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Parker Hannifin

The global leader in motion and control technologies and systems

Parker’s Commitment

Parker technologies are critical to safeguarding the
environment by helping to address the world’s need for
clean and efficient energy generation. Our technologies
are critical for renewable energy platforms to become
economical and effective. And our technologies are also
critical for traditional energy platforms to become cleaner
and more efficient. We actively engage in the reduction of
resource use and have a significant environmental impact
through developing and providing technology that reduces
resource use in application.

At Parker, we are at the forefront of efforts to enable the
development and commercialization of every renewable
energy platform in the world. Partnering closely with our
customers, we supply the engineering expertise and global
supply base they desire.

Grid Tie/Renewable Energy

About EGT

Parker’s Energy Grid Tie Division is dedicated to being a
leading diversified solution provider for the energy market.
Headquartered in Charlotte, NC, the EGT division is a
center of excellence for power conversion systems used in
numerous and diverse applications. Drawing from over 35
years of experience in electric power conversion, the division
designs and manufactures grid tie systems that are used

in renewable energy and smart grid applications across the
globe. With tools including expertise in power electronics,
energy storage, advanced cooling/thermal management
and turn-key custom engineered systems, the Energy

Grid Tie division provides solutions. Augmenting its design
and manufacturing capabilities is a team of field service
engineers who are available to see the project through to a
successful commissioning.

Parker’s Energy Grid Tie Division offers grid tie inverters and related equipment in numerous configurations and sizes for a vari-

ety of renewable energy applications. In the growing field of utility scale battery energy storage, Parker provides the PCS (Power
Conversion System) and is the industry leader in lithium ion battery-based systems. In addition, Parker manufactures outdoor duty
battery enclosures, complete with climate control, fire suppression, and monitoring systems. Energy storage is a natural addition to
both wind farms and PV solar installations. It can facilitate the integration of renewable energy with the grid by virtue of its capacity
firming and ramp rate control functions. The end result is more efficient utilization and availability. Direct drive permanent magnet
generators and specialized inverters provide power conversion for wind and wave power. Parker’s Energy Grid Tie division is com-
mitted to providing reliable and efficient solutions to all facets of the renewable energy market.

About Parker Hannifin Corporation

around the world. Parker has

With annual sales exceeding
$13 billion, Parker Hannifin is
the world’s leading diversified
manufacturer of motion and
control technologies and
systems, providing precision-
engineered solutions for

a wide variety of mobile,
industrial and aerospace
markets. The company
employs approximately
60,000 people in 48 countries

increased its annual dividends
paid to shareholders for 56
consecutive years, among
the top five longest-running
dividend-increase records

in the S&P 500 index. For
more information, visit the
company’s web site at http://
www.parker.com, or its
investor information site at
http://www.phstock.com



Grid Tie Applications

Energy Storage

Power conversion for battery-based and other systems

To support the addition of renewable
power generation sources, to maintain
grid frequency stability, or for an eco-
nomical alternative to traditional “spinning
reserve”, many facilities are turning toward
solid state energy storage systems. Due
to advances in battery technology, bat-
tery based electricity storage systems

are gaining in popularity compared to
flywheels, compressed air, pumped hydro,

PV Solar

or other non-solid state systems. Capa-
bilities of battery energy storage systems
(BESS) include frequency regulation, ramp
rate control, peak shaving, renewables ca-
pacity firming, black start, load following,
power factor control, and deferred T&D
upgrade investment. Parker offers the only
refrigerant cooled energy storage PCS on
the market for an efficient and compact
solution.

Central inverters for utility scale solar farms

The result of over three decades of experi-
ence in power conversion and a com-
mitment to sustainable energy, Parker
offers unique solutions for solar power.
The Outdoor Central Solar Inverter is a
megawatt class free-standing package
designed for utility scale PV solar field
applications. A high efficiency design
integrates proven IGBT power conversion,
magnetics, and communications platforms

with Parker’s ground breaking refrigerant
cooling technology. No air conditioner is
required, as power semiconductors, in-
ductor, and internal ambient air are cooled
by a two-phase refrigerant-based system.
Multiple access panels make installation
and scheduled maintenance a breeze,
with no requirement for technician to enter
the enclosure.

Wind and Other Renewable Sources
Grid tie inverters with flexibility and environmental protection

Parker offers flexible solutions for wind,
ocean wave, and small hydroelectric appli-
cations. For wind power, there are a variety
of products, including grid tie inverters,
direct drive PMAC generators, and energy
storage systems. To support the addition
of wind resources to the grid, many wind
farm operators are installing energy stor-
age systems. Capabilities of battery energy
storage systems (BESS) include capacity
firming, frequency regulation, ramp rate

control, peak shaving, black start, load fol-
lowing, power factor control, and deferred
T&D upgrade investment. Parker’s product
portfolio in wind power extends beyond
electric power conversion, with solutions
for turbine blade pitch controls and brak-
ing, hydraulic systems, cooling systems,
and sealing/shielding technologies from
other divisions. Wherever the need for
electric power conversion and conditioning
exists, Parker EGT has a solution.




System Solutions
Energy Storage

Description

Parker has extensive experience in the energy storage arena, and can offer a number of technologies and systems for a
wide range of architectures. Drawing on three decades of experience in power electronics, the Parker bidirectional grid
tie inverter is the heart of the energy storage Power Conversion System (PCS). The PCS regulates the transfer of power
between the grid and the storage element of your choice. Most commonly the storage element is a bank of batteries.
Multiple battery chemistries exist, from lithium ion, to flow batteries, to more traditional lead acid. The Parker PCS is
adaptable to any of the above.

To make easy work of installation and commissioning, Parker offers a pre-configured outdoor duty PCS design. Included
are the modular inverters, connection points, climate control, and communication center. Depending on the desired
configuration, these outdoor enclosures can control up to 4 megawatts each.

Parker also builds fully integrated battery enclosures, including advanced thermal management, low voltage wiring, and fire
suppression. Typical battery enclosures are up-fitted shipping containers.

Utility Scale, Modular Design

Parker power conversion technologies are scalable from 100kW to multiple megawatts of power. For typical utility scale instal-
lations, multiple megawatt-class modules are integrated into modified ISO shipping containers, buildings, or custom outdoor
enclosures for quick delivery and commissioning.

Application Specific Control Logic

Through the use of an industry accepted programmable logic controller (PLC) and the appropriate energy management inter-
faces, the Parker PCS can be customized to assume various application response profiles in order to meet specific utility duty
cycles.

Speed and Efficiency

The IGBT-based Active Bridge Bidirectional Inverter within the PCS is capable of delivering full power in either direction within
10ms, making it suitable for demanding applications like grid frequency stabilization.

Parker Energy Storage System Benefits:

Extensive experience in multiple utility scale installations

® Compact and efficient Parker advanced cooling system for
inverters and batteries

® Modular inverter design for easy field service and

maintenance = |- oo SR

® Turn-key system capability g | {"”/
® Transportable direct outdoor duty enclosures, suitable for o]
L.

extreme environments

—Parker :



System Solutions
Solar Inverter

Description

The result of over three decades of experience in power conversion and a commitment to sustainable energy, Parker offers
unique solutions for solar power. The Outdoor Solar Inverter is a megawatt class free-standing package designed for utility
scale PV solar field applications. A high efficiency design integrates proven IGBT power conversion and magnetics with
Parker’s ground breaking two-phase cooling technology. No air conditioner is required, as the power semiconductors,
inductor, and internal ambient air are cooled by Parker’s two-phase advanced cooling system. Integrated combiner panel
and multiple access panels make installation and scheduled maintenance a breeze.

Parker PV Solar System Benefits:

® Direct outdoor installation, no shelter required

® |P65, dust-tight sealed enclosure

® Multiple panels for connections and components provide for
accessibility from exterior of unit

® Field replaceable inverter modules

® Parker advanced 2-phase liquid cooling system

® Integral HMI touchscreen

® Meets ARRA “Made in America” requirement

VAR Control

In addition to its primary purpose of feeding active power (P, measured in watts) from the solar panels to the grid,

the Parker Outdoor Central Solar Inverter is capable of providing reactive power (Q, measured in VARs) when called
upon. Within the obvious limitations of rated current and power factor, a reactive power component can be produced on
demand.

Protection

The Parker Outdoor Central Solar Inverter is equipped with a comprehensive list of protective devices for safe and
reliable operation.

DC Inputs: Fuse, current sensor on each leg. Contactor disconnect and ground fault current sensor.

DC Bus: Fuse protection.

AC Output: Circuit breaker, phase current sensors (2).

Operating Modes

Voltage Ride-through/Droop Response - Available reactive current is automatically injected if line voltage droop is
sensed

FqRT/Frequency Ridethrough - Output current is limited for increasing frequency
VAR or Power Factor Control - Command the power factor required

BESS Integration
Ramp control algorithm for both active power and VARs makes the Parker Outdoor Central Solar Inverter easily
adaptable to energy storage. With common communication platform and protocols, the inverter may be seamlessly

integrated with Parker’s energy storage PCS.
: —Darker



Inverter Technology
Modular Design

Description

At the heart of every grid tie system is a reliable and efficient inverter. With over three decades of experience in power
conversion, Parker meets these requirements. While the concept of the inverter may seem simple, the design and
functionality is critical. Renewable energy sources are valuable, so high efficiency and maximum uptime are desirable
attributes The core of the system, Parker’s AC890PX Inverter technology, provides quality power by incorporating an
advanced Pulse-Width-Modulated (PWM) switching technology, automatically synchronizing to the AC power grid. Integral
harmonic filters deliver pure sine wave power well within IEEE519 guidelines for Total Harmonic Distortion. Maximum uptime
is achieved first by a robust and reliable design, but also by a design that makes maintenance and service quick and easy.
By virtue of modular design, power components are provided in modular, lightweight, easily replaceable assemblies that can
be swapped out by one person, with no ramps, rigging, or major disassembly required. Inverters are manufactured at our
ISO9001:2008 certified facility in Charlotte, NC, and satisfy ARRA “Buy American” provision.

Building Block
Inverter

In both air cooled and
refrigerant cooled systems,
PowerPak modules plug
into a rail system to form
a complete inverter stack.
Modules are easily acces-
sible, and can be changed
in the field with minimal
equipment. Refrigerant
cooled modules can be
changed without requiring
a cooling system charge,
thanks to no-leak quick
break fluid connectors.




Parker Worldwide

AE - UAE, Dubai
Tel: +971 4 8127100
parker.me@parker.com

AR - Argentina, Buenos Aires
Tel: +54 3327 44 4129

AT - Austria, Wiener Neustadt
Tel: +43 (0)2622 23501-0
parker.austria@parker.com

AT - Eastern Europe,

Wiener Neustadt

Tel: +43 (0)2622 23501 900
parker.easteurope@parker.com

AU - Australia, Castle Hill
Tel: +61 (0)2-9634 7777

AZ - Azerbaijan, Baku
Tel: +994 50 2233 458
parker.azerbaijan@parker.com

BE/LU - Belgium, Nivelles
Tel: +32 (0)67 280 900
parker.belgium@parker.com

BR - Brazil, Cachoeirinha RS
Tel: +55 51 3470 9144

BY - Belarus, Minsk
Tel: +375 17 209 9399
parker.belarus@parker.com

CA - Canada, Milton, Ontario
Tel: +1 905 693 3000

CH - Switzerland, Etoy
Tel: +41 (0)21 821 87 00
parker.switzerland@parker.com

CL - Chile, Santiago
Tel: +56 2 623 1216

CN - China, Shanghai
Tel: +86 21 2899 5000

CZ - Czech Republic, Klecany
Tel: +420 284 083 111
parker.czechrepublic@parker.com

DE - Germany, Kaarst
Tel: +49 (0)2131 4016 0
parker.germany@parker.com

DK - Denmark, Ballerup
Tel: +45 43 56 04 00
parker.denmark@parker.com

ES - Spain, Madrid
Tel: +34 902 330 001
parker.spain@parker.com

Fl - Finland, Vantaa
Tel: +358 (0)20 753 2500
parker.finland@parker.com

FR - France, Contamine s/Arve
Tel: +33 (0)4 50 25 80 25
parker.france@parker.com

GR - Greece, Athens
Tel: +30 210 933 6450
parker.greece@parker.com

HK - Hong Kong
Tel: +852 2428 8008

HU - Hungary, Budapest
Tel: +36 1 220 4155
parker.hungary@parker.com

IE - Ireland, Dublin
Tel: +353 (0)1 466 6370
parker.ireland@parker.com

IN - India, Mumbai
Tel: +91 22 6513 7081-85

IT - Italy, Corsico (Ml)
Tel: +39 02 45 19 21
parker.italy@parker.com

JP - Japan, Tokyo
Tel: +81 (0)3 6408 3901

KR - South Korea, Seoul
Tel: +82 2 559 0400

KZ - Kazakhstan, Almaty
Tel: +7 7272 505 800
parker.easteurope@parker.com

LV - Latvia, Riga
Tel: +371 6 745 2601
parker.latvia@parker.com

MX - Mexico, Apodaca
Tel: +52 81 8156 6000

MY - Malaysia, Shah Alam
Tel: +60 3 7849 0800

NL - The Netherlands,
Oldenzaal

Tel: +31 (0)541 585 000
parker.nl@parker.com

NO - Norway, Ski
Tel: +47 64 91 10 00
parker.norway@parker.com

NZ - New Zealand, Mt Wellington
Tel: +64 9 574 1744

PL - Poland, Warsaw
Tel: +48 (0)22 573 24 00
parker.poland@parker.com

PT - Portugal, Leca da Palmeira
Tel: +351 22 999 7360
parker.portugal@parker.com

RO - Romania, Bucharest
Tel: +40 21 252 1382
parker.romania@parker.com

RU - Russia, Moscow
Tel: +7 495 645-2156
parker.russia@parker.com

SE - Sweden, Spanga

Tel: +46 (0)8 59 79 50 00
parker.sweden@parker.com

SG - Singapore

Tel: +65 6887 6300

SK - Slovakia, Banska Bystrica

Tel: +421 484 162 252
parker.slovakia@parker.com

SL - Slovenia, Novo Mesto
Tel: +386 7 337 6650
parker.slovenia@parker.com

TH - Thailand, Bangkok
Tel: +662 717 8140

TR - Turkey, Istanbul
Tel: +90 216 4997081
parker.turkey@parker.com

TW - Taiwan, Taipei
Tel: +886 2 2298 8987
UA - Ukraine, Kiev

Tel +380 44 494 2731
parker.ukraine@parker.com

UK - United Kingdom,
Warwick

Tel: +44 (0)1926 317 878
parker.uk@parker.com

US - USA, Cleveland
Tel: +1 216 896 3000

VE - Venezuela, Caracas
Tel: +58 212 238 5422

ZA - South Africa,

Kempton Park

Tel: +27 (0)11 961 0700
parker.southafrica@parker.com

© 2013 Parker Hannifin Corporation.
All rights reserved.

Parker Hannifin Corporation
Energy Grid Tie Division

9225 Forsyth Park Dr.

Charlotte, NC 28273 USA

Tel: (704) 588-3246 Fax: (704) 588-3249

info.us.egt@parker.com
www.parker.com/gridtie



