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50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



WO 2012/178176 A1 [ IR0 OO0 0 A R

CA 02840199 2013-12-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(43) International Publication Date
27 December 2012 (27.12.2012)

(10) International Publication Number

WO 2012/178176 Al

(51) International Patent Classification:
HO02J 3/38 (2006.01)

(21) International Application Number:

PCT/US2012/044035

(22) International Filing Date:

25 June 2012 (25.06.2012)
English
English

(25)

(26)
(30)

Filing Language:
Publication Language:

Priority Data:

61/500,222 US

Applicant (for all designated States except US):. IN-

VENTUS HOLDINGS, LLC [US/US]; 700 Universe
Boulevard, Juno Beach, FL 33408 (US).

23 June 2011 (23.06.2011)
(71)

Inventors; and

Inventors/Applicants (for US only). ELENA, Gregory, F.
[US/US]; 15914 North 79th Terrace, Palm Beach Gardens,
FL 33418 (US). THORP, Scott [US/US]; 8063 Stirrup
Cay Ct., Boynton Beach, FL 33436 (US). MCWHORT-
ER, Kevin [US/US]; 178 Lake Drive #4102, Palm Beach
Shores, FL 33404 (US). QUIROGA, George [US/US];
5580 Spring Lake Terrace, Boynton Beach, FL 33437
(US). MANGO, Mark [US/US]; 992 Todd Street, Jupiter,
FL 33458 (US). CACERES, Maximiliano [US/US];
30314 Pricess Bay Drive, Wesley Chapel, FL 33545 (US).

(72)
(75)

(74) Agent: CESARANO, Michael C.; FELDMAN GALE,
P.A., 1700 Market Street, Suite 3130, Philadelphia, PA
19103 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(534) Title: MULTIPLE RENEWABLES SITE ELECTRICAL GENERATION AND REACTIVE POWER CONTROL

20 --.

i
A~ AT

0
D
a

Park 2
200 MW

Park 1
200 MW

]
|
|
1
|

\..r

Reacter 1 "

70

Reactor 3

s 'Reactive ™
§ Power ‘
| Controller . :

120

~—=~ : Reactive ™
Power
- Controller ¢

|
|
|
|
|
| |
| ‘ 10.6 miles I
:
|

140

10.3 miles 4.7 miles
| .
--------------- | PLC r"""""'— |
77 Reaclive ™ | -
170 ‘ Power : '
« Controller - 240
Reactor5| ™
Park 5 110
60 -..  40MW s
i _../-,-',‘," /-/7"‘_{//:-_-’/
4%“3’.’\ Aty
LI YK
" ,//':\-' p /7:/7'“, 7\
Fig. 4

- 40 |
A / A T 50
frﬁcx k‘:}\\
A 2
| /;// —E\\ / Ii.\\%\
1 f il
Park 3 | \ \ Ega:; ;IJ
152 MW J |
Reactor 4
- 100
|
|
7 Reactive ™ | - "Reactive
90 Power | : Power
150 + Controller - ! :_Controller - '
' o 160
210 --. :
8.4 miles |
‘ Switchyard | !
= :
e - 220
T 250 S Substation - e 230
AN 7 N | Point of |
N \\\ L s | Interconnect |
| (POI)
80 mile, 230 KV 180
Transmission Line 200 -
"']
Capacitor 1 | Capacitor 3

Capacitor 2 J—‘ Capacitor 4

___________________

(57) Abstract: A method of configuring a renewable energy curtailment and control system uses a master controller (240) and a
plurality of controllers (120-160) configured to control a cluster of renewable energy resources (10-50) to deliver predetermined
amounts of actual power and reactive power to a point of interconnect (210) with a grid in accordance with contractual requirements

with users of electrical power while reducing reactive power flow

between renewable resources (10-50) m the cluster.
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MULTIPLE RENEWABLES SITE ELECTRICAL GENERATION AND
REACTIVE POWER CONTROL

Background

The continuing development and improvement of renewable electrical generation
facilities such as wind, solar, and energy storage, coupled with growing global emphasis
on satisfying rising demands for electrical power using “green” facilities, has led to the
increasing use of automated control systems to optimize active and reactive power
control, and to maximize the efficient generation, transmission, and distribution of
electrical power provided by renewable technologies. In addition, maintaining
operational limits of generation, collection system, substation, and transmission
equipment, and the ability to swiftly react to grid disturbances have become key
initiatives to enforce grid reliability, thus further complementing the use of automated

control.

For a variety of reasons, renewable sites tend to be constructed in “clusters,” and
are frequently located at distances geographically remote from the industrial and urban
centers for which electrical power is required. In many cases the sites will incorporate
different equipment manufacturers and different technologies, such as solar or wind
electrical generation, or storage using batteries or other storage technologies. In
addition, renewable sites are commonly restricted in various ways by Interconnect
Agreements (1As), which establish parameters for power being delivered to the grid at
points of interconnect (POIs) between the clusters and the grid. 1As frequently control
such parameters, also known as “set points,” as voltage, active and reactive power,
primary source (site), and transmission limits. Some IAs also include a schedule of
different voltages to be delivered at different times, according to the schedule. Because
“green” power generation tends to occur in rural areas, power is frequently delivered to
multiple off-takers - municipalities and “green” companies - each of whom may have
somewhat different requirements, and whose requirements must be incorporated into the

delivered product.

CA 2840199 2018-09-25
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As new “‘green” power generation facilities are built, they must be incorporated 1nto
[As, which may place limiting requirements on them, and must be 1integrated with existing
tacilities without changing the set points established by the relevant IA for power being
delivered to the POI with the grid. For instance, when a new wind site 1s being added to an
existing wind farm, the AI may require that the primary source of power be the original

(older) site, with the new site being secondary 1n terms of power being delivered to the POI,

In conjunction with off-taker and transmission operator demands and requirements,
manual regulation of power generation and reactive power (typically voltage control)

produced at such sites can prove difficult.

Reactive Power Control

Renewable sites are commonly required to control voltage (as required by the relevant
[A), and typically this 1s done via reactive power controllers. A reactive power controller
enables each site to produce or consume reactive power, thus achieving the desired power
factor, voltage, or reactive power setpoint at the requisite location such as the POI. However,
when additional renewables sites are added to an existing system, an unstable condition may
develop whereby the reactive power tlows between the sites, rather than supporting the grid
in concert as originally intended. Further consequences such as protective shutdowns or
fatlure to reach the mandated setpoint can result if properly coordinated reactive power

control of the multiple renewables sites 1s missing.
Generation Control (Curtailment, Frequency Response, etc. )

The transmission of electrical energy from generation sites to areas where it will be
used 1s often limited by the capacity of the transmission lines, a phenomenon which is
referred to as “‘congestion.” Congestion occurs on electric transmission facilities when actual
or scheduled tlows of electricity across a line or piece of equipment are restricted below
desired levels. These restrictions may be imposed either by the physical or electrical capacity
of the line, or by operational restrictions created and enforced to protect the security and
reliability of the grid. The term “transmission constraint” can refer to a piece of equipment
that restricts power tlows, to an operational limit imposed to protect reliability, or to a lack of
adequate transmission capacity to deliver potential sources of generation without violating
reliability requirements. Because power purchasers typically try to buy the least expensive

energy available, when transmission constraints limit the amount of energy that can be
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delivered into the desired load center or exported from a generation-rich area, these

constraints (and associated congestions) impose real economic costs upon energy

consumers. In the instances where transmission constraints are so severe that they limit
energy deliverability relative to consumers’ electricity demand, such constraints can

compromise grid reliability.

In cases in which more electricity 1S generated at renewables’ sites than can be
delivered using available transmission lines, it may be necessary to reduce electrical
generation, an action otherwise known as “curtailment.” Renewables curtailment
typically occurs when there is excess electric production in an area and there 1s
insufficient transmission capacity to move that electricity to demand centers. While
other kinds of power plants typically reduce their output before renewables’ plants do,
given that the fuel costs and other operating costs of those plants are higher than those of
a renewable plant, in some cases renewable plants may also be called on to reduce their
output. Almost all renewable plants can curtail their output utilizing numerous methods,

yet accomplishing the same goal.

There are other reasons why electrical generation may be curtailed, including the
incidence of relatively high winds during times of minimum or low load, little to no
cloud cover, and market factors such as relative costs of electricity. Factors related to the
curtailment of wind power are identified and discussed in a report, Wind Energy
curtailment Case Studies May 2008 — May 2009, published by the United States National
Renewable Energy Laboratory (NREL), NREL/SR-550-46716 (October 2009).

So long as curtailment remains a primary means for regulating the delivery of
electrical power to a power grid, inefficiencies will be inherent in the system. However,
when curtailment is in effect amongst a group of renewable energy sites, or amongst two

or more sites, inefficiencies may be reduced or minimized by appropriate balancing of

the amount of active power being produced by each site or facility to maximize the

efficiency and output of multiple sites while being curtatled.

Maximizing the efficiency and balancing the flow of reactive power during
curtailment also needs to be addressed. Balancing is normally accomplished by using
reactors — inductance devices — to consume reactive power (- VARS), and capacitors to
create reactive power (+ VARS). In addition, some wind turbine manufacturers are
making internal circuitry available in the turbine unit that can apply capacitance or

inductance when the

CA 2840199 2018-09-25



10

15

20

30

CA 02840199 2013-12-20
WO 2012/178176 PCT/US2012/044035

turbine i1s not producing power. Since such circuitry 1s present and used during normal
energy production to adjust the active and reactive power output, 1t can be made available
within a local cluster of wind turbines, for example, to adjust power factor as necessary to
achieve desired set points for the wind farm. Since the amount of reactive power varies with
the total power being generated, the ability to make adjustments in this parameter without

adding additional hardware may provide an overall benefit to the wind farm operator.

Alternating current (AC) electrical frequency 1s the number of cycles per second (Hz)

frequency 1s paramount for grid reliability and current trends indicate that the ability to react
to frequency deviations - either negative or positive - will become customary in the near
future tor all renewables sites. A negative response entails the curtailment of power, which
in turn, would pull the excessive frequency down to 60Hz which 1s essentially 1s a hasty
curtallment. On the other hand, experience has shown that a circumstance can arise whereby
any number of neighboring renewable sites 1s curtailed and a nearly instantaneous injection
of generation up to the total potential generation 1s necessitated for frequency support
(positive — to increase grid {requency to 60Hz). In this scenario, a rapid reaction (releasing

curtailment) 1s vital, and 1s not feasible through manual curtailment intervention.

Another closely related problem with renewable sites occurs when voltage generated
by wind turbines drops below nominal voltage tor extended periods of time. Standard
operational voltages range from between 90% to 110% of the nominal voltage being

produced. Whenever the operational voltage drops below 90% of the standard operating

turbine 1ssue that may affect an entire cluster. Under some circumstances, the low voltage
may be sustained for longer than a short period of time. A Sustained Low Voltage Excursion
occurs when the voltage 1s between 75% and 90% of nominal for a period of time of about 10
minutes, or 610 seconds. Low voltage excursions are costly, and can result 1s substantial
revenue loss over time. Thus, a purpose of the invention 1s to eliminate such sustained low
voltage excursions at wind sites by raising turbine voltage which can be done by increasing

(producing) reactive power through reactive power controllers.

In the prior art, modifications to the output of individual turbines and wind farms
were made manually, as conditions changed or as off-takers provided new or different
paramelers for the supply of power. One consequence of having to make changes manually

was that set points were often established below desired levels in order to ensure that rapidly
4
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changing wind conditions would not increase power output above levels that were acceptable

to off-takers before manual corrections could be applied. Attempts to resolve or improve the

controller (PLC) to integrate real-time control 1ogic to monitor the system and automatically
make necessary adjustments when set points were changed or when output parameters
changed as a result of increased winds or variances in the load. While using real-time logic
control substantially improved response time for individual turbine units, the system of
interconnected clusters experienced inetficiencies resulting from the fact that changes made
in the output of single units aftected overall system stability and caused unwanted side
effects, such as the sumultaneous creation of reactive power 1n one unit or farm and the
consumption of that reactive power in another. Although power delivered to the POI was
within off-taker set points, reactive power within the interconnected system would tlow trom

one unit to another, and caused economic losses due to that inetficiency.

The realities of neighboring renewable sites and coordinating multiple site reactive
power coordination, voltage schedules, long transmission lines, grid disturbances, frequency
support, and balancing curtaillment can prove difficult for manual regulation ol power
generation and reactive power. Therefore, this invention 1s directed to the automation of
monitoring and control for reactive power and generation due to curtaillment resulting from
marketing or price balancing, transmission constraints and limits, imposed requirements such
as those from off-takers, transmission operators and reliability coordinators, and most

importantly grid relhiability.

The 1nvention also provides a means for master override control. By enabling
multiple sites to communicate with one another to automatically control and monitor a single
point of interconnect, the system operator can remotely control a site consisting of two or
more 1ndividual sites to maximize efficiency and output while remaining in compliance with
the various requirements such as voltage schedules or reactive power ranges. Additionally,
appropriate balancing from multiple sources enables the operator to reduce response time for
the marketing group, ISOs, and tor the operator to curtail and release the renewables’ sites,
and provides continuous control and monitoring of multiple sites at a single point of
interconnect. Finally, third parties such as off-takers can now directly control generation and

reactive power on an as needed basis.
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Summary of the Invention

This invention 1s a method for controlling power delivered by a number of remotely
situated “green” facilities using generation hardware from a variety of OEMs to a POI, to
meet set points established by the Interconnect Agreement, and to increase efficiency
between and among the generating facilities. The wind site curtailment control system 1s
used to control the production to meet the Interconnect Agreement requirements of a single
wind farm site or a multiple wind farm site with a single point of interconnect (POI). The
wind site curtallment control system consists of a programmable logic controller (PLC) that
acts as a common single point of interface to the wind farm management controller or wind
farm SCADA system at each site regardless of the site’s wind turbine manufacturer

technology.

The PLC 1s programmed to prioritize the MW (megawatt) setpoints, market drive,
central control override, or transmission limitation. The PLC then 1ssues the resultant MW
setpoint command to the wind site managing controller or SCADA system. In the case where
there are multiple wind sites that have a single POL, a common POI MW setpoint 1s 1ssued to
one of the PLCs designated as the Master, and the network of PLCs are programmed with
algorithms that incorporate the requirements of the multiple IAs to maximize production

output and revenue for the site.

Because the sites may be remote from one another, voltage set points for each site
may be required 1n order to cause the voltage at the POI and any secondary junctions to meet
required set points at those interconnections. Voltage may vary with overall power
production and with reactive power production or consumption, and the voltage differential
between remote sites will not be constant, but will vary and must be monitored and adjusted
as other parameters in the collection system vary. Typically, varying parameters are
controlled using PLCs (proportional — integral — derivative controllers) which monitor an
input and the rate of variance and provide an output that 1s related to the input and intended to
reduce or eliminate the variance. However, in complex systems such as multiple wind sites
that may include other “green” power providing facilities, the use of real-time logic to control
specific parameters must be centrally coordinated 1n order to avoid the condition 1n which the
individual controllers work against one another 1n attempting to bring stability to the
parameter they are monitoring. The invention, therefore, measures all parameters both at the
individual site and at a central monitoring area that is at the POI or, at least, downstream from

the generating site that 1s nearest to the POI.
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If curtailment 1s required, the invention provides method to achieve desired set points

without creating instabilities or introducing inefficiencies. In the invention, multiple

dealing with reactive power and active power. For example, whereas single turbines in the
prior art had reaction controllers associated with each one whereby active and reactive power
was adjusted to meet set points, the invention controls multiple sites by setting appropriate set
points for cach so that set points established by the IA are met at the POL. In addition, the
invention reduces instability and reduces inefficiencies within the generating network by
receiving and processing inputs from all sites at a single point and instructing controllers
(PLCs) at each site to adjust the output of each site to produce the required power

configuration at the POL.

In addition to collection of wind park output, the invention also accommodates

storage such as batteries. In all cases, a controller situated closest to the POI monitors power
being delivered to the POIL. Inputs include set points established by the off-taker as to voltage
(which may follow a predetermined schedule), active power, and reactive power. Inputs may
also include additional constraints such as a priority of primary and secondary sources,
transmission line capabilities, and individual output parameters for each producing unit
within the system. When power delivered to the POI is analyzed, corrections are determined
by following an algorithm that 1dentifies one or more parameters that are out of range,
provides a corrective action based upon an analysis of current production by on-line units,
and 1nstructs the applicable unit to implement the corrective action. By continuously
monitoring the entire integrated collection system and the collected output, the system
provides maximum etficiency within the collection system while maintaining set points

required by the off-taker.
Brief Description of the Drawings

FFig. 1 1s a schematic drawing depicting representative prior art configurations for

clusters of renewable energy sources.

Fig. 2 shows a typical prior art site configuration for controlling active and reactive

power for wind turbines.

F1g. 3 depicts a typical site configuration in the prior art for controlling active and
reactive power where curtailment 1s done due to pricing and manual setpoint adjustments are

7
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necessary.

Fig. 4 1s a schematic drawing depicting the representative renewable energy clusters

of Fig. 1 reconfigured 1n accordance with the invention.

F1g. 5 1s a tlow chart depicting steps used 1n reconfiguring the renewable energy

cluster of Fig. 1 in accordance with the invention.

Fig. 6 schemaucally depicts the exchange of data between existing wind sites, PLC

controllers for each site, and the cluster controller.

FF1g. 7 depicts the integration of inductance and capacitance device control within the

cluster controller of Fig. 6.

Fig. 8 shows a typical tlow chart in accordance with the invention for a renewable site

operating under a number of requirements provided by various offtakers.

Description of the Preferred Embodiments

Fig. 1 1s a depiction of a representative, hypothetical prior art renewable energy
cluster. IFour wind parks are shown as providing electric power from five groups of wind
turbines, 10, 20, 30, 40 and 50, and a fifth park 60 is shown as producing solar energy. Each
park has a reactive power controller 120, 140, 150, 160 and 170, that 1s programmed to
maintain a setpoint voltage at all imes that the resource 1s producing power. A number of
reactors 70, 80, 90, 100 and 110 provide inductance, and are set to switch inductors on-line to
consume reactive power whenever reactive power being produced by the monitored resource
exceeds the set point for that reactor. In Fig. 1, the reactive power controllers and reactors
form closed loops systems with their associated power generating resources. That 1s, reactor
1 70 monitors the MV ARs being produced by wind turbine group 10 and adds inductance to
consume reactive power as necessary to meet the predetermined set point for reactive power
leaving Park 2. Similarly, reactive power controller 120 monitors the voltage produced by
wind turbine group 10, and calls upon the wind turbines to increase or decrease voltage as
necessary (0 meet the required, predetermined voltage set point. Voltage and reactive power
are similarly regulated as closed loop systems for Parks 1, 3, 4 and 5.

A switchyard 210 1s situated 1n the vicinity of the resources and provides a common
connection point for the renewable sites and an 30 mile transmission line that delivers power

to the point of interconnect (POI) 220 with the power grid. A PLC regulator 180 and a

capacitor bank 190 are situated at the POI, and operate as a stand-alone closed system to

3
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regulate the amount of reactive power being delivered to the grid 230. If power delivered to

the POI 220 should be less than - 25 MV AR, one or more of the capacitors in capacitor bank

130 connects reactive power controllers 120 and 140, and provides a set point for reactive

power controller 120 representing a constant voltage ditferential between Parks 1 and 2 to

of 300 ms or so, and the response 1s intended to correct incipient problems betore they have

time to develop and cause even greater problems at a site.

The prior art configuration of Fig. 1 1s typical for clusters of renewable power sources
that have been created or developed at different times, and that are subsequently connected to
provide power to a remote grid. Problems with clusters developed 1n this fashion include
system 1nefticiencies related to constantly changing voltage and power factor set points
which result from each controller’s rapid response and modification of set points to change
the output from each resource. Each such modification causes a variation in other parameters
that are then subject to correction, 1n an ongoing spiral of changes 1n an attempt to attain
system stability. In addition, the prior art configuration addresses voltage and power factor
outputs at each park and at the POI to the grid, but because each corrective component 1s a
closed loop system, nothing can be done to address or limit the flow of reactive power
between sites amongst the interconnected resources. Finally, when a constant voltage
differential 1s used to balance voltages between two adjacent sites, such as Parks 1 and 2,
imbalances are likely to occur as power output 1s increased or decreased since the relevant
voltages will vary as power output changes. In such circumstances, a constant voltage
differential will not balance the sites, and turther inefficiencies resulting from an imbalance

in voltages will ensue.

Fig. 2 shows the detail of a prior art site wind turbine controller 120. Inputs to the
controller include manual set points 122 for active power (MWs) and reactive power
(MVars). Reactive power may require setting setpoints for either the voltage or the power
factor for each site. Remote setpoints 124 are also provided to site controller 120,
establishing required active power and reactive power to be delivered at a remote location,
typically the POI. Turbine data 125 1s also provided to the controller, and includes the status
of each turbine at the site 127, and the active and reactive power being produced at the site 1n

real time. Substation data 128 will include measurements of active and reactive power,

9
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voltage, and frequency at the substation or POI. Based upon this data, the site controller will
provide commands 126 to control each turbine, giving start or stop commands and
cstablishing the active and reactive power required from each turbine. As ditferent
manufacturers’ turbines have different means for controlling active and reactive power and
voltage, the site controller will be programmed to provide appropriate commands for each

type of turbine.

It 1s apparent that manually providing set points for controller 120 requires the site
operator to have knowledge of offtaker requirements at all times, and to manually make
changes needed to cause the site to meet those requirements. When two or more sites are
joined operationally, the problem of manually providing setpoints for each site becomes

unwieldy and creates inetficiencies when two sites are each controlled in this fashion.

Fig. 3 shows a schematic of two typical renewable sites, topmost one of which 300
produces power that 1s not dedicated to a single offtaker and therefore may be subject to
frequent curtaillment requirements, and the bottommost one of which 330 sells power to a
single offtaker pursuant to a power purchase agreement (PPA). In Fig. 3, the site operator
302 provides manual setpoints 304 and monitors site performance to determine what
adjustments may be required. Site controller 306 receives manual inputs 304 tfrom the site
operator, turbine information 308, and information from the substation 312 providing active
from the site 316 to determine production availability, and is selling power at competitive
rates. As blocks of power are committed, the marketing company 314 provides MW setpoint
information 318 to the PCL park controller 320. Park controller 320 recerves data 322 {rom
all power producers on the site and commands site 1 controller 306 to increase or decrease
power production to meet the required marketing commitments. Site controller 306 operates
as described for Fig. 2 to control wind turbines or other renewable resources at the site. As
Park control PLC 320 requires more or less power over tume, information regarding these
adjustments are provided to the site control operator 302, who must make manual
adjustments 304 to accommodate those requirements while keeping the active and reactive
power within acceptable limits. In site 300, inductance and capacitance control 310 1s a
stand-alone controller that does not interact with site controller 306 but automatically
increases or decreases inductance or capacitance to maintain active power and reactive power
within preset limits. As inductance and capacitance are added or reduced 1n large banks of

devices, controller 310 does not fine-tune the power output, but makes large adjustments to
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keep the power within larger lumits, leaving fine-tuning to the site operator.

The lower half of Fig. 3 depicts information flow at a site 330 subject to a Power
Purchase Agreement (PPA), in which all power produced at the site 1s sold to a single
offtaker. The PPA requirements are known to the site operator 332, who receives
information from the site controller 336 and manually adjust the power output as required.
Site controller 336 receives inputs of substation data 340 and wind turbine data 338, and
commands wind turbines as necessary to maintain power delivered within established

setpoints.

F1g. 4 1s a schematic diagram representing the hypothetical renewable energy
resources cluster of Fig. 1 reconfigured 1n accordance with the invention. In Fig. 4,
communications links 250 have been established between master controller PLC 240 and
each monitoring and activating component in the system. In adapting an existing site to use
the control system of the invention, typically an existing site controller at or near the POI or
the transmission line leading to the POI, may be designated as the master controller (the

example, site controller PLC 240 communicates with capacitor bank 190, voltage controllers
120, 140, 150, 160 and 170, and reactors 70, 90, 100, 110 and 180. In the configuration
depicted in Fig. 4, Reactor 2 has been eliminated since the remaining reactor 90 for Park 1 30
1s suthicient to consume MV ARs generated at Park 1 when properly coordinated with the rest
of the system. Processor 240 will receive information from a number of sources 1n addition

to those enumerated above. Such input or preset information 1s discussed 1n part at Fig. 2.

Fig. 5 shows a tlow chart for controlling a typical cluster in accordance with the
invention. From the start point 500 in the diagram, a 30 second timer delay 501 is built into
the control circuit to avoid having new corrective changes be commanded before the system
has responded to earlier commands. At 502, a decision 1s made whether power (in
megawatts) at the POI 1s greater than 300 MW. If 1t is not, the system 1s etfectively shut
down (or off line), and no changes will be made although monitoring of system will continue
at 30 second 1ntervals. At 504, reactive power (MVAR) 1s measured at the POI to ensure that
1t 1s within typical limits of > - 25 and < + 25 MVAR. If it 1s less than -25 MVAR, the
reactive power 1s out of Iimits, and the flow chart moves to decision diamond 506. At 506,
the controller checks to see whether voltage from Park 1 exceeds 140.8 kV. If the voltage
exceeds 140.8 kV, the decision tree waits 30 seconds before taking the same path to see
whether the situation has been alleviated. However, if the voltage 1s below 140.8 kV, then at

11
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508 a command is issued to add 0.1 kV to the setpoint of Park 1. Thereafter, at 510 the
average power factor from all parks 1s averaged and at 512 the power factor at Park 2 1s
compared to the resulting average plus 0.5. 1t the power factor at Park 2 exceeds the average
of all parks plus 0.5, at 514 the voltage setpoint for Park 2 is reduced by 0.1 kV. At 316, if
the power factor at Park 2 1s less than the all-park average — 0.5, then at 518 0.1 kV is added
to the voltage setpoint for Park 2. At 524, a power factor of unity 1s sent to Park 4 as a
setpoint, and a voltage setpoint of 103% nominal voltage 1s sent to Park 3 1n order to maintain
a predetermined voltage differential between Parks 3 and 4. Following another 30 second
time delay interval, the process is started again. In the case at 504 that Vars at the POI should
be greater than -25 MVar, the decision flow jumps to 5238 to determine whether reactive
power at the POI 1s less than + 10 MVar. If reactive power 1s less than + 10 MVar, then the
system 1s within Iimits and no changes are made until the next 30 second time interval.
However, if reactive power 1s greater than +10 MVar at 528, the decision path next
determines, at 330, whether the voltage setpoint for Park 1 1s lower than 139 kV. If the
voltage setpoint for Park 1 1s lower than 139 kV, the system sets the power factor and voltage
setpoints for Parks 3 and 4, 524, 526, and waits for the next 30-second 1nterval to run the
process again. At 530, 1f 1t 1s determined that the voltage setpoint for Park 1 1s greater than
139 kV, then at 532 the voltage setpoint for Park 1 is lowered by 0.1 kV, and the decision

path returns to 510, where the average power factor for all parks 1s determined.

A more generic overview of the invention 1s depicted 1n Fig. 6. A cluster of
renewable sites 600 includes existing controllers for a first site 620 and a second site 644. A
park control PLC 602 has been selected as the master controller tor the cluster, and receives
information from the site operator 606, from a marketing company 608, from an existing
controller 620 for site 1, and from park control PCL 604, which controls the park in which a
second site 644 1s located. Existing controllers for sites 1 and 2, 620 and 644, receive
information from substations 624, 643 associated with their sites, and exchange data with
wind turbine generators 622, 646, and with the controllers for each park, 618 and 642. Park
controller 604 sends site data 634 to the site operator 630 and, in turn, receives a setpoint for
MW 636 {rom the operator. In the case where power 1s not subject (o a power purchase
agreement (PPA), but 1s being actively marketed, power marketing company 632 will also
receive site data 638, and will establish setpoints for MW 640. A link 650 between park
controller 604 and master controller 602 provides communications whereby master controller

602 can receive information and provide commands to park controller 604.

12
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[n addition to sending site data 614, 626 and receiving MW setpoints 616, 628 from

the site operator 60)6 or the marketing company 608, master controller 602 also sends cluster

Fig. 7 shows a configuration sumilar to that shown 1n Fig. 6, but also includes a solar
panel bank 752 that 1s linked to the site 2 controller 744, and that exchanges solar data and
commands 746 with that controller. In Fig. 7, all reference numerals refer to the same
components as are shown in Fig. 6, with the exception that the hundreds digit 1s a =7 rather
than a *°6.” I'1g. 7 also shows that control of inductance and capacitance devices 754 can be
integrated with master controller 702 through link 756, thereby giving master controller 702
greater capacity to anticipate and control the production and consumption of Vars, rather than
having to wait before measuring system responses to commands. As shown in Fig. 7, the
invention 1s adaptable for use with all renewable energy resources, and 1s not limited to wind

turbine technology or to products of any specific manufacturers.

I'1g. 8 1s a flow chart representing decisions for providing active power 1n accordance

seen that three power setpoints will be recognized and applied throughout the system. The
renewable tacility 1s a cluster formed from hypothetical wind sites Park 1 and Park 2. MISO

302 establishes one setpoint; ACES 804 applies a second; and the PMI marketing company

higher, the decision tree moves to 810 where the setpoint for Story 1 1s set to the MISO
setpoint and the setpoint for Story 2 is set to 0. At 812, a comparison 1s made to determine
whether the Story 1 output is lower than the Story 1 setpoint. If the output 1s lower, at 814 a
calculation 1s made and OSD is set to the amount by which the Story one setpoint exceeds the
Story 1 output. At 816, the Story 2 setpoint is set to equal OSD, thereby bringing the
combined output of Story 1 and Story 2 up to the MISO setpoint. Thereafter, at 318, the
system 1s monitored for changes. Windspeed 1s monitored at 820 and if 1t has not changed
the decision tree moves to 822 to determine whether any setpoints have changed. If no
setpoints have changed, the system moves back to 818 where the system will be monitored
for changes. If, at 820, windspeed has changed, the decision tree goes back to 818, where the
MISO and ACES setpoints are compared. If, at 822, setpoints have changed, the decision
tree moves back to the start 300 to get the new setpoints from MISO 802, ACES 504, or PMI
306.
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If, at 808, the ACES setpoint is lower than the MISO setpoint, the process moved to
824 where AMD 1s calculated as the difference between the MISO and ACES setpoints. At
326 1t 1s determined whether the PMI setpoint 1s less than AMD (the difference between
MISO and ACES). If the PMI setpoint 1s less than AMD, at 828 the Story 1 setpoint is set at
the ACES setpoint and the Story 2 setpoint 1s set to the PMI setpoint. Then the decision tree

returns to 818 to monitor for changes.

If, at 826, the PMI setpoint is greater than the AMD, then at 830 the Story 1 setpoint
1s set to the ACES setpoint, and the Story 2 setpoint 1s set to AMD. At 832, the Story 1
output 1s compared with the Story 1 setpoint. It the setpoint 1s higher than the Story 1 output,
at 834 OSD 1s calculated as the difference between the Story 1 setpoint and the Story1 output.
Next, at 836, the Story 2 setpoint 1s set to be the sum of AMD and OSD. Thereafter, at 818,
the system 1s monitored for changes.

Persons of skill in the art will understand that configurations other than those
described here may be developed and 1nstalled 1in accordance with the invention. Such

systems and configurations will fall within the scope of the invention, which 1s not limited by

the embodiments disclosed herein, but only by the claims appended hereto.
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I claim:

1. In a renewable energy system comprising a plurality of renewable energy resources
distributed over a geographic area, a method of configuring a renewable energy curtailment and
control system comprising the steps of:

providing a master controller;

providing a plurality of controllers configured such that each controller 1s at a discrete
location remote from said master controller and is operative to control one or more of said
renewable energy resources;

configuring said master controller and said plurality of controllers such that said master
controller receives information from said plurality of controllers and issues commands to said
plurality of controllers, whercin a communication link 1s established between said master
controller and each of said plurality of controllers, thereby enabling said master controller to
communicate with resources at each discrete location;

providing said master controller with information comprising at least predetermined
ranges of actual power and reactive power to be delivered to a point of interconnect remote from
each said discrete location:

processing said information and 1ssuing commands to cause said renewable energy
resources to provide power such that the aggregate of power from said renewable energy
resources is delivered to said point of interconnect within said predetermined ranges of actual

and reactive power.

2. The method of configuring a renewable energy curtailment and control system claimed in

claim 1 wherein said information provided to said master controller includes curtailment

information.

3. The method of configuring a renewable energy curtailment and control system claimed 1n
claim 2, further comprising the steps of establishing and communicating set points for power and

reactive power for at least wind turbine renewable energy resources.

4. The method of configuring a renewable energy curtailment and control system claimed in
claim 3, further comprising the steps of monitoring active and reactive power at a plurality of
points among said renewable energy resources, and 1ssuing commands to said plurality of

controllers to cause the tlow of reactive power between resources to be reduced to a minimal

15
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amount while maintaining active and reactive power delivered to said point of interconnect

within said predetermined ranges.

. The method of configuring a renewable energy curtailment and control system claimed in
claim 4, further comprising the step of monitoring voltages and setting voltage set points for at

least some of said renewable energy resources.

16
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