic systems use semiconductor cells to convert solar radiation into DC electricity. The
three most common types of PV technologies are crystalline silicon (c-Si), thin-film technology,
and concentrating PV. Crystalline silicon solar cells are by far the most common technology for
the solar cell market today.'® Current reporting on efficiency of thin-film cells are in the area of
11% w hereas ¢ -Si c ells ¢ ome in around 20%."" Thin-film technology canalsouse Siasthe

semiconductor (usually amorphous Si) but ha ve also us ed ot her m aterials s uch as ¢ admium
telluride (CdTe).

' For more information, see http://www.eere.energy.gov/basics/renewable_energy/photovoltaics.html.
1 B. Kroposki, R. Margolis, and D. Ton; Harnessing the sun, Power and Energy Magazine, IEEE , vol. 7, no. 3,
pp- 22-33, May-June 2009.
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Concentrating PV technologies utilize lenses or mirrors to focus sunlight on a small area of high-
efficiency cells. D emonstrations o f concentrating PV s how l arge-scale s ystem ef ficiencies o f
25%."

In addition to the semiconductor technology, there are different ways that a system can optimize
energy capture. T he arrangement and angle ofthe PV cells can play an important role in the
total energy capture of the plant. While it is more common for PV arrays to have fixed mounts,
some PV arrays use one-axis tracking systems to enhance energy production. Tracking systems
are required for concentrating PV.

2.3. Inverters and Other Balance of Systems

Inverters are required to transform the DC output of the solar arrays to alternating current (AC)
electricity compatible with the electric grid. A specific configuration for a PV plant’s DC-to-AC
converter is shown in Figure 7.

~

Power Block

I I Isolation AC
Transformer Contactor
T

® Filter '!'_1'_:_/!' —
[ "'_'.‘_.:_/' —

PV Array

\|*
Jl

Controland [--------

Protection |fe------------

Operator and
Utility SCADA

Figure 7. Example of PV inverter topology.

One of the inverter functions is to control the DC voltage to ensure that the PV array operates at
maximum power. Inverters also incorporate grid compatibility functions such as anti-islanding,
and reactive support. The rating of power converters for large-scale solar plants today is typically
250 kW; however, 1-MW converters are just starting to appear.

12 S, Kurtz, “Opportunities and Challenges for Development of a Mature Concentrating Photovoltaic Power
Industry,” National Renewable Energy Laboratory, 2009.
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3. INTERCONNECTION PROCEDURES (FERC LGIP)

In general, interconnection of new large-scale generating facilities takes place in accordance with
the transmission provider’s pro forma Open Access Transmission Tariff (OATT) on file with the
FERC." FERC Order 2003 sets forth the Standard LGIP for generators greater than 20 MW '* as
well as the Standard Large Generator Interconnection Agreement (LGIA). These documents lay
out the responsibilities of the both the transmission provider and the interconnection customer.

This s ection provides an overview of the FERC S tandard LGIP. It should be noted that the
following examines the LGIP as of the issuance of FERC Order 2003-C.

3.1. Application Process and Data Requirements

[llustrated in Figure 8 is a flowchart representation of the LGIP used to process interconnection
requests. When an interconnection request is made and deemed “perfected” or completed by the
transmission provider, the request is entered into the interconnection queue. T he transmission
provider uses the queue to determine the sequence in which the interconnection request will be
studied. Section 3.1.3 has more information on the queue management.

After initiating an i nterconnection request, at hree-step p rocess isu sed to d etermine th e
interconnection ¢ osts a nd ¢ onstruction s equencing: (1) the Interconnection F easibility S tudy
(Feasibility S tudy); (2)t he Interconnection S ystem ImpactS tudy ( SIS);a nd (3)t he
Interconnection Facilities Study (Facilities Study). The interconnection customer is obligated to
pay t he transmission provider a certain deposit f or t he p erformance o fe ach s tudy. A fter
completion of the studies, the difference between the deposit and the actual cost incurred will be
paidb yor r efundedt o the interconnection customer. The interconnection ¢ ustomeri s
responsible for providing project data needed for the studies to proceed. The interconnection
process ¢ oncludes w ith t he s igning a nd e xecution of t he L GIA, or a w ithdrawal of't he
application.

During the interconnection study process, most proposed projects have not finalized aspects of
their de sign, pos sibly i ncluding t he pr oject size. T he 1 nterconnection p rocedures allows for
modifications of the application to be made at certain junctures during the study process. Such
modifications a re e valuated b y t he t ransmission pr ovider t o de termine i f t he ¢ hange w ould
impact the position on the interconnection queue (see Section 3.1.3).

The pur pose of the interconnection s tudies is to de termine the system u pgrades n ecessary to
interconnect the proposed project and the associated cost and construction schedule. It should be
noted that securing delivery rights entails a separate application and study process not covered in
this document. A dditional up grades may be required for delivery service. It should be noted
that, in general, interconnection service does not convey delivery service.

1 Standard Large Generator Interconnection Procedures, FERC Order No 2003-C,
http://www.ferc.gov/industries/electric/indus-act/gi/stnd-gen.asp.

' Standardization of Generator Interconnection Agreements and Procedures, FERC Order 2003
http://www.ferc.gov/whats-new/comm-meet/072303/E-1.pdf.
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FERC Standard Large Generation Interconnection Procedures
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1 For a large photovoltaic system much of the generator facility data in Attachment A does not apply.
= See Section 3.3 of this document for more information.

Figure 8. FERC Standard Large Generator Interconnection Procedure flowchart.

The 1 nterconnection pr ocess ¢ an be technically complex w hen it involves m ultiple pr oposed
projects in the same general location. Sometimes the studies must be conducted in coordination
with other transmission providers that may be affected by the proposed interconnection. For
these reasons, it can take months or even years for an interconnection request to go through
entire interconnection process.

3.1.1. Initiating an Interconnection Request

To be gin an interconnection request, the interconnection customers m ust c omplete th e d ata
request pe r A ppendix A tothe pro forma O ATT and pr ovide a refundable de posittothe
transmission provider. The deposit will be applied towards the actual cost of the interconnection
study. The data to be provided at the initiation of the interconnection request are the following:

e Type of interconnection service request (Network R esource Interconnection or Energy
Resource Interconnection);

e Location of the proposed facility;
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e Maximum MW electrical output during summer and winter seasons;
e General description of the equipment configuration;
e Commercial operation date;
e Approximate location of the proposed Point of Interconnection (POI) (optional); and
e (Generation facility data (Attachment A to Appendix 1 of the OATT)
0 Generator facility data

0 Data sheets for power flow and dynamic modeling.

Much of the generator facility data requested in Attachment A does not apply to inverter-based
generators lik e P V p lants. 1 nstead r elevant i nformation r egarding t he i nverters s hould be
provided. In additiont o (manufacturer, m odel na me, num ber a nd v ersion, o ther relevant
information will be needed to conduct the studies. R efer to Section 3.2 of this document and
Appendix A of t he WECC M odeling G uide ( which i s 1 ncluded i nt he appendices t ot his
document).

3.1.1.1. Types of Interconnection Service

There ar e t wo t ypes o f i nterconnection s ervice t hat can b e requested at the onset o fa large
generator 1 nterconnection pr ocedure: Energy R esource Interconnection S ervice or N etwork
Resource I nterconnection Service. T he choice of i nterconnection service m ay a ffect t he
assumptions unde r w hich t he pr oposed pr oject will b e s tudied and r equired i nterconnection
upgrades. Energy Resource Interconnection S ervice assumes t hatthe proposed pr oject w ill
deliver its energy using the existing transmission system on an “as available” basis. N etwork
Resource Interconnection Service roughly implies that the interconnection studies will determine
network upgrades to allow for delivery of energy to the Transmission Provider’s network.

3.1.2. Interconnection Study Stages and Their Scope

The LGIP defines three study stages: the Interconnection Feasibility Study, the Interconnection
System Impact Study, and the Interconnection Facilities Study. Each of these studies comes with
its own study agreement, study assumptions, and procedures.

3.1.2.1. Feasibility Study

The Feasibility Study Agreement is contained in Appendix 2 of the LGIP and must be signed and
provided to the transmission provider along with a de posit for the performance o f'the s tudy.
After completion of the study, the difference between the deposit and the actual cost incurred
will be paid by or refunded to the interconnection customer.

The pur pose of the Interconnection Feasibility Studyisto identify any circuit b reaker s hort
circuit capability limits that may be exceeded as a result of the proposed interconnection, identify

> This is specific for conventional generators due to weather differences and cooling efficiencies between summer
and winter. PV is different in that the max output is defined by the inverter MV A rating.
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any thermal overload or voltage limit violations caused by the interconnection, and identify and
estimate the cost of any facilities required to interconnect the proposed generation. Technically,
the s tudy consists of a power flow and a s hort circuit s tudy. Before the s tudies b egin, t he
interconnection customer must provide a designated POI and configuration to be studied as well
as alternative POIs and configuration(s) as requested in Attachment A of LGIP’s Appendix 2.

3.1.2.2. System Impact Study

The SIS Agreement is contained in Appendix 3 of the LGIP and must be signed and returned to
the transmission provider along with a deposit. The LGIP also requires that the interconnection
customer demonstrate control of the proposed site before proceeding with the SIS.

The purpose of the SIS is to evaluate the impact to the reliability of the transmission system after
the 1 nterconnection of 't he pr oposed facility. T he s tudy c onsists of a short ¢ ircuit a nalysis,
stability analysis, and a pow er flow analysis. The interconnection customer m ust provide a
designated POI and configuration to be studied along with alternative(s) POIs and configuration
if these have changed from the Feasibility Study.

Before the execution of the SIS A greement, m odifications to the interconnection request are
permitted u nder certain i nstances without i mpacting t he pr oposed p roject’s pos ition ont he
queue. Per Section 4.4.1 of the LGIP, modifications allowed are:

e A decrease of up 60% of electrical output;

e Modifying t echnical p arameters o ft he generating facility te chnology or th e s tep-up
transformer impedance; and

e Modifying the interconnection configuration.

Additional modifications may require an evaluation by the transmission provider to determine
whether t he m odification1 s material. A nych anget ot he POI constitutesa M aterial
Modification.'® A r estudy m ay b e r equired i n s ome cas es, f or example, w hen t here are
significant changes in the interconnection request or in the projects that hold senior positions in
the interconnection queue.

3.1.2.3. Facilities Study

The Facilities Study Agreement is contained in Appendix 4 of the LGIP and must be signed and
returned to the transmission provider along with the greater of $100,000 or an estimate of the
monthly cost of performing the Facilities Study.

The pur pose of t he F acilities S tudy i st o s pecify and e stimate t he c ost of t he e quipment,
engineering, and construction work needed to interconnect the proposed facility. The study will
also identify electrical configurations of the transformer(s), switchgear, meters, and other station

1 A Material Modification as defined by the LGIP is a modification that has a material impact on the cost or timing
of any interconnection request with a later queue priority date.
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equipment. Finally, the study will also identify the nature and estimated cost of any transmission
network upgrades needed as a result of the interconnection.

Attachment A to Appendix 4 of the LGIP provides a customer schedule election for conducting
the Facilities Study. The interconnection customer is provided with two options regarding the
accuracy of the cost estimates to be provided in the Facilities Study. The options are:

1. ninety (90) calendar days with no more than a + 20 percent cost estimate in the report, or

2. one hundred eighty (180) calendar days with no more than a + 10 percent cost estimate.

Before the e xecution o f th e F acilities S tudy Agreement, mo difications to the interconnection
request are permitted under certain instances without affecting the queue position. Per Section
4.4.2 of the LGIP, modifications allowed at this stage are:

e An additional 15% decrease of electrical output; and

e Modifying t echnical p arameters o ft he generating facility te chnology or the s tep-up
transformer impedance.

Other modifications proposed before the initiation of the Facilities Study A greement are subject
to a material modification determination under the same rules set forth under the SIS Agreement.

3.1.3. Queuing

The interconnection queue is es sentially a f irst-come, first-served process that determines the
order in which a interconnection customer’s proposed facility will be studied. Upon receipt of a
valid interconnection request, the transmission provider will assign the interconnection customer
a queue position. T he queue position is also important be cause it c ould determine t he co st
responsibility o ft he interconnection customer f ort he f acilities ne ededt o1 nterconnect.
Interconnection studies are conducted for each generator in the order in which they are filed and
take into account all other interconnection requests and transmission service requests that hold
senior positions in the queue.

With the number of interconnection requests growing, especially for renewables, interconnection
queues in regions with Regional Transmission Organizations (RTOs) and Independent S ystem
Operators (ISOs) have become extremely backlogged. In March 2008, FERC held a technical
conference a nd s ubsequently i ssued an or der di recting t ransmission pr oviders t o pr ovide t he
status of their queues along with proposals for queue process reforms.!” The FERC guidance
was aimed at speeding the process of the interconnection studies by:

e Increasing staff to perform studies;
e Adopt more efficient modeling for studies; or

e C(Cluster interconnection requests in a single study.

7" For more information, see http://www.ferc.gov/media/news-releases/2008/2008-1/03-20-08-E-27.asp.
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The pr ocess of “clustering” m ultiple interconnection requests to e valuate th e imp actsto the
transmission system in a single study is contained within the LGIP. T ypically the transmission
provider w ill ha vea “Queue C luster W indow” of nom oret han 180 da ysw herea Il
interconnection requests received within the window are studied together.

Many transmission providers are in the process of evaluating proposed reforms to the current
FERC pro forma standards for queue process and management. Reform proposals are specific to
the ISO or RTO and often include greater financial deposits or full demonstration of site control
from i nterconnection ¢ ustomers t o e nter t he queue (fi rst-ready, f irst-served), i nterconnection
studying techniques such as clustering, and tighter restrictions on suspension of interconnection
status for projects.

3.1.3.1. Serial and Clustering Approaches18

The serial approach to interconnection studies is the traditional style of the FERC LGIP. This is
the first-come, first served approach in which interconnection requests are studied individually
with th e tr ansmission s ystem mo del b ased o n the time th e r equest w as s ubmitted a nd a ny
modifications made from earlier interconnection requests.

The cl ustering approach is o ne that m any transmission providers are m oving towards. Ina
clustering a pproach, transmission providers ha ve a w indow of oppo rtunity dur ing w hich
interconnection requests are accepted (typically this happens twice a year). Upon the closure of
the window, all valid interconnection requests are studied simultaneously. The benefit of doing
this is that the interconnection studies are done for multiple projects at once. N etwork upgrade
costs for a cluster are often shared among the interconnection projects in the cluster.

3.1.3.2. Queue Reform

As a consequence of the time sensitive governmental incentives described for renewable energy
described above, there has been a ch arge to submit interconnection requests in order to secure
interconnection rights for access to transmission. T hat charge has created a s evere backlog of
interconnection requests in many areas across the nation. T he FERC has taken notice of the
backlog issue and has directed RTOs and ISOs to report on the status of their efforts to improve
the processing of their interconnection queues.

RTOs and ISOs ha ve i dentified t he t wo bi ggest pr oblems w ith t he or iginal i nterconnection
requirements as the ease of entry into the interconnection queues and the serial study approach.
Many transmission providers are increasing the deposit amount to enter the queue as well as
requiring the applicant to meet certain milestones such as power contracts, permit acquisitions,
and t ransmission s ervice s ecurity depositsin ordert o s ecure a pos ition w ithin t he que ue.
Transmission providers are also opting to move to the clustering approach for interconnection
studies and are ti ghtening their requirements for allowing generating projects to suspend their
interconnection requests.

8 For more information on queuing, see Section 4 of the FERC LGIP,
http://www.ferc.gov/industries/electric/indus-act/gi/stnd-gen.asp.
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Interconnection queues and study processes vary from region to region. Below are some of the
reforms the various RTOs and ISOs have taken to improve the process: '’

e (California ISO (CAISO), Midwest Independent Transmission System Operator (MISO),
New York ISO (NYISO), and PJM have moved from a serial approach to a cluster or
group study approach;

e MISO, Southwest Power P ool (SPP) and N YISO have moved from a first-come, first-
served approach to a first-ready, first-served approach; and

e ISO-NE has increased the deposit levels throughout the interconnection process.

3.2. Project Data and Modeling Requirements

The interconnection study process entails a fair amount of simulation and analysis to determine
the impact of the proposed project and identify mitigation alternatives. Traditionally, three types
of analysis are conducted to study the performance of the bulk power system. They are (1) short
circuit, (2) steady-state power flow, and (3) d ynamic transient stability. In these studies, the
proposed project is represented along with the rest of the transmission system and its respective
generators, 1oads, transformers, and other electrical equipment. Models and other project data
must be provided ina format that transmission providers ¢ an incorporate in th eir s imulation
platforms. While t here ar e m any p ower flow and d ynamic simulation to ols a vailable, most
transmission providers in the United States use General E lectric’s PSLF and Siemen’s PSSE
programs for power flow and dynamic simulations.

To date there has been a lot of work understanding the data requirements for wind generators on
the s ystem b ut little for PV s ystem. R ecently, the Renewable E nergy M odeling T ask F orce
(REMTF) of't he W estern E lectricity C oordinating C ouncil ( WECC) e xpanded its scopet o
address t he m odeling i ssues of PV systems.”’ A good resource for PV system modeling an
REMTF’s document titled WECC Guide for Representation of P hotovoltaic Sy stems in Large-
Scale Load Flow Simulations”’ (WECC Guide).

3.2.1. Load Flow Data

Large cen tral P V s ystems have a complex i nternal configurationanditisnot pr actical or
necessary to represent each of the components in the context of interconnection studies. T he
WECC Guide recommends t hat1 arge-scale P V s ystems b e m odeled asas ingle m achine
equivalent, as illustrated in Figure 9.

9 2010 ISO/RTO Metrics Report, December 6, 2010. FERC Docket AD10-5-000.

" The REMTF, formerly known as the Wind Generation Modeling Group, is currently addressing both wind and
solar generation modeling issues for the WECC.
http://www.wecc.biz/committees/StandingCommittees/PCC/TSS/MVWG/REMTF/default.aspx.

WECC Guide for Representation of Photovoltaic Systems in Large-Scale Load Flow Simulations,
http://www.wecc.biz/committees/StandingCommittees/PCC/TSS/MVWG/REMTF/Solar%20Documents/ WECC
%20PV%20Plant%20Power%20Flow%20Modeling%20Guidelines%20-%20August%202010.pdf.
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Figure 9. Generic PV plant topology and corresponding single-machine equivalent.

Quoting from the WECC Guide,

“In t his m odel, t he equivalent ge nerator r epresents t he t otal ge nerating c apacity of allt he
inverters, the equivalent pad-mounted transformer represents the aggregate effect of all step-up
transformers, and t he equivalent collector system branch represents the aggregate effect of the
PV plant collector system. With the proper model parameters, this model s hould approximate
PV p lant lo ad flo w ¢ haracteristics a t th e in terconnection poi nt, ¢ ollector s ystem r eal and
reactive losses and voltage profile at the terminals of the “average” inverter in the PV plant.”

An important observation is that data requirements listed in the pro forma LGIP and LGIA were
intended f or ¢ onventional g enerators. A d ifferents eto fd atai sn eeded f or P V s ystems.
Appendix A of the WECC Guide contains a sample PV plant data request that is more adequate
for power flow representation of PV plants. It is recommended that this type of information be
used to supplement the data request in the pro forma LGIP.
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3.2.2. Dynamics Data

The p ower s ystem i s d ynamic s ystem an d, as such, t he full s pectrum of pos sible be haviors
cannot be predicted with a steady-state, static model. Dynamic issues within the power system,
such as tr ansient s tability of r otating ma chines (generators a nd mo tors), are a ddressed us ing
transient s tability p rograms th at e xamine th e s ystem from te ns o f millis econds up to s everal
seconds after an event. These programs require dynamic models of the synchronous machines,
turbines and governors, loads, high-voltage direct current (HVDC) transmission lines, static var
compensators (SVCs), inverters, and other fast-acting devices.

Access to d ynamic models for PV (and wind) generators has been an issue for the industry.*
Manufacturer-specific, u ser-written, and o ften pr oprietary m odels a re of tenus ed for
interconnection studies because standard models do not yet exist or are not adequate. The effort
required t o w ork w ith s uch m odels i s s ignificant, a nd ¢ an imp act study costa nd time
significantly. In a ddition, s uch m odels m ay notbe a dequatet o m eet N ERC m odeling
requirements for r egional planning.”> REMTEF is currently working to i mprove s tandardized
dynamic models for PV (and wind) generation.

22 A. Ellis, M. Behnke, and C. Barker, “PV System Modeling for Grid Planning Studies,” Presented at [EEE PVSC
Meeting, Seattle, Washington, 2011.

2 NERC IVGTF Task 1.1 Report, Standard Models for Variable Generation,
http://www.nerc.com/docs/pc/ivgtf/Taskl-1 Final PP022310 Planning.pdf.
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4. PLANT PERFORMANCE REQUIREMENTS
FOR INTERCONNECTION

Existing r equirements have f or t he m ost pa rt be en centered on conventional u tility-scale
generation plants such as thermal (coal, natural gas, nuclear) and hydro units. Given the growing
number o f renewable e nergy generation f acilities, a current ch allenge for t he industry is to
determine what expectation should be placed on these plants to reliably operate the grid.

Existing and proposed performance requirements potentially applicable to large-scale PV plants
are contained in the following key documents:

e FERC L GIA — Standard Large G enerator Interconnection A greement. Article 9 d eals
with Operational Requirements. Explicitly there is no mention of PV in the FERC LGIA;
however, aterm commonly us edin FERC doc umentation i s “ best ut ility p ractice,”
referencing PV plants to the LGIA requirements is a reflection of that statement.

e FERC Order 661A — Specifies the technical standards ap plicable to a w ind generating
plant greater than 20 M W. R equirements refer to Low-Voltage R ide-Through, P ower
Factor Control, and SCADA systems. Although specifically only mentioning wind farms,
many utilities are referring to FERC Order 661A for PV requirements as well.

e NERC PRC-024-1 — This proposed NERC standard provides further guidance on voltage
and frequency tolerance for all generator technologies. If approved, this standard may be
applied in lieu of FERC Order 661A as well as of f-nominal frequency (ONF) ride-
through requirements.

e Regional Criteria — Performance requirements s pecific to some R eliability Entities are
sometimes applied to interconnection of solar ge nerators. F or e xample, Section 4.2 of
WECC’s ONF Load Shedding Plan** defines frequency tolerance requirements for bulk
generators.

Under NERC’s Planning and Operating Committees, the Integration of Variable Generation Task
Force® (IVGTF) was formed to evaluate the barriers to integrating variable generation as well as
providing recommendations. Within the IVGTF the interconnection subgroup’s objective is that
procedures and s tandards s hould be enhanced to address vol tage and frequency ride-through,
reactive a nd r eal pow er c ontrol, f requency a nd 1 nertial r esponse, and m ust be a ppliedina
consistent manner to all generation technologies. In 2009 the IVGTF released a report covering
the ch aracteristics o f v ariable generation an d its p lanning, t echnical, and o perational i mpacts
along with its recommendations for integrating variable resources into the bulk power system.”®
NERC r ecently r eleased f or comment a s et o f IVGTF r ecommendations on i1 nterconnection
standards covering reactive power, voltage and frequency ride-through, etc.

24 See http://www.wecc.biz/library/Documentation Categorization Files/Policies/Off-Nominal Frequency Load
Shedding Plan.pdf.

3 http://www.nerc.com/filez/ivgtf.html.

% http://www.nerc.com/docs/pc/ivgtf/IVGTE_Report_041609.pdf.

27


http://www.wecc.biz/library/Documentation%20Categorization%20Files/Policies/Off-Nominal%20Frequency%20Load%20Shedding%20Plan.pdf
http://www.wecc.biz/library/Documentation%20Categorization%20Files/Policies/Off-Nominal%20Frequency%20Load%20Shedding%20Plan.pdf
http://www.nerc.com/filez/ivgtf.html
http://www.nerc.com/docs/pc/ivgtf/IVGTF_Report_041609.pdf

4.1. Voltage and Frequency Tolerance

LVRT, al sor eferred t o as F ault R ide-Through ( FRT), requires that the generator r emain
connected to the grid following a voltage disturbance. T he basis for the requirement is t hat
during a faultont he system,t he i mmediate di sconnection o fa 1 arge f acility would be
counterproductive. LVRT requirements are a relatively new to the PV industry. PV generation
initially became prominent as a form of distributed generation (DG), for which the applicable
interconnection requirements are defined in the IEEE 1547 standard. According to IEEE 1547,
distributed generators are required to disconnect from the grid within a certain period of time
following a disturbance. T he emphasis is on di sconnecting from the grid to avoid interfering
with protection schemes and prevent unintentional islanding.

In the United States, LVRT requirements for wind plants were first standardized in FERC Order
661A. This requirement is often applied to transmission-connected PV plants even though the
standard states that it applies only to wind plants. FERC’s LVRT requirement mandates that a
generator s hall w ithstand z ero v oltage at the POI (typically th e p rimary side o f'th e s tation
transformer) forupt 0 0.15 seconds (9 cycles) and the e nsuing vol tage recovery period. The
FERC requirement i s n ot s pecific a bout t he r equirement f or r ide-through dur ing t he vol tage
recovery period.

NERC’s pr oposed P RC-024-1 s tandard addresses voltage tolerance f or all g enerators. If
approved, NERC’s voltage ride-through (VRT) standard will have to be reconciled with FERC
Order 661A and other LVRT regional standards that may exist. Figure 10 shows the VRT curve
contained in the proposed NERC PRC-024-1 requirement.
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Figure 10. Proposed NERC PRC-024-1 VRT curve.

4.2. Frequency Tolerance (Under/Over-Frequency)

Where voltage d eviations tend to be more localized, frequency de viations will effect an entire
interconnection. Generator frequency tolerance is typically c oordinated with unde r-frequency
load shedding (UFLS) schemes.

The FERC LGIA states that proposed generators must meet ONF tolerance requirements of the
applicable reliability council. For ex ample, | arge-scale P V p lants co nnected in t he W ECC
footprint may need to comply with the existing WECC ONF requirement. The proposed NERC
PRC-024-1 requirement also ad dresses generator frequency tolerance. The details ofboth the
WECC ONF and proposed NERC PRC-024-1 frequency ride through requirements are shown in
Figure 1 1 and Table 2. Ifthe P RC standard is a pproved, di screpancies w ith r egional O NF
requirements would need to be reconciled.
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4.3. Reactive Power Capability and Volt/VAr Control

According t ot he FERC LGIA, t he generally accepted p ower f actor r equirement for 1 arge
generators is +/- 0.95.%7 The ‘+/-* refers to leading or lagging power factor. In a conventional
power p lant, the reactive p ower range is d ynamic, w hich m eans that the generator c an ad just
continuously within this range.

Reactive pow err equirements f or P V pl antsa renot w ellde fined. S ometimes, the
FERC provisions in Order 661A are applied even though the document states that it applies to
wind generation only. FERC Order 661 A requires that wind plants have a power factor range of
+/- 0.95 m easured att he POI, and pr ovide sufficientd ynamic vol tage s upport “ifth e
Transmission Provider’s Sy stem I mpact Study s hows t hat s uch a r equirement i s ne cessary t o
ensure s afety or reliability.” Wind pow er pl ants a re nor mally de signed to meet the +/- 0.95
power factor range by default. For some types of wind power plants, the requirement to provide
dynamic vol tage s upport r equires a dditional r eactive pow er s upport e quipment as part o f the
plant.

For the P V industry, pr ovision of reactive poweris a de parture from t he P V application in
distribution s ystems. By default, P V i nverters de signed f or di stribution i nterconnection a re
designed t o ope rate at uni ty po wer factor, and a re una ble t o s upply reactive po wer w hen
operating at rated kW output. To maintain a +/-0.95 power factor range at nominal voltage and
at rated kW output, the inverter would need to have a kV A rating at least 5.2% higher than the
kW rating. Considering that inverter cost is related to the kV A (current) rating, the power factor
range requirement comes at a higher cost compared to PV existing industry practice.

4.4. SCADA Integration Requirements

FERC Order 661A also ¢ ontains Supervisory C ontrol a nd D ata A cquisition ( SCADA)
requirements for wind plants. As mentioned in the previous discussion, SCADA requirements
contained in FERC Order 661A are sometimes applied to large-scale PV plants. The purpose of
the requirement was for the plant owner to be able to transmit data and receive instructions from
the transmission provider in order to protect system reliability. S CADA data to be shared are
based on needs f or real-time ope rations ( line s witching, ge neration di spatch, e tc.), s tate
estimation ( to d etermine r eal-time s tability), r emedial a ction s chemes ( planned r esponse to
contingencies), an d s afety i ssues ( confirming energized/de-energized ¢ omponents). F urther
details on SCADA for power system applications can be found in IEEE Standard 1547.3 (IEEE
Guide f or M onitoring, I nformation E xchange, and C  ontrol of D istributed R esources
Interconnected with Electric Power Systems), IEC 61850 (Standard for the Design of Electrical
Substation Automation), [EC 61400-25 (Communications for Monitoring and Control of Wind
Power Plants), and t he R US D esign G uide f or R ural S ubstations (Chapter 14: Substation
Automation).

*7 Reactive power capability is a function of terminal voltage. The power factor ranges quoted should be assumed
to apply at nominal voltage. For additional information on this topic, please see SAND2012-1098, “Reactive
Power Interconnection Requirements for PV and Wind Plants — Recommendations to NERC”.
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4.5. Station Configuration and Protection

During t he Feasibility Study di fferent opt ions f or s tation ¢ onfiguration and P Ol for the PV
generator facility are e valuated. A num ber of opt ions m ay be feasible; how ever, on e
configuration is selected based on factors such as cost, permitting options, construction time, and
system reliability. Figure 12 shows some examples of possible interconnection facility options.
Other c onfigurations are pos sible. In all the examples shown, itis assumed that there is an
existing tr ansmission lin e b etween S tation A and S tation B. Existing e quipment is drawn in
black, and new construction is shown in blue. For simplicity, line terminations into Stations A
and B are represented by a single breaker. In reality, transmission s witching s tations have a
more complex configuration such as a ring or breaker-and-a-half scheme.

A)
3 BREAKER B)
STATION A FRING BUE STATION B STATION & STATION B
PV SUBSTATION PV SUBSTATION
) D)
STATION & STATION B STATIOH & STATION B

- -
T |

P¥W BUBSTATION PV BUBSTATION

Figure 12. Examples of possible options for generator facility interconnection.

In Option A the existing transmission line is broken in order to build a new switching s tation
with a three-breaker ring bus. The proposed PV may require a new interconnection transmission
line to this new station depending on the location of the PV site. This option may allow the PV
plant to operate even if the line either to Station A or to Station B is out of service. This allows
for flexibility for maintenance. The tradeoff is the relatively higher cost.

In Option B the existing line is extended to the so that the new switchyard can be built next to the
PV site. This configuration is similar to Option A, but could result in higher cost overall.

Option C represents a direct connection to an existing switching station. The existing Station B
would have to be upgraded with additional circuit breakers and a new transmission line would be
built to the PV site. One advantage of this configuration is it does not require a new transmission
switching station to be developed.
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Option D represents a very simple and potentially low-cost interconnection method. However,
this option is often unacceptable to a utility because of reliability and operations considerations.
Even if this option were considered a possibility, a more complex protection scheme would have
to be implemented.

Some utilities require the installation of a synchronizing breaker for generators to avoid the use
of b reakers a tt he t ransmission s witching s tations f or pr otection of t he interconnection
customer’s transformer or for disconnection and reconnection of the generator.

4.6. Current Efforts to Update Interconnection Procedures and
Standards

The pur pose of thisreportistodescribeina generalsensethe ex isting r equirements an d
procedures for interconnecting large-scale PV plants greater than 20 MW per the FERC LGIP. It
should be stressed that these procedures and requirements are continuously evolving, and some
of t he di scussion a nd p roposed c hanges s pecifically pertain t o va riable ge neration ( PV and
wind). For example, California Independent S ystem O perator C orporation (CAISO) proposed
revisions to its tariff relating to interconnection requirements applicable to large asynchronous
generators, predominantly wind and solar photovoltaic resources. C AISO’s proposed revisions
were in four specific areas: (1) power factor design and operations criteria; (2) voltage regulation
and r eactive pow er ¢ ontrol r equirements; ( 3) f requency and LVRT requirements; an d
(4) generator power management. FERC rejected the proposed changes related to reactive power
design criteria, voltage regulation, and generator power management. However, FERC accepted
proposed changes related to frequency and voltage ride-through, including clarification that the
revised voltage and f requency r ide-through s tandards a pply t o a 1l a synchronous f acilities
(including ESV). Specifically, CAISO’s proposed revisions were summarized by the commission
as follows:

» Separate the requirements for ride-through of single-phase faults with delayed cl earing
from th ose a pplicable to a 1l n ormally cleared f aults, in o rder to ma ke c lear th at
asynchronous generators must ride through the recovery phase of single-phase faults.

* Clarify that the LVRT provisions apply to all types of normally cleared faults, not merely
three-phase (i.e., two-phase or single-phase faults).

» Establish criteria to define which breaker clearing time sets the “normal” clearing time
for purposes of the ride-through requirements. Specifically, the CAISO proposes that the
“normal” clearing time be defined as the lesser of the maximum normal clearing time for
any three-phase fault that causes the voltage at the POI to drop to or below 0.2 per unit of
nominal.

» C(Clarify that remaining on line does not require injection of power, but requires remaining
physically connected.

* Clarify that the ride-through requirement applies to the facility, but does not necessarily
require each individual unit to remain connected.

» C(Clarify that the ride-through requirements are not applicable to multiple-fault events.

2 See FERC Docket ER10-1706-000.
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With regard to frequency ride-through, CAISO sought clarification that asynchronous generators
must comply with the ONF requirements in the WECC Load Shedding Guide.

As s tated e arlier, N ERC1 sw orkingonr evisionst o1 nterconnection r equirements a nd
performance s tandards for variable generators that will ev entually need to be reconciled with
FERC’s on going pr oceedings. For t his r eason, it1isrecommended t hat s takeholders remain
current with FERC and NERC proceedings.
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APPENDIX A: SAMPLE PV PLANT DATA SHEET

1. One-Line Diagram. This should be similar to Figure A-1.

Point OF
[nterconnection Equivalent
. quuvale
Int g . Main pad-mounted
Transm. Line System '

Equivalent
PV liwverter

kKV.R X B
KV, MV A,
KV.EEX B R.X

Plant-Level Reactive

Compensation | |

Figure A-1. Single-machine representation one-line diagram.

2. Interconnection Transmission Line.

* Point of Interconnection (substation or transmission line name):

* Line voltage = kV

*R= ohm or puon 100 MVA and line kV base (positive sequence)
e X = ohm or pu on 100 MVA and line kV base (positive sequence)
*B= uF or pu on 100 MVA and line kV base (positive sequence)

3. Station Transformer.

(Note: If there are multiple transformers, data for each transformer should be provided)

* Rating (ONAN/ONAF/ONAF): / / MVA

» Nominal Voltage for each winding (Low /High /Tertiary): / / kV
* Available taps: (indicate fixed or with LTC), Operating Tap:

* Positive sequence ZuL: %,  X/R on transformer self-cooled (ONAN) MVA
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4. Collector System Equivalent Model.

* Collector system voltage = kV

*R= ohm or pu on 100 MVA and collector kV base (positive sequence)
e X = ohm or pu on 100 MVA and collector kV base (positive sequence)
*B= uF or puon 100 MVA and collector kV base (positive sequence)

5. Inverter Step-Up Transformer.

Note: These are typically two-winding air-cooled transformers. If the proposed project contains
different types or sizes of step-up transformers, please provide data for each type.

* Rating: MVA

* Nominal voltage for each winding (Low/High): / kV

* Available taps: (indicate fixed or with LTC), Operating Tap:

* Positive sequence impedance (Z1) %,  X/R on transformer self-cooled MVA

6. Inverter and PV Module Data.

* Number of Inverters:
* Nameplate Rating (each Inverter): / kW/kVA
* Describe reactive capability as a function of voltage:

* Inverter Manufacturer and Model #:
* PV Module Manufacturer and Model #:

Note: This section would also request completed PSLF or PSS/E data sheets for the generic PV
library model(s) once they are available.

7. Plant Reactive Power Compensation.

Provide the following information for plant-level reactive compensation, if applicable:

* Individual shunt capacitor and size of each: X MVA
» Dynamic reactive control device (SVC, STATCOM):
* Control range MVAr (lead and lag)

* Control mode (e.g., voltage, power factor, reactive power):

* Regulation point

* Describe the overall reactive power control strategy:
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