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FOREWORD
 
TECHNOLOGY REVIEW
 

The Egyptian Electricity Authority (EEA), 
United States Agency for
 

International Development (USAID/Cairo), and 
a group of U.S. consultants form a
 

team responsible for conducting field 
test demonstration projects 
for eleven
 

renewable energy applications in Egypt. 
 These demonstration projects include
 

the use of photovoltaic, wind and solar thermal systems 
for water pumping, ice
 

meking, desalination. industrial process heat and grid 
connected electricity
 

generation. The specific objectives of the 4-year program are: 
 (1) to
 

demonstrate the viability of renewable energy technologies in Egypt, (2) to
 

comprehensively strengthen Egyptian technical and institutional capabilities in
 

the full spectrum of renewable energy planning and decision-making, and (3) to
 

establish the infrastructure necessary to 
ensure 
that those renewable energy
 

technologies which have proven successful, 
are available for widespread use in
 

Egypt.
 

Each of the project 
field tests contain seven generic tasks: Technology
 

Review, Application Review, Conceptual Design, Preparation of 
a Statement-of-Work
 

for 
a Tender Document, Proposal Evaluation, Supervision of Hardware Installation,
 

and Performance Evaluation. 
 Three of the eleven potential field test derInntration
 

projects 
are wind energy system applications. The Technology Review for one of
 

these three 
field tests, a wind powered desalination plant, is presenteJ in
 

this document.
 

The system consists of 
one or more wind generators, some battery storage
 

and a diesel generator, operaLing 
as 
a hybrid system isolated from the local
 

electric grid to supply power to 3
a 50 m per day desalination plant. The
 

candidate site chogen 
for this demonstration project is the Hurghada Marine
 

Institute located 
in Hurghada, a village along the Red Sea Coast approximately
 

450 kilometers 
from Cairo.
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This Technology Review provides information regarding the technical
 

mrturity of 
all. required hardware for the successful installation and operation
 

of the system. 
The Review also provides information on a representative selection
 

of manufacturers and products.
 

This document is Subtask 3.10.2 of 
the field test r, uirements under
 

Contract AID 263-123C-00-4069-00, Task Area 3. 
The recommendations made in
 

this document are based on 
the maturity of all technologies involved and with
 

consideration of any perceived site-specific constraints existing at 
Hurghada.
 

The results front Task 2.1, Economic/Market Assessment address other factors
 

such as 
economics, market size and social/institutional aspects that may impact
 

the 
potential for widespread implementation of wind powered desalination plants
 

in Egypt. The Task 2.1 
results will be provided in a separate document.
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1.0 	 EXECUTIVE SUMMARY 

1.1 	 Project Objectives 

The purpose of this 
field test is to demonstrate the use 
of wind system
 

generated electricity to power a sea water desalination plant 
on the 	Red Sea
 

Coast. 
 The proposed location for the system is the Marine Biological Station
 

in Hurghada, approximately 450 kilometers 
from Cairo. Data collected during
 

the November 1985 site visit indicate that a stand-alone power system, consisting
 

of wind turbines, a diesei generator and 
some battery storage, can be demonstrated
 

at this 	location. 
 The system sizing and specific location for this 
field test
 

is based on a preliminary assessment of regions in Egypt where (1) current 
and
 

future demand for potable water falls short of 
supply, (2) future regional
 

growth and development is dependent upon adequate supplies of 
potable 	water,
 

(3) the 	wind resources 
appear to be adequate to support such a demonstration,
 

and (4) the infrastructure of the host organization appears 
to be adequate to
 

support system operation and maintenance.
 

1.2 	 Intent of the Technology Review
 

There are 
five major factors in assessing the viability of this field test
 

demonstration:
 

(1) The adequacy of the wind resource;
 

(2) 
User requirements and site specific characteristics;
 

(3) User capability 
for system, operation and maintenance;
 

(4) Social, economic and institutional aspects; and
 

(5) 
Maturity of the necessary technologies.
 

This document, the Technology Review, provides 
a review and evaluation
 

of relevant technology in order to 
support decisions and information require

ments 
of the 	conceptual design task, the preparation of 
a Statement-of-Work
 

for a Tender Document, and the evaluation of field test contractor's proposals.
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1.3 Technology Perspective
 

Field test #10 
will evaluate the technologies of desalination, wind
 

energy, diesel generators, and batteries at both an individual component 
level
 

and as an integrated power and load system. During this field 
test each hardware
 

component will. be 
tested on a technical, institutional and economic basis. 
The
 

integrated performance of 
the power system components, together with the
 

desalination equipment will also be evaluated.
 

The technologies considered for desalting 
sea water (reverse osmosis,
 

electrodialysis and vapor compression distillation) are 
technically sound.
 

Hardware is commercially available for 
reverse 
osmosis and vapor compression distil

lation processes. Sea water electrodialysis equipment is 
only available on a
 

demonstration basis. 
 The application of commercially available wind energy systems
 

to each of the technologies is technically feasible and consistent with project
 

objectives, but has yet 
to be commercially proven.
 

Diesel powered electricity generation (diesel generator) for 
remote power
 

applications is 
a proven technology. Diesel generators have been installed in
 

remote areas throughout the world for the past 30 years. 
 Diesel generator
 

technology development over the years has concentrated on increasing power
 

density (more power per unit weight) and 
toward producing higher efficiency
 

engines and generators 
that require less maintenance.
 

Lead-acid and nickel-cadmium storage batteries, best suited for wind
 

power system applications, are proven technologies. Lead-acid storage batteries
 

have been produced on a commercial scale for over 75 years. 
 Nickel-cadmium
 

batteriea, first developed around 1900, did 
not come into common use until after
 

1945. 
 Both lead-acid and nickel-cadmium batteries are available worldwide.
 

As electricity prices in 
the United States began to increase in the
 

1970's and 1980's applications for wind generators also began to 
increase.
 

Stand-alone applications for wind generators increased mainly 
in response to
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increased electricity prices and the growing need for remote power 
sources.
 

Currently, there 
are numerous 
stand-alone applications 
for wind generators on
 

farms and in 
remote areas. 
 However, the primary application for wind energy
 

today, and the one 
for which the majority of wind generators are designed and
 

manufactured, is for the production of grid connected electric power; i.e., 

wind farms. 
 Wind farms have been in operation in the United States since the
 

early 1980's and have developed mainly in response to 
tax credits. The U.S.
 

wind turbine industry at the end of 
1984 included 30 turbine manufacturers with
 

commercial sales (about 15 manufacturers produce turbines 
in significant quantities),
 

96 equipment manufacturers, 15 
siting service companies, 25 wind monitoring
 

equipment suppliers, and more 
thaa 700 private wind power developmenL or manage

ment companies. 
Since the expiration of 
the tax credits at the end of 
1985 many
 

companies in the wind industry have been reorganizing to streamline their
 

operations. 
 The massive industry shakeout predicted to 
result from the expiration
 

of the tax credits, however, has 
not yet happened.
 

Each of the component technologies involved with th.s 
field test has been
 

proven independently. 
 The operating characteristics of the 
separate technologies
 

are complimentary. Therefore, depending on 
the specific application and component
 

sizing, the combination of these technologies for "hybrid" power systems (wind,
 

diesels and batteries) can 
result in higher reliability and lower delivered energy
 

costs than any of 
the individual technologies operating in 
a stand-alone mode.
 

In the last five years, the attention given to wind/diesel hybrid (W/D) systems by
 

industry and universities world-wide has 
increased substantially. Numerous
 

studies are now being conducted in over 15 countries 
to analyze system behavior,
 

predict performance, and define critical research needs. 
 Testing and demonstra

tion programs plus actual system implementation projects are 
a prime focus.
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1.4 Review of Field Test Hardware
 

Desalination System
 

Based upon the proposed application at Hurghada, it appears that a
 

reverse 
osmosis (RO) system is the most practical and cost-effective desalination
 

alternative. Electrodialysis (ED) systems 
for sea water applications are not
 

commercially available. 
 Hence, their application for a demonstration project
 

is not recommended. 
 Vapor compression distillation (VCD), 
on the other hand, is a
 

well proven commercially available technology for desalting sea water. 
 However,
 

such systems have traditionally proven economical only for large applications
 

(i.e., greater than 1800 cubic meters 
per day), and 
are only marginally cost
 

effective for applications in the size range proposed for this field 
test.
 

Wind Turbines
 

Wind turbines consist of 
four basic components: 
 rotor, transmission,
 

generator, and sensors 
and controls. These components 
are normally "pre-design'd" 

into a wind turbine - i.e., when purchasing a wind turbine one does not request
 

a specific rotor, generator, transmission or sensors/controls. Wind turbines are
 

designed for specific wind speed ranges and applications and all equipment has
 

already been optimally selected.
 

Rotor - Major performance variations in turbine output generally will
involve rotor design. 
 Popular materials for blade construction are
wood, fiberglass and aluminum. 
Numerous manufacturers make rotors 
that
 are proven in operation over 
the past 5-years. Wooden or 
fiberglass

blades appear to 
be most suitable for Hurghada.
 

Transmission -
Almost 
all currently operating wind generators contain
 a step-up gearbox between the 
rotor and generator. 
Most wind turbines
 use helical or planetary gearboxes, with gear ratios ranging from 14:1
to 25:1. 
 Gearbox technology is well understood and used in operational

wind generators. 
 Both helical and planetary gearboxes are appropriate for
 
the proposed system at Hurghada.
 

Generators - Generators used in 
stand-alone wind 
turbine applications

are one of four standard types 
- DC shunt, permanent magnet AC, standard
AC, and self-excited induction. 
Generators are standard systems in use
throughout the world, in wind generators and other applications for the
generation of electricity. Any of the 
four types could be used 
at Hurghada.
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Controls - Turbine controls are an 
important componient for optimizing

system performance. 
 Turbine control prevents rotor overspeed in high
winds and al!ows turbine operation during cut-in and 
cut-out wind speeds.
Control methods currently used 
are blade pitch angle control, turbine
 yaw control and rotor braking. Rotor braking appears 
to be the simplest

and most practical for application at Hurghada.
 

Diesel Generators
 

Self-contained diesel engine/generator sets 
for remote AC power are
 

commercially available in 
a wide range of sizes 
from many manufacturers. Diesel
 

generator sets which produce DC power are also commercially available but generally
 

only on a special order basis. 
 A method of obtaining DC power is 
to use a con

ventional AC diesel generator in conjunction with an AC to DC rectifier.
 

Inverters/Rectifiers
 

The use of inverters and rectifiers may be required for system operation.
 

The performance record of stand-alone inverters in developing countries has been
 

poor. In addition, there are efficiency penalties and added 
costs for their use.
 

There are a number of 
suppliers of commercial inverters and rectifiers.
 

Batteries
 

The two most 
common batteries used for wind energy applications are lead

acid and nickel-cadmium. 
Lead-acid batteries 
are the preferred choice over
 

nickel-cadmium primarily because of 
lower cost. Lead-acid batteries are manu

factured in 
sealed and vented configurations. 
 For remote applications and
 

sandy areas, sealed batteries are often preferred 
over vented batteries because
 

the loss 
of electrolyte and potential for contamination is greatly reduced.
 

The decision parameters for selecting a battery system should be life cycle
 

cost, maintenance, and reliability. 
 It is recommended that 
lead-acid, sealed
 

or vented batteries be selected for this application.
 

Power System Controller
 

The type and level of sophistication of the power system controller (PSC)
 

depends on the type of desalination and power system used. 
 An ED and VCD desalina
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1.5 

tion system, with no battery storage 
or 
diesel engine, requires a relatively
 

simple PSC, while the hybrid system required 
for RO needs a fairly complex con

troller capable of:
 

1) Regulating power production from both the diesel and wind generators;
 

2) Protecting batteries from service extremes;
 

3) Managing power use 
to maximize wind energy productiori and
 

4) (,ontinuously displaying system operating parameters.
 

The PSC for this field test demonstration will most likely be 
a custom
 

design that must be 
evaluated on a case-by-case basis.
 

Conclusions and Recommendations
 

The findings in 
this Technology Review support the recommendation to
 

proceed wich Field Test #10 
from the point of view of the 
potential for wide

spread use of the technology in Egypt, and based 
on 
the growing commercial
 

availability of 
proven hardware.
 

Although experience is 
limited with wind/diesel power systems, this review
 

indicates 
that there should be no insurmountable technical problems associated with
 

this demonstration project. 
 This review supports the following conclusions:
 

1. Hybrid wind/diesel power systems 
are a logical development step for
future 
remote powr system applications where the wind is
resource 

adequate.
 

2. 
 Individual subsystem component technologies for this field test are
proven, reliable and commercially available. 
As long as all power
system components are operating in a hybrid mode, supplying 
constant
 power to the desalination plant, 
no unusual system maintenance
 
problems should result.
 

3. Wind/diesel power systems in 
a size compatible with the desalination

loads of 
this field 
test should have a significant promise of 
a
 
widespread market.
 

4. The two most 
important technical considerations for this 
field test
 are the design choice of 
an AC or DC system and the design and

performance of 
the power control system.
 

Based on these co'nclusions, there is 
no apparent reason why a wind/diesel
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hybrid powered desalination system should not be designed, purchased and 
installed
 

at Hurghada.
 



2.0 FIELD TEST OBJECTIVES AND DESCRIPTION
 

2.1 Project Objectives
 

The Egyptian Electricity Authority (EEA), the U.S. Agency for Inter
nationa. Development (USAID/Cairo), and a group of U.S. 
 consultants form a
 

team responsible for conducting field test demonstration projects of eleven
 

renewable energy applications in Egypt.
 

The three general tasks being conducted are:
 

(1) Field Tests 
- To assess some selected renewable energy system/

applications which could be suitable for commercial use in Egypt;
develop detailed engineering design hardwiare specifications and
system performance requirements; prepare RFP packages for procuring
equipment; supervise the work of hardware contractors; and collect
and evaluate data generatea from the field tests.
 

(2) Supprti Anlsis - Conduct technical, social, finnncial, economic,
and market analyse' of renewable systems related to the field tests.
Develop a computer based Renewable Energy Information System (REIS).
 

(3) TraLnin 
- Improve the skills of the Government of Egypt (GOE) and
the private sector in evaluating renewable technologies, applications, economics and markets and provide technical assistance in
system design, installation, operation and maintenance.
 

Three of the eleven potential field test demonstration projects are wind
 

energy system applications:
 

o Village Power 
-
A number of small wind turbines (4kWp to 25kWp)
and/or wind turbine/diesel/battery hybrid systems will be designed as
stand-alone systems or interconnected with existing power distribution
 
systems.
 

o Desalination -
A single turbine or a small cluster of wind turbines
will supply power for a 50 m3 
per day desalination system near the
Hurghada Marine Institute on the Red Sea.
 

o Grid Electricity -
A 250 kWp wind farm will be built near Ras
Ghareb on the Red Sea. 
The system will operate in a fuelsaver mode for an existing power station and provide electricity

to an existing transmission grid.
 

The proposed desalination application is based on (1) the belief that
 
future regional growth and the potential for dispersed development throughout
 

the Red Sea coastal region is dependent upon adequate fresh water supplies and
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(2) the value of a wind energy demonstration to be sited where the strengthening
 

of Egyptian technical and institutional capabilities for widespreadi development
 

of this technology can be maximized.
 

A visit 
was made to the proposed field test demonstration site 
on
 

November 10-12, 1985 by personnel from the EEA and the U.S. Project Team, for
 

field data collection and interviews with local personnel from the Canal Dis

tribution Company (EEA), the Hurghada Marlie Institute and the Red Sea Governorate.
 

The application of a wind/diesel/battery power system ("hybrid" power
 

system) for desalination at 
the iiurghada Marine Institute wiil 
serve as a
 

demonstration of the capability of these technologies 
to reliably supply signif

icant amounts of power in locations where electric utility grid power is n,L
 

available, 
or where supplies 
are inadequate or unreliable. 
 It is important
 

that this field test 
be designed to distinguish between the performance of the
 
energy 	conversion system, the desalination equipment and other relcted equipment
 

such as instrumentation and water treatment. 
The field test will also provide
 

valuable data on 
the field performance of diesel generators in comparison to
 

wind turbines under similar levels of operation and maintenance.
 

2.2 	 Description of the Field Test
 

The purpose of this field test is 
to demonstrate the use of wind system
 

generated electricity to power a sea water desalination plant 
on the Red Sea
 

Coast. 
 The proposed location for the system is 
the Marine Biological Station
 

in Hurghada, approximately 450 kilometers from Cairo. 
 Data collected during
 

1In attendance for the U.S. Project Team were 
Peter Borgo and Robert Russo
of Meridian Corporation, and Bruce Watson, a consultant to Meridian.
In attendance for the EEA were Eng. Mohamed Mitwally El-Sayed and Eng.
Essam El-Din Abu-Zeid. Discussions were held with Dr. Salah and Dr. Fahmy
El-Gammal of the Hurghada Marine Institute and Aly Yorsy, General Secretary

of the 	Red Sea Governorate.
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the November 1985 site visit indicate that 
a stand-alone power system, consIsting
 
of wind turbines, a diesel generator and some battery storage, can be demonstrated
 

at this location,
 

The systeu sizing and specific location for this field test is based
 
on a preliminary assessment of regions in Egypt where (i) 
current 	and future
 
demand for potable water falls short of supply, (2) future regional growth and
 
development is dependent upon adequate supplies of potable water, (3) the wind
 
resources appear to be adequate to support such a demonstration, and (4) the
 
infrastructure of the host organization appears to be adequate to support
 
system operation arid maintenance. 
In all towns along the Red Sea, water supply
 
currently falls short of demand. 
"tlans are being Implemented to augment existing
 
water supplics with additional desalination plants and piplin, improvements.
 

However, demand will continue to outpace supply for the foreseeable future.
 
The 50 cubic meter per day desalination plant proposed for this field test
 
will supplement Zhe potable water supply currently aupplied by a 220 kilometer
 
pipeline from the Nile River through Saffaga. 
The specific location for the
 
demonstration project (the Hurghada Marine Institute) was chosen based on its
 
(1) immediate needs for potable water, (2) plans for future expansion, and (3)
 
competent personnel technically skilled in water chemistry that are available
 

to operate and maintain the system.
 

2.3 	 Purpose ,of the Technology Review
 

There are 
five major factors that will be considered specifically for
 
this field test; (1) the adequacy of the wind resource, (2) the user requirements
 
and site specific civil works and infrastructure characterisitics that could
 
affect the installation, (3) the ability of tie user 
to operate and maintain
 
the system, (4) the social, eecnomic and institutional aspects of the application,
 
and (5) the mavurity of the necessary technologies (wind turbines, diesel generators,
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batteries, and dealination system), 
i.e. the availability of proven,
 

reliable and commercially available hardware.
 

This document, the Technology Review, provides a review and evaluation
 

of relevant technology in order to support decisions and information requirements
 

of 
the conceptual design task, the preparation of a Statement-of-Work for a
 

Tender Document, and evaluation of 
field test contractor's proposals.
 

There 
are certain issues that must be considered in using this document:
 

(1) There are 
few reliable methods for comparing wind turbine unit

price and performance. 
 Manufacturer specifications have 
not

been developed from a consistent set of assumptions or operating
 
conditions.
 

(2) 
Diesel engines and batteries have traditioaally been used 

steady state applications. However, when used in 

in
 
a wind/diesel


hybrid configuration, diesel generator sets and batteries 
are

subject 
to very cyclical, non-steady state operation. Under these
extreme 
operating c(,.ditions certain phenomena or 
characteristics
 
are not well understood, such as diesel wear, which may lead 
to
 
high maintenance end 
a shorter lifetime.
 

(3) The various technologies required 
for the field test are "moving

targets," as 
new developments substantially change the technology

base, and as each manufacturer makes incremental design improvements
 
to their products.
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3.0 	 HISTORICAL PERSPECTIVE OF COMPONENT TECHNOLOGIES 

Field test #10 will evaluate the technologies of desalination, wind energy
 

diesel generators, and batteries at both an individual component level and as
 

an integrated power and load system. 
During this field test each hardware
 

component will be tested on a technical, institutional and economic basis. 
 The
 

integrated peformance of the power system components, together with the
 

desalination equipment will also be evaluated.
 

A perspective on the past and current performance of each technology is
 

provided in this section.
 

3.1 	 Desalination
 

In all desalination methods currently available, salt and water, or
 
relatively pure water and the more salty water from which it originated, are
 

separated by one means or another into their two distinct phases. 
 Common
 

methods used are: electrodialysis, reverse osmosis, d-etillation, freezing,
 

and solar evaporation.
 

Electrodialysis (ED) plants have had successful operating histories for
 

brackish water. 
Currently, there are no commercially available ED systems for
 
seawater, although a few demonstration plants have been built. 
By its 	nature,
 

the ED process is well suited to a direct current electrical generating system.
 

Technology development in electrodialysis desalination has involved a process
 

known as electrodialysis reversal (EDR). The system uses electrical polarity
 

to continually control membrane scaling and fouling. 
 Another 	development is 
a
 

new anion membrane, which inhibits organic fouling, a problem associated with
 

conventional membranes.
 

Reverse osmosis applications have incieased dramatically over the past
 

ten years, as membrane technolugy has improved. 
The process is most suitable
 

for a constant pover wind/diesel hybrid system, or wind with the electric grid
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as a back-up. 
 Technology development in 
reverse osmosis desalination has in

volved the development of energy recovery devices and 
new membrane designs.
 

Energy recovery devices can reduce process energy requirements by 30% 
to 40%.
 

The types of systems which have been most successful are the (a) Pelton Wheel
 

Impulse Turbine; (b) the Multistage Vertical Reaction Turbine; and (c) the
 

Horizontal Reaction Turbine. 
 These turbines are connected to the brine 
discharge
 

to capture some of 
the high pressure energy associated with the reject flow.
 

Membrane development has centered around the design of thin film composites
 

which have high product 
flow and salt rejection capabilities. Such membranes
 

will allow lower operating pressures and, hence, reduced energy consumption.
 

Conventional distillation, the most widely used desalting process, requires
 

significant amounts 
of thermal energy to 
effect the separation of salt and
 

water and, hence, is not cost-effective for an electrical energy power supply.
 

Vapor compression distillation (VCD), 
which operates on 
a heat pump cycle to
 

evaporate water at atmospheric temperature, requires little or no 
thermal energy
 

input. Hence, it is 
a candidate for 
a wind or wind/dicsel hybrid power
 

system. Currently there 
are over 160 installations of VCD systems throughout
 

the world.
 

Desalination by freezing is 
a process with great potential. Although the
 

concepts are proven, the process has 
not had many applications. 
 As a result,
 

it will not be considered for 
this field test.
 

Solar evaporation is 
a substitute 
for conventional distillation where
 

adequate solar resources exist. 
 It requires little electrical power (primarily
 

for operating pumps) and, hence, is 
a poor application for a wind energy
 

demonstration project.
 

Although the technologies which will be examined for this field test 
(VCD,
 

RO and ED) are technically sound for desalting sea water, their use with wind
 

generators has yet 
to be commercially proven. 
Currently, there are no 
sea water
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VCD, RO or ED desalination systems powered by wind generators or wind/diesel
 

hybrids.
 

3.2 
 Diesel Generators
 
S7 

Diesel powered electricity generation (diesel generator) for remote power
 
applications is a proven technology. 
Diesel generators have been installed
 

in remote areas throughout the world for the past 30 y.ers. 
 Diesel generator
 

technology development over the years has concentrated on increasing power
 
density (more power per unit weight) and toward producing higher efficiency
 

engines and generators that require less maintenance.
 

The usefulness of diesel generators and their counterpart, gasoline genera
tors, is based 
on the availability of fuel and maintenance which represent the
 
bulk of the cost of delivered energy. 
A decision to employ diesel generators
 

is not based on the technology, but 
on the reliable supply and associated costs
 

of fuel and maintenance.
 

Until about the mid-1970's there were few alternatives to diesel or
 
gagoline powered generator technology for meeting remote demands for electricity.
 
With the advent of wind energy technology and the trend toward lower costs for
 

wind generators, diesel generator technology is being systematically replaced
 

in certain remote power applications such as co.Lmunications.
 

A recently published membership list of the trade association EGSA
 
(Electrical Generating Systems Association) contains over 100 manufacturers of
 
diesel generator systems and components. This demonstrates that there is a
 

highly developed technology base for diesel generators.
 

3.3 Batteries
 

Lead-acid and nickel-cadmium storage batteries, best suited for wind power
 
system applications, are proven technologies. 
Lead-acid storage batteries have
 
been produced on a commercial scale for over 75 years. 
 Nickel-cadmium batteries,
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3.4 

first developed around 1900, did not come into common use until after 1945.
 

Both lead-acid and nickel-cadmium batteries are available worldwide.
 

Development in battery technology is directed at lowering cost, increasing
 
life, reducing maintenance requirements and increasing efficiency. 
Progress
 

toward these objectives is expected to occiur slowly but steadily.
 

An important development in battery storage technology for wind systems is
 
the commercial availability of deep cycle, sealed lead-acid batteries that use
 
recombination batLery technology. 
Recombination battery technology virtually
 

eliminates water consumption by designing the battery cells to recombine any
 
generated hydrogen and oxygen into water. 
This permits the battery to be sealed
 
and results in a relatively maintenance free battery. Although the cost of
 

these batteries is higher than "vented" lead-acid batteries, which require
 
higher maintenance levels, their use in wind systems is expected to steadily
 

increase.
 

Wind Generators
 

Denmark was the first country to use wind for the generation of electricity.
 

By 1890 the Danes were using a 23 meter diameter wind turbine to generate
 
electricity. 
 By 1910, several hundred units with capacities of 5 to 25 kW were
 
operating in Denmark. 
About .1925, commercial wind-electric plants using two
and three-bladed propellers came into use in America. 
 These early systems were
 

small in comparison to todays machines, ranging in size from 200 watts to 3 kW,
 
and were used primarily on farms to charge batteries. With the widespread use
 
of inexpensive and reliable utility generated electricity in the U.S. during
 
the 19 40's, stand-alone applications for wind generators rapidly decreased. 
As
 
electricity prices in the United States began to increase in the 1970's and
 
1980's applications for wind generators also began to increase. 
Currently,
 

there are numerous stand-alone applications for wind generators on farms and in
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remote areas. 
 However, the primary application for wind energy today, and the
 

one 
for which the majority of wind generators are designed and manufactured, is
 

for the production of grid connected electric power; i.e., 
wind farms, which
 

have been in operation in the United States since about 1981.
 

Progress of wind energy technology has been rapid over the past 4
-years. It
 

consists of three general phases:
 

(1) 	Solving gross reliability problems (mostly structural),
 

(2) 	Concertrating on improved reliability through better maintenance
 
and reducing operating and maintenance costs,
 

(3) 	Increasing energy production by more efficient control algorithms

and by better siting.
 

There is no 
doubt hooiever, that the interest and investment in wind energy
 

systems since 1978 has produced a mature, commercially available technology for
 
the generation of elect;,icity in both grid-connected and stand-alone applications
 

throughout the world.
 

The 	U.S. wind turbine industry at the end of 
1984 included 30 turbine
 

manufacturers with commercial sales (about 15 manufacturers pro'duce 
turbines in
 
significant quantities), 96 equipment manufacturers, 15 siting service companies,
 

25 wind monitoring equipment suppliers, and more than 100 private wind power
 

development or management companies. 
 The massive industry shakeout, which was
 

predicted to result from the expiration of the tax credits, has not yet occured.
 

The 	majority of changes in the wind industry have primarily involved corporate
 

restructuring.
 

3.5 Hybrid Systems
 

Each of the component technologies involved with this field test have been
 

proven independently. The operating characteristics of the separate technologies
 

are complimentary. 
 Therefore, depending on the specific application and component
 

sizing, the combination of these technologies for "hybrid" power systems (wind,
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diesels and batteries) can result 
in higher reliability and lower delivered
 

energy costs than any of 
the individual technologies operating in 
a stand-alone
 

mode.
 
In the last 
five years, the attention given to wind/diesel (W/D) systems
 

by industry and universities world-wide has 
increased substantially. Numerous
 

studies are now being conducted in over 15 countries to analyze syatem behavior,
 

predict performance, and define critical research needs. 
 Testing and demonstra

tion programs plus actual system implementation projects are 
a prime focus. In
 

the United States, new 
interest has developed in W/D applications as stand-alona
 

power sources for 
island communities. 
 In addition, wind farm developers are
 

considering adding diesel power sources 
to 
their wind power grid, thereby
 

improving the system power "quality" to firm-power status (i.e,, 100% availability).
 

Growth in the small, highly reliable W/D system for telecommunication and
 

military applications, in which U.S. manufacturers have played 
a significant
 

role, is expected to continue.
 

The aggressive efforts in W/D technology primarily result 
from increased
 

pressure to provide low-cost energy 
for remote applications and the economic
 

potential of 
the W/D combination. 
Many recent market studies2 predict that
 

remote 
power applications will increase significantly over 
the next 10 years,
 

with electrification expected 
to grow 20% 
per year. The studies indicate that
 

W/D hybrids have the greatest potential for this market.
 

Schroeder, M.P. and Henein, N.A., 
"State-of-the-Art Assessment 
on the Develop
ment and Engineering Analysis of Hybrid Wind/Diesel Systems," 
a paper presented

at 
the Wind Power'85 Conference, San Francisco, CA, August 27-30, 1985.
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4.0 
 POWER SYSTEM TECHNOLOGY
 

4.1 	 Power System Options
 

The power technologies specifically under evaluation in 
this field test are
 

wind generated electricity, and wind 
in parallel with diesel generators. As
 

background, 
a brief 	perspective 
is provided on competing remote 
power technologies
 

in this section. Three basic "stand-alone" energy technologies are 
considered
 

as power for 
sea water desalination at 
the Marine Biological Institute at
 

Hurghada. These 
are diesel, wind and hybrid power.
 

Diesel Generators
 

Diesel generators are available in a wide range of 
sizes from 2 kW up 
to
 

several hundred kW rating. 
They operate with a thermal-to-electricity 
fuel
 

conversion efficiency of 15-30% depending on 
capacity 	factor and 
the quality of
 

maintenance. 
 For a stand-alone application, two diesel 
generator sets are
 

normally required to provide 
for 100% back-up and operation of the load during
 

diesel maintenance periods.
 

Of the three stand-alone energy technologies, diesel generators have the
 

lowest capital cost 
for a particular application. However, as a result 
of fuel
 

consumption requirements, their overall cost-of-electricity generation is
 

relatively high.
 

Wind
 

In good wind regimes, wind power is usually cost competitive with diesel
 

generators. Although wind turbine capital 
cost is high, wind turbines produce
 

electricity at 
a cost 	competitive rate, 
over their lifetime, since they have 
no
 

fuel requirements.
 

The wind resource at Hurghada appears 
to be adequate for consideration of
 

a wind turbine to power a desalination plant. 
 The variations in wind speed
 

and, hence, turbine poi'er output, on an hourly, daily and seasonal basis, would
 

result in the need for 
a very "over designed" stand-alone wind only system
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to provide power during low wind speeds. 
 During periods of high wind speeds
 

much energy would be wasted. Since the desalination plant requires a stable
 
power supply, the variability of power output from a wind only system will
 
necessitate the need For a stable back-up power source, such as the electric
 

grid. Thus, if a stand-alone wind system is used, it is more practical to size
 
the wind turbines fc high wind speed months and rely on the electric grid to
 

supply additional pr wer requirements.
 

Wind/Diese. "Hybrid" Power Systems
 

A hybrid power system - the combination of a wind and diesel generator
 

operating in parallel, and storage batteries 
- uses the benefits of the three
 
technologies and redices the disadvantages associated with each individually.
 

The presence of 
a diesel generator eliminates the need to oversize the wind and
 
battery system. 
The use of wind generators and batteries permits the diesel to
 
operate at its rated capacity and therefore maximizes its efficiency. 
 It also
 

reduced maintenance and extends the life of 
the diesel generator.
 

A hybrid power system can offer improved energy availability at 
lower life
 
cycle costs than a stand-alone diesel or conventional wind/battery system.
 
Some specific advantages of the hybrid system over either technology alone are:
 

1. Increased reliability

2. Reduced diesel fuel consumption
 
3. Reduced maintenance
 
4. Increased diesel component life
 
5. Higher diesel operating efficiency

6. Higher capacity factors for wind and battery.
 

4.2 Operating Strategies
 

The intermittent nature of the wind, combined with the continuous power
 
needs of 
an RO desalination system may require a hybrid power generation system
 
consisting of wind generators, 
a diesel generator and batteries. There are a
 

number of possible operating strategies using various percentages of wind
 
energy, diesel power and batteries to meet the system load and minimize system
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operating costs. 
 However, regardless of the operating strategy, the diesel
 
generator should bL sized to meet 100% of the system load. 
This is necessary
 
to assure an adequate supply of fresh water during periods of low wind speeds
 
and high states of battery discharge. 
A battery system is required to minimize
 
the number of start/stop cycles of the diesel, and to allow the diesel to run
 
close to full load when it is needed (diesel generators run most efficiently
 
and have fewer maintenance problems when operating close to their rated capacity).
 

The battery sub-system will minimize diesel run-time, increase diesel operating
 
efficiency (by allowing it to run near full load), and red ice diesel maintenance
 

(by decreasing the number of start/stop cycles).
 

A cost effective hybrid power system can only result if all of the power
 
system components operate to minimize overall system operating costs. 
 These
 

components, are outlined below:
 

o 
Renewable energy system (wind energy conversion system)
 

o 
Fossil fuel l.ased energy system (diesel generator set)
 

o 
Battery storage system (including Inverters and rectifiers)
 

o 
Fuel storage and delivery system
 

o System controls and sensors.
 

The diesel generator set 
operates most efficiently in a cycle charge mode.
 
In this 
case the generator ia activated when the station battery reaches 
a
 
preset state-of-charge and the generator operates at full load to run the
 
desalination unit until the batteries are fully charged by the wind turbines.
 
Operating the diesel generator in the cycle charge mode has two main advantages;
 
(1) significant fuel savings in that the diesel is only operated at full load,
 

and (2) reduced maintenance costs by fewer on/off cycles.
 

Early hybrid energy systems used battery voltage as 
the primary control
 
parameter for system control. 
Experience has shown that battery voltage can be
 
misleading, especially in a renewable energy system. 
This is due to the potential
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for erroneous 
readings due to momentary changes in the bus voltage resulting
 

from sudden wind gusts. 
 These conditions 
nay cause unnecessary cycling of the
 

diesel generator. 
A more 	advanced method of 
control is obtained through the
 

use of 
a battery state-of-charge accumulator. 
 This device is preset for the
 

battery 	capacity and efficiency and corrected for temperature variations. 
 All
 

of the 
current supplied to the load from the battery bank is accumulated and
 

displayed as a percent-of-charge of the battery. 
 Simple relay logic then
 

provides start 
and stop signals for the diesel generator based upon battery
 

state-of-charge. This state-of-charge indicator can also be used to activate
 

or shed auxiliary or non-priority loads, sound alarms or, in extreme cases,
 

disconnected the load entirely to 
save the expensive station battery from
 

damage due to 
deep discharge. 
 In most cases, low voltage sensing is also
 

provided for redundancy as an additional safety factor.
 

4.3 	 Component Sizing
 

The most significant: design question of 
a wind/diesel hybrid power system
 

is the sizing of 
the wind, diesel and battery sub-systems. 
The wind turbines
 

and diesel generator can be sized for one power source 
to contribute from 0 to
 

100 percent of the demand. 
 If 
a 100% diesel system is chosen, no battery
 

storage is needed. However, when wind energy is 
required as part of 
the power
 

mix, batteries must be included and sized to minimize diesel run-time and
 

on/off cycles. 
 The selected size of the sub-system components is a function of
 

their relative life cycle costs.
 

For a cost 
effective wind/diesel hybrid system, wind power must be a large
 

component of the overall system power generation. The reason is the high
 
initial cost and low-operating cost of wind turbines relative to diesels. 
 High
 

initial 	cost must 
be compensated for by maximizing wind turbine operation (low
 

operating cost) and minimizing diesel operation (high operating cost).
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Diesel-generators have generally been used as 
principal sources 
in small
 

power systems. 
 Engineering of diesel-generator sets has, therefore, always been
 
based 
on high penetration, i.e. diesel-generators are 
designed to function as
 

autonomous 
sources. 
 On the other hand, wind-turbine generators have been
 

considered small contributors to 
large power systems. 
 This is particularly
 

true in the United States, where the wind turbine market is largely driven by
 

the California wind farms. 
 These farms 
are connected to 10,000-20,000 MW power
 

systems, which in turn are 
interconnected with other larger systems. 
As a
 

result, engine ering of wind turbine generators has generally ignored technical
 

issues peculiar to high penetration.
 

Based upon the particular application loads, 
the wind energy system is
 
sized to take maximum advantage of the available wind resource throughout the
 

year. 
This requires that the system be sized to maximize wind energy output
 

during low wind 
resource months, which means 
that there will be 
an excess
 

energy production during high wind 
resource 
months. Batteries are sized for
 

the worst wind resource month 
to minimize diesel run-time and number of on/off
 

cycles. 
 The diesel generator must 
be sized to meet 100% of the load for periods
 

of low/no wind and high states of battery discharge.
 

4.4 AC Versus DC System Designs
 

An impoetant design issue for the wind or wind/diesel power systcm and
 

desalination plant is 
one of 
an AC or DC system. If electrodialysis is chosen
 

a DC system is preferred to meet process requirements. 
 If RO or VCD is chosen
 

the choice between AC or DC Power becomes more 
difficult. Both RO and VCD
 

systems, since they ultimately rely on mechanical shaft power for pressurization
 

and/or vacuumization (pumps or 
compressor), 
can be designed for either AC or
 

DC power. All commercially available systems however, are 
currently designed
 

for AC applications. 
Wind generators are primarily designed for AC applications.
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Nowever, there are some commerically available small DC wind generators (< 10 KW).
 

Electrodialysis 3
 

Electrodialysis is 
a 	DC process, producing fresh water 
in proportion to
 

available current. 
Hence, the power variability from a wind turbine should not
 

be a problem. In addition, since constant 
power requirements are 
not necessary,
 

there is 
no 	need for battery storage or 
diesel generators. 
There will, however,
 

be 
a need for large amounts of water storage for periods of low wind speed.
 

The power system for this application could consist of DC iind generators 
or AC
 

wind generators plus a rectifier. 
 The final design choice; should be based 
on
 

cost and performance since all cot, v 
nts are proven in the field.
 

Vapor Compression Distillation
 

VCD requires the application of shaft power to 
operate a vapor compression
 

system, a vacuum pump and 
numerous circulation pumps. 
 This shaft power can be
 

supplied from either on AC or 
DC motor.
 

Although a constant power supply is 
not essential, it is recommended for
 

efficient system operation. 
Hence, a battery storage or 
diesel generator should
 

be used to moderate variable power output 
from the wind turbine. The wind 
turbine
 

used can be either DC or AC. 
The AC vs. DC design options for VCD plant are 
the
 

same 
as 	for an RO plant, and are detailed below.
 

Reverse Osmosis
 

The RO process requires a fairly constant pressure 
to operate properly.
 

Therefore, a system with a constant power output is 
required. The pressure can
 

be produced by either an AC or DC motor running a pump. 
 The power generation system 4
 

3 	Electrodialysis systems 
are currently only available on 
a 	demonstration basis
for sea water applications. 
 Since the application is technically feasible,

the design options are presented.
 

4 	Wind and diesel generators are considered as 
the power generation system,
as 	opposed 
to 	batteries which are only storage services. 
 Diesel and wind
generators can be either AC or DC; 
while batteries are always DC.
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will consist of both AC and DC components. The basic choice which must be made
 

is whether the wind and diesel 
generators, and pump motors, are AC or 
DC.
 

There are 
four basic design configurations for the RO system powered by 
a
 

hybrid system (Exhibit 1). First, 
a DC wind generator connected 
to a battery
 

and a DC drive motor, and 
a DC diesel generator connected to the DC drive motor
 

can be used. Second, 
an AC wind generator connected to a battery (via rectifier)
 

and DC drive motor, and 
a DC diesel generat-,c 
 an be used. Third, a DC wind
 

generator connected to 
a battery and AC motor (via inverter), and an AC diesel
 

gen set can be used. Finally, an 
AC wind generator connected 
to a battery (via
 

rectifier) and 
an AC motor (via inverter), 
and an AC diesel generator can be
 

used.
 

Each of the design choices has advantages and disadvantages, as outlined
 

below:
 

Cption 1:
 

o 
DC wind and diesel generators are more expensive than the 
same size
 
AC generator
 

o DC generators (both wind & diesel) hre available 
in limited sizes
o 
Standard DC motors contain bushes which require continuous maintenance
 o DC motors are more expensive than the same 
size AC motor
o No inverter is required, thus 
improving system efficiency and reliability
o Conventional RO systems will have 
to be redesigned for DC motor
 
applications.
 

Option 2: (ia addition to 
relevant statements above)
 

o AC wind generator3 are available iii 
a wide range of sizes
 

Option 3: (in 
addition to relevant statements above)
 

o AC diesel generators are available in 
a wide range of sizes
 
o Inverter adds 
inefficiency and unreliability to system
o AC motors are more 
reliable and readily available than DC motors
 o 
Conventional packaged desalination plants 
can be used.
 

Option 4: (in addition to relevant statements above)
 

o 
Requirement for rectifier and inverter further complicates system and
increases the 
probability for reliability and maintenance problems.
 

For a remote application, especially a demonstration project, installed
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hardware should be well proven. 
Systems with DC motors 
and inverters introduce
 

additional reliability problems. 
 When priority is given 
to least cost, efficiency
 

and reliability is sacrificed.
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5.0 REVIEW 	OF FIELD TEST HARDWARE
 

A discussion of the technology of wind generators, structures, batteries,
 

and controllers is provided in the Wind Technology Reference Notebook published
 

in June 1985. 
 This section Lummaries that discussion and describes in more detail
 

the specific 
additional equipment technologies fox this 
field test, including
 

desalination equipment and diesel generators.
 

5.1 	 Desalination 5
 

The operating principles of 
reverse osmosis, electrodialysis and vapor
 

compression distillation systems 
are well understood. This section will discuss
 

these principles and describe all required subsystem components.
 

Reverse Osmosis
 

The Osmosis-Reverse Osmosis Process described in Exhibit 2(a), 
(b), and
 

(c) shows a chamber divided by a semi-permeable membrane, with 
a pure water solution
 

on one side and 
on the other a solution of concentrated salts. 
 The pure water
 

passes through the membrane into the chamber containing the concentrated solution
 

in an effort to 
bring the system to equilibrium.
 

In Exhibit 2(c), with the application of pressure to 
the concentrated
 

solution, the pure water is driven back 
across the membrane, leaving behind the
 

concentrated salts and creating once 
again a chamber with high purity water.
 

Exhibit 2(c) represents the fundamental operating principles of Reverse Osmosis.
 

In Exhibit 3 we have a simplified Reverse Osmosis process 
flow diagram.
 

A salt solution is pumped into 
a vessel contain-ing a semi-permeable membrane.
 

As pure water is 
passed through the membrane, the salt solution becomes increasingly
 

concentrated and 
is passed 
from the system through a flow regulating valve. The
 

regulating valve maintains the pressure required within the container, while the
 

pump provides the necessary flow. The purified water that has crossed the mem

5 Information on 
reverse osmosis and electrodialysis desalination processes is
excerpted from the "Report on Task 2 - Technology Review: Field Test #8
and #10," 
prepared by Bruce Watson, Watson Desalination, December, 1985.
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brane is collected in the permeate or product water chamber.
 

The membranes used in the reverse osmosis process 
are of two standard designs,
 

hollow fiber and spiral round. 
 Exhibit 4 describes the physical configuration of
 

the Hollow Fiber permeators. The membrane is 
a f.ne fiber and many thousands are
 

assembled parallel to each other in a fiber bundle. 
 The bundled fibers 
are secured
 

at each end in epoxy tube sheets. Typically these fibers have an 
inside diameter
 

of approximately 42 microns, an outside diameter of approximately 85 microns, and
 

a length of approximately 76.2 cm (30 inches). 
 The feedwater enters the perforated
 

tube, which is at the center of 
the fiber bundle, and water passes through the
 

bundle and out the concentrate port. 
 As the water travels across 
the outer
 

surface of 
the fibers, the purified water passes through the fiber wall. 
 The
 

salts are retained in the vessel and discharged out the concentrate port. The
 

purified water travels down the 
center of 
the fiber and is collected at the
 

product end of 
the perneator vessel.
 

Exhibit 5 describes the physical configuration of 
the spiral wound elements.
 

The spiral wound Jiements 
are produced from sheet membrane. Two membrane sheets
 

are glued back to back to form an 
envelope. 
When water, under pressure, is passed
 

over the surface of the sheet, pure water passes through the membrane, while the
 

salts are held back on the 
outer surface of the envelope. The membrane envelopes
 

are 
separated by mesh spacers and rolled into the spiral configuration. 
The
 

spiral element is secured in a fiberglass outer wrap, and a brine seal or
 

gasket is assembled on the outside of each element. 
 As shown in Exhibit 6, the
 

elements are assembled in series in a vessel containing a maximum of six (6)
 

spiral elements. 
This assembly of spiral elements is similar to 
the hollow fiber
 

permeators.
 

The spiral elements come in 10.2 cm 
(4 inch) and 20.4 cm (8 inch) diameter
 

sizes for the larger industrial and municipal applications. 
 The feedwater
 

enters the pressure vessel 
(which measures 
in excess of 6.1 meters 
(20 feet)
 

30
 



ErOxy HOLLOW FIBEI CLOTH TUBE 
INACTIVE GRID CARTRIDGE OVERWRAP SHEET HEADER 

1BRINE 
PORT 

SAMPLE / 

,,-. POR 

HEADER CASIE tSTRISVTJOfq 

CORE 

POLYOLEFrIN 

PLASTIC SCRE EN 

SEGMENTrED 

RING 

Exhibit 4. 

REVERSE OSMOSIS PERMEA TOR 

SOURCE: Quinn, Robert M., "Designing the Reverse
 
Osmosis System," RQ Associates, Inc. 



See Detail 

Product Side Backing Material 

Permeate 

Spacer 

Glue Line 
Membrane 

Exhibit 5.
 
DETAILS OF SPIRAL WOUND 
 MODULE CONSTRUCTION 
SOURCE: 
 Quinn, Robert M., "Designing the Reverse
 

Osmosis System," RQ Associates, Inc.
 

32
 



PRDC-T I "ERCONNECOR 

UTLET CO EAL COLLECTER TUBE
AAND 
00 RING
 

ANTI TELESCOPER
 

PESSE 

END PLATE 

VJCTAULIC. 

Exhibit 6.
SPIRAL WOUND MEMBRANE PSSEL
 

SOURCE: uinn, 
Robert M., "Designing 
 he Reverse
 
Osmosis Sysem," RQ Associates, Inc.
 



with a six-element assembly) and passes down through the space between the membrane
 

sheets, exiting at the opposite end of the 6.1 
meter (20 foot) container. The
 

purified water passing through the membrane sheets is collected inside the envelope.
 

It spirals down to the product tube, which collects the purified water and allows
 

it to be transported out of 
the pressure vessel on either end. 
 The pressure vessels,
 

like the permeators, are assembled in parallel arrangements and piped 
to headers.
 

In general, 
the spiral wound and hollow fiber units 
are competitive both
 

from a technical and cost standpoint, and the selection of 
one versus another
 

depends very much on 
the quality of the feedwater, the desired effluent quality,
 

and the general environment in which the systems must 
operate.
 

The following summary outlines the primary characteristics of the Spiral
 

Wound and Hollow Fiber Membranes.
 

Spiral Wound 
 Hollow Fiber
 
Brackish 
 [Sea Water Brackish 
 Sea Water
CA 
 TFC 
 TFC 
 CTA Aramid 
 CTA Aramid
 

Capacity - GPD
 
4" 1000 to 1800 
 1500 5000 to 4200 
 1200 to
 

1600 
 7000 
 1600
8" 4000 to 7500 
 6000 21000 to 16000 3168 to 6300 to

8000 
 26000 
 9240 10000
10" 


25000
 

Salt -% 
 95-98 98-98.9 
 95-98 >90%
 
Rejection
 

Operating 400 to 
 225 to 800 to 
 250 to 400 
 Max. 800 to
Pressure - psi 600 600 1000 400 
 850 1200 

Operating - 'C Max. Max. Max. Max. Max. Max. 

300C 450C 

Max.
Temperature 
 450C 350C 350C 400C 
 350C
 

pH Range 5 to 6 2 to 11 2 to 11 5 to 
7 4 to 11 5 to 7 
 4 to 9
 

Maximum 
 1.0 0 0 
 1.0 0 
 1.0 0
 
Chlorine -mg/l
 

Fouling Moderate Moderate Moderate High 
 High High High

Sensitivity
 

Cleanability Fair Good 
 Good Poor 
 Poor Poor Poor
 

Chemical 
 Poor Good 
 Good Fair 
 Good Fair 
 Good
 
Resistance
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The Spiral Wound devices, as described in Exhibit 5 and 6 come 
in two
 
forms, namely, Cellulose Acetate (CA) and Thin Film Composite (TFC).
 

The Hollow fiber devices, as described in Figure 4 come in two forms,
 

namely Cellulose Triacetate (CTA) and Aramid (An aromatic polyamide produced
 

only by E.I. DuPont).
 

The spiral wound elements are assembled as indicated in Figure 6. 
The
 
pressure vessel containing a maximum of six elements is comparable to the single
 

permeators described in Figure 4.
 

The pressure vessel and permeators are assembled in a similar manner as
 
described in Figure 6. 
The CA and CTA membranes are similar and are limited in
 
their operating pH range and maximum operating temperatures. The TFC and Aramid
 

elements have significantly better pH, temperature, and operating pressure
 

characteristics.
 

The major difference is the ability of the Spiral Wound to resist
 

fouling. 
When this is combined with TFC membranes, which have good cleanability
 
and chemical resistance, the spiral configuration is superior when used in an
 

environment where there may be fouling components in the feed wLter.
 

The CA and CTA elements, having very limited pH ranges and poor chemical
 

resistance, are least desirable for use in a fouling environment.
 

Electrodialysis
 

In the context 
of the membrane processes, electrodialysis (ED) is a process
 
that 
removes the smaller component of a saline solution, salt, from the larger
 

component, water, by means of direct current electricity and ion selective mem

branes. 
Electrodialysis is an electrochemical separations process in which
 
ions 
are transferred through membranes from a less concentrated to a more
 

concentrated solution as a result of 
the flow of direct electric current.
 

To understand this process more clearly, let us 
asssume a rectangular
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tank with an electrode at either end and filled with a sodium chloride (NaCI)
 
solution (Exhibit 7). 
 When a DC potential is applied across 
the electrodes, the
 

following occurs:
 

1. Cations 
(Na+) are attracted to the negative electrode.
2. Anions (CI-) are 

3. 

attracted to the positive electrode.
The water dissociation reduction reaction occurs at 
the cathode.
 

2H20 + 2e ---> 2(OH)- + H2
 
4. 
The water dissociation oxidation reaction occurs at 
the anode.
 

2H20 --> 4HA O
x + 4e

5. 
 A reaction involving the formation of chlorine gas may also occur
 
at the anode.
 

2CI- -> C1 2 + 2e-


To control the movement of ions in the tank containing the ionic
 

solution and electrodes, several membranes can be added to form water-tight
 

compartments as shown in Exhibit 8. 
Two types of membranes are shown.
 

1. 
Anion Transfer Membrane: 
 Allows only the passage of neg3tively

charged anions (Labeled A in Exhibit 8)
 

2. 
Cation Transfer Membrane: 
 Allows only the passage of positively

charged cations (Labeled C in Exhibit 8)
 

When a DC potential is applied across 
the electrodes the followitg
 

happens:
 

Compartments 1 and 6: 
 These compartments contain the metal electrodes. 
Chlorine
 
gas and H+ ions are produced at the anode, while hydrogen
gas and OH- ions are produced at the cathode.
 

Compartment 2: 
 1) C1-
 ions pass through ion anion membranes (A) into
 
compartment 3.
2) Na+ ions pass through cation membrane (C) into compart
ment 1.
 

Compartment 3: 
 1) The Na+ ions 
cannot pass through the anion membrane
 
and remain in compartment 3.


2) The CI- ions 
cannot pass through the cation membrane
 
and remain in compartment 3.
 

Compartment 4: 
 1) Cl- ions pass 
through the anion membrane into compart
ment 5.
 

2) Na+ ions pass through the cation membrane into com
partment 5.
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Compartment 5: 
 1) The Na+ ions cannot pass through the anion membrane
 
and remain in compartment 5.


2) The Cl-
 ions cannot pass through the cation membrane and
 
remain in compartment 5.
 

The overall effect shows that compartments 2 and 4 have been depleted
 

of ions and the ions have concentrated in compartments 3 and 5.
 

ED membranes have ion selectivity (anion/catron) and electrical conductivity.
 

The selectivity of cation and anion membranes is generally about 90% for solutions
 

less than 0.5 to 0.7 N, but decreases at higher ion concentrations. Membranes having
 

low electrical resistance consume less energy, thus increasing the efficiency
 

of the ED system. Resistance of membranes decreases as 
the solution concentration
 

increases. 
 Also, electrical resistance of membrane systems changes with temper

ature.
 

As shown in Exhibit 8, alternating compartments of demineralized solutions
 

and concentrated solutions are 
formed in this membrane cell when a DC potential
 

is 
applied across the electrodes. 
When properly manifolded, this unit will yield
 

two major and separate streams; demineralized and concentrate waters, and two
 

minor streams 
from the electrode compartments. 
 In normal applications several
 

hundred of these demineralizing and concentrating compartments are assembled
 

into a "membrane stack" to obtain the desired water flow rate. 
 These membrane
 

stacks are 
the heart of the ED system.
 

The basic building block of 
an ED system is the membrane stack. 
 A repeating
 

section within the stack is called a "cell pair" and consists of a:
 

o Cation transfer membrane
 

o Demineralized water flow spacer
 

o Anion transfer membrane
 

o Concentrate water flow spacer
 

A typical membrane stack may contain from 300 to 500 cell pairs representing
 

the same number of parallel hydraulic flow paths.
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The capacity of the system, that is the quantity of 
treated water needed,
 

determines the number of cell pairs, and the size of the pumps and piping. 
The
 

fraction of the salt to be removed determines the configuration of the membrane
 

stack array.
 

Vapor Compression Distillation
 

Vapor Compression Distillation (VCD) is inherently the most efficient
 

distillation process. 
It achieves its high efficiency in a simple manner,
 

without the need for a complex design based on a large number of stages or
 

effects, by application of the "heat pump" principle to continuously recycle
 

and keep within the system the latent heat exchanged in the evaporation-condensa

tion proceso. 
 In this scheme the heat required to evaporate part of the processed
 

feed, which flows on one side of a heat transfer surface, is supplied through
 

the simultaneous condensation of 
the distillate-producing vapor on 
the other
 

side of Lhe surface.
 

The driving force for this heat transfer, plus the energy required to
 

separate the solution and overcome dynamic pressure drop losses and other
 

irreversibilities 
are provided through the work of 
a compressor, which acts 
as
 

the "heat pump," pumping the vapor generated from the solution to the higher
 

pressure-enthalpy level required on the condensing side.
 

Benefits of the vapor compression process Are:
 

o Low energy requirements, due to 
"heat pump" principle.
 

o Simplicity. Plant is 
an efficient distiller requiring only a tube
 
nest, a compressor, a feed heat exchanger and pumps.
 

o Easy operation. 
Few controls required to achieve complete automation,

allowing long term unattended operation.
 

o 
Easy regulation of capacity through one controller adjustment. Power
consumption directly proportional to production rate.
 

o 
Small saline water supply system, since no cooling water is required.
Feed rate is only 2 to 2.5 times product rate. Simple shallow well by
sea is 
sufficient, eliminating expensive civil engineering for jetties,

trash racks and filters and saving in feed pumping power consumption.
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The basic operating principles of 
the VCD process as 
shown in Exhibit 9.
 

The incoming saline feed is pretreated with a minute dose of scale inhibiting
 

additive and passed through 
a heat exchanger, where the heat in the discharged
 

brine and product streams is recuperated. 
 The heat is generated in the unit
 

itself, and is 
a converted form of the mechanical energy supplied to compress
 

and circulate the fluids. 
 Consequently, no separate make-up heat 
source is
 

needed.
 

By simple preset of 
an automatic controller, which regulates heat 
ex

changer flows, the unit's operating temperature, and hence production rate, may
 

be easily adjusted. These temperatures are always below 65C (150*F) 
to minimize
 

scaling and corrosion.
 

The feed is mixed with recirculated brine and sprayed on the outside of 
a
 

bundle of horizontal heat transfer tubes, at a rate just sufficient to create
 

thin, continuous liquid films.
 

A centrifugal compressor provides, through its suction, a pressure lower
 

than the equilibrium pressure of the brine. 
 As a result, part of the brine is
 

converted into vapor.
 

After passing through a demister, to remove 
droplet carryover, the vapor
 

is compressed and discharged to the inside of the tubes. 
 There it condenses,
 

supplying the latent heat required for the flashing process.
 

The condensate, which is the salt free product, and the rejected brine are
 

pumped out, after exchanging heat with the feed.
 

Non-condensible gases are 
first concentrated in an auxilliary condenser
 

and then exhausted by means 
of a mechanical vacuum pump, which also serves to
 

create an initial vacuum.
 

For a sea water application, regardless of the desalination process,
 

a beach well should be used, as opposed to an open sea intake, to ensure clarity
 

of the feedwater. 
Depending on the amount of particulate matter present, the
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feedwater may have to be pumped from the well to a settling tank to allow
 
time for some of the heavier-than-water particles to settle. 
An alternate
 

method for removing large particles would be with a filter. 
Depending on con

ditions of the feedwater, it may be necessary to add acid to balance the pH
 
to prevent scale build-up. 
Chemicals may be added to coagulate other impurities
 

or to treat biological impurities. 
 There may be a need for filters to mech

anically separate those impurities from tl, 
 water.
 

There must be 
a pump or gravity feed to get this water to the desalination
 
system. 
After separation into concentrate and product water, there must be a
 

provision for transportation of two different types of water to storage areas.
 
The concentrate water (brine) must be disposed of either in an open-air evapora

tion area or it may have to piped to sea. 
How this is done is site specific.
 

Based upon the proposed application at Hurghada, it appears as 
if a reverse
 
osmosis system is the most practical and cost-effective eesalination alternative.
 

As previously mentioned, electrodialysis systems for sea water applications are
 

not commercially available. 
Hence, their application for a demonstration
 

project is not recommended. 
 Vapor compression distillation, on the other hand,
 

is a well proven commercially available technology for desalting sea water.
 
However, such systems have traditionally proven economical only for large
 

applications (i.e., greater than 1800 cubic meters per day), and are only
 

marginally cz'st 
effective for applications in the size range proposed for this
 

field test.
 

The primary piece of equipment for an RO system other than the membranes
 

are the high pressure pumps. 
 In this proposed application, the pumps will be
 
Multiplunger positive displacement pumps. 
 This is because of the high power
 

efficiency of this type pump. 
This type of pump is readily available from a
 

number of U.S. and European suppliers.
 

The instruments required are conventional flow meters, pressure gauges,
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and conductivity and pH measuring devices.
 

The high pressure piping will be 316 SS and will employ readily available
 

valves and fittings. 
The low pressure piping will be made of PVC (Polyvinyl

chloride) plastic material.
 

The conceptual design will most likely include the Spiral Wound-TFC
 

elements. 
 There are three major manufacturers of this type element in the
 

United States: 
 Dow/FilmTec, Fluid Systems, and Rohm and Haas (Hydranautics).
 

The specifications that will be part of the Request for Proposal should
 

state that all equipment and membranes must be commercially available, with
 

demonstrated experience in Reverse Osmosis applications. The Reverse Osmosis
 

process is firmly established with a number of suppliers that-assure a good
 

competititve situation and reliable future sources 
of supply.
 

5.2 Wind Generators
 

Wind turbines for stand-alone and grid connected applications consist of
 

four basic components as 
shown in Exhibit 10 rotor, transmission, generator,
 

and sensors and controls. 
 These components are normally "pre-designed" into a
 

wind turbine - i.e., when purchasing a wind turbine one does not request a
 

specific rotor, generaor, transmission or power conditioner. 
 Wind turbines are
 

designed for specific wind speed ranges and applications and all equipment has
 

already been optimally selected. 
Since wind turbines are sold as 
"packaged
 

units" and individual components are not specified in a bid, this section will
 

discuss components of the wind turbine section in general terms.
 

Rotor
 

Major performance variations in wind machines generally will involve blade
 

design. These diagrams (Exhibit 11), 
and discussion that follows, apply to both
 

horizontal axis and vertical axis machines.
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The extruded hollow aluminum blade was first installed on a wind turbine
 

in the early 1950's. This blade constiuction is being used again, especially
 

for the Darrieus (vertical axis) machines.
 

Built-up fiberglass blades with honeycomb or foam cores, or hollow cores
 

(excepL for a tubular structural spar), 
are also being used, as are built-up
 

sheet aluminum blades. 
All these methods of construction have a history of
 

long service life in wind energy, as 
well as in many aerospace, applications.
 

One popular blade material is wood, either laminated or solid, with
 

or without fiberglass coatings. Uncoated wooden blades usually have a copper
 

or other metal leading edge cover for protection against erosion by sand, rain,
 
and other environmental factors. 
Wood offers many advantages over other blade
 

materials as follows:
 

1. Good resistance to fatigue loading.
 

2. High strength-to-weight ratio --
wood is one of the strongest

material per unit of weight. 
 Because of heavy blade loadings
aggravated by blade weight, the weight of the rotor is 
a concern.
 

3. Superior damping characteristics 
- Wood damps vibration better

than most other structural materials (steel and aluminum for
example). 
 This is important because various excitation functions
 are always present in wind generating systems and it is desireable

that the system itself serve 
to dampen these excitations.
 

4. Minimal Electromagnetic Interference 
- Rotating turbine blades
reflect electromagnetic signals in such a way as 
to cause periodically constructive and destructive interference between the
reflected and transmitted signals. 
 Poor siting of wind turbines
could cause unacceptable interference with television, radio,
VOR and DVOR navigational systems, microwave links, and other
radio frequency equipment. Such interference is minimal with

wooden blades in comparison to other materials.
 

These four factors provide strong incentives for using wooden rotors,
 

either laminated or solid, with or without fiberglass coatings, at Hurghada.
 

An additional factor influencing the choice of wooden blades is the corrosive
 

environment present at Hurhada. 
Aluminum blades, whether hollow or built-up,
 

are much more susceptible to corrosion damage than wood. 
 Blade corrosion could
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Exhibit 11.
 
DIFFERENT BLADE CONSTRUCTION METHODS
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SOURCE: PARK, Jack and Schwind, Dick.Wind Power for Farms, Homes, and Small Industry.Nielsen Engineering & Research, Inc., Mountain View, CA., Department of 
Energy Contract E(04-3)-1270, September, 1978. 
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cause increased maintenance problems, decrease system performance or lead to
 

catastrophic failure (i.e., 
blade throwing).
 

Turbine rotors can be either fixed or variable pitch. The fixed pitch
 

rotor represents the simplest and most reliable rotor design option. 
Typically,
 

in a machine with a variable pitch rotor, the pitching mechanism and associated
 

controls represent the most complicated part of the system. 
Pitch actuation
 

generally requires hydraulic, electrical or mechanical rotary connections to
 

the blades. Statistically, this has always been a major source of 
failure in
 

wind machines.
 

Some designers of wind turbines justify the additional complexity of a
 

variable-pitch rotor by its theoretically higher efficiency and its ability to
 

operaLe with variable-speed generators. 
 Recent studies, however, have indicated
 

that this theoretical advantage is largely lost 
in real-world situations because
 

of tho affects of wind gustiness. The fixed-pitch, constant-speed machines can
 

react more quickly to gusts and extract power from them while the variable-pitch,
 

variable-speed machine cannot change its speed rapidly enough to 
respond. The
 

net effect is that as much energy can be extracted by the much simpler fixed
 

pitch, constant speed machine.
 

One of the important design criteria for the wind powered desalination
 

system at Hurghada is simplicity. 
 Simple designs will result in fewer maintenance
 

problems. Hurghada is subject to 
a lot of wind blown sand and salt spray. Such
 

environmental conditions 
can only compound the maintenance problems associated
 

with variable pitch rotors 
- i.e., the rotor pitch bearings are exposed to salt
 

spray or sand. Since performance differences between fixed and variable pitch
 

rotors appear minimal, it 
seems that a fixed pitch machine is more suitable at
 

Hurghada.
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Transmission
 

Early trade off studies have shown that medium size wind machines
 
benefit from a step-up in speed between the rotor and generator. 
Although it is
 
theoretically possible to custom-build a generator which will operate directly
 
at the rotor speed (direct drive), this has always proven unsatisfactory and
 
very expensive in practice. 
A much more practical approach is to use a step-up
 
gearbox to increase the rotor speed to a common generator speed and benefit
 
from the millions of hours of operating experience available with "standard"
 
generators. 
 Typical gearboxes have gear ratios ranging from 14:1 to 25:1.
 

The type of gearboxes which have been used in wind machines are generally
 
of the helical, planetary, hypoid, or circulute design. 
Of these four, helical and
 
planetary types are the most widely used. 
 Planetary gearboxes offer large power
 
capacities in small packages and in-line design, which make their use in windpower
 
systems appropriate. Helical gearboxes are somewhat large for a given power
 
capacity and are also available in the in-line configuration.
 

Turbine manufacturers select gearboxes to suit specific requirements
 
such as weight, size, gear ratio and rotational speeds. 
It is not a significant
 
concern of wind turbine owners or operators as to which type of gearbox is
 
used, so long as 
it performs efficiently and with minimum maintenance. Although
 
helical and planetary gearboxes are the most widely used in current wind energy
 
applications there is 
no overriding factors which would make their use at
 
Hurghada better or worse than hypoid or circulute designs. Hence, it appears
 
that any type of gearbox would be appropriate at Hurghada.
 

Generators
 

Most of the commercially available wind turbines are designed to be
 
interconnected with a utility grid; i.e., 
their generators are synchronized
 
with the electrical grid. 
 There are a number of advantages to synchronized
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operation in that frequency and voltage are controlled by the utility, reactive
 
power for induction generators is available and storage requirements are minimal
 
to non-existent. 
 On the other hand, stand-alone wind electric applications,
 

often called asynchronous loads, require the use of asynchronous generators.
 

The various types of asynchronous generators used in stand-alone wind energy
 

applications are; 
(1) DC shunt generator, (2) Permanent-magnet AC generator,
 

(3) AC generator, and (4) Self-excited induction generator.
 

DC Shunt Generators
 

DC shunt generators are very simplistic in design and operation. 
They
 
consist of a rotor (armature) and stator. 
The stator contains a field winding.
 

Current is produced when the armature 
rotates in the stator. 
The current is
 

brought out of the generator by brushes that press against the commutator, a
 
set of electrical contacts at one end of the armature. 
The mode of operation
 

of the generator is referred to as a self-excited mode-
 The residual magnetism
 

of the generator produces a amall flux, which 
causes a voltage to appear across
 
the field windings when the armature is rotated. 
This small induced voltage in
 
turn produces a small field currenL which helps 
to increase the electromotive
 

force (EMF) in the generator. 
This larger EMF produces a still larger field
 

current, which produces a still larger EMF, until equilibrium is reached.
 

Permanent-Magnet Generator
 

A permanent-magnet (PM) generator is 
like the synchronous or ac generator
 

used in grid-connected applications except that the rotor field is produced by
 
permanent magnets rather than current in a coil of wire. 
 This means that no
 

field supply is needed, which reduces costs. 
 It also means that there is no 12R
 
power loss in the field, which helps to increase the efficiency. One disadvantage
 

is that the reactive power flow cannot be controlled if the PM generator is
 

connected to the utility network. 
This is of little concern in an asynchronous
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mode, of course.
 

The rating of the PM generator is directly proportional to its rotational
 
speed. 
 The rated current is related to the winding conductor size, which is
 
fixed for a given generator, so the output power will vary with the rotational
 
speed. The resistance of the rotor field has 
to be varied with the rotational
 
speed to maintain a constant current. 
 This means that a generator rated at 5kW
 
at 1800 r/min would be rated at l0kw at 3600 r/min because the voltage has
 
doubled for the 
same current, thus doubling the power. 
 The limitations to this
 
increase in rating are the mechanical limitations of rotor and bearings, and
 
the electrical limitations of the insulation.
 

Wide fluctuations of voltage and frequency will be obtained from the PM
 
generator if the wind turbine does not have a rather sophisticated speed control
 
system. 
The PM generator must therefore be connected to loads that 
can accept
 

such voltage and frequency variations.
 

AC Generator
 

The AC generator (alternator) that is normally used for supplying synchronous
 
power to an electric utility can also be used in an asynchronous mode. 
These
 
generators produce an AC voltage at 
a frequency that is proportional to shaft
 
speed. 
Even with rotor speed regulation (variable pitch blades) there will
 
still be en3ugh of a variation in frequency and phase to prevent connection of
 
the generator directly to 
the load. 
To compensate for these variations, the
 
alternator is allowed to turn at different speeds, producing a variable-frequency
 
output. 
The alternator output is then rectified, converting it 
to DC. The DC
 
is fed to a synchronous inverter, at a line frequency output that can be connected
 

directly to 
the load.
 

Self-Excited Induction Generator
 

An induction generator requires an excitation current to operate. 
In grid
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connected applications this current is supplied by the grid. 
 If the excitation
 
current, sometimes called field or magnetizing current, is removed the induction
 
generator will stop. 
 If an induction generator is to be used in a stand-alone
 

application, this excitation current cannot be supplied by the gird. 
 However,
 

the generator can be made to operate as an isolated AC generator by supplying
 
the necessary magnetizing current from capacitors connected across the terminals
 

of the machine.
 

In selecting a wina turbine with a self-excited induction generator, the
 
magnetizing.current necessary to produce rated voltage should be as small a
 
possible. 
 If two machines from different manufacturers are otherwise equal, the
 
one with the smaller magnetizing current should be chosen. 
This will allow
 
operation with less capacitance and therefore less cost. 
 It may also allow
 
more flexible operation in terms of the operating ranges of load resistance and
 

frequency.
 

Each of the above methods for generating power have proven technically
 
successful in numerous stand-alone and grid connected wind electric applications.
 
Since there is no definitive proof as to the costs and benefits associated with
 
each method, a recommendation for a specific method for the proposed wind
 

powered desalination project cannot be made. 
Bidder's designs should be
 

evaluated on a case-by-case basis.
 

Sensors and Controls
 

Wind turbines require sensors 
primarily for monitoring rotor speed
 
and wind speed. For machine3 which do not freely yaw into the wind a 3ensor
 
for wind direction and rotor blade orientation are required. 
The most important
 
sensors, however, are those for monitoring wind speed and rotor RPM. 
These
 

sensors are connected to the turbine braking control mechanism, which controls
 
turbine operation during cut-in and cut-out windspeeds and prevents overspeed
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during high wind conditions. 
The sensors used in wind turbines are standard
 

solid state devices which are relatively trouble free. 
They are selected by
 
turbine manufacturers to meet specific control needs of 
a turbine and are
 
normally not specified as part of a statement-of-work. 
Specific requirements
 

for wind turbine sensors in Harghada may be influenced by the heat and salt

spray in the area.
 

Three primary methods exist for preventing rotor overspeed: (1) yawing
 
the rotor out of excessive winds, (2) changing the pitch angle (feathering)
 

to lower the load; and (3) activating the machine's braking mechanism. 
The
 
first method is used only on horizontal axis machines with mechanically controlled
 
yawing. 
The second method is used only on machines with a variable pitch rotor.
 

The third method can be implemented on most types of machines, and is the
 
primary control mechanism for fixed pitch, free yawing machines and vertical axis
 
turbines. 
Braking systems are extremely important for safe wind turbine operation,
 
and are primarily required to prevent rotor overspeed. The most common types
 

of braking system are a mechanically oz hydraulically actuated disk brake.
 

In designing a braking system for a wind generator it is important to
 
ensure that tlhere will be adequate torque available to stop a machine, even at
 
the point of maximum power output (in high winds). 
 In addition, becauae braking
 
loads the gearbox (the rotor inertia acts as a load during breaking), it is
 
important that this torque not be so high as 
to damage or reduce the life of the
 
gearbox. 
The best combination of reliability, low maintenance and torque charac
teristics have been round in a two-stage electrodynamic braking systems. 
 In such
 
an arrangement the first stage consists of an alternating current dynamlc brake,
 

which lowers the frequency, thereby forcing the generator to slow the rotor and
 
convert rotational energy to electrical energy. 
The second stage is a disc
 

parking brake which engages shortly after the dynamic brake, bringing the rotor
 

to a complete stop. 
This type of braking system is not available for turbines
 

53
 



with a DC generator. Although relatively new, this braking system has proven
 

successful in a number of commercially available wind generators.
 

A number of turbine manufacturers are designing their machines with a
 
backup breaking system, since brake failures are unacceptable during unscheduled
 
utility power outages. 
The most common such design feature are tip speed brakes
 
which, as their name implies, are located at the tips of each of the rotor
 
blades. 
 Each of the brakes operate independently, being triggered mechanically
 

by the centrifugal forces associated with an overspeed. 
The deployment of any
 
one of the brakes 
serves to limit rotor speed to safe limits. The tip speed
 
brakes serve as an emergency back-up protection device and deploy only as a
 

result of 
a failure of the primary braking system.
 

The type of braking system used at Ilurghada should contain a mechanically
 
or hydraulically actuated disk brake and tip speed brakes, at a minimum. 
The
 

alternating current dynamic braking system described above would be a nice
 
feature, since it would decrease maintenance and proling the l1fe of the disk
 
braking system, but is not essential for successful wind turbine operation.
 

5.3 Structures 

Tower 

It is beneficial to support a wind system, be it vertical-axis or hor
izontal axis, to capture the higher winds above the ground and to be well above
 
the nearest trees and buildings. 
 Towers are subjected to two types of loads:
 
wei&t, which compresses the tower downward, and drag, which tries to bend the
 

tower downwind.
 

Towers are made in two basic configurations: 
 guy-wire supported, and
 
cantilever or unsupported (sometimes called freestanding). Given these two
 
basic structural configurations, 
towers can be constructed using wood poles
 
(primarily for small turbines), steel or concrete pole structures as well as a
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lattice framework of pipe or steel.
 

The selection of a specific type of tower for Hurghada is an important
 

consideration for system installation and maintenance. 
Guy-wire supported
 

towers are usually the easiest to install since they can be tilted up, requiring
 
minimum equipment or personnel. 
Tilt up towers also allow for ease of maintenance,
 

since the tower can be tilted down and all maintenance performed on the ground.
 

Appropriate tower types for Hurghada appear to be either steel or concrete
 

pole, or steel or pipe lattice framework structures. 
 These towers are resistant
 

to the corrosive elements present at Hurghada. 
Steel, the most common tower
 

material, should only be used with corrosion protection and a preventative
 

maintenance program which includes regular tower inspections and repairs.
 

Regardless of which tower design is selected, the overriding consideration
 

is the selection of a tower that 
can support the wind turbine in the highest
 

wind possible at a particular site. 
The load that causes many towers to fall
 
is a combination of turbine weight and tower drag. 
 Tower failure is sometimes
 

accelerated when destructive harmonics are established between a tower's natural
 

frequencies and turbine rotor RPM characteristics.
 

CorrosioiL protection is an important part of preventative and periodic
 

maintenance of a steel tower. 
It is difficult to specifically identify the
 
causes of corrosion at a given site. 
There are a number of interrelated (and
 
synergistic) factors. 
Besides humidity, the presence of hydrogen sulfide,
 

sulfur dioxide, and chlorides can greatly accelerate corrosion. Hurghada has a
 
high atmospheric salt content, as would be expected given its coastal location.
 

Protection for structural steel in such a corrosive environment is usually
 

done with some type of coating. 
Adequate surface pretreatment is important
 

because any moisture or unremoved rust below the surface of the paint will
 

eventually blister its. 
 Paint surfaces will also need regular maintenance,
 

especially in regions with atmospheric sulphides. 
The use of galvanized steel
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(steel dipped in zinc) protects the structure by using the zinc coating as a
 
sacrificial anode. 
Its protective capability would last only until it was
 
completely corroded away. 
 The use of stainless steel to inhibit corrosion is
 
fairly successful in the atmosphere, even in the presence of sulphur oxides.
 
The disadvantages with stainless steel are its high price and its susceptibility
 

to corrosion in the presence of chlorides, which are relatively common In
 

coastal areas.
 

To determine the best method of controlling corrosion at a specific site,
 
long term corrosion coupon testing is a simple low-cost technique. Coupons of
 
exposed steel, galvanize steel, various stainless steel alloys, and coupons
 

with various protective coatings should be left exposed at the site for periods
 
of 6 to 12 months. 
 By evaluating the corrosion of these coupons, the applicability
 

of the different possibilities can be evaluated.
 

Foundation
 

Conventional engineering design practices are used to determine the type
 
and size of a foundation for each particular application based on soil conditions,
 
tower and turbine weight, and wind loads. 
Local, national and international
 

building codes will detail the basis for foundation design. A professional
 

structural engineer should be consulted to review/design a foundation for a
 

particular application.
 

5.4 Batteries
 

The two most common batteries used for wind energy applications are lead
acid and nickel cadmium. 
Lead-acid batteries are the preferred choice over
 
nickel-cadmium primarily because of lower cost. 
Lead-acid batteries are some
times referred to by the type of electrode used; for example, lead-antimony,
 

pure lead, or lead-calcium. 
Lead-acid batteries are manufacL. -ed in sealed and
 
vented configurations. 
For remote applications and sandy areas, sealed batteries
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are often preferred over vented batteries because the loss of electrolyte and
 

potential for contamination is greatly reduced. 
 Sealed batteries are however
 

more expensive than vented batteries. Vented battereis can be fitted with
 

"recombination caps" which greatly reduce the loss of electrolyte due to 
over

charging and evaporation. The decision parameters for selecting a battery
 

system 	should be life cycle cost, maintenance, and reliability. 
 It is recommended
 

that lead acid, sealed or vented batteries be selected for this application.
 

Vented 	batteries must contain provisions for minimizing electrolyte and water
 

loss. 

5.5 	 Power System Controller
 

The type and level of sophistication of the power system controller (PSC)
 

depends 	on the type of desalination and power system used. 
 An ED or VCD
 

desalination system, with no battery storage 
or diesel engine, requires a
 

relatively simple PSC, while the hybrid system required for RO needs a fairly
 

complex 	PSC.
 

For a wind only system the PSC would consist of a microcomputer which
 

accepts inputs such as 
wind speed and direction, turbine speed, load requirements
 

and the voltage and frequency being delivered to the load. 
 The microcomputer
 

sends signals to the turbine to establish proper yaw (direction control) and
 

blade pitch, depending on the type of machine, and to set the brakes in high
 

winds. 
 It sends signals to the generator to change the output voltage if the
 

generator has a separate field. 
It may turn off noncritical loads in times of
 

light winds and it may turn on optional loads in strong winds. 
 It may 	adjust
 

the power conditioner to change the load voltage and frequency. 
 Most importantly,
 

however, the PSC maintains a constant power output from the wind turbines and
 

electric grid. The microcomputer and the necessary sensors 
tend to have a
 

fixed cost regardless of the size of turbine.
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The hybrid system required for RO desalination requites a fairly sophisticated
 
PSC. 
 In addition to performing the function of the wind only PSC, It must be
 

capable of:
 

1) Regulating power production from both the diesel and wind generators.
 

2) Protecting batteries from service extremes.
 

3) Managing power use to maximize wind energy production.
 

4) Continuously displaying system operating parameters.
 

5.6 
 Diesel Generators
 

Self-contained diesel englne/generator sets for remote AC power are
 
commercially available in a wide range of sizes from many manufacturers.
 

Diesel/generator sets which produce DC power are also commercially available
 

but generally only on a special order basis. 
A method of obtaining DC power is
 
to use a conventional AC diesel generator in conjunction with an AC to DC
 
rectifier. 
A listing of companies which supply DC diesel generators and AC to
 
DC rectifiers is provided in Section 6 of this Technology Review.
 

The operating efficiency of a diesel/generator set refers to the fuel-to
electricity conversion efficiency. 
Typically it is 30 percent for new engines
 

operating at rated load. 
 It may drop to as low as 
15 percent under partial
 

load and/or poor maintenance practices.
 

5.7 	 Inverters/Rectifiers
 

The use of inverters and rectifiers was outlined in Section 4.4. 
 The
 
performance record of stand-alone inverters in developing countries has been
 
poor. 
 In addition, there are efficiency penalties and added costs for their
 

use. 
There are a number of suppliers of commercial inverters and rectifiers.
 

A selection is provided in Section 6 and 7.
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5.8 System Monitoring and Instrumentation
 

There are two levels of instrumentation required for this 
field test:
 

Monitoring and Troubleshooting/Repair. 
The purposes of each level of inscrumenta

tion are as follows:
 

Level 

Purpose
 

Monitoring 
 To provide system and component performance information
 
for evaluating long technical,term financial and
institutional performance. 

Troubleshooting/ 
 To determine system and component performance on-site,
Repair 
 ovee short intervals, in sufficient detail 
to identify

faults, make repairs 
or perform modifications.
 

It is 
recommended that monitoring instrumentation be automated for data
 

collection and transmission (by physical or automatic means) and that the
 

troubleshooting/repair level of instrumentation be provided by procuring portable
 

site-usable instrumentation.
 

A specific instrumentation data requirements list was prepared. 
 The list
 

is provided (Appendix A) as 
the recommended performance data requirements for
 

this field test.
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6.0 	 MANUFACTURER PPOFILES
 

A brief overview of 
the major U.S. manufacturers of wind 
electric generating
 

systems, desalination equipment, batteries, inverters, controllers and diesel
 

genecation equipment is 
provided in this section. 
 Wind related prbduct literature
 

from these companies is included in 
the Technology Reference Notebook (TRN)
 

(previously submitted under Task 2.1.1). 
 A selection of product specifications
 

are provided in Section 7. Information not included in the TRN, as 
well as
 

product 
literature for diesel generators and desalination systems, is included
 

in Appendix B.
 

6.1 	 Wind Turbines
 

The U.S. wind system industry t the end of 
1984 consisted of approximately
 

30 manufacturers of wind turbines. 
 Of these, approximately fifteen manufacturers
 

had sold a significant number of turbines in 1984 ranging in 
size from a few
 

hundred watts 
to hundreds of kilowatts. 
 Two U.S. comapnies sold Darrieus
 

(,iertical 
axis) wind turbines of about 200 kilowatts peak power, the remaining
 

companies manufactured horizontal axis 
turbines, both upwind and downwind.
 

The following paragraphs are brief corporate profiles of 
a range of
 

companies, representative of the U.S. wind industry technology, that 
are very
 

active 
in sales in the U.S. Points-of-contact for these companies are 
provided
 

whenever possible. 
 Data for these summaries 
are taken from manufacturer's
 

product literature, the American Wind Energy Association Membership Directory
 

for 
1985, and the Wind Energy Directory for 1984, a special issue of the Wind
 

Power Digest magazine.
 

Bergey Windpower Company Inc.
 

Mailing Address: 2001 Priestley Ave.
 
Norman, OK 73069
 

Telephone: 
 405-374-4212
 

Chief Executive: Karl Bergey
 
Sales Contact: Michael Bergey

Purchaing Contact: 
 Beverly 	Binns
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Bergey Windpower manufacturers and distributes wind turbine generators
 
with power outputs in the range of 1.0 kW to 10.0 kW peak. 
All units incorporate
 
direct drive low speed permanent magnet altern!ators, passive overspeed controls,
 
and high strength composite rotor blades. 
Units are available in both battery
charging and utility-interconnect versions. 
 Bergey sells most of their wind
 
turbines for rural, agricultural applications in Texas and Oklahoma. 
Bergey
 
has sold hundreds of the BWC Excel-!O, their largest turbine at 10 kW peak
 

power. 
The company has been in business for seven years.
 

Earth Energy Systems Incorporated.
 

Mailing Address: 250 Prairie Center Dr., 
#390
 
Eden Prairie, MN 55344
 

Telephone: 
 612-829-1933
 

Chief Executive: 
 Robert D. Schmidt
 
Sales Contact: 
 Emil E. Ebner
 
Purchasing Contact: 
 Russell Skoglund
 

Earth Energy Systems manufacturers wind turbines and hybrid systems
 
consisting of wind turbines, photovoltaics arrays, batteries, diesel generators
 

and microprocessor controllers. 
Earth Energy Systems was previously known as
 
Jacobs Wind Electric Company. 
The firm has been manufacturing wind turbines
 
since the mid-1920's. 
Recently the company acquired the Windcharger Corporation,
 
a manufacturer of stand-alone diesel generators for industrial, construction,
 
consumer and agricultural markets since 1935. 
Earth Energy Systems manufactures
 
17.5 kW and 20 kW wind turbines. 
They have recently developed a hybrid power
 
plant that consists of a 10 kW wind turbine, a 500 watt PV panel and a custom
sized battery system, all controlled by a power management system for remote,
 
stand-alone operation. 
Earth Energy Systems has wind farms in California and
 

Hawaii.
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Carter Wind Systems
 

Mailing Address: Rt. I Box 405-A 
Burkburnett, TX 76354 

Telephone: 817-569-2238 

Chief Executive: 
 J.W. Carter, Jr.
 
Sales Contact: Leslie Kemp
 
Purchasing Contact: Horatio L. Urioste, Jr.
 

Carter Wind Systems 	was formed in 1976. 
 From 1976 to 1979, Carter
 

worked on development of a 25 kW system. 
 To date over 500 of these machines
 

are in operation. In 1981 development of a 250 kW machine began. 
 To date over
 

22 of 
these turbines have been sold and installed. Carter recently upgraded
 

the machine 
to 300 kW peak power. 
 By the end of 1985, Carter will have installed
 

21 of the 300 kW model and plans to have sold 100 more of the 25 kW model.
 

Enercech Corporation
 

Mailing Address: 	 P.O. Box 420
 

Norwich, VT
 
Telephone: 
 603-448-5550
 

Chief Executive: 
 Emile Coulon
 
Purchasing Contact: 
 John Robichaud
 

Manufacturers 60, 40, 25, 5, and 1.8 kW induction generator wind systems.
 

A 300 kW system will 	be available in mid-1985. Enertech sells 
to wind farm
 

developers direct. 
 They can provide turn-key wind farm installations, monitoring
 

systems, service/maintenance, and operations management. 
Enertech has been
 

manufacturing wind systems since 1978, with over 1800 turbines now in operation.
 

Enertech turbines 
are used in numerous 	wind 
farms in California, Massachusetts
 

and elsewhere.
 

Wind Power Systems, 	Incorporated
 

Mailing Address: 	 9279 Cabot Dr.
 
San Diego, CA 91216
 

Telephone: 
 619-566-1806
 
Chief Executive: Edmund Salter
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Wind Power Systems is a dealer/distributor of wind farm/commercial
 

and residential/farm wind energy systems. 
 The company is also a wind farm
 

project developer. 
 They have been in business for nearly 10 years. 
 Since 1977
 

Wind Power Systems has produced the Storm Master Model 12, 
a 60 kw peak power
 

turbine for 
turn key wind farm sales. 
 Over 260 Storm Masters are installed in
 

California wind farms in Tehachapi and Altamont Pass. 
A total of over 425
 

turbines are 
installed throughout 	California.
 

International Turbine Manufacturing
 

Mailing Address: 	 6591 Sierra Way
 
Dublin, CA 94568
 

Telephone: 
 415-833-0400
 

International Turbine Manufacturing (ITM) is the successor to 
Energy
 

Sciences, Inc. (ESI). 
 ITM/ESI has been manufacturing wind turbines for about 5
 

years for wind farm applications. 
 For three separate developers in the Altamont
 

Pass in California, ITM/ESI has provided 108, 75 kW turbines; 202, 
80 kW t.'rbines
 

and one 250 kW turbine as of January 1985. On January 10, 1986 ITM filed for
 

protection from creditors under Chapter 11 
of the U.S. Bankruptcy Code while
 

they reorganize.
 

North Wind PowerCompany
 

Mailing Address: P.O. Box 556 
Moretown, VT 05660 

Telephone: 802-496-2955 

Chief Executive: 
 Alvin Duskin
 
Sales Contact: 
 Joseph Jankowski
 
Purchasing Contact: Steve Hamblin
 

North Wind Power specializes in high reliability wind turbines and
 

hybrid renewable energy systems for remote power applications. They currently
 

manufacture three wind turbines models; the HRl, 
a 1 kW, 3 meter machine; the
 

HR2 a 3 kw, 5 meter machine; and the MB916 a 16 kW, 9 meter machine. 
 They also
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manufacture two hybrid power system controllers, the SC374 and the SC351. 
 A
 

100 kW, 17 meter 
wind turbine that will be introduced in 1986 is currently
 

under field test.
 

VAWTPOWER 2 raed
Ino 


Mailing Address: 
 134 Rio Rancho Dr.
 
Rio Rancho, Nm 87124
 

Telephone: 
 505--892-9463
 

Chief Executive: Paul 
N. Vosburgh
 
Sales Contact: Kimberly L. Southard
 
Purchasing Contact: 
Diane K. Norris
 

The VAWTPOWER 185 is 
200 kW capacity vertical axis wind 
turbine for
 

windfarm, utility and agribusiness applicatijns. The VAWTPOWER 055 is 
50 kW
 

capacity VAWT for agribusiness, extractive resource, municipality and export
 

applications. 
 The company has been in business for approximately 3 years.
 

Twenty-four VAWTPOWER 185 wind turbines 
were installed in San Gorgonio Pass
 

near Palm Springs, CA in 1984 for 
a total of 38 in the 
area. The company
 

planned to 
produce over 60 turbines 1985.
 

FloWind Corporation
 

Mailing Address: 	 1183 Quarry Lane
 
Pleasanton, CA 
 12054


Telephone: 
 415--484-3300
 

Chief Executive: 
 Yi Hao (Michael) Pao
 
Sales Contact: Hugh Rose
 

FloWind Corporation, an integrated wind energy company, designs,
 

engineers, sites, finances, 
installs and operates its 
own turbines and windfarms.
 

It had approximately 350 vertical axis 17 meter and 19 meter turbines operating
 

commercially by mid-1985. 
 This is the 
largest number of Darrieus turbines in
 

the world. 
 FloWind also produces wind-diesel and 
other hybrid systems, and
 

advanced energy storage facilities. 
 As of January ]9G5, FloWind had installed
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128, 170 kW turbines and 21, 
250 kW turbines in Altamont Pass. 
 The company has
 

been in business since 1982.
 

Micon Wind Turbines, Incorporatee
 

Mailing Address: 
 9595 Wilshire Blvd.
 
Beverly Hills, CA 
94550
Telephone: 
 213-273-0993
 

Chief Executive: Erling Moerup

Sales Contact: 
 Peter Jensen
 

Manufacturer of a complete line of wind 
turbine generators including:
 
22 kW, 65 kW and 108 kW models for wind farms, 
as well as 
stand alone installation.
 
Standard features include a lockable tubular tower and 
a microprocessor based
 
control panel with a standard RS-232 interface which can be linked via modem to
 
an optional Micon computer management system. 
 Micon is a Danish firm that has
 
recently opened a U.S. manufacturing facility. 
Over 100 Micon turbines currently
 
installed in California were manufactured in the U.S. 
 Micon has 212, 60 kW
 

turbines installed in a wind farm in Altamont Pass.
 

Windtech, Incorporated
 

Mailing Address: 155 Sycamore Street
 
P.O. Box 837
 
Glastonbury, CT 
06033
 

Telephone: 
 203-659-3786
 

Chief Executive: 
 M.C. Chenery
 

WINDTECH was 
formed in 1981 to manufacture a wind turbine using a
 
composite bearingless rotor concept developed for Sikorsky Aircraft Corp.
 
WINDTECH manufacturers three models of wind turbines; 20 kW, 50 kW and 75 kW.
 
In 1983, 156 of the 
75 kW units were installed in the Tehachapi Valley near
 

Los Angeles, CA.
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U.S. Wind Power
 

Mailing Address: 
 500 Sansome St. #600
 

San Francisco, CA 
94111
 
Telephone: 
 415-455-6012
 

Chief Executive: 
 Gerald Alderson
 
Sales Contact: Robert T. Boyd
 

Windfarm/commercial WECS; project developer. 
The company manufacturers
 

its own 
50 kW and 100 kW turbines and installs them on its 
own financed and
 
developed wind farms. 
 As of January 1985, U.S. Windpower had installed 735, 50
 

kW turbines and 601, 
100 kW turbines in the Altamont Pass.
 

Fayette Manufacturing Company
 

Office Address: 
 15885-B Altamont Pass Rd.
 
Mailing Address: P.O. Box 1149
 

Tracy, CA 95376
 
Telephone: 
 415-443-2929
 

Chief Executive: 
 John E. Eckland
 

Sales Contact: 
 Dick Hall
 

Windfarm/commercial WECS, project developer. 
The company manufactures
 

its 
own 75 kW, 95 kW and 400 kW wind turbines and either installs them on 
its
 
on wind farms or sells to other developers. 
 As of January 1985, Fayette had
 

, 
.stalled 247, 75 kW turbines; 1,178, 95 kW turbines and 34, 400 kW turbines in
 

the Altamont Pass.
 

6.2 Desalination Systems
 

Water Services of America
 
P.O. Box 23848
 
Milwaukee, WI 53223-0848
 
414-354-6470
 

Water services of America (WSA) has had 
a successful history of designing,
 

installing and operating modular RO plants (both brackish and sea water).
 
Their plants are installed throughout tha world, with many of them in the Middle
 

East. 
 To service this market area, WSA has a distributor located in Al-Khobar,
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Saudi Arabia.
 

Ionics, Incorporated
 

Head Office
 
Water Systems Division
 
65 Grove Street
 
Watertown, MA 
02172, USA
 
617-926-2500
 

lonics specializes in electrodialysis desalination equipment and is the
 
only American company which manufactures such equipment. 
Ionics has had
 
installations worldwide. 
One of its most publicized in a desert environment is
 
in Libya where it is reported that an installation capable of producing 159
 

cubic meters of water per day (brackish water system) has been functioning
 

since 1977. 
 In addition there are two 200 cubic meter per day brackish water
 

units installed at Mowah, Egypt.
 

Aquatron
 
Route 1, Box 638 Rosethorne Rd.
 
Marrero, Louisana 
70072
 
504-689-2024
 

Aquatron mantifactures reverse osmosis equipment. 
 It's client base has
 
primarily been with the oil industry and the U.S. Navy. 
It has sold some units
 

to several localities in Saudi Arabia.
 

Sweet Water
 
A Subsidiary of Marland Evironmental Systems Inc.
 
P.O. Box 501
 
Great Falls, Virginia 22066, USA
 

Sweet Water deals in reverse osmosis systems. It makes three different
 
types of equipment, one primarily designed for sea water, one for brackish
 
water, and one for water fouled with contaminants. 
 It custom designs each unit
 
using an advanced computer-based design approach. 
Sweet Water has sales and
 
services representatives throughout the world including Cairo, Amman, Jeddah,
 

Qatar, and Abu Dhabi.
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Culligan USA
 
1 Culligan Parkway
 
Northbrook, Illinois 
 60062
 
312-498-2000
 

Culligan is 
the best known water treatment company in the U.S. 
 In addition
 

to 
a wide range of water treatment products, it manufactures a line of 
reverse
 

osmosis desalination products. 
Culligan has sales and service representatives
 

in 90 different countries throughout the world. International offices are in
 

Italy, France, and Spain.
 

Israel Desalination Engineering
 
P.O. Box 18041 
 P.O. Box 45 0488
 
Tel Aviv 61 180, Israel 
 Miami, Florida 33145
 
(052) 557333 
 (305) 856-8664
 

Israel Desalination Engineering (IDE) 
is one of the few manufacturers of
 

VCD systems in the world. 
 There line of VCD systems consists of packaged,
 

fully automatic desalination plants, designed for continuous or on-off operation,
 

at constant or variable output. 
 Over 160 VCD systems have been installed by
 

IDE throughout the world since their development in 1967.
 

6.3 Batteries
 

GNB Batteries Inc.
 
2010 Cabot Boulevard West
 
Langhorne, Pennsylvania 19047
 
215-750-2600
 

GNB Battery Company is 
a well established leader in the manufacture of
 

industrial grade, deep cycle batteries. 
GNB manufactures the "Absolyte"
 

battery: a sealed, maintenance free, deep cycle lead-acid battery which recombines
 

hydrogen and oxygen. 
The Absolyte battery has been well received by wind
 

system companies for use in remote, harsh environments. Sealed batteries in
 

general are more expensive than vented batteries. 
 The initial capital cost, in
 

dollars per kilowatt-hour of rated capacity, for 
an Absolyte is approximately
 

fifty percent more than an equivalent rated vented battery.
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Exide
 
101 Gibraltar Road
 
Horsham, Pennsylvania 19044
 
215-674-9500
 

Exide is another reputable manufacturer of lead-acid batteries. 
They have
 
been used in wind system applications around the world. 
The principal battery
 
model used in wind systems is a vented, deep cycle lead-acid battery. 
Exide
 
offers the option of gas recombination caps to reduce electrolyte and water
 
loss, minimize contamination, and improve operating safety.
 

Allied C&D Power Systems
 
3043 Walton Road "
 
Plymouth Meeting, Pennsylvania 19462
 

C & D is the largest manufacturer of industrial batteries, chargers and
 
associated power equipment in the world, according to their company literature.
 

C & D states that they manufacture fully integrated power systems. 
C & D
 
provides installation service and maintenance for its energy systems through
 
more than 75 sales and service organizations in the U.S. 
and Canada.
 

Chloride GroupPLy
 
P.O. Box 305
 
North Haven, Connecticut 06473
 
203-777-0037
 

Chloride is a leading manufacturer of lead-acid batteries. 
A London based
 
company, Chloride has distributors around the world. 
A manufacturing plant is
 
located near Cairo, Egypt. 
Chloride makes sealed and vented batteries. The
 
POWERSTORE model battery is a sealed, maintenance free recombination electrolyte
 
battery. The PO1ERSTORE is available in cell sizes up to 2 volts and 240
 
ampere-hours st 
a 20 hour discharge rate. Larger ljad-acid vented batteries are
 

available up to 1. 0 amp-hours.
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6.4 Inverters/Rectifiers
 

Abacus Controls Inc.
 
P.O. Box 893
 
Somerville, NJ 
08876
 
201-526-6010
 

Abacus is 
a major supplier of Inverters to the wind industry. 
Abacus
 
makes inverters in 
a number of sizes capable of being used in this field test.
 

Heart Interface Corporation

1626 S. 341st Place
 
Federal Way, Washington 98003
 
800-732-3201
 

Heart Interface is a manufacturer of small Inverters for remote power
 
commerical and private applications. 
Heart Interface makes stand-alone inverters
 

up to 5 kW capacity.
 

Best Energy Systems Inc.
 
P.O. Box 280
 
Necedah, Wisconsin 54646
 

Best is another company that manufactures stand-alone Inverters. 
 Inverters
 
are commercially offered in sizes up to 10 kW for stand-alone, hybrid power
 

systems and utility interface.
 

NOVA Electric ManufacteringCompany

263 Hillside Avenue
 
Nutley, New Jersey 07110
 
201-661-3434
 

NOVA is an electronics company, founded in 1966, which designs and
 
manufactures inverters and rectifiers. 
All NOVA products feature modular
 
designs with easily replaceable subaesemblies. 
This results in a 
MTTR (Mean Time
 
To Repair) of approxiu.itely 30 minutes. 
NOVA claims that its power conditioning
 
equipment achieves better than 20,000 hours as a 
Mean Time Between Failure.
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6.5 	Controllers
 

North Wind Power Co.
 
P.O. Box 556
 
Moretown, Vermont 05660
 
802-496-2955
 

North Wind Power specializes in high reliability wind turbines and hybrid
 

renewable energy systems 
for remote power applications. In addition, they
 

manufacture two controllers; the SC374 and SC351. 
 The SC351 is a system
 

controller offering complete metering, protection and control capability for
 

small battery based power systems. The SC347 is 
a hybrid system controller for
 

integrating renewable energy sources into new or 
existing battery charging
 

systems.
 

Earth 	Energy Systems, Inc.
 
250 	Prairie Center Dr. #390
 
Eden 	Prairie, MN 55344
 
(612) 829-1933
 

Earth Energy Systems manufactures wind turbines, including hybrid systems.
 

Recently the company developed a 10 kW continuous hybrid power plant consisting
 

of a wind turbine, batteries, photovoltaic panels and diesel generator. 
A sophis

ticated power system controller developed for the system is 
the "brains" of the
 

hybrid plant.
 

Balance of Systems Specialists (BOSS)
 
7745 	East Redfield Road 
Scottsdale, Arizona 
85260
 
602-948-9809
 

BOSS 	designs and manufactures system controlers. 
BOSS offers full
 

engineering and support services and can customize its controllers 
to meet the
 

requirements of this project.
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6.6 Diesel Generators
 

Onan
 
1400 73rd Avenue, NW
 
Minneapolis, Minnesota 
55432
 
612-574-5000
 

Onan is a principal manufacturer and distributor of gasoline and diesel
 

engine generators. 
 Diesel generator packaged power systems are available in
 

sizes ranging from 3 to 1000 kW and 50 or 60 Hertz AC.
 

Allis-Chalmers
 
P.O. Box 1563
 
Harvey, Illinois 60426
 
312-339-3300
 

Allis-Chalmers is 
a reputable, established manufacturer of diesel engines
 

and generators. Standard units are 
available in sizes ranging from 10 to 300 kW,
 

50 or 60 Hz. Allis-Chalmers offers limited warrantees of up to 3 years or
 

10800 hours. 
 A two year or 3600 hour warrantee is offered on "continuous" duty
 

diesel applications covering the electrical systems and the diesel engine.
 

Caterpillar (Representative)
 
Alban Engine Company
 
1401 Cherry Hill Road
 
Baltimore, Meryland 21225
 
301 -355-6700
 

Caterpillar is 
a world renowned manufacturer of medium to 
large diesel engine
 

generators. They have 
a strong technical and parts support network throughout
 

the world. 
Packaged power systems are available in sizes starting at 50 kW.
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7.0 EQUIPMENT/PRODUCT SPECIFICATIONS
 

The U.S. wind industry offers 
a wide variety of equipment including:
 

small, medium and 
large scale wind generator systems, both AC and DC; 
towers;
 

rotors; controllers, inverters and rectifiers; and mechanical and electrical
 

end-use equipment. Individual components can be obtained from respective
 

manufacturers, or their distributors; turn-key systems can 
be purchased through
 

systems integrators and 
some turbine manufacturers. Several of the major
 

manufacturers also supply packaged systems for certain applications.
 

This chapter organizes U.S. manufacturers' products required for stand

alone and grid-connected wind energy applications. 
 Information is summarized
 

in matrix format by component, as follows:
 

o Wind Turbines (Exhibit 12)
 
o Towers (Exhibit 13)
 
o Batteries (Exhibit 14)
 
o Regulators/Controllers (Exhibit 15)
 
o Power Conditioning/Inverters (Exhibit 16)
 
o Diesel Generators (Exhibit 17)
 
o Desalination Equipment (Exhibit 18)
 

The information presented is based on 
product literature obtained through
 

catelogues, directories and mailings to U.S. manufactures. Much of this
 

literature is included in 
the Wind System Technology Reference Notebook (WSTRN).
 

Manufacturers and products for which sufficient information is available are
 

included in these summary matrices. As more informaLion becomes available the
 

matrices will be updated and product literature will be added 
ro the WSTRN.
 

Appendix C contains 
a selection of manuiacturer brochures for desalina

tion equipment, wind generator and diesel generators. These data on equipment
 

are provided to show representative equipment specifications that may be received
 

from bidders in response to the RFP. 
 This listing of equipment is not intended
 

to support any manufacturers or products.
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SYSTEMS 

WINDTECH 0 0 • 

*Towers not part of total wind system 

Exhibit 13. TOWERS 
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FEATURE 

MANU-
FACTURER 

C&D 
0 

CHLORIDE 

DELCO 0 


EXIDE
 

GNB 

GLOBE
 

NIFE 
0 

SURRETTE
 

TIDELAND 
0 

Exhibit 14. BA TTERIES 

76 

0 



Exhibit 15. 
REGULA TORS/CONTROLLERS 

Characteristics Nominal Voltage Innut(Volts) 

FEATURE 
00 

-. 

'VCv 01, Cv 

ZC,MANUFACTURER 
, 

ADVANCED ENERGY 

BOSS 0 - 0 

HELIOTROPE GENERAL 0 

NORTH WIND 
POWER CO. 

SPECIALTY CONCEPTS 0 0 @ 0 0 

TIDELAND 
0 

WIND TECHNOLOGIES 0 



Available Components Inverter Characteristics Inv rter Power 
Output (kVA) 

M^NUF ATURER A/. 

co 

ADVANCED ENERGY 

AM'E iCAN POWER 

-- ------

§ 

-

@ 
C) t 

TBESC S 
0 S 

HERITERFA 

WEINDO RKTS 

POER ARKWINDPOER 

E)( 

0 

*® 

0 

0 * *0 

0 

WHWINDRS 
.. 

DYTFK c 

Exhibit 16. POWER CONDITIONING/N VER TERS 



SPECIFICATION OUTPU 

AT 50HZ NkW) 

MANUFACTURER0 tUU 

ALLIS-CHAMERS ' 

CATERPILLAR 

FERMONT0 

KATO ENGINEERING 

KOHLER 

LISTER 4 D 

ONAN 0 

WAUKESHA • e • 

WINCO 0 .0 

Exhibit 17. DIESEL GENERA TORS 
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MANUF ACTUR ER </ (>' .0$e 

AQUATRON ' 

CULLIGAN 

SONICS" 
- 4~ 

ISR/AEL
DESALINATION 
, NGINEERS 

SWEETWATER 0 

WATER
OF AMERICA J _ 

Exhibit 18. DESALINA TION EQUIPMENT 
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8.0 CONCLUSIONS
 

Wind power for desalination in Egypt involves the use 
of four proven
 

technologies; desalination, diesel generators, battery, and wind power. 
 The
 

integration of the power technologies of wind turbines, diesel generators and
 

batteries as 
a hybrid power system offers the potential for a useful reliable
 

remote power system for Egypt which can be replicated to power other loads such
 

as 
communications and village electrification.
 

The application experience with wind/diesel hybrid power systems is very
 

limited. 
 However, several manufacturers now offer or are developing equipment
 

products for wind/diesel hybrid power systems.
 

The most critical technical areas 
for this field test 
are the basic elec

trical design of the system, AC or DC, and the reliable and efficient performance
 

of the power control system. There is commercial equipment available in these
 

technical areas 
but careful review is necessary to determine reliability risks,
 

maintenance and replicability issues.
 

Finally, the performance of wind/diesel hybrid power systems 
for use in
 

Egypt 
can only be evaluated through the design, installation and testing of
 

such a power system.
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APPENDIX A
 

INSTRUMENTATION SYSTEM SPECIFICATIONS
 

AND DATA REQUIREMENTS FOR FIELD TEST #10
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SPECIFICATIONS FOR A
 
FIELD TEST INSTRUMENTATION SYSTEM
 

The Renewable Energy Field Test instrumentation system will be used to
 
monitor IPH, PV and wind energy system installations at urban and remote desert
 
locations in Egypt. 
 These energy systems include main power sources (solar
 

collectors, PV arrays and wind turbines) as well as ancillary subsystems
 

depending on specific field test applications. These sub-systems include ice
making equipment, desalination systems, and a variety of load characteristics
 

ranging from small DC loads to grid-connected applications and back-up power
 

systems (dierel engines and batteries).
 

The instrumentation system must be a stand-alone system. 
Failure of
 
the in3trumentation system must not affect the performance of the field test
 

system that is being monitored. The instrumentation system must have an on

site data storage system that is non-volatile and capable of easy physical
 
removal and transport to another location for data removal and long--term storage.
 

One form of non-volatile storage system must be a microchip/EPPOM or CMOSRAM -

Type system that can be 
"milked" on 
site easily and without danger of loss of
 

data.
 

The instrumentation system must be a microcomputer based data logger
 
with programmable input channels and output formats. 
The user must have control
 
ever sampling frequency and output period for each channel. 
Primary design
 

objectives for the instrumentation system should be reliability, simplicity,
 

small size, low power and the ability to operate in enviornmental extremes
 

(Lspecially high temperature, sand/dust and tropical/sea coast). 
 The unit must
 
be capable of stand-alone battery operation for a period of at least two monts.
 

The following minimum specifications are required for the instrumentation
 

system. 
If an exception must be taken to one or more of these requirements,
 

the exception shall be noted and a clear explaination given as to why the
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bidder believes that the exception should be acceptable to the purchaser.
 

Physical Specifications
 

o Small, stand-alonge, self-contained system in an environmental enclosure
 

o Desired weight: less than 10 pounds
 

o Desired size: less than 10 inches x 10 inches x 6 inches 

System Power Requirements
 

o 
Capable of operation using self-contained batteries
 

o Capability for the 
use of an external power source to allow continued
data collection while changing batteries or the use of 
a non-battery

external power source is desirable.
 

o Capable of transient protection from spurious electrical charges or
 

lighting.
 

Environmental Specifications
 

* Ambient Temperature: 
 -25 deg. C to +50 deg. C
 

o Relative Humidity: 0 to 90 percent non-condensing
 

o Impervious to a tropical, oceanside environment with occasional high
 
airborne sand/dust and/or sulphur levels
 

Analog Inputs
 

Number of Channels: 
 At least 16 channels with 20 channels desirable
 

Volatage Measurement Types: Differential or single-ended
 

Accuracy of Measurements: 
 at least + 0.5 percent 

Range and Resolution: Selectable for any input channel from microvolts 
to several volts full scale 

Sample Rates: At lease once per second for each channel
 

Pulse Inputs
 

Number of Pulse Counter Channels: 
 at least 4 channels with 6 channels
 
desired
 

Analog and Digital Control Outputs: 
a total of three resettable channels
 
each is desired with a range of 0 to
 
+ 5 volts with a 0.5 volt resolution
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Output Signal Interface
 

Memory: Capable of storing at least 3000 data points per day for a
period of one month (two months desirable)
 

Display: 
 A visual display of stored data is required on-site for data

verification before data removal
 

Peripheral Interface: 	 Downloading of data at the site should be by

physical removal of the data storage device or

simple, reliable data downloading to a non
volatile storage device. 
 Storage data files
shall be IBM-PC compatible on floppy disc either
 
directly from the data logger or through a
 
simple, fast, reformatting technique.
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Wind Powered Desalination at Hurghada (Field Test #10)

Data Requirements
 

Channel Sampling Output 
 Priority
Item Type* Frequency Intervel Want Must
 

Conductivity of feed
water 
 (Manual) Weekly None 
 x
 

Conductivity of Produ:L
 
water 
 (Manual) Daily 
 Daily 
 x
 

Feedwater flow rate
 
- Instantaneous 
 P 10 min hourly 
 x
 - Integrated 
 (Manual) Daily/Weekly none


Feedwater Pressure 
x
 

A 10 min hourly 
 x
- Low pressure alarm 
 none 
 none 
 x
 
High pressure pump
 
pressure 
 A 
 10 min hourly 
 x
Brine outlet pressure A 
 10 min hourly 


Brine flow P x
 

- Instantaneous 
 I0 min hourly x
 - Integrated 
 (Manual) Daily/weekly none 
 x
 
Product flow rate
 
- instantaneous 
 P 10 min hourly 
 x
 - integrated 
 (Manual.) daily/weekly none 
 x
pH of feedwater (Manual) 
 weekly none 
 x
Feedwater temp 
 (Manual) weekly 
 none 
 x
Power consumption 
 A minute 
 10 min x
Wind speed/direction 
 A minute 
 10 min x
Power output (turbine) 
 A minute 
 10 min x
Frequency (turbine) 
 A minute 
 10 


Power factor x
 
A minute 10 min x
Voltage (turbine) A 
 minute 10 min x
On-off cycles (turb.e) P 
 monthly none 
 x


On-off cycles (Diesel) 
 P monthly none

Power output (Diesel) A 
 10 min 
 10 min x
Output voltage (Diesel) A 
 10 min 10 min x
Fuel used (Diesel) (manual) 
 weekly none 
 x
AMPS in (Battery) A 
 10 min 10 min x
AMPS out (Battery) A 
 10 min 
 10 min x
Temperature (Battery) 
 A 10 min 10 min 
 x
Voltage (Battery) A 
 10 min 10 min x
 

8 ("musts") x 8 samples x 24 hours 
= 1536
 
5 ("musts") x 24 hours 
 = 120
 
1 ("musts") x 1 day 
 n 1
 
Time Mark (6 x 24) 
 = 144
 

Total = 1801 data points per day 

14 channels 
 (Plus 5 channels
 

per additional
 
o 3 pulse turbine)
 
o 11 analog 

o I pulse 
o 4 analog
* A = Analog 

P = Pulse
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APPENDIX B
 

PRODUCT LITERATURE
 

A selection of manufacturer's product literature for desalination equipment,
 

wind generators and diesel generators is 
provided in this Appendix. Additional
 

manufacturer's product literature is available in the Technology Reference
 

Notebook previously submitted under Task 2.2.4.
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IYBRID POWER PLANT 
"LASS A 
JP TO 10 KW CONTINUOUS 

Fully automatic unattended operation
Factory engineered systems
Compatible components
Modularity/flexibilitySimplified installation 
Industrial grade components 
Opeusrioal dscpladianotis
Operational display/diagnosticsalicaton.

Redundant safety provisions 

I' Cost-effective electric power for remote 

applications

Improved reliability from multiple sources 

Efficient operation over the complete 

power renge

Increased system life 


fltloductiofl 

'he EESI class Ahybrid power plant

:ombines wind, solar, and engine power

ith abattery to supply electricity to remote 

reas. Locations that have relied on
onventional fuels may now take advantage

natural energy to save or eliminate the 


se of fuel while improving reliability

ficiency and performance, and the life of


heir power system. Regions that have 

en denied electric power may now take 


Ldvantage o the economy of ahybrid
,stem utilizing the available wind andIr energy 

efinitlon 

eEESI class Ahybrid power plant isa 
omplete electric power supply system that 
anbe easily configured to meet abroad 


ange of remote power needs. There are 

ree basic elements to the system - the 


ower sources, the battery,and the power

ranagement center. The power sources 

iay be wind turbines, engine generators, or 

olar arrays. Any combination of up to three 

ower sources may be specified, including 

ultiples of any one source. The battery


Ilows autonomous operation by
,ompensating for the difference between 
ower production and use. The Energy-operato
vinder" power management centeregulates power production from each 
)fthe sources, controls power use by
,lassifying loads, and protects the battery 
rom service extremes. Additionally, the 
~stem includes aconventional electric 

POWERSOURCES 

. 

;.;,;:;,:- ; : -. ,W-.: .;.t" 

.. !0',.:'..: " .
 

Wind Tubine - The wind turbine converts 
t kinetic energy inthe wind to electric 
power and thus serves as the primary - 
source for most applications. The EESI
classAhybrid power plant uses the Jacota
wind electric turbine which was designed 
to standards of performance and 
dependability that have made Jacobs theleader and most respected namo Inwind 
energy for the past 60 years.
The smooth, efficient, 3blade, upwind rotor 
drives abrushless 3-phase alternrtor
mounted within the towr by way of a
patented hypold gear drrAo system. The
wind turbine has a rated maxmim output of 
10 kw and Isaval%able with 23, 24 and 26
foot diameter rotors. The larger rotors have 
a lower rated wlnpeed and produce more 
power at all wind speeds. Th3 turbine speed
Islimited by the proven Jacobs pitch control premium quality photovoltaigero.Tehpdgerdi adrrdmquitpotoic modules andgoveror The hypoid gear drive anddualfold tailvane act to turn the turbine out 
of the wind under violent wind cronditionsallowing unattoridd op.ration n the 

harshest environn,,its.
The quiet performarce turbine, clean 
sinledesign, and oft gray color blend in 
well with all surroundings. The wind turbine 
Iss4xprted Inthe smooth flowing wind by 
a strong and weatherproof froestanding
towtner that IseasIsto ass-e and erct. 
Normal soil foundation Zrchor and tt
up/down hinges are avallable, 

)ad center with main and branch circuit E"iglne goga-amtor - An engine generatorireaker protection for the safe and Isused to Insure acontinuous supply ofonvenient application of the power electric power under all conditions whereiroduced. conventional fuels are available. When 

Wncoegme 
generator may be used toapply up to 1o 
lkw of prim power on command from theEnergy'Minded= When started,the engine 
operates at Its optimum lvel to supply
p to theo od and recharge the battery
Arugged tw cylinder Iud cooled diesel
drives abrushless alternator at 1800 rpm todvaruheatrnoa18rpo 
ensure long life, especially when operated 
anan Intermittent basis Inahybrid powerAcopte selection of the 

-_most popular accessories are available. 

Solar Anuy - Inmany areas, the sun and
wind complement each other on adaily and
seasonal basis. Where practical, a solar 
arrn may be specified to regularly add 
power. Asolar array may consist of up to six 
solar panels. Each solar panel contains 20 

Iscapable of producing 600 watts of peak
power Each sealed module provides 
weatherproof protection for the efficientsingle-crystal silicon cells that convert the 

sunlight to electricity The lon lifeexpectancy of the modules make solar 
poer an attractive afternative. 

BATTMy
Alad-acid 

stationarybattery Is 
an essential 
EESI class Ahybrid 

poter plaT 
autonomous 

b 10 * 
compensating for the difference between 
por produe and use, contributes to 
system stability and supplies power for
control information. EESI can provide a 
premium deepcyle battery that issized tothe sources and to the specific power
requirements of the application. Acompte
selection of accessory hardware can be
supplied for their efficient and safe 
operation. 
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The EESI Energy-Mlnder" power

management system Isthe center of the 

EESI class A hybrid power plant. Several 
functions are provided:
"Regulates power production from each of 

the sources 
"Protects the battery from service 

extremes 
"Manages power usage to optimize natural 

energy proc'jc donNW
" Facilitates the safe wd convenient 

application of the power produced
' Continuously displays power production, 

use, and operational statvs 
The Energy-MInder" control system may beused with one, two, or three power sources.Each source requires a dedicated controller 
to connect It to the battery.Each controiler 

has been designed to optimize power
production and take full advantage of ft 
battery storage capacity while protecting
itfrom excessive charge rates and over 
charging. The power produced is distributed 
to the user through the electric load control 
center. The electric load control center is
similar to a conventional service center 
which contains main and branch circuit 
breakers. Control sensors and relays are 
provided to maximize wind and solar power
productkon and protect the battery from 
excessive discharge. Electric loads are 
groupod into three categories and 
con!rolled as follows: 
Essential - Electric loads thai must be 

satisfied at all times under 
normal operating conditions. 
The essential loads are served 
by a 100 amp main breaker 
with up to six branch circuits. 

nterrupt - Electric loads that can be 
turned off for short periods
when the battery isat alow 
state of charge. This makes 
best use of the wind and solar 
energy,reduces engine 
generator operating time, and 

aqukcl efficien 
recharge. A singlecircult 
breakw erves up to 50 en" 

- of Interruptible loads. 
Excess-	 Electric loads that can be

turned on for short periods 
when the battery is fujL Ths 
also makes bt um of f: ' 	 wind and solar energy while 
reducing service stress on 
these sources. A single circuit 
breaker serves up to 50 amps
of excess loads.. . 

A low voltage control signal js aiso providedHthe battery Isdischarged to a mklnmumsafe level because of a source failure, lack 

of fuel, or service excess. This signal can 
U AUTOMATIC POWER 

CON ROL 

16 A 

U 

f	 U".... 

I ' ,m,

j
-0. V" U11 

, , 
L .. ._.. 

CLASS A SYSTEM DIAGRAM 

SOLAR 


&t el las ,switch to an auxiliary or 
emergen-y power supply,or provide an 
alarm until the battery state-of-charge has 
been raised to an accept ble level. 

TM Enerlfprf" contro -,vstem 
.pV contlnuou power displkymeters, 

ccntrcl (ventm ttU annuncxlators fthprovlswos fom recordN or remote 
monitorn, andbuIlft-in diagostic
caafles.
 
The EnergyMinde" powor management
 
center slrroflea system design, Installation,
 
and appicafion. 1e only additonal
8quk3"wntnorml required is owe. 
elect 	 is ,dbnarto 

"" "'.. ,
POWER SUlP-

The EESI class Ahybrid powr plant
osL'oples 120 vot (nominal) D.C. electrical 

powe Many electric lads, such as lights,
resistance heaters, and some te..s of 

motors can be operated on D.C. power If'C o w r s re nvue rt e d n I e r etoc fo .. t -. ES s a 
to convert frm D.C. to kC. EESI offers a 
range of Inverters available in most popular 

ltages and frequecles. 

A.C. power Is required n Inverter Isused 

F1 
DC 

POWER 

A
POWC 
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GUIDE TO DESR1 YOUR RMOTE Wrl, u 

The EES1 clan Any~ld powerpiant hax bssw imcnspldmgned toDm2ly L4 ) to 10 kw of corittrZf.; CHARTA ,*e 2I V, d h .-. ,Q tpe O ",e the rnoo mrmwlcatons stionelectrical power ard has a toeJ " rvy- "' F oiV 'CONTNUOUSPOWE1 l,nhis renoteelow.)CaP:i lty of 24 kw- 12 kw e*rftrIl, 6 k. FOR JACOS WiND TURIIES t.3: TezO,Of ader tlacTflc powr reuires 

Powe pl ha been &&mbW~ to 
determine the equpment requied to t5ty a 0mr)

919CIPY ~ne it is bae. on-
q.i.va.ent (E' is t 

amount o pcer tUit Md hae to W camirdy 
producd to NeIatY fthp:rvemrias fet
Given iicam. ' 

ilure are two iaeth to Wtor e t ECt 

gn trypeor isnw, d tk r 

I~bheeurinhetmearkd et10
exaople, aremote teocorramunicalons autle. 

requires 44O00 kwirs of electricity anually

DMding 4O0 kwhrs by 8760 hou ear ykto ft

ECP o(5.0 kw. Method 2: when the etsctrtcal
equipment to be operatd yftpower rtofor inon,nywftip
eah Ited by f permt, ftt 

time that itoperates od0temitno the E P " WVut
Item. Add the ndvidual ECP to deterrrne the ,ttAl
ECIP For examle, an Isolated vllaegewould likto 
operate a large refrigerator forfood snd r',

arid acommu*ty water pump. The 4.0 Iw 

refrigerator operates 15 hfr as each hlour and 

thus has an ECP of 1.0 kw. (he 2.1 kw mier Pump
operates 8 hours per day and thus has an EC43 of 

07 kw. Therefore, t total ECP for the vidge i. 1.7
kw. 

1b determire the corponents requl rod for ahybrk 

power plant to satisfy agven EC use steps 1 

through 3below to select acombination of power

souroes capble Of producing 125% ol the required

ECP The extra margin Isto allow for future growth. 

powmr losses, and a tafety factor. Use step 4

through 6 to determine the Energy4lnder"

conponents, battery size, and mverlera required for 
the systemn. 

Step 1: The wind turbines should be considered the 

prifmry source ofpower for most remote 


CHARY C COMPONENiTf TAMAE, 

STEP I STEP2 

WINDTURBINE ENGINEGENERATOR 

ROTOR DIA. TOWER HOT. 

Standard: 
60feet 11.5 kw peak

23 feet 10.0 kw continuous 
80 feet 120/240 volt,

24 feet 60 hertz, 1phase 
100 feet Optional:

26 feet 9.5 kw peak 
120 feet 8.5 kw continuous 

100/200 volt, 
50 hertz, 1phase 

Porn 66-104e5 
Prinled InU.S.A. 

*totad6 kcw excess. This prowo ir 1eagin a0JCR~NTnlE "ITac fslre,1Cpvrrqi6.0 ... bLArefi,. , thtl1 L-'a cor&red. .cmnral,. solai5.0  eoornP. 060 1wear'rac in aroas of kmited 
-oc,:vt Accs 'rnd 110 krsodattn. ~Tu*"ECP" Ot aaolar -.4.0 - --- -ECP' am can a, rythe 5p.,w

3.75- -% ratin by 5.Rw ea i. aatar array With 5p
3.0 ., and aPO Pcer ratinig 01 4.0kw wi hawie n 

- "p1ut Iatoty0.8kw.
77, I 1

2 - 1 0 I 

- -Epa -
12 14 1 1( 20 

1.AVERAGF WIND SPEED (MPH) 

.. . I1a 
p,"rw'rdroqtwre the teast amount of rmintua.nce
wrj 'kt.U..c ftAto detrnte the 'ECF" 
or each of timw,4 luNra,at the arr wW 

spaed for the vie undor oonsit ,3aion. I .For 
ano " W. two 
located kn &narea that has &najnut avraow 
e -,,f15.7 mph.AJaoe wid hubine with a24 
fool dW%.. produce 3.75 kwof -ECP- at thisrotor Will 

64ie. Nov, choose abwer35 feet
higher then. 
-)l4ur, o Ort the wtnd tutuIh.tt h Vrflowing nd. 

•' 

ftep 2: AnMeine geriartor isused to u a..t 
cn'uor suppy of power under aM

circumnstenci. Snc the Winco engine generatorID
isratod at10k ontltmnusue te "ECP" a .
Proportional to the pamTnt of ft timr that it Ig 
operated. "Theengin rlorator oprating 25% of
the tin' wIl have an EC of 2.5 lcw or an raplication
repVing an ECP ol 2.5 ,-wmee that the enge
01 -tor W1 eraxt 25% of this tine. 
(tnclslon:A Jacobs wind turbins wlth a 24 foot 
da. rotor and the WIncc 10kw engine generwator 

STEP 3 STEP 4 

SOLAR ARRAY ENERGY.MINDER-

PANELS 

Step4: The Energy-Mincier cormponents aredaletmined by the sourc @electod for the system. 

i the elctriC kd DcEntrod center is required for 
mikwy hybrid sydain. 
Sto4 5: The bnttery dze IspdmrtDy daternned by 
"ther.uoleltcod to brcesslectedand the
ECP of the elchic o to be sered. Use chartto telect ft proper battery uize.StepS: The stnnrdpower cutputof th, system Is 

.20v~ls D.C.Electrical equip tcapa of 
cpraigfth#h power dlrectly represents the 
moat offickt and cost effectiv way to use the 
peorr produced and sxuld bA secltied when 
p ect .For electrical equipn ant requtrtng A.C. 
Powf,a range of D.C. to A.C.power InverterI czn 
bo 0cW Inthe rf.to popuarvoltages and 
17-q.1nco ftrT chrt C.6-veriers shouldbe 

tor W uae c*,ta Oe4dtom or group 0
i uorwtt car -,.rd ro 10 ecoeid Oftrthe on ~hAn a O #0o vd .arqpovw ca Hlerz 

.. . E k" Cont"Inuoo
 
.a -YAI P0VVF 


L 
3ki, 3kw to6kw Gkw 
A B C 

Lu.wrrianan MornThin 

2 B C D 
3 CD 

STEPS STEP S 

DC.AC INVERTER
BATTERY SIZE RATED POWER 

PEAKP"ESPOWER RATING 0 HERTZCODEC8[ CAPACITYER 50 HERTZ 

1 800 watts A 425-500 250 watts 200 watts

Source Controls: amp-hours 500watts 
 400 watts2 1600 watts *Wind turbine B 500-575 1000 watts 800 watts 

* Engine/generator amp-hours 2.5 kw 2.0 kw
3 2AM0 watts * Solar array 

C 575- 5.0 kw 4.0 kw 
4 3200 watts Electric load amp-hours 10.0 kw 8.0 kw 

control/center D 650-725 
5 4000 watts (required) amp-hours 

E 725-800 
6 4800 watts amp-hours 

. ._  _.
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WS everse smoss ystems

purify sea andbra kish water
 

for the world.
 
WSA's Reveti Osmosis technology keeps pace econonucally with increased water demands. 

__ ___ ____ __ _ __"___ _-___ ' , ' _ _ '_ _ ' . ": 5...' " ;' . . - -i:.)'i;' -4 -:;.. 

3ta da d pck ged Zg qi ty WSA of Tofu a complet In oq water tpqg& .WtROuni s re des gn da d ons ru ted w h gh~XoorroaI fetr9SWmrateals and st ohe rWplear s aur. quiWAenWorqof the art contrbidi dMig igsource mprl~itAcoessrM~ch induc operabcn and marfonance osfts and provide on equ~ment a, - qCme nM nbltowJrnrtn 
eqomt e s =r~"buf to"s 
cwmet t dar dautornd owy/o 

ncreass eac 
The Earth's supply oT water istinne. Tne demnd for potable 

water yerPollution become morkaesrou 

harder to contro while Industry requires higher puity water. fti.
challenge iscdear Total cost effective energy efficient systemns for
pollution control, potable, process, a-d high purtty water for 

1. munldipaiities, private water systems, rosorts, offshore, and,.24-industrial installations are available from WSA.
-;rkWMt proven tekhnology and experience, WSA can prov.IdeN Solutions to your particular pure water requirements. Large or

small, packaged or custom witer treatmnent plants are designed,
built upwted and maintahed by WSA, aleader inthe RO 

.- industry. 
-<~ ~ ~ - .Learn more about the Indisputable advantages of WSA's

Reverse Osmosis tecoogy. Pease write for technical data 
- sheets, and more detailed Inlormation on WSA RO installations. 

pNeeW oAe 

-

WT R RVCES FMRIAN 
inwrvvementhotmirg-ffbM4d 

P.O. Box 2384, M,owaukee, WI 53223 -Telephone (414) 354-'4 70 JW910-M2-23354 WSA MIL 



I Ihe world looks to Water \\ hat,isReverse Osmosis, andServices of America for the latest ap- how does Itwork for you? The prindpiplication of Reverse Osmosis technol. of osmosis isfound throughout nature. 0ogy to meet the acceleratlng demand mosis enables our body's cells to receive
for fresh water. The need for fresh wate nourishment and plants to obtain water 

- on this planet grows at the rate of 10 to fron i esoil. Simply stated, it isnatures15% per year. The source isfinite. To ac- effoiI bequalize liquids of varying salinit)commodate population increases and to separated by asemipermeable membranepermit industry and agriculture to ex- water with fewer impurities will flowpand, the world looks to engineers and through amembrane to dilute the higher
I scientists to ensure that our water require- siinity water on the other side.ments will be met. we can only achieve %W engineers reverse this process bythis formindable task by practicing the best applying pressure to the high salinity wateknown conservation methods, by improv- fordn. pure product water through the 

ing the yield from traditional sources, and specally designed membranes. The conceby using an imr- -tant new source of trated solids left behind are flushed awayfresh water - .,,:awater and brackish from the membrane surface in the reject
water that has undergone thorough, cost- stream.

Sen~permftble effective desalination. The system can produce fresh water -
Membr Over theyears, three primary systtnis that is,containing fewer than 500 parts p.salination. Of these three systems, two .aw~r inasingle pass.S have been developed for seawater de- million 1MS (tota dissolved solids) - from-: 

Product (vapor compression and flash distillation)-.-. are relatively effective, but they use two Tht.membranes, like the walls of plantand animal cells, are microscopic, hair-like,to six times as much energy as the third: holkow tubes or flat sheets assembled in
Reverse Osmosis (RO). cylindrical module to provide the .,aximun

Hig At Water Services of America, we've membrane surface area for highest possiblrefined the RO process to its most effi- water productivity. A variety of membranedent state-of-the-art. Our units are mod- , isavailable. WSA engineers analyze the fee 
uiar; installations can be expanded stream to determine which type of memincrementally to fill growing require- brane shoukd be specified to provide the 
ments. Components are constructed of most efficint RO system.

Rieng Va inert materials, corrosion-resistant plas- •
tics, and stainless steels. And with the 
WSA RO systems, no heat isrequired. The 
process runs at ambient temperatures. 

Where will you find WSA Reverse
Osmosis systems? Standard WSA sys
tems are in use throughout-the world -SIMPLIFIED RO FtOW DIAGRAM providing fresh, safe dirinking water for 
use in hotels, apartment buildings, con
dominiums, and resorts. Large, custom
designed WSA RO plants provide fresh,
safe drinking water for municipalities from 
the U.S.A. to the Middle East. 

Industrial process water isprovided by
WSA RO systems for use in boiler feed,
printed circuit board manufacturing, elec
rplating and food and drug manufact-r

ing. WSA offers acomplete line of 
industrial water treatment equipment for 
use in conjunction with RO systems when 
ultrapure water isrequired. 

WSA also custom designs systems, us
ing standard components, for use in waste
water recover/ and chemical reclaiming
operations. These systems are typically
used to reduce wastewater volume, recover 
valuable chemicals and to provide pr,-
makeup water from wastewater. 



M03=__ _ WSA offers standard Reve Osmosis ... . :.systems ina variety of sizes. Units are 
preassembled and factory-tested. 

The type of membrane, membrane 
array,and operating conditions are 
etermined for eac application by WSA 

Igineers, working with computerIistance intheir own freshwater research 
boratory. 

"• ' - '--xi iary systems f r fiftiration, " 

degasification, deionization, ultrafilt-,ruvi,
darification, softening,. and other treatment 
processes are also available from WSA 
either "off the shelf" or custom-engineered
for specfic use. 



Residents of the Florida Keys rely on the 
3.0 million gallon per day production of 

isself-contained RO plant (the first major 
awater RO plant inthe Western 
trsphere for production of potabe
ter). The entire installation was put o 
inseven-and-one-hal f months. he 

em ismodury designed and uses 
icroprocessor dontrols that enable plant 
prators to tailor plant output to meet 
pmand at the touch of abutton. 
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-" Water Services of America has
strategically located sales and service offices 
to serve the world market. Their experience
and technical expertise make them 
indispensable to government and industry,
Together with the WSA laboratory and 
engineering support group (located in the 
Milwaukee headquarters) the problem of 
supplying dean water for any purpose can

quickly and efficiently solved at the 
lowest initial cost and the lowest operating 
cost 

SImeam more about the Indis
putable advantages of nature's own 
system for water purification,en
hancd by WSA engineers. We have a 
number o technical data sheets, and 
more detailed information and case histo 
ries on actual Reverse Osmosis installa
tion!, designed and engineered by Water 
Sen¢ces of America, the experts in Re
verse, Osmosis. 

one of our regional offices, or oui 
headquarters inMilwaukee. 

The world needs clean water.We 
know how to get it - faster, with less 
energy. Inwater purification, WSA has th4 
track record the world depends on. 

PARTIAL UST OF 
WSA RO INSTALLATIONS 

Isle Arena, Colombia, South Amer.ka: Oldest operating seawater RO 
system.

Jeddah, Saudi Arabia: World's first 
solar energy seawater RO plant.

Baku on Caspian Sea: World's first 
major seawater RO installation, 3.3 miu
lion gallons per day,

Corps of L.inineers, Fort Irwin, Cal 
r~omia: First major fluoride removal plan
utizing RO. 

Key West, Florida: First major sea
water RO plant inthe western hemi
sphere. 

Cape Coral, Florida: Major brackish 
water RO plant in U.S.A. 

Indian River County, Vero Beach,
Florida: Municipal water system, 2.0 mil 
lion gallons per day.

Makkah, Saudi Arabia: AWSA 4.0 
million gallons per day RO system to sup
ply water needs for the Holy City.

Trans Saudi Oil Pipeline: 10 WSA 
plants supply all the water needs for the 
pipeline system.

Qatar State Water Department at 
Ras Abu Samrm: First major RO facility ii 
Qatar. 

IBM Research Triangle Park, Norti
Carolina: Major ultrapure water facility 
for thp elpennim industry. 

WATER SERVICES OF AMERICA 
-, r 



EDR' 
ElectroDialysis Reversal
 

INTRODUCTION 
The EDR process was developed in the early 1970s to 

solve operating and maintenance problems in unidirectional
membrane based demineralizing systems. EDR is the only
membrane process which issymmetrically reversible. Reversal inhibits the formation oi scale and fouling films on the
surface of membranes without addition of chemicals to thefeed water, minimizes pretreatment and maximizes recovery 
of difficult to treat waters. 

The EDR process removes ionized salts and minerals
from water and concentrates them in a smaller volume of 
wa'er by means of direct current electricity. The DC 
electricity moves ions fyt m a demineralizing compartment
through selective ion transfer membranes into adjoining
concentrating compartments. periodic. intervals the
direction of ion movement through the membranes and the
identity of the concentrating and demineralizing compart
ments is reversed. (See process discussion that follows.)
Reversing the direction of ion flow and interchanging
concentrating and demineralizing compartments in theEDR process kecps the surfaces of the membranes clean und

free 
 of the scale and slime that occur in unidirectional 

membrane processes. Cleaner membrane surfaces keep

EDR performance efficient and stable.
 

The practical result of EDR's reversal feature is thatthe process ismore tolerant than other membrane processes
of a wide range of troublesome organic, inorganic, colloidal,
and biological contaminants in water. EDR is less de-
pendent on chemical conditioning (such as pH correction,
softening, or inhibitor feed), and is more forgiving of the 
physical and chemical upsets which affect real water sup-
plies. A recent study on the state of the art of desalination
technology, prepared by a leading engineering firm, gave
EDR the highest technical evaluation among membrane 
processes The high ranking is based on such factors as state
of development, stability under design conditions, flexibility
and reliability. 

FIGURE I
GROWTH OF EDR CAPACITYINSTALLED OR UNDER CONSTRUCTION 
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EDR has b:en applied to a wide variety of real watersituations which has led to a rapid growth in use since the process was first introduced in the early 1970s (see Figure 1).
In 1972, there was virtually no EDR capacity in operation or
under construction; in 1973, there was less than 5000 cubic
meters/day; by 1978, there was about 100,000 cubic
meters/day; and by early 1984, there was 300,000 cubic 
meters/day (80 million gallons). 



The major application of EDR for much of the 1970s 
was the demineralization of brackish waters of several thou
sands parts per million (ppm) of salts to potable levels below 
500 ppm for municipalities, oil and construction camps,
hospitals, schools, hotels, military bases, bottlers of bev-
erages and purveyors of bottled water. Ionics' EDR 
AQUAMITES systems have found great favor in remote 
locations and village water supply applications, where 
limited operator skills and availability of chemicals make 
other processes less attractive. 

Starting in the late 1970s and accelerating into the 
1980s, an increasing portion of new EDR capacity installed 
was used to produce high purity industrial process water 
from "fresh" industrial feed waters containing from a few
hundred to over 1000 ppm total dissolved solids. In these 
cases, the EDR system replaced ion exchange systems or 
served as a "roughing demincralizer" ahead of an ion 
exchange "polishing" unit. Increased costs of regeneration
L:hemicals for ion exchange systems and problems with the 
disposal of associated chemical wastes have facilitated the 
shift to EDR. Capital cost payback periods, based on 
chemical savings alone, range from under one year to about 
three years, depending upon the quality of the raw feed 
water (higher TDS feeds equal short-r payback periods). 

Today, the "EDR process is in use in 25 countries 

around the world, supplying quality drinking water and 
specified purity industrial process water to over 500 in
stallation-, the largest with a capacity of 24,000 cubic
meters/day (6 million gallons). Typical industrial users of 
EDR include power plants, semiconductor manufacturers,
the pharmaceutical industry, metals processors, cement 
plants, the petrochemical industry, food processors, textile 
manufacturers, and poultry and dairy applications, 

ELECTRODIALYSIS (ED) 

FIGURE 2
 
EDR CIRCULATION DIAGRAM
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New Aquamite units introduce concentrate makeup water to the 
discharge side of the recirculation pump. 

The mechanism of operation of unidirectional electro-
EDR.dialysis is reviewed here as a basis for the understanding of 

When salts and minerals dissolve in water, they break 
apart to form ions. Ions are particles of atomic or molecular 
size bearing positive or negative electrical charges. For 
example, common salt-sodium c6loride-is ionized into a 
positively-charged sodium ion called a cation, and a neg
atively-charged chloride ion called an anion. These lons will 
migrate in a DC electrical field with the positively-charged
sodium cations moving toward the negative pole (or
cathode) and the negatively-charged chloride anions mov
ing toward the positive pole or anode (Figure 2). 

Ion transfer membranes, used to control ion move
ment in an ED unit, are made from either cationic or anionic 
ion exchange resins in sheet form. These are called,
respectively, cation membranes and anion membranes. 



Cation membranes, like cation exchange resin, havemobile or exchangeable cations (e.g., sodium, calcium,
magnesium) within their 

or 
structure. As a result, cation

membranes (marked "C"inFigure 2)will transfer cations-
but exclude anions. Conversely, anion membranes, likeanion exchange resin, have mobile or exchangeable anions 
(e.g., chloride, sulfate, or bicarbonate) within their struc-
ture. As a result, anion membranes (marked "A"in Figure 2)
will transfer anions, but exclude cations. 

Figure 2 depicts the operation of a classical ED arrayor "stack "-inwhich the elements described above, namely,
dissolved ions, selective cation and anion meinbranes, and aDC electric field are combined to achieve both demineral-
ization of water and concentration of removed ions in a 
waste stream. 

FIGURE 3 
EDR 

ONE CELL PAIR
TWO MEMBRANES & TWO SPACERS 
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In the membrane stack, water containing dissolvedions is pumped between a cation and an anion membrane
through a cut-out polyethylene spacer of about 1.0 mm
thickness (Figure 3). The membranes are typically 0.5 mm
thick. Each of the two membranes is bounded by another I mm liquid flow spacer, then a membrane of the alternate 
type, etc. 

When a DC field is imposed on this array, all of the
cations will move toward the negative pole. If the firstmembrane a cation encounters is a cation membranc, it will pass to the next water compartment, thus leaving behind a
partly-demineralized cell. If the first membrane the cation
encounters is an anion membrane, that ion will not pass. It is
trapped in its original compartment, which becomes a 
concentrating compartment. 

As can be seen from Figure 2, the anions undergo
similar movements and restrictions in the opposite direction 
as they are attracted to the positive pole. 

In an ED array, with alternating cation and anion
membranes, each ion can move either not at all or one 
compartment at most before being blocked by an opposite 
membrane. 

The net result of these membrane-controlled DCind,!ced ion movements i that one set of water-containing
compartments becomes demineralized and the alternate set
becomes concentrated. 



The system described is classical or unidirectional ED. Theterm unidirectional refers to the fact that the polarity of the DC fieldis unchanging, the ions always move in the same direction, and theidentity of the alternating water compartments remains unchanged;that is, a demineralizing compartment always remains a demineralizing compartment, and a concentrating compartment always
remains a concentrating compartment. 

Classical unidirectional ED was, the first of the membrane processes to be developed. It dominated membrane desalting in the1950s and 1960s-although the total market was, by today's
standards, quite small. 

Classical unidirectional ED was a major historical advance over the thermal processes of evaporation or distillation which wereused to desalt water prior to its developnient. However, uni
directional ED suffers from a number of limitations which are sharedin varying degrees by other unidirectional membrane processes such 
as reverse osmosis (RO). 

1) It is generally necessary to add acid and/or complexingagents such as SHMP (sodium hexametaphosphate) or to presoftenthe water to be treated to achieve stable operation-even over amatter of hours. This preconditioning requirement results from the presence of small amounts ofcalcium carbonate, calcium, strontium,
or barium sulfate, or iron in the water, all of which tend to precipitateat the membrane interface and degrade performance as concen
tration takes place.
 

2) Non-mineral substances in the water-organic and inorganic colloids, microbiological entities, or dissolved organics, tendto foul the membrane surface with no in-process means for theirremoval. Customarily, if the build-up of these substances can betolerated for a week or a month, the process is stopped at such
intervals for cleaning-which is more or less effective. 

3) Even with the addition of complexing agents, uni-directional units show marked deterioration of performance in the presence of calcium sulfate saturation or organics over a period of a 
few months. 



ELECTRODIALYSIS
 
REVERSAL(EDR)
 

The mechanism of electrodialysis reversal differs from that ofunidirectional ED in a very simple, but profound way. If oneoperates a uidirectional electrodialysis array-as shown in Figure2-for a fixed limited period of time (e.g., 15 minutes) and thenreverses the polarity of the applied DC field by an automaticswitching mechanism and operates for an equal period of time in thereverse direction-and then continues in this manner of reversingoperation indefinitely-one is operating an EDR system. 

One can see by reference to Figure 2 that a compartment whichwas formerly a demineralizing compartment becomes a concentrat.ing compartment when the current reverses (and vice versa). So, it isnecessary to switch valves which feed and collect these two streams,shortly after the current is reversed. it is Also necessary to divert bothstreams at the time of polarity reversal for a period of 0.75 to 1.5minutes to purge both compartments before the demineralizingstream returns to making specified product. 

Electrodialysis reversal, therefore, is achieved by symmetricalequal-time operation in alternating directions so that insoluble orsparingly-soluble substances which would otherwise coat the membranes will, during the reversed polarity period, tend to be removed. 

EDR is unique among desalting processes in being capable of areversal of this type because of two inherent characteristics: a) EDRmembranes are symmetrical; they operate in the same way in both
directions, and b)EDR stacks have a symmetrical configuration with
-the concentrating and diluting compartments being hydraulically
and dimensionally identical. 

An operating EDR unit requires a supply of pressurized feedwater-in the range of 70 to 90 psi, a reversing DC power supply, andan array of demineralization stages in a membrane stack or stacks. 

In order to conserve water, a concentrate recirculation pump isused to recirculate most of the water to the concentrating compartments. The actual waste concentrate flow is then simply regulated bya control valve in the feed line which controls the makeup to therecirculating concentrate loop and forces an equal amount of waterout to waste (Figure 2). 



EDR CAPABILITIES
 

Water Recovery: 90 to 95%- of the feed water can be 
recovered as p-rified product by means of controlled 
recycle of the concentrate stream and other in-procss 
steps. Simple recycle of the concentrate stream gives
:ecoveries of 70 to 85%. 

Electrical Energy: Energy consumption can be approxi
mated by using 0.5 kwhr per cubic meter ofproduct for
pumping, plus 0.5 kwhr per cubic meter per 1000 ppm
salts removed for ion transfer. 

Stack Cleaning: Membrane stacks may be cleaned in three 
ways: 1)continually by means ofreversal, 2)periodical
chemical flushing, and 3) disassembly and scrubbing
of membranes if plant upsets occur. EDR is the only
system that allows periodic inspection of individual 
membranes, which results in lower membrane re
placement. 

Calcium Sulfate: Calcium sulfate saturation in the con
centrate stream up to 175% can be tolerated with no 
chemical feeds to the EDR system. Addition of SHMP 
and/or acid, to the recirculating concentrate streamonly, allows calcium sulfate saturations up to 400%Pretreatment: Presftening and coolingc are generally notonyalwsccimufteaurinspto40rreequmeni:red. sste can are geral otaresulting in high recoveries of difficult to treat waters.required. EDR systems can treat waters with a 

Langelier Index of plus 2.2 and temperatures to 45 0 C 
without special steps. Pretreatment is recommended 
when iron exceeds 0.3 ppm, and manganese and 
hydrogen sulfide exceed 0.1 ppm. Silica does not 
interfere with the process, and therefore, does not 
require removal or limit water recovery. EDR units 
are capable of long-term operation on waters having
5 minute SDI's of approximately 15-thereby mini-
mizing filter use. 

Chemical Additions: No chemicals are required for normal 
operation of an EDR system. Special, high recovery
situations (see calcium sulfate, below) and periodic
stack cleaning require minimal chemical use. 
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EDR Membranes: Homogeneous, reinforced sheets of poly
mer, 0.5 mm thick, with fixed anion or cation transfer 
sites have excellent chemical and temperature stability.
Continuous exposure to pH 1 to 10 and free chlorine 
to 0.3 ppm, and greater extemes for short-term 
cleaning is standard. Membranes can operate at 
temperatures above 550C. 

To summarize, the EDR process and system com
ponents are capable of long-term stable operation on waters 
contaiiiing awide variety of mineral, colloidal, or microbio
logical constituents. The self-cleaning feature of reversal 
and the stability of the membranes combine to give long life 
and trouble-free service. 

• Bulletin No. 121-E *lonics, Inc. 
March, 1984 Printed in U.S.A. 
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INTRODUCTION 
The Electrodialysis Reversal Process (abbreviated "EDR") 

removes ionized salts and minerals from water and 
conccntrates them in smaller volumes of water by means of 
direct current electricity. The D.C. electricity moves ions from 
a demineralizing or diluting compartment through selective 
ion exchange membranes into an adjoining concentrating 
comportment. 

EDR is the first commercially available membrane process
which is symmetrically reversible, i.e., the direction of ion 
movement through the membranes and the identity of the 
concentrating and demineralizing compartments are re-
versed at equal per-dic intervals, for example, every twenty 
minutes.' The reversal of direction of ion flow and the 
interchange of concentrating and diluting compartments in 
the EDR process keep the surfaces of the ion exchange 
membranes much cleaner than is possible in unidirectional 
membrane processes. Cleaner membrane surfaces keep 
EDR performance relatively stable in the pretence of 
relatively high levels of collodial and slightly soluble 
constituents. 

The practical result of the symmetrically reversible 
characteristic of EDR is that the process is more tolerant than 
other commercially available membrane processes of a wide 
range of troublesome organic, inorganic, colloidal, and 
biological contaminants in water. EDR is less dependent on 
chemical conditioning (e.g. correction, softening,pH or
inhibitor feed), requires less pretreatment, and is more 
forgiving of the physical and chemical upsets and excursions
which affect most real water supplies. A recent study on the 
state-of-the-art of desalination technology, prepared by a 
leading engineering firm, gave the EDR process the highest 
technical evaluation among membrane processes based on 
such factors as state of development, pretreatment require-
ments, necessary skill of operators, maintenance require-
ment stability under design conditions, flexibility and 
reliability.2 

The applicability of EDR to a wide variety of real .,ater 
situations has led to a rapid growth of practical usage since 
the process was first introduced in the early 1970's (see
Figure 1). In 1972, there was virtually no EDR capacity in 
operation or under construction. In 1973 the was less than 

1,000 gallons per minute, by 1978 there was 2 0,0OO gallk 
per minute, and by the end of 1983 there will be ab 
50,000 gallons per minute. 

FIGURE I 
GROWTH OF EDR CAPACITY 

INSTALLED OR UNDER CONSTRUCTION 
(U.S. Gallons Per Minute) 
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The predominant application of EDR for much of the 
1970's was the demineralization of brackish waters of 
several thousand parts per million total dissolved solids to 
potable levels of a few hundred parts per million for 
municipalities, oil and construction camps, hospitals, hotels,
military bases, bottlers of beverages and purveyors of bottled 
water. However, starting in the late 1970's and accelerating 
into the 1980's an increasing fraction of EDR capacity has 
been utilized to produce industrial water or partially
demineralized water from "fresh" industrial feed waters 
containing from n few hundred parts per million to perhaps
1000 parts per million. Such waters are typical of those used 
for industrial purposes in many parts of the world. 



By mid-1983 five public utility steam-electric generating
stations with an aggregate capacity of 4000 MW had chosen 
EDR to pretreat boiler feed water prior to ion exchange 
deminralization. EDR units were also in operation or under 
construction to provide pre-demineralization or direct 
process water for a major oil -efinery, several smaller 
refineries, one of the world's largest natural gas processing
plants, a major copper refinery, a major petrochemical 
complex, half a dozen cement plants, a modorn mini steel 
mill, several electronics and semiconductor facilities, sveral 
food processing plants, Llarge truck manufe,,uring complex, 
a pharmaceutical plant, ad a number of miscellaneous 
industrial instailations. 

Most of the EDR capacity to date has been for use overseas 
- primarily in the Middle East, Africa, and Southern Europe. 
Installations in the U.S.A. currently represent less than 10% 
of the total, but the U.S.A. market is showing accelerating
growth as industrial applications increase. 

INDUSTRIAL APPUCATIONS AND 

CHARACTERISTICS/SUMMARY 


The following applications and characteristics of EDR in 
industrial water treatment are worthy of note and several will 
be discussed in more detail in this paper:

A. EDR is capable of cotatrolled roughing demineralization 
of brackish feed waters of any salinity, and of "fresh" feed 
waters in the range of 20 to 1000 ppm total dissolved solids. 
Percentage EDR demineralizaton can be controlled from 
50% to 99% by the number of ED stages utilized, the 
tempsrature of the water ard other design variables. 
Electrical energy consumption can be approximated by 2.5 
kw-hr per thousand gallons (ior pumping at normal systemspressures of 70 to 90 psig) plus 0.25 kw-hr per thousand 

gallons per 100 ppm as CaCO3 removed, in the range below 
3000 ppm. Thus a typical mid-Western river or well water
with 300 ppm as CaCO3 wouldroquire 2.5 +(2.7X 0.25) or 3.2 
kw-hr per 1000 gallons for 90% demineralization. 

B. On most natural brackish or fresh waters, EDR is 
capable of operating at typica! water recoveries (ratios of 
product to feed water) of 65 to 80% without any chemical 
feeds or conditioning (e.g. pH correction, inhibitor feed, or
presoftening). EDR is also capable of water recoveries up to 
95%, with the addition of very small quantities of acidand/or

inhibitors to the brine stream. 3 Control of water recovery in 

EDR units is simply accomplished over the range of 50% to 

95% by adjustment of a single brine make-up valve.4 


C. EDR has been shown capable of stable operation on 

feed waters with 5 minute silt density indices (SDl's) as high 

as 15. Such waters are typical of some untreated surface 

waters and can occur in treated surface waters with less 

than optimal pretreatment. Since a high percentage of 

industrial feed waters are surface waters, this capability of 

EDR is critical to its use for many industrial applications. 2 

D. EDR is capable of long-term stable operaiion deminer-
alizing high calcium sulfate waters with ralatively high
recoveries up to calcium sulfate saturation levels in the brine 
stream of at least 400%.3 Experiments are currently 
underway to determine an upper limit to calcium sulfate 
saturation in EDR units. Such a limit appears to be greater
than 400%. Thus EDR is capable o. demineralizing high
calcium sulfate waters with little or ne pre-softening - a 
majcr economic and operational advantage over processes 
requiring pre-softening.' 

E. EDR has been shown capabie of concentrating
minerals and salts to levels of about 100,000 parts per
million in the brine.0 An experimental unit to concentrate 
20,000 to 40,000 parts per million waste water to 120,000 
parts per million is about to be tested by a major state water 
agency as part of a long-range agricultural waste water 
disposal and recycle study project.' 

F. EDR is caoable of stable operation on waters with 
barium, strontium, or high (up to 200 ppm) silica contents.' 

G. In view of its stability in the face of high SDI's, trace 
constituents, and high CaSO4, EDR is a candidate for use in 
concentration of cooling tower blowdown from lirge thermal 
power stations. Encouraging results have been obtained 
from small and medium scale pilot wok on an actual cooling 
tower circuit slipstream with conventional clarification over 
the past year, and such work is continuing. 

H. In view of a now chlorine resistant anion membrane,
EDR is now capable of sustaining long-term continuous 
chlorine residuals of an least 0.3 ppm plus weekly cleaningswith levels up tu 20 ppm free chlorine, thus enhancing its 
ability to operate in biologically contaminated waters. 

I. In common with older ED equipment, EDR units are 
capable of continuous operation at temperatures up to 45 
degrees C,continuous pH range of 1to 10, cleaning pH range
of 0 to 13 - thus enabling use of a wide variety of cleaning 
agents. 

J. Average membrane life in most cDR ap;iicaiions is in 
the 5 to 10 year range. 

K. Modern EDF s1cCs require little if any manal 
K. rfo ED R s tc s u ir t e if a sem l 

disassembly for cleanng although the option for disassembly
exists if necessary to deal with disasters such as sand,carbon, or other media migration into the stacks, gross dirt or 

mud loads, etc. 

BASIC PRINCIPLES FOR ED AND EDR 
A Classical Undirectional Electrodialysis ("ED") 
The mechanism of operation of unidirectional electrodialy

sis (abbreviated "ED") has been described many times but 
will be reviewed here as a basis for the understanding of 
EDR. 

When salts and minerals dissolve in water, they break 
apart to form ions, for example, sodium chloride ionizes to 
form a positively-charged sodium ion and a negativeiy
chargeJ chloride ion. These ions will migrate in a D.C. 
electrical field - with the positively-charged sodium cations 
moving toward the negative pole (or cathode) and the 
negatively-charged chloride anions moving toward the 
positive pole or anode. (Figure 2). 

Ion exchange membranes can be made from either 
cationic or anionic ion exchange resins in sheet form. These 
are called, respectively, cation membranes and anion 
membrines. 

Cation membranes, in common with any cation exchange 
resin, have mobile or exchangeable charged cations (e.g.,
sodium, calcium, or magnesium) within theii structure. As a 
result, cation membranes (marked "cation" in Figure 2) will 
".pass" catiuns - but exclude anions. Converse!y, anion 
membranes, in common with any anion exchange resin, 
have mobile or exchangeable anions (e.g.. chloride, sulfate, 
or bicarbonate) within their structure. As a result, anion 
membranes (marked "anion" in Figure 2) will "pass" anions, 
but exclude cations. 
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The net result of these membarne-controlled D.C.-induced 
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3. Even with the addition o, complexing agents, unidirec. 
tional ED units chowed mvrkod oeterioration of performance 
in the prasence of calcium sulfate sakLration over a period of 
8 few montris. 

B. Electrodiml~sis Revi)rml ("EDR") 
The merhaninof electrodialysis reversal 'EDR" differs 

from !hat of unidirbctional eactrodialysis "ED" in a vry
simple - but profound way. If oa (1) operates aunidirectional 
electrodialysis array - as shown in Figure 2, Mode I - ior a 
fixed limited period of 0irne (e.g., 20 minutes) and (2) 1hen 
reverses the polarity of he applied D C. f eld by an automatic 
switching mech'anism ard operAtes for an equal period of 
time in the rever3e direction (Figure 2. Mode II)- and (3) then 
continues this mannar of r.eversing operation indefinitely 
one is oparting an "EDR" system. 

One can see by reference to Figure 2 that a compartment
which was formerly a dil.ting compartment becomes a 
concentrating compartment when the current reverses (and
vioe versa) so it is necessary to switch valvs which feed and 
coltect th se two streams, shortly after the current is 
rever. d. It is also necessary to divert both sire ms at the 
time of p )arity reversal for a period of 0.5 to 1.5 minutes to 
purg WO'i compartments before the diluting stresm returns 
to making ipecifiqd produ,t. 

ElectrcuJilysis reversal therefore is achieved by symmetri-
cal equal-time operation inalternating directions - so that
insoluolie or slightly soluble sutb'stances which would tend to 
coat tho membranes or deposit in the conce.streting 
co npartments will tend-during the reversedpolarityperiod. 
to be r*rnoVwti 

EDR is unique among desalting prceosses in bainj capable
of a 7,iverial of this type bec ause of two inhcrent 

characteristics: a) EDR membranes are symmetrical; they 
operate in the same way in both directions, and b) EDR stacks 
have a symmetrical configuration with the concentrating and 
diluting compartments baing hydraulicallyand dimensionally 
identical. 

C. EDR Stacks, Stagee, and Equipment 
EDR stacks, stage, and equipment have bean described in 

detail in the literature.' We will briefly reviewthe main points 
so that the data below can be better understood. 

As descrfbed above, the alternating diluting or concen
trating compartments are bounded by a&ternating cationic 
and anionic mombrancas of 0.5 mm thickness. This 
repeating assembly of four elements (cation membrane, 
spacer/compartment, anion membrane, space/compart. 
men is called a "cell pair." The compartment itself is 
composed of the cut-out portion of a polyethylene spacer of 
1.0 mm thickness, sandwiched bIriwaen the pair of 
membranes. The concentrating and diluting spacers alter
nate, and are differentiated only by the entry ports or
 
channels which connect the cut-out portion (in which the
 
water tiows) to the appropriate manifold. There four
are 
manifolds which pass 2hrough the membrane-spacer 
sandwich carrying food water in, demineralized water out,
brine water in, and brine water out. The standard large EDR 
membranes have 18 by 40 inch dimensions and the spacers 
are of the same size. (Figure 3) 
Tc form a membrane stack, huntods of cell pairs are 

compressed between two platinized P!ecrodes which 
aternate as aodes and cathodes .-ruveraal takes place.
The whole assembly (Figure 4) isco,'pressed between steel 
end plates by metal tie rods to contain 'h!.-uids in thestack. 
Typically, membrane stacks have be wen 3(L3 and S00cell 
pairs. (Figure 4) 

FIGURE 4 
70 GPM PACKAGED EDR PLANT 
WTH TWO MEMBRANE STACKS 
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A single pass through a membrane stack results (for 
waters below ab,'ut 4000 ppm) in a partial percentage 
demineralization which depends ur,,n temperature, ion 
composi-.on, level of entering total dissolved solids, flow rate,
and applied voltage. A typical range of partial demineraliza-
tion per pass or. "stage" is 30 to 60%. Higher temperatures,
higher sodium chloride percentages, lower inlet total 
dissolved solids, lower flows, and higher applied voltages
favor higher demineralizations per pass. 

Since desired practical deminerailizations are often in therange of 75 to 99%, it is necessary to use several stages of 
EDR demineralizatiurt. Practical numbers of stages vary from 
one or two to as many cs 18 or 20 on sea water. For a partial
demineralization of 60%per pass or "stage," one stage gives
50%, two stages 75%, four stages 93.8%. six stages 98.4%, 
eight stages 90.6%, etc. 

Typical flows for a 500 cell pair single stage stack are in the 
range of 100 to 130 gallons per minute and typical pressure
drops per stge are in the range of 7 psi to 11 psi in this flow 
rate range,. Design preasure (for stacks) is usually kept at 
around 50 psig into the first stage of a mufti-stage stack 
array. For units requiring more than 4 to 7 stages, further
flow reductions below 100 to 130 gpm are necessary. 

Foc EDR plants, where the desired output flow is in the 
range of 100 gpm or more, a single stack or group of parallel
stacks is used as a single stage. However, for units with 
deiredoutput flows of less tln 1OOgpm, several stages are 
contained in the same stack. In a single stage stack, all of the 
hundreds of alternating compartments flow in parallel off the
manifolds. However, in multi-stage stacks, groups of cells 
flow in parallel to form one stage and the outputs of this 
group re collected and fed to another group within the same 
stack to foi.m a saparate stage. Groups of cells between any
pair of electrodes constitute one "electrical stage." If two or 
more staes are grouped within a stack between one pair of 
electrodes these are called "hydraulic stages." 

Figure 4 shows two mufti-stage stacks comprising part of a 
packaged EDR unit of 70 gallons per minute net product
output. The two stacks each cont';n 450 cell pairs and each 

have a net capacity of 35 gpm. They are identical to each 

other and arranged in parallel. Each stack has three hydraulic

and two electrical stages. The two electrical stages are 

separatod by a thick PVC block which is clearly visible about 

two-thirds of the way down from the top of each stack. The

larger top section of each stuck has two hydraulic stages

within a single electrical stage defined between the top pair

of electrodes, The smaller section at the bottom is a single

hydraulh stage and also a single electrical stage defined 

between the botton pair of electrodes, 


An operatming EDR unit requires a supply of pressurized

feed water - generally in the range of 70 to 90 psi, areversing

D.C. power supply, and an array of demineralization stages in 
a membrane gack or stacks. The flow in the concentrating 
compartments wihin the stack is keptjust slightly lower than 
the flow in the diluting compartments, since these 
compartments are idanicai in configuration, and one wishes 
to keep the pressure in the concentrating compartments just
slightly lower than thie pressure in the diluting compartments.
Inorder to cons-arabrine water, a brine recirculation pump is 
used to recirculate most of the water to the concentrating 
compartments. The actual waste brine flow is then simply
controlled by a control valve off the feed line which controls 
the makeup to the recirculating brine loop and forces an 
equal amount of water out to waste. 

Water recovery defined as the ratio of product water to 
feed water - can be simply controlled in this manner in EDR 
plants in the range of about 50 to 95%. There ore some 
natural losses of water from the diluting to the concentrating 
compartments by endosmotic water transfer and intercom. 
partmental leakage which place an upper limit on recovery.
However, development work bvth on membranes and 
spacers is underway to raise the recovery limit and to a:low 
even higher concentrations by EDR. 

In Figure 4 one can see the major components of an EDR 
system with the two multi-stage stacks at the right and the 
skid at the left. The skid contains a feed pump, brine pump,
cartridge filter, reversing and control valves, D.C. power
supply and control cabinet, and hydraulic instruments. 

ROUGHING DEMINERALIZATION 
EDR plants are now in operation or under construction for 

use as roughing demineralizers ahead of ion exchange
deminera!izers in California, Arizona, Texas, Florida, New 
Jersey, Ohio, Wyoming, anda number oi African and Middle 
Eastern countries. Capacities of individual installations 
currently in operation range from 25 gallons per minute to 
one thousand gallons per minute. Many of these EDR units 
have been retrofitted ahead of existing demineralizers in 
operating installations to adjust to changed operating
conditions, for example, (1) increased salinity of the feed 
source, (2) a need for increased capacity, or (3) increases in 
waste disposal problems and costs. 

Pre-demineralization by EDR leads to large reductions In 
frequency of regeneration of the downstream Ion exchange
demineralizer along with corresponding decreases in 
chemical consumption, waste disposal, and monitoring
supervision, and a significant !ncrease in demineralizer 
availability and capacity. The econnmic3 of EDR roughing
demineralization will depend on many local factors, such as 
design of the ion exchange unit, wier analysis, treatment 
objectives, waste disposal problems, local prices for 
chemicals and power, etc. However, the attraction of EDR 
pretroatment for ion exchange demineralizers is the 
simplicity, reliability and low operating cost of the EDR unit. 
In many cases where EDR units have been chosen, the
 
performance stability of EDR 
on the water in quesion was
 
first demonstrted by a pilot unit.
 

Results of demineralization by EDR at one in..allation in
 
the Southwestern U.S.A. 
aro given in Table I and 'able II. 
Table I shows a 95% overall deonineralization with individual
 
ions varying from about 89% for bicarbonate to almost 97%
 
for calcium, magnesium. and chloride.
 

One limitation of EDR in demineralization is that it removes 
only ionized substances so that silica is not removed. On the 
other hand, EDR units are not scaled by high silica waters(up
to at least 200 parts per million) so that high recovery
concentrations or demineralizations can be carried out by
EDR in high silica waters. 

Table II shows the detailed performance data for the 
packaged EDR unit which produced the demineralization in 
Table I.The unit has now been on line well over three years
and performance has been stable. There is no chemical 
conditioning or foed tothe unit. The unithas a diluting stream 

http:composi-.on


TABLE I 

30 GPM EDR DEMINERALIZATION 


RESULTS AFTER THREE YEARS 

(Pom as CaCOa) 

Feed Product % Domineralization 
Sodium 329 22 93.3% 
Calcium 120 4 96.7%
Magnosiurn 117 2 96.7% 

Total Cations 566 28 95.1% 

ChlorideBicarbonate 432 14 06.7%80 9 88.8%
Sulfate 44 4 890.% 

Total Anions 656 

Conductivity (250 C) 1246 59 95.2% 

pH 7.3 6.9 

Feed Water Temperature - 300C 

TABLE II 

PERFORMANCE DATA 


30 GPM EDR AFTER 3 YEARS 


FEED Sum of Ions - 561 ppm as CaCO3 
PRODUCT Sum of Ions - 28 ppm as CaCO3 


PRODUCT FLOW 
 - 30 GPM (10% Off-Spec)
BRINE MAKE-UP  5 GPM 

DC INPUT VOLTS AMPS WATTS 
Electrical Stage 1 183 7.3 1330 
Electrical Stage 2 183 2.0 366 

TOTAL 183 9.3 1696 

TOTAL DC ENERGY -1.15kwhr/l000gallons' 


Assuming 90% Rectifier Efficiency 

flow of 30 gallons per minute, a brine makoup of 5 gallons per
minute, and a fifteen minute EDR cycle with 1.5 minutes or10% off-spec time at the time of reversals.Thus itsnot output 


is 1620 gallons per hour. Since the overall removal is 95%,
the average removal for each of the four hydraulic stages is 
53%, and for each of the two electrical stages is 78%. 

One can see clearly in Table IIhow the two electrical stagesOne
hisanitsee lerlingw howtheo outptages
elecir oPonds,of this unit are working wi*,h a tntal rectifier output of only
1696 watts D.C. The first electrical stage requires 7.3 
amperes at 183 volts, while the second stage (with 78%fewer ions) requires only 2.0 aimperes. The ratio of amperes 
feeri ons)p qires onlyr 2ame- s Thd e ratio o pereRoswellis approximately the same 	 - sh - as it should be - as theratio o 
ions removed. 

The unit Is *quipped with a single 450 cell pair 18 by 40inch EDR stack with two elcrical and four hydraulic stages. 
Overall mineral removal isfrom an average of 561 pem to28 
ppm as CaCO3 or 533 ppm as CaCO3 removed. The D.C. 
energy used (allowing for a 90% rectifier efficiency) is 1.15 
kw-hr per thotisand gallons or 0.215 kw-hr per thousand 
gallons per ICO ppm as CaCO3 removed To this must be 
added pumping power, which in this small unit runs around 5 
kw-hr/1000 gallons. On units of the 100 gpm and grewter
size, the D.C. power would be the same, but the pumping 
power would be roughly cut in haf. 

EDR is attracting increasing attention and usage in
roughing dernineralization because it is a stable, durable 
process with very attractive total energy efficiency.waters of 100to OO ppmas 	 ForCaCO or below(andthis rango 

covers most industrial waters in the U.S.A.) total pumping 
p96.1%
lus D.C. energy consulmption8 of 2.8 to 5.0 kw-hr/1000
gallons are realistic and sustainable over long periods. This mans that a 200 gpm unit requires an electric supply of 36to 60 kilowatts and can save from hundreds to thousands oftons of chemicals annually. 

OPERATING ON HIGH CALCIUM SULFATE 

Calcium sulfate is one of the most common minerals found 
in natural waters. Important rivers In the Southwestern 
U.S.A. such as the Red River, Washita, Canadian, andColorado have significant calcium sulfate ccmponants.Perhaps one-third to one-half of the mineraized ground
water in the U.S.A. is of a calcium sulfate or gypoum 
character. Gypsum is a major contaminant of well waors on
the West Coast of Florida and in many parts of the Middle 
E6st and North Africa. 
Ifa raw water is rnore than 25% saturated in calcium 

sulfpe, and one wishes io demineralize it with a recovery of
75 to 90%, one must create a waste stream which is 
saturated or supersaturated in calcium sulfate. Unidirectional
membrane processes must be designed with care -andoften 
with pre-softening - to avoid damaging and sometimescatastrophic precipitations of gypsum in operating units on 
feed waters with even modest calcium sulfate contents. In 
fact,contaminantcalciumin 	sulfate is an important limiting design
evaporation and ion exchange demineralizer
 

design, as well as in unidirectional membrane pro'esses.
 
Through a series of dovelopments in EDR, which were
 

demonstrted at the Roswell Test Center of the former Office
 
of Water Research and Technology (OWRT), the ability of the
 
EDR process to handle calcium sulfate concentrations in the
waste stream to the 350 to 400% range of calcium sulfate 
has now been 	established.Table IIIshows the food water
 
used in this work, and a highly concentrated waste water.3 

Prior to the Roswell tests, it had been demonstrated in 
commercial EDR instailations at Dell City, Texas,and JuniusNew York, that EDR units were capable of long termstable oparation with calcium sulfate saturations in thest e opra to w ith n hemicalra .'tion 

waste stream upto about 150% with no chemical adition.AHowever, the range above 150% hod not boen explored. At 

it was decided to explore the limits on calciumsulfate concentration and Langelier Index for EDR units 

operating with no chemical feeds, and then to determine if 
addition of acid or inhibitors, such as "SHMP" (sodium
hexametaphosphate), to the waste stream of an EDR would 
extend the useful range. 



TABLE Ili 

HIGH CaSO EDR PERFORMANCE 


94.1% Water Recovery 

424.6% CaSO' Saturation' 


ROSWELL TEST CENTER - OWRT 

Sodium as Na 
Magnesium es Ma 

FEED 
303 ppm 

64 

BRINE 
3300 ppm 

1192 

PRODUCT 
50 pii 

5 
Potassium s K 
Chloride as CI 
Sulfa:t aC SO. 
Bic.arbonate as HCO 
Sum of Ions 

1 26 -
560 7374 62 
413 8075 22 
198 2416 56 

1729 25,992 207 

pH 
Condutivity 

7.20 
2740 

7.05 
28,230 

6.30 
350 

Langcolier Index +2.16 
Marshhll & Slusher 

The conclusions from the first parametric tests were as 
foll1ow: 

1. The Langelier Inde limit for EDR systems with zero 
chemical feod appears to be apprcimately +2.4, where 
carbonate acale formation occurs on both system piping and 
membranes. 

2. The calcium sulfate saturation limit for EDR with zero 
chemical feed or with sulfuric acid addition appears to be 
between 220 and 250%. At roughly 250% calcium sulfate 
saturation, gypsum deposition on the brine piping becomes 
intolerable and some gypsum scale deposition occurs on themembranes. 

3. Using acid addition to a Langelier Index of +2.0 in the 
brine streom and sodium hexametaphosphate addition, 
trouble-free operation was demonstrated to an average
4 4 0 % caclium sulfate saturation for 300 hours. Higher levels 
of su omraturation may be obtainable, but are yetas 
uncertin.' 

t was then decided to determine if SHMP alone would 
inhibit all precipitation without the addition of acid, and these 
tests were positive. Finally a successful long term test at a 
water rucovery of 90%(equal to 350%CaSO saturation)on a 
calcium oulfcte water of 1800 ppm was carried out on a full
size EDR package unit for 5000 hours, using only small 
amounts of SHMP in the brine. 

These tests have ,iablished the abilityof EDR to deal with 
high calcium sulfate water - without lime, lime soda. or ion 
exchange pre-softening. Further work is underway on 
application of this equipment to cooling tower blowdowns 
with high calcium sulfate. 

OTHER APPLICATIONS 
A great deal of additional data has been collected on the 

other industrial rpplications of EDR livsie in the summary 

bove. Several papers are contemplated by users of EDR 
equipmert for future umfwcnr ' tts. This paper has been 
conceived as an introduction or reintroduction of EDR to the 
industrial water trei-tnent community. Symmetrically re
versihle EDR is being used with increasing frequency for 
industrial water treatment applications because of its 
durability, enorgy efficiency, and stability of operation whentratng a wide variety of ground and surface water. 
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DiscussionDiscusionor 
bV 

Dr. Robert Kunin, Consultant 

onState-of-the-Art of the 
Electrodiaysis Reversal (EDR)

Process In 1983 

It is Indeed a pleasure for me to comment on the vcryInteristing paper and presentation of William Kat on the 
sujact of electrodialysis (E).The subject of electrodialysis
has virtually been ignored b the International Wystr
Conference a d the tate-orf-The-Art presentation of 

William Katz isindeed a welcome one. The last paper on ED
Bill Kawas delivered at the 19701International Wter Conference byof Ionics, Inc. During this 13-year interval, several 

large ED plants have been operating successfully around the
world and much experience has been accumulated. 

In some ways. I have looked upon electrodialysis as anatural extension of Ion exchange technology whereby one is
able to extend the practical total dissolved solids (TVS) 
minI etlons of ion exchange by the substitution of electrical 

energy for chemical energy. The development of new and 
improved ion exchange resins and ion exchange resin 
techniques and equipment have extended the practical lim its 
of ion exchange rosin technology in terms of total dissolvedsolion. Fr example, counter-current systems nd the 

expanded ise of weak electrolyte ion exchange resins in 
separate un; or as stratified beds with the appropriate
strong eloctrohye Ion exchange resins have extended the
practical tirnits of conventional ion exchange resin technology,
The advances in electrodialysis noted by Mr. Katz now permit 
one to combine ED with conventional ion exchange resin 
technology in a most effective and reliable manner. The ED 
can be used mmt affactively in lowering the TDS of highTDS
levels to a point where the ion exchange resin systems can 
operate most effectively, 

The EDR Proces described by Mr.effectively minimizes the fouling, poisoningatz apparentlya,"d scalingsolves 

problems which have plagued previous alectrodialysissystems. The reversal of tho 46iroda polarity prevents te 
accumulation of the CaSO, and SaSO4 scale and minimizesthe organic matter fculing ofthe anion exchiige mamhranesto the extent that a membrane life of at lest ive years is
routinly attained. klso appears that the old elecrode 
y (EDR)oa.ssociated withthe ED have also bef,, resolved. 
thirteen, years ion exchange resinFuher. itis also of intwrest to note that during the pasttechnology has been 

improved to the txtent that one can now offectively remove 
organic mavzsr from surface water supplies without being
seriously iculed. In itct, we now look at ion exchange
technology as a meoris 0f removing organic matter. 

It is quite retsonable to cu,7..ldo that the EDR processcould be competitive with RO as a "roughing" demineralizer, 
pticularly for high TDS waters, prior to the ion exchange
resin system. It is aifficult, of course, to set forth firm Imits of
TDS which point to where each technology is the optimum 

technique. Much depends, of course, upon such factors as 
water composition, desired treated water quality, localavailability end cost of chemicals, flow rate, power costs, etc. 

Mr. Katz may wish to disucs those items more fully.
It has been argued that one of the major advantages of RO 

as a "roughing domineralizer"isthat sincethetreatedwater 
passes through the membrane, colloidal matter is removed. 
In essence, itanfuncions as ultrafilter. However, by
functioning as an ultrafiler, the RO membrane: lose flux and 
their useful life is decreased. Using RO as an uttrafiler is not 
consistent with the rilting index requirements for RO 
systems. The fact that ED does not have UF capabilities is not 
a disadvantage. rt i2 best thmt tho ramoval of colloidal matterbe left to the primary clarification process or to post

demineralization wilh uttrafiltretion. 
The subjeci of electrodialysis further suggests employing

ion exchange membranes electrochemically for producing
the high purity caustic (NaOH) required by those employing
ion exchange demineralizers. With the concern over mercury
cels,thea vailability of caustic low in chlorides and chlorates 
may become a problem for many industries. Ifwould appear
that one could employ these electrolytic ion exchange
membrane c ,lls for producing high purity caustic at the site
of the demineralizers. Perhaps Mr. Katz would like to 
comment on this matter. 



ELECTRODIALYSIS REVERSAL FOR RELIA1L fTY IN WATER TREATMENT 
Ionkc, "The Water Compasy", manufactures and suppf c compr iv line of wato- anevwatewstw tratnwt systems and Instruments featuring uniqua technology developed in Im Cominpnys 

lmke began In the wIew business wf.h the Invntlon of the Ion transfer membran in 1943 whichmuTGiod In the der mersn of the classical ED (electrc poiy&) . in 1954, tho ED proes wooprAc
Intiri d c cim'clay to demineralize brackish waters In Saudi Arabia. 

rkm hew EDA (alectrodlatysls reve al) process was dtvelopod In the 3arly 1970'o to rolve operating andm~inransce difficuttl oncountered when Injecting acids and chemicals into the system to control ,oling.The r4lminntioa of chemical foeds and low-cost automatic operation amad rapid acceptance for the EDR 

Today, hundreds of EDR systems, the largest with a capacity of 24,000 cubic rrters per day (6 million 
qalolas), domineralize water for Industrial and municipal applications In over 25 ountrles arnd the waf 

IONICS' AQUAMITEV EDR UNITS 
The AOUAMITE unit. are packaged plants for WaterT DemlneralIzation employing the provn prooe of

l.ectrodlalyuis reversal (EDR) to provide up to 4,000 cubic meters per day of fresh water from brackich water,or very purs Industrial process water from normal water supplies. The AQUAM,TE plant Is tailored to each in.
dividual application while maximizing staklard design components. 

IONIC%9 INCOtPORATND 

FOR MORE INFORMATION CALL OR WRITE: 

Head Office 

IONICS, INCORPORATED 
65 Grove Street, Watertown, Massachusetts 02172 
Telephone: (617) 926-2500 Telex: 922473 



If TERNA TiCoAIAL, /#C. 

Route 1, Box 638 Rosethome Rd., Marrero, LA 70072 - Telephone (504) 689-2024 
Telex ITT 460215 AQUA Ul 

AQUATRON IS INTERNATIONAL IN SCOPE 

AQUATRON PRODUCTS
 
are sold in the U.S.A. and many
 
countries throughout the world
 

TO USERS SUCH AS: 
Major oil companies, offshore and overseas * Hotels,

motels, and condominiums * Hospitals and laboratories * 
Sea going vessels * Industrial sites * Sea side communities 
* Power generating plants (nuclear and fossil) * Chemical 
refineries * Paper mills 



Ifyou are thinking ofreverse osmosis

large or small, thinkAquatronInternational,Inc.
 

We make reverse osmosis 
systems, from small 
eight gallons per day
home and laboratory units 

..	 to over 1,000,000
gallons per day packaged 
reverseosmosis systems 

simple, low cost systems for water purification 
WHAT IT DOES HOW IT'S DONE 
AQUATRON - REVERSE OSMOSIS equipment simply Source water, after pre.treatment,and 	inexpensively purifies salty and bacterially contami-

is pumped through a 
semi-permeable membrane material. This material permits
nated water. By removing up to 93% of the dissolved min-


erals 	and virtually 100% of tho bacteria, these systems 
the pure water to pass while rejecting the majority "NIthe
impurities; the rejected contaminants are continuouslyprovide drirking water from brackish or sea water sources. flushed from the membrare to drain. 



What is reverse osmosis? 
Nature has provided man with an abundance of water with over 70% of the earth's surface being covered with water. 

Unfortunately, only q sra!l portion of it Is suitable for human ounsumption. Of this portion, much of it contains various dissolved 
minerals (dissol,.d solids) and suspended sclids. In ,ition to theie natural solids, man has polluted his water with chemical 
and indusdriai w,..::s Thi3so solids and chemical,, in s;Mfi:ient concentration!, can render a water supply unacceptable for 
commercial app~l.cnlicn and unfit for human cnsumption. 

Worlking with a proce.a known as reverse osmosis, scientists have been able to develop an osmotic msmbrane which will 
romove the dissolved .olids from water. AQUATRON INT,, INC. employs su-h an osmotic membrane and utilizes the process 
of revorsi osmosis in their R.O. SYSTEMS. In order to understand the operation of the R.O. SYSTEM, it will be necessary 
to understand the process of osmosis and reverse osmosis. Osmosis is a phonomenon found in nature and is the process
by which plant life _abscr .,s minerals and nutrients from the soil. In figure 1, we have an example of osmosis. 

A container is divided by a membrane. On one side of the membrane is a highly concentrated solution of water and chem
ical selts. In the drawing we call this solution "saline water". 

On the oth.r side of the membrane, we introduce a high quality water, or water which contains little or no chemical salts. 
In the dra.ving this solution is rafeired toets "fresh water". 

Ifwe allow the container to remain in this condition for a period of time, sampling and analyzing the water in both halves 
would reveal that the fresh water is passing through the membrane and diluting the .iline water. This is nature's way of 
correcting the imbalance between the two so'lutions. Scientists refer to this process as "osmosis". (Figure 1.) 

It is also possible for the process of osmosis to be reversed. Scientist3 have found that they can create an imbalance 
in the other direction by applying pressure to the saline side of the container. The pressure creates an artificial imbalance and 
water will flow in the other direction in an attempt to reach an equilibrium. Figure 2 illustrates the revorse osmosis process. 
Note that the membrane alluws only fresh water to pass through it in this direction. 

SEMIPERMEABLE . ' . SEMIPERMEABLE 
- MEMBRANE . . . , -, , .' MEMBRANE 

PRESSURE 

S SSALINE FRESH-. 
WATER WAEFigure IFRESH 

WATER '" WATER" . 

FLOW PEVEF4SE OSMSIS FLOW~ 

I 0. 

AGUATRON INTL., INC. designs and manufactures sys
tems employing various types of membranes. Selection is 

-~ determined by the specific applicatioA, and an analysis of 
the water. Water salinity, tempei'ature and chemical com
position are considered to assure an optimum membrane/ 
application fit. 

A spirally-wrapped sandwich of two membrane sheets is 
glued along a common edge and separated by porous 
backing materials. Pr'essurized feedwater passes longi

\ ~ FEED CHANNEL tudinally through the spiral package along a mesh sep-
4-MEMBRANE CW&POSITE arating the sandwiched layers. Permeate travels spirally 

LPRODUCT CehANNEL through the material into a central perforating tube. 
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DEsIGN FEATURES 

Operation
Produces potable water from seawater,

utilizing single-pass Reverse 
Osmosis technology.

Single control switch for instant 

start-up/stop of entire system,


Operation and maintenance are

relatively simple - requiring daily
check and routine maintenance.

Centralized instrument and control 
panel. All important operating 
paramL.ers can be monitored and
controlled from this panel.

Automatic shut-down when major fault 
occurs, with annunciation and visual 
display of cause. 

Single chemical addition for control of 
scale. No acid addition is required,

No thermal or high salinity brine 
disposal problems. System capacity
can be increased easily in the field,
Multiple units can be interconnected 
to give larger capacities, 

• . , in-l 

LNq,' 

has serviced the offshore
industry since 1975 by
converting seawater to drinking 
water by reverse osmosis. 

InsLaliatlon
All standard systems are supplied on 

welded steel skids. These skids are
sandblasted and epoxy-painted to a
marine specification. Skids are easily
moved by forklift. 

Installation requires only skid

placement and connection of 

electrical and water lines.


Ali systems are factory-operated in an 
eight-hour test run to insure reliable 
performance of all components. 

Corrosion Resistance 
All high pressure manifolding, valves,

tubing and fittings are constructea of316 stainless steel. High velocities 
are maintained to avoid pitting and
crevice corrosion. 

Aluminum bronze ii used in the fluid
end oi the high pressure pump.
This alloy gives excellent service 
in seawater application, 

All wetted surfaces of the system are 
automatically flushed with fresh 
water upon shut-down. 

All filtration equipment and membrane 
pressure vessels are constructed 
from Fiberglass Reinforced Plastic
which is impervious to seawater 
corrosion. 

All low pressure piping, valves and
fittings are constructed from Sch. 80 
PVC. 

Stainless steel clamps and bolts are
 
used throughout.
 

Maintenence 
Designedin accessibility of all
 

components for ease of
 
maintenance.
 

Easy-to-use system for cleaning the 
membranes. 

Unattended operaton - requires only
daily chock and log-taking.

Operating manuals contain easy to
follow maintenance program and 
trouble-shooting chart. 



Chemical and power generating industry
has called upon Aquetron International,Inc. 
to provide pure water by reverse osmosis. 

Louisiana Power and Light Company Not only was regeneration of the and sulfudc acid used in regeneration
has installed an Aquatron R.O. system D. units costly and time consuming, creates a severe environmental 
ahead of their eyisting Demineralization but disposal of the caustic soda disposal problem.

units at their Taft, Louisiana generating

plant. 
 -''-'" After installation of the Aquatron 

The results have been better than R.O. system ahead of the D.I. units,expected. "regeneration has been extended fromBefore installation of the RO. system, 50,000 gallons to over 2,000,000 

the .1.unis ha totheRO. gallons.ystmt
the D.I. units had to be regenerated 
every 50,000 gallons of feedwater Needless to say LP&L is very
throughput. . pleased. 

Louisiana Power and Ught's Little 
Gypsy Generating Plant. 

• . • 

Louisiana Power and Uight officials inspect new R.O. system at teir Little Gypsy Generating Plant. 



OIr7wopJ manufactures wat
 
/Pv rERNA /O.ALI C. for practical! 

Brackish water systems 
capable of producing 
120,000 gallons per dayof potable water 

i 

COMPACT, FITS J_
UNDER YOUR 

KITCHEN SINK '-

Under the sink wL er purifiers for 
home and businesses. Converts 
bad-tasting tap water into safer, 
delicious tasting bottled quality 
water. (U.S. Gov't. tested and 
registered.) 

Small sea water 
R.O. SYSTEMS forboats and sea side 
homes 

Bottled water plants, such as this system 65-K GPD brackish water reverse osmosis located inlocated in Ecuador, produces 20,000 Saudi Arabia

gallons per day of ultra pure drinking water
 

1 J1 
•~ ~ --~... ~ ! s,,. 
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rification and filtration equipment 
ery application. 

.. 


Hand held water
purification units 

for travelers or 

emrec use 

,-.;
 

Ultra pure waterrinse systems for 

mmercial and industrial filers and water softeners electronic industry 

...... .... .... 

Compact R.O.7 j! 
SYSTEMS for.. ....
 
hospitals and 
laboratories4,, . ... 

Self-contained water purification systems of various sizes 

AP 
.
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& technology 
, ._..o
., isShhelpingpiINTAf'RATIONA4. iVC. 

U.S Nvy..a 

Aquatron International, Inc. is provid- and engineering techniques in the in
ing the U.S. Navy with sophisticated dustry today.
two pass R.O. SYSTEMS These systems ,vill be de
caoable of producing 90,000 ployod at naval support sta
gallons per day of ultra pure tions located around the 
water. world to provie ttra pure

These systems utilize the water for such uz,;t, cn nu.
most advanced technology ar carriers and submarines. 
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EES OEINu~,SMOSIS 
Wv-ATER Pk"O UCTION SYSTEMS 



THE OsMOTIc PROCESS 
side by side, separated only by a semi-permeable membrane, 

the natural tendency isfcr the freshwater to flow through the
membrane into the saltwater. :n nature this equalization iscalledosmosis. 

To reverse this natural tendency, pressure can be 
applied to the saltier side which fo rces freshwater thro ugh the
membrane out of the concentrated saltwater. This process is
called REVERSE OSMOS". IRO) and isthe basic eason why
SweetWater isr-ble tc ,.e gc4d tasting drinkable water from
the sea. 

THE SWEETWATER MEMBRANE 
The SweetWater module uses a I 

spiral wound design as illustrated to
the right In this type of RO module, 

FEEDWA lEN FLW 
Highprimu -

the pr surized sea water isconstantly
flowing past the many membrane 
surfaces. It ishelpful to visualize the 
module as aunique filter where fresh 

j 
,loW 

water passes through the filter (spiral
wound membranes), keeping the salts 
behind in the unfiltered portion of water 
which are continuously discharged with the waste 
water. The fresh product water iscollected in the central tube. 

The SweetWater spiral wound module efficiently and eco
nomically reduce, high concentration of dissolved minerals and salts. 

SAMPLE 
" 

RO TEST RESULTS 

saiiniies above 45,000 r,/I require wpw4laumfiturations 

OPERATION AND MAINTENANCE 
SweefWater systems require no special knowledge

whatsoever to start and operate. Thanks to their simple, Yet
advanced design, routine maintenance isextremely simple. 

Economy isone of SweetWater's 'trongest
points. 1000 gallons (3785 liters) of water,produced by 

"-SMO SIS 


.r ...RO ~ '	ii 
I 

C CCT 1 uNM I 

SOU, 10 


pA scAi-;--s l, 

Osmosis-normal fow from low-
concentration solution eo high-
concentration solution. 

f 
i ifEi i ni 
. u . . 
F' 

1hc 

WATER FLOW 
w Pr ure 

shows the content c.1The chart 	 LE0 Co Parlson of Seawater-32foreand AfterRESUILTS 
 ILIEN 
seawater before and EMENTS ES 

after the RO process. TDS at 1IrC (mg/I) 36,073 

Chloride (mg/i) 17,600 
Sodium (mg/I) 11,000 
Calcium (rng/I) 315 
Magnesium (mgll) 1,300 
Potassium (mg/I) 418 
Sulfate (mg/I) 2,346
flicarbonate (mg/I) 63 
Carbonate (mg/I) None 
Hydroxide (mg/I) Non 
Hardness as CaCO, (mg/I) 6,140 
P-alkalinity " CaCO, (mg/I) 0 
T-alkalinityas C&CO, (mg/I) 10-

Not: U9/i is the sam, asppmn 

S 


250--Conductivity (michromhos) 

183 pH (units) 

105 Iron (mg/) 

0.8l Manganese (mg/I) 

2.6 Strontium (mg/) 
6.4 Nitrate (mg/I) 
2.3 Siicon as SiO, (mg/I) 
4.9 Turbidity (FTU) 

Norn Boron (mg/l) 
NoW Ammonia (mg/i) 

28 Bromide (mg/I) 

0 Fluoride (rg/I) 

a I Total Sulfides (mg/) 
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REVERSE OSMOSIS 
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SOLTION SOLUTION I
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Reverse osmosis-flow rev ersed 
by application of pressure (Po) to 
high-concentration solution. 

(EN 

' 1 

WATC 

THWOUGsFLW fTER AIAE 

OCFXIOTrF¢ll
CK1W MA TF&WA/ 

RESULTS
 
BEORE AtER
 

45,000 <550 
7.7 7.4 
0.3 <0,1 

<0.1 <0.1 
13.8 0.4 
<2.0 <2.0 
10.7 <5.0 
0.25 0.13 
4.0 0.4 

None None 
85 0.85 
0.8 <0.1 

<0.1 <0.1 

a SweetWater unit would cost U.S. $4.30. In comparison,
the same amount of water produced by distillation would 
cost U.S. $6.65. (Documentation available upon request.) 



STANDARD PACKAGES MODEL SW- M 
(u is m micow) MODEL SW-4000 

For any reverse osmosis system toWI
function to manufacturers design stan-
dards, the heart of the system (the 
membranes) must pass water which has 
been cleaned (filtered) to pre-set standards.
All SweelWater systems are equipped with
pre-filtration systems that are designed for 
operating areas where the [edwater con-
tains only minor amounts of contaminants. 
This presumes the unit will he operating
with salt or brackish water where there is 
low solid material suspended in the feed-water plus no oil contarnination and no 
chlorine. Shown are the Standard Filtra-
tion arrangements shipped with 
SweetWater RO Systems. 

OPIONAL RACKAGES 
BOOST PUMPS 

FEEDWA TIR SOURCE 2Z u 
OR BO0ST PUMP 

Booit pumps are available from SweetWater to
match the flow requirements of your unit. They may
also be purchased locally.When adding additional pre-
filtration one must take into account the additional 
pump requirements caused by the pressure drop across -.
the standard filters and any additional pre-fitration
that isadded. Consult SweetWater for your unit's 
specific pump rquirements. 

PRETREATMENT OPTIONS 

a 
Wt (5.4 o) 

0 
FEIDWAu 

WsU W T,-.-c"'tMODELS SW-bO0W AND SW-2000 V UN 4 
u-r T2o,(50.8 ) 

a an) 

FEEDWA1TR S0$aC
 
OR BOOST PUMP
 

Available In variow sizes 
msched to flool rat ofunit Cordult SweetWatrfor size required.001y 

tnfu fPs 'ay 
gTud=n tterPs 
punw 

OIL PRE-FILTRATION 
Oil, if present in 

feedwater will coat the 
membrane and cause a 
decrease in system effec-
tiveness. The system as 
shipped will not effec-
tively prevent oil from 
entering the system. If the 
SweetWater system isto 
be used in harbors, or 
other areas known to con-
tain oil in the feedwater, 
an oil filtration package 
must be aC,.' 1. 

Available in variow sizes 
matched to flow r.ste of 
unit. Consult SweetWater 
for size rquirfd. 

CHLORINE PRE-FILTERS 
When operating a SweetWater unit 

where chlorine is present in the water,a 
chlorine filter must be used. Chlorine will
permanently damage the membranes. 
Consult SweetWater if chlorine ispresent in 
the feedwater. 

BACKWASH MEDIA FILTER*
 
SweetWater's RO water makers will from 

time to time, be required to operate in adverse 
conditions which will require other than standard 

C0 

pre-filtration. High suspended solids in many 
areas will force the use of addit1ial filtration to 
keep the system in best operating condition. 
When operating in a high solids area sich as river 
basins where there ishigh concentration of sand 
and silt, or in tropical waters where high algae 
content may be present, a backwash media filter 
unit is required. The operation of this filter unit is 
similar to a water softener.To keep it operating
efficiently, it must be backflushed periodically 
Installation of a backwash media filter option is in 

Available invorow sire 
unit Consult switwt 

the line between the feedwater pump and the 
filtration package supplied with the SweetWater 
system. 

size muired. 

Sfle optional b&*,*m medla fitter isuad. the 30 mlamn fiftrbeco ns rtdundpntend will n" be uWit. 

IRON (RUST) PRE-FILTER 
Iron (rust) in the feedwater is detrimental to the membranes and to the.

operation of a reverse osmosis system. Therefore, any iron in the feedwater must 
be removed. 

If it isimpractical to use stainless steel, copper,Cu-Ni or plastics in the
feedwater pumps or piping, or if a sea chest is us-d, an iron pre-filter or a Green 
Sand Filter must be used. SweetWater makes them available in various sizes to suit 
your specific need. Contact your local distributor or the factory for further 
information. 
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POST-TREATMENT OPTIONS 

POST CARBON FILTER 
In extreme cases, water which has passed or 

through-a SweetWater system may still contain
odor or taste from the original feedwater scurce. 
While this isa hi.,mless condition, the use of a 
charcoal filter will help to eliminate this problem.Acharcoal filter isplaced in the product water 
line after the storage tank. 

Available in vanot sit" 
matche to flow rate of 
unit.Consult SweetWater 
for size requiied. 

,ULTRAVIOLET UNIT 
SweetWater RO systems I __....Salinity Probe produce safe, pure Potable 

water, however, the water may
be contaminated in the storage
tank. To insure deanliness an 
ultraviolet system may be added 
to the discharge line from the 
storage tank beyond the carbon Available in eithert1o/6o/I, I IS/So/I,
filter. SweetWater offers one 220/o/I or 230/60/1. 
size capable of processing 
3-10 gpm (11-33 1pm). 

i Product Flow ON BOARD COUSTEAU'S R/V CALYPSO 
PrdutFlwSweetWater sys- 'o
 

-- tems, standard or custom,

deliver a continuous sup-
 - -- _..
ply of pure, dean water 7
 
from any ocean in the
 

% world. Starting and main
tenance require no special

knowledge whatsoever. .a
Advice, answers and ser
vice are always available 
from SweetWater's de-
pendable, worldwide 
sales/service network. 

N!V Calypso 

SWEETWATER MIL-SPEC SERIESSioraqe Tank 
SweetWater's engineering expertise isavailable tothe world's military markets with NBC (Nuclear, Biological,

Chemical), Anti-Mag (Naval), heavy duty and lightweight,
military-style, trailer-mount systems.

Built and certified to military specifications, they are
field deployable, mobile, self contained, rugged, reliable
and can withstand aerial drops. Call or write for additional 
free literature. 

SweetWater Superior RO s3,terns that back you 
up every step of the way 

7 
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EETFEATURES STANDARD CAPACITIES* (SEAWATER) 

STANDARD Gallons Liters TonsModel No. per day per day per day* Lightweight fiberglass enclosure (SW100-SW4000) C;r
* Corrosion resistant, anodized aluminum frame

Corrosion resistant gauges: low pressure gauge, 	
SW 600 2,271 2.27 
SW-1000

operating pressure gauge and product flow gauge 	
1,0 3,785 3.79 

SW.2000 2,000 7,570* Energy efficient TEFC motors 	 7.57 
SW-400** 4,000 15,140 15.14* Pre-filter package SW-6500 6,600 24,983 25.00x Adjus-table pressure regulator SW-13500 13,500 51,102 50.00* Low pressure and high pressure safety devices 'Rated flow Z15%capacities @ZSC-SO0 mgiI ,evata. ,-1, catfl cr* Water quality sensor (salinity monitor and diverter valve) "Lon" 0 o-e .vailable inan Intn cally S&%vation,a Chemical injecxion package (Brackish Models) aoootheSWE40, apacesin thes configuration available on rquo. 

OPTIONS 
* Ult)VvIolet sterilizer with monitor 
* Carbon pm-fifter for chlorine ,emoval 	 STANDARD CAPACITIES* (BRACKISH WATER)* Carbon post-filtration for taste and odor STANDARD C 
* Feedwayer boost pumps Gallons Liters* Additional prm-filtration packages for virtually all Mod.. ;. ayfeedwater conditions 5WD-600 600 2,271* Pr.-filter package-custom designed SWB-1000 1.000 3.785* SweetWater 4000 seawater unit is nvailable in an SWB-2000 3,640 13,777ln.S .$Afeversion SWe-4000 7,200 2725?* Chemical injection package SWB-6500 11.000 41,635 

SWB-13500 23,000 87,055 

FEEDWATER FLOW RATES* reuet Oaigned to oe 

ModeN 
Nominal 

SW-600 3.0 gpm (11 lpm) @ 35 psi DIMENSIONS AND W EIGHTS*SW-1000 7.0 gpm (26 Ipm) @35 psiSW-2000 10.0 gpm (38 Ipm) @ 35 psi SW600 51' Lx 25" D x 23' HSW-4000 20.0 gpm (76 Ipm) @ 35 psi 
255 lbs. 

SW-6500 
130 cmx 63.5 an x 58.4 an 116 kg28.0 gVm (106 Ipm) @ 35 psi SW1000 51' Lx 2r Dx 23' HSW-13500 56.0 gpm (212 Ipm) @ 35 psi 

265 lbs. 
130 a x 69 Cm 58.4ca 120.5 kg

"The f1a ran indicated arerated prio to stnejrd pre-fitr.3. 

_,_135 	 SW2000 53 'L x 27' D x 23' H 340 Ibs.an x 69 an x 58.4 an 154.5 kg 

CONTROL BOX DIMENSION*-	 sw4000 59' Lx 41' Dx24.5" H 610 lbs.40 150 an x 104 cm x 62 an 277.3 kgSW600, SWIOO, SW2000, SW4000: SW6500 90' L x 48' D x 66' H 1500 lbs.14.5'Lx 12.5'Wx7.6'H-8.Slbs. 
228.6 cm x 121.9 an x 167.6 an 680.4 kg36.8 cmx3l.8cmx 1.3cm-3.9 kg. SW13500 96' x 60' x 66'HSW(6eg-, SW13500 	 2500 lbs. 
243.8 an x 152.4 cm x 167.6cm 1134 kg

(Integral-Builtin)
*All control boxie ai pew nd to the units with 9' (2.7m) of cable. *Add 10%for shipp2ing weights.Abov* areall dry weight1. 

WATER CONNECTIONS 
Feed Product SpineModels 	 ProductInlet Outlet Outlet to drain 

SW-600 1' FNPT (2.54 cm) ' FNPT (.635 cm) ' FNPT (1.27 cm) V4"FNPT (.635 cm)SW_C0 1 FNPT (2.54 cm) VV" FNPT (.635 an) V' FNPT (1.9 cm) V FNPT (.635 cm)SW-2000 1 FNPT (2.54 cm) h" FNPT ( .95 cm) ¥ ' FNPT (1.9 cm) %"FNPT ( .95 an)SW-4000 FNPT (3.81 cm) ' FNP( (1.27 an)1 	 1' FNPT (2.S4 an) W'FNPT (1.27 cm)SW-6500 2' FNPT (5.08 cm) Vi' FNPT (1.9 cm) 1 ' FNPT (3.81 an) VV FNPT (1.9 cm)SW-13500 3" FNPT (7.62 an) V FNPT (2.54cm) 2- FNPT (5.08cm) I'FNPT (2.54cm) 
Aboe FNPT oepefications will accommodate Pandard piping. 

All sPecifications are subject to change without notice. 
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aQuZ=cLeer® SERIES SWL 
G~"~SEAWATER CONVERSION BY 

REVERSE OSMOSIS 

PRODUCT FEATURES 

* Compact pre-engineered sizes from 1,600 to 72,000 gallons per day 
available. Units can be duplexed for larger capacities. 

* Designed for simple operation and easy access for servicing. 

, All controls and instrumentation conveniontly located on front. 

* Built-in failsafe features for system protection. 

Individual visual and audible alarms for ease of system monitoring. 

* High efficiency positive displacement type pump. 

" Optional energy recovery available. 

" Complete with module maintenance equipment. 

" Rugged construction. Heavy steel frame is blasted, primed and 
epoxy coated. Suitable for single point lift. 

RO MEMBRANE 

HOW REVERSE OSMOSIS WORKS 
Reverse osmosis is the reverse of the osmosis process that occurs in 
plants and animals in nature. Pressure Is used to forco a flow of pure PRESSURE 
water through a semi-pomieable membrane. Using a reverse osmosis ' 	 PASSAGE OF 

system, pure water is forced from concentrated seawater to make 
fresh water, with the salts and other Impurities being rejected to 
waste and over-board. 	 SEAWATER FRESH WATER 

E.nAOu!t 	 t 0yTuofFibem 0-dtng Seal 

ESeTallO.rn 	 Ss 

//-- ng DuPonte hollow fiber modules are 

used Inour system. The simplicity
of design, operation and long life 

, W4, 	 of this module is your assurance 
of high quality water with mini-

S/ 	 mum operating difficulties. 
End Pla- &.n@S04 s l H , S.v S
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SYSTEM OPERATION
 

SERVICE 

1.Automatic PH control system. 

2. Cartridge-type polishing filter. All-plastic housing with replaceable elements ensures particle
removal. 

3. Differential pressure switch senses when filters need changing and sends alarm. 

4. High pressure pump boosts seawater to 800-1000 psi for efficient mineral removal. 

5. Flow through pulse dampener provides smooth operation. 

6. Pressure switches monitor pump suction and discharge. Both high or low pressure will
 
cause system shutdown and activate alarms.
 

7. Panel mounted 316 SS liquid filled pressure gauges allow operator to easily monitor system 

operation. 

8. DuPont B-10 hollow fiber modules reject 98.7, of ql1 dissolved minerals. 

9. Sample valves are provided on the product water side of each module. Permits checking
 
state of Individual modules.
 

10. Product water flush of wetted parts minimizes corrosion during system shut down. 

11. FlushiClean tank stores product water for system flush, module maintenance and to prevent 
module dehydration In case of power failure. 

12. Water quality monitor and divert valve system. Monitor automatically diverts low quality
water to wasto .. allows only high quality water to service. 

13. Direct reading flow meters show product and waste flows at a glance. 

14. Module maintenance system allows simple periodic membrano treatment. Circulation of 
conditioning solutioi maintains high salt rejection capabtlity. 



aQ~a-~eeraREVERSE OSMOSIS, 

SYSTEM SPECIFICATIONS 
MIOEL____ 041 042 043 061 02 63 084 085 068 067 0, 6 1 l 1 

Inal Dos!gn CX*c."r GPO 1600 3200 4800 600 1200 1800ml/d 6.1 12.1 18.2 22.7 454 24000 VC)00 36000 42000 40054000 6000 8000 72000
Ingl mnirFlmy GPM 

8 90 .	 8 1X. 15.0 181.7 204.4 227.1 249.8 275.2n 8 15 22 13 24 36 48 W) 72 84 28ma/h 1.8 34 5.0 30 5.5 8.2 	
108 120 132 14411.0 14.of DuPnt &10Moduie 1-4' 24' 341 1-61 	

191 21.8 24.5 27.3 30.0 32.7144243' U ".8 7.80 &80olorHoApowq 7.5 10 15 10 20 30 40 W 	
8' 10u8' 11-8 12.86

SO 00 75 7Power 	 75 1 100ooKW 3.7 7.2 10.4 6 11.2 16.71 2 27 31 38 41 48 51 5 elth ft 4'10_ 61.8' _. I______
 
rn 147 03 24---------


2'.I 
 ~I ______, I3
hmht 	 ft ;.7-110. 1.4.18. - 2.03623.11-..1	 123C lo .8 4 " Weight 	 1 .4 1.838lb 12201 1300 14501 2450kg_ 2850 3100 I510 5470 6 	 W1 0 05501 SW 080J9110190 4 j21 0060730075 25 tO 0G 2475] 27650 
 3010 13300 7OO20 4030 44Ncte: Nominal rated capacity isbased on standard seawuter of 35000PPM TDS at 77"F temperature. Capacity will vary with 
temperature and operating pressure. 
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U Culligan USAWORLDWIDE SERVICE CAPASlLITY I Culligan Parkway 
For the right answer to your water treatment prob- Northbrook, IL 60062leme, turn to the people who offer the efficient,# - dependable systems approach. Technical service is 	

11: 31249W2000 
Tliex: 010-684,0O5available worldwide. Call or telex Northbrook for Cable: Cuincdispatch of serviceman nearest your location. 

M PFinted In U.S.A. 
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SERIES K
 
REVERSE OSMOSIS SYSTEMS
 

Culligan Series K Reverse Osmosis
Systems are designed for rugged
industrial duty to offer the utmost in
perfomance, durability and reliability,
Standard models am available to
provide water that is nearly free of
dissolved solids, bacteria, virus and 
pyrogenic contaminants in quantities
of from 26,000 to over 100,000
gallons per day. 

K Series models are available with 
a choice of membranes and module
configurations. The KS models use
the conventional spiral wound 
cellulose acetate modules, the KP
models have spiral wound thin-film 
composite membrane modules, while
the KD models incorporate the 
DuPont hollow fiber modules. This 
choice allows for the best selection of
module configuration and membrane 
type for the characteristics of the 
incoming water and operatintg 
parameter, 

All K Series systems come with
standard features that include a
prefiltration system with replaceable
elements to remove turbidity to 
extend component life; panel
mounted flow meters, in-line 
temperature and pressure gauges to
monitor system .erformance;
conductivity monitor with selector 
switch for constant product/feed 
water TDS or percent rejection
readings; and low feed water 
pressure shutdown control to protect
the stainless steel pumping system.
A full range of optional components
and custom capacity designs are 
available to tailor the K Series to 
your exact requirements today, or 
allow for future expansion needs. 

The Culligan K Series Reverse 
Osmosis systems represent the 
highest level of design, engineering
excellence and performance 
available today. 

_71 7*7!7 



Product AppHIcatioris
 
e Electronics-Rinse Waters Low in Colloidal, Organic 
 * Laboratories-Watter for Reagent Make-Up && Ionic Impurities Glassware Washing
* Pharmaceutical-Water for Still Pre-Treatrnent * Plating--Spot.Free Rinse & Solution Make-Up Wacr 
• Manufacturng-Process & Make-Up Water Treatment * Drinki g Water-Reduced TDS & Improved Taste 
* Fo- & Beverage--AReduced Sodium Process Water * Humidification-Reduced Scalng & Dusting
 
1 Cosmetics--Production 
of USP Water * Ice Producdon-Improved Taste & Clarity 
* Boilers- Reduced Scaling & Improved Energy v Floriculture-Reduced Leaf Spotting & MineralEfficiency Build-Up in Planting Soils 

Model Descriptiorm 
CarcIty Module Inx P pe 0Aye (in)Element Approx.Model GPD Approx. Operating I IT e Qt & Siz Motor OperatingR3covv Tem. P roduct JIP Wt.
 

KS-38 37,00 Sira C A 21-4x40 _ 75 0------2--2'-40 SpiralCA. _4X4 .....6 .1KS-43 1A V_ 20 27507,8300 Spiral C.A. 2-4x40 75 104 OF Y 2K 290 
KS-54 54,000 Spiral C.A. 30-4x40 75 1040 F 2 2
KS-65 Spiral CA. 36-4x40 75
KS-76 64,4W75,600 SpiralC.A. 42-4U40 - 227500O
ks -6 86.400 - Spiral 0 A . 84 4 

7 
1 _5! 4 
 3 5
 

KS-97 97,200 Spiral C.A. 54-4x4 ' 75 1040 F 24
i2,000 Spiral 3500TC 15-4x40 76 110 1 i 137,800 Spiral TFC 5 215021-4x403 75 11F257-4 .. 43,000 Spiral TFC 24-4x40 75 l10F/ 255
54,54 Spiral TFC 75 

-25 
llOOF 
 n-2
KP-65 64,800 Spiral'TFC 36-4x40 _ 75 

1' 27 030-4x40 
" 110 F 2"- 2-
KP-86 86,400 Spiral 'TC 48-4x40 

1 3 2300

75 110 0 F 2 T T30 2"5, 

KP-97 97,200 Spiral 'FC 54-4x40 75 1102F " 2 1 30 3500 --DDuPont -9 2-9 x48 75 95 0 FKD-39 39,000 DuPont B.9 A'- 1 N 25 T3-9 x48 75 - 95F 2KD-52" 52,000 DuPont B-9 B -1-1 2-5 22004-9ix48 75 95-- 1-2 1 -0 250)
DuDont b7§1 5- ___ 69 F 26 23KD-78 75,000 DuPont B-9 6-94x48 75 950 F 

27,T0 
1057-
 91,000 DuPontB-9 1 7 -9 x48 75 95F 2 

2 2 

KD- 1 40 3250104.000 DuPontB-9 8 -9 x48 75 j 95OF 2 24 1500 _ 

'DuPont 
 moduled systems not recommended for medical or surgical applications. 

System Specifications 
Nomrlmlj Capacity
Approximate initial capacity based 

Power Requirementa
on properly 460 VOLT/3 PHASE/60 HZpretreated feed water of 1500 PPM TDS as CaCO3 &
770 F, plus -,perating pressure of 400 psi (225 psi-
KP Series) Overall Dfimensions 

Depth 48" Width 169" Height 72" 
Operating Conditions Available OptionsFeed Pressure: 20 psi min (flowing)/75 psi max Feedwater pH Monitor/Control SystemMax. Pump Pressure: KS 500 psi Chemical Feed System

KP 300 psi Alternate Electrical Voltage & ControlsKD 400 p)si High Temperature Shutdown with Alarm
 
Prodtuct Water Relief/Control System


THE FUTURE CALLS FOR Alternate Capacities
 

NUTE: This product produces high quality water which can be
 
contarn,inated by or corrode the plumbing system following the
,,C oe,. unit. The purchaser is responsible to supply system components of
inert material that an compatible with the application.
 

C U 0 , 1 N ISC uUl n L te maon Comp ny Prm ',m .1.A . 9 /85 
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theAmon
 

vapor compression distillation 
at ambient temperatures 

Israel Desilination Engineering (Zarchin Process) Ltd., IDE, is 
recognized internationally as a leader in the development, 
engineering and production of advanced desalination systems.

Relying on a nucleus of highly skilled scientists, engineers and 
technicians, some cf whom have been with the company since 
its establishment in 1958, IDE has maintained steadily one of the 
highest sales growth rates in the industry.

Behind this remarkable growth lies the fact that all IDE 
products are unique, based on original, self-developed processes 
and designs, with distinct advantages and features. 

To the cost conscious operator or the profit minded 
businessman involved in the production of desalinated water 
these features mean a substantial and real saving of money,
lower annual costs, larger profit margins. 

The professional engineer will recognize and appreciate the 
beauty of a simple yet sophisticated design which assures long 
term trouble-free operation and superior performance.

The Aquaport Ambient Temperature Vapor Cumpression 
distillation plants described in this brochure represent IDE's 
successful solution for small, medium and large capacity 
desalination applications. 

They are clearly in a ciass by themselves. 

® registered trade name 

-\ \ 



Water for Development 
and Progress 

he Aquaports are packaged,
fully automatic desalination 
plants, designed for 

continuous or on-off operation, at 
constant or variable outputs. They are 
capable of producing pure distilled 
water from almost any saline feed, 
sea water or brackish, at any rate up 
to 2500 tons per day with a single 
unit, and up to 20,000tons per day in 
a multi-unit installation, 

Over 160 Aquaports have been sold 
throughout the world since 1967, 
when the first commercial model was 
delivered to a hotel in Spain. Man', of 
these are repeat orders from satisfied 
clients. 

This is the best indication possible 
of their growing reputation and 
acceptance as an economic and 
dependable source of fresh water. 

The plants sold to date have 
contributed decisively to the 
development of underdeveloped 
areas, to the defense of isolated but 
militarily strategic sites and to the 
profitable operation of many-.,
commercial enterprises. 

Aquaport owners include: 
government departments concerned 
with raising living standards ir 
remote communities and attracting 
and holding new residents and ser-
vice personnel; regional authorities 
and investors interested in th: initia
tion of new ventures based on local 
advantages such as low cost 19nd or 
labor, excellent weather conditions,
beautiful beaches or untapped natural 
resources; private busiinessmen and 

industries seeking a self sufficient and 
reliable water supply, free of 
uncertain quantity and price 
regulation according to distribution 
priorities and pricing policies beyond 
their control. 

Typical applications are hotels, 
tourist centers, real estate develop
ments, villages, municipalities, 
military camps, construction camps, 
off-snore oil rigs, fisheries, refrigera
tion plants and various industries. The 
high quality of the quaports' 
distillate allows their use also in the 
food processing, pharmaceutical and 
electronic industries and as boiler 
feed make-up for power utilities. 

Distillate quality being independent 
of feed concentration, the Aquaports 
are ideal where feed salinity is 
variable or deteriorating with time..l 
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Falling film ovaporativeF Droplet separator: High Pumps: Centrifugal low- Valves: Diaphragm type tocondenser consisting of: performance demister for suction head back pullout ensure leak-tightness.
Main vessel: Welded pres- efficient elimination of brine 
 type to A.N.S.I. standards Plastic, with neoprene diasure vessel. Design based on carryover, ensuring high for easy maintenance, phragrns, totally i,'.niinternational standards, ,ietoproduct purity with a negligible Double mechanical seals. corrosion.Mild steel, coated with six vapor pressure drop. Matcrials andlayers ofepoxy-resin, with Piping: Plastic, clean andBrine spray system: Effi- characteristics specified to smooth, totally immune to
pinhole detection quality cient, non-clogging, corrosion-
 ensure trouble-free, high- corrosion.control to ensureeffective proof ebonite spray nozzles. efficiency service. 316corrosion resistance, stainless steel casings, 
brine and sea water service.Heat transfer tubas: Of impellers and shafts for 

special corrosion resistant 
aluminium alloy suitable for 

sea water applications. 

. .. 

9,,,-.
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The Plant-
A Compactnd4n... 

aElegant Design 
proven in over 15 years
of field operation
refined through experience
with over 160 units 
10 



Fied heat exchangers: Pump motors: Totally * Central controls, instru- * Compression system:Counte ciu'rent flow, plate enclosed, fan cooled, to 
type, for efficient heat 

mentation and electrical Patented lightweight, radialensure trouble-fee outdoor
transfer. Compact and easy 

panel: Drip-proof cabinet, blade centrifugal compresoperation. Easily accessible, sor. Rotor of special low 
to service. Skid base: A steel frame Containing completeAir removal condenser: uniting the main vessel density and fatigue-resistant

electrical system, push- materials. SAE 4340 steelDesign for efficient support structure,a

concentration of non-

button motor starters and shaft. Force-lubricated toppumps, motors, piping and controls. A central display:ondensible gases and quality bearings. Mechathe central instrumentation, of all instrumentation andconcurrent feei des ration. nical seal. Simple directcontrols and elec.cabinet. control allows easy drive power transmission. 
supervision of plant0 Vacuum pump: High operation. Instrumentation 

performance motor driven and controls connected to
mechanical p'amp. an integrated, sequence sen

..sitive, safety alarm and...... / •shut down system./ 
L , ::, ::All instlmenits are of high 

quality and reliability to 
ensure steady operation 
with a minimum of 

supervision.
 

... .. 

~i
 



Co mssi ning...... 
4' Instailation-and

, , -. ., ,. ,.-. -' 

quick and practical 
sallAquaport plansrts, e as. .
 

A 3ambled initially in the fac-
 -;o. ..tory and tested to satisfac. 
. 

tion on a special test stancl, instal-aion and commissioing on site ',":..''.. .
is a simple and quick procedure.
 
portation, each plant is packed in
For ease in handling and trans- @ ,=, !
 

three ranior sub-assemblies:
1) The skid basa and its fac

mounted equipmsent

2) The evaporative-condenser


main vessel, internals and rear .dome. and.commis..on.ng3) Te vapor compressorondome -- . " .
 
andr motor sub-assembly.ie -ite
 

These a(e reassembled on site, 

by local tecnicians, under supervi

engineer. As soon as 
 ho power 
'and water lines are connected, theplant is ready for operation. ,t
 

Ifa' site facilities have beencite, 
 ........
bocid *.otei, Me undirsouel 

be producing water within two 
' "-'" IDE commissioningservice inweeks aftr arrival on site. ,. 

cludes: supervision of installation, .t.1[.
initial start-up of the unit, checkingthe general performance of the 

" ': ;2- -" unit and instrucin g the operator Inproper operation andmaintenance procedures.hn w"


weeks~~~~ a.t. trin.o!ie.-r~t' 

IDE~~~i- comsinn seric 

12~s ueriino nsalto 

http:sub-assembly.ie


.. tl '
 .. . . .,--4-.,S 

31, 
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.x 

In-saline feed: Usually 2.4 times
 
- .product rate at 2.0 am.g,for sea
 

~water
'eW..o feed, Lesser feed rates fornlower 
 salinity feeds.Standard


i 
 . flanged connection. 
sIn -Power: Three phase cable to bus

• bar terminals in electrical panel.
1 _Voltage and frequency to suit client. 

i:'. , j ! -" -' 
 Out- Product: At 0.5-1.0 atm.g to 
.:;, . , 
.post '"daily storage tank and, ifnecessary, totreatment to neutralize the
 

F ; ,normal acidity of distilled water.Standard flanged connection. 
0 .nOut ~ n-pwr he hs- brine: Usually 1.4 timesal obs 

, -- br te minls i eletrial pnelV. product rate at 0.5-1.0 atm.g for seawater feed. Lesser flows for lower 
salinity feeds or where plant is* lower 

I ,...-. : operated as feeda concentrator. 
Standard flanged connection. 



Plant Operation
 
push button start-up 
unattended running 

lant start-up is easy, requiring 

no more than activation of a 
few motor starter switches 

and adjustment of one valve, 
The unit's automatic controls ensure 

steady operation from the start and as 
soon as the operator turns the auto-
manual switch to "automatic" the 
unit can be left unattended with theprotective shut down and alarm 
system ensuring fai!-safe operation, 
The automatic shut down system

consists of sensing d&vices for 
detecting any possible fault. Offnormal conditions will activate a relay
holding network, removing power 
from all motors and the feed line 
solenoid valve. 

The entire unit is then safely shut 

down and cannot be restarted or 
operated with the "auto" setting until 
the malfunction is remedied. The 
source of the malfunction will be 
identified by a visual indicator which
will remain lit. 
The voluntary shut down of the unit 

under "auto" control can be effected 
simply by shutting any one of the
unit's motors. 

14 
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Models 
and Specifications 
a wide range of options

A wide range of standard and 

non-standard Aquaports is 
vailable today to meet the 

specific requiremens of any project. 
These include the standard all-elect-
tic models whose basic specifications 
are shown here, and the following 
variants: 

1. Direct diesel drive version3 of 
all plants, suitable for locations 
where costs of purchased power is 
excessive and where self-generation 
of power by a diesel-generator set is 
prohibited by law. The direct diesel 
drive units require 10 to 15 percent 
less power than their all-electric 
equivalents, through elimination of 
generator and electric motor efficien-
cy losses. However, the direct drive 
units lose the veratfiiay of the diesel-
generator plus all-electric Aquaport 
scheme, which allows use of the 
power plant for generating power, at 
a marginal cost, to other consumers 
or as a standby emergency set for grid
supplied power, 

2. Variable speed versions of all 
plants, suitable for applications 
where it is contemplated that opera-
tion at partial load will be on a regular 
basis. The variable speed versions,
which include a compressor RPM 
regulator, will decrease power con-
sumption not merely proportionately 
to reduced production rate, as with 
standards Aquaports, but to an even 
larger extent. This results in specific 

energy consumptions at low outputs 
approaching values achieved in the 
LE models. 

3. Concentrator mode!s, suitable 
for concentration of effluents, pollu-
ted industrial discharge waters, cool-
ing tower blowdown and recovery
from solution of valuable chemicals, 
These models contain modified vapor 
cornpression and liquid recirculation 
systems 

4. Special materials models, suita-
ble for low temperature concentration 
of highly corrosive solutions, bever-
ages, juices and other food products 
and by-products. Evaporator-con-
denser tubes and feed heat ex-
changer plates constructed of copper-
nickel alloys, stainless steel, alumi-
num-brass, titanium or any heat
transfer material specified by client.
 

IDE will be pleased to discuss and 
present detailed descriptions and 
specifications for any model or var
iant following receipt of information 
on the nature of the project, including 
the following data: 
Saline feed: composition (complete 

chemical analysis) and temperatures 
(mi, max and average). 
Power supply: voltage, frequency 

and unit cost. 
Diesel fuel: cost. 
Product: rate (nominal and seasonal 

variations, if any), desired purity and 
pH level. 

Notes on electrical models specifi
cations 
1. All models are supplied with elec

tricals to suit clieni's power supply 
voltage and frequency. 
2. Compressor motor includes star

delta reduced voltage starters. Pump 
moors are designed to withstand 
momentary 25 percent voltage drops. 
3. Minimum power supply rating 

shown is the smallest diesel genera
tor capable of meeting compressor 
motor 3tar!-up current surge (10-15
seconds) with a voltage drop of less 
than 20 percent. In sizing power 
plant for muiti-unit Aquaport installa
tions peak power allowance for start
up should be made for one unit only. 
The allowance for other units should 
be equal to their nominal power can
sumptions. 

The Aquaport's assembly line and preshipment test stands. 

17 



The Mobile Series
 
up to 100 tons / day
 

instant water
 
on a temporary basis
 

The Mobile Series answers the need for portable as standard equipment.

desalination plants'capabie of rapid deployment Typical applications are military logistic support,

and immediate production. civil emergency sets for disaster areas, oil drilling
The plants are supplied with an auxiliary feed and other temporary work camps, nomadic sheep

intake system, complete with feed pump, the filter or cattle raising herds, which shift from one water 
end of which can be inserted into any brackish bore and grazing ground to the next.
 
water bore or submerged in the sea. Standard 
 Where storage capacity is available, one mobile
 
flexible feed line length is 15m., but longer lines 
 unit can be rotated and operated periodically,
 
may be supplied upon request. serving several small communities spread out
 
Power is provided from any externa! source, 
 over a large area whose small water require

e.g., a stationary or portable diesel generator set. 
 ments do not justify installation of a fixed plant
 
A lOm long power cable connection is provided with fixed personnel.
 

Model Nn AQ25M AQ50M AQ75M AQ100M 
nominal capacizy (tons/day) 25 7550 100 
saline feed rate (tons/hr) 2.5 5.0 7.5 10.0 
specifi, energy consumption (kwh/ton) 21 16,5 16.5 16.5 
nomina; power consumption (kw) 22 35 52 69 
KVA for start-up 61 102 142 195 
dimensions (m) L 5 0 6.5 6.5 9.0 

W 2.5 3.0 3.0 3.2 
H 5.5 5.5 5.5 6.0 
A 4.0 5.3 5.3 7.5 
B 1.0 1.4 1.4 1.4 

transport weight (tons) 16 20 20 30 
shipping volume (m3) . 75 115 115 190 

F . . - , . 9 ! ,;
 

L 8 W 
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The Mni-Aquaport Series
 
up to 100 tons/day
 
dependable small scale soiution 

The Mini-Aquaports are the skid-based version of 
the Mobile Series units. They have found their 
application on the factory and small community 
level, where the overriding consideration is long 
term, trouble free operation. Typical uses are fish 
canneries situated close to fishing villages or 

Model No. 


nominal capacity (tons/day) 


saline feed rate (to,-s/hr) 


specific energy consumption (kwh/ton) 


nominal power consumption (kw) 


KVA for start-up 


dimensions (m)L 


W 

H 

transport weight (tons) 

shipping volume (m 3 ) 

- L 

fishing grounds, refrigeration plants, remote 
radar sites and other military installations, off
shore drilling rigs, small islands, towns or vil
lages, where the local population is on the order 
of hundreds, and various industries which require 
pure distillate for processing or boiler feed. 

AQ25M AC5OM AQ75M AQ0CM 

25 50 75 1()
 

2.5 5.0 7.5 10.0
 

21 16.5 16.5 16.5
 

22 35 52 69
 

61 102 142 195
 

4.0 5.2 5.2 8.0 

2.5 3.0 3.0 3.2 

5.5 5.5 5.5 6.0
 

11 15 15 22
 

60 90 90 170
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The Mid-Range Series
 
100 to 500 tons/day
 

the classic models 
The Mid-Range Aquaports are the reliable and have been considerably reduced to offset the
simple solution for hotels, tourist development general increase in manpower and energy prices.centers, real estate developments, military bases, Over the past fifteen years more Aquaports have power stations and moderate size municipalities, been sold in this capacity range than any other
The operational requirements for this range distillation plant of comparable size. 

Model No. AQ150 A0200 AQ250 AQ3CL' 4Q350 AQ400 AQ450 AQ500 
nominal capacity (tons/day) 150 200 250 300 350 400 460 500 
saline feed rate (tons/hr) 15 20 25 30 35 40 45 50 
specific energy consumption (kwh/ton) 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5 
nominal power consumption (kw) 1C3 137 343172 206 240 275 309 
KVA for start-up 276 331 468 578 655 783 789 789 
dimensions (m)L 8.0 8.0 8.0 8.9 8.9 8.9 9.0 9.0 

W 3.2 3.2 3.2 3.8 3.8 3.8 4.0 4.0 
H 6.0 6.0 6.0 6.5 6.5 6.6 6.5 6.5 

shipping weight (tons) 22 25 25 28 30 30 32 32 
shipping volume (m3) 170 170 170 230 230 230 230 240 

• HI
 
r 
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The Low Energy (LE) Series
 
lowest energy consumption of any distillationplant 

The fourfold increase in fuel prices since 1973 45 kwh/l000 gallons).has magnified the energy cost component in To gain greater economy, the LE plants can bedesalinated water costs and provided an incentive designed to utilize waste heat from the power
to design plants in which the trade-off point bet- supply diesel or from any other low grade heat
ween capital and energy costs is shifted in favour 
 source.
of lower energy consumption. Scale-up has been achieved without losing theThe LE series of Aquaports has been developed easy handling and installation features of thealong this line, incorporating larger heat transfer smaller sized Aquaports. The Low Energy Aquasurfaces and more efficient vapor compressors, ports are, similarly, skid based, packaged units.
They require only 8 to 12 kwh/ton product (30 to 

Model No. AQ500 AQ600 AQ700 AG800 AQ900 AQ1 000 AQ1 500
nominal capacity (tons/day) 500 600 700 800 900 1000 1500
 
saline feed rate (tons/hr) 50 60 70 80 
 90 100 150
 
specific energy consumption (kwh/ton) 9.0 
 11 12 10 10.5 11 8.5 
nomina! power consumption (kw) 188 275 350 333 394 458 532
KVA for start-up 580 750 800 800 1000 1100 1250 
dimensions (m) L 16.5 17.5 17.5 20 20 20 26 

W 
 3.4 3.4 3.4 3.8 3.8 3.8 3.8 
H 8.8 8.8 8.8 8.8 8.8 8.8 8.8

shipping weight (tons) 54 57 57 67 67 67 97 
sh;pping volume (m3) 340 350 350 400 400 400 550 

iram'=i 
_ _i 

I w 

23 



71 

'2~~ W.,v ' 

It 

:; ,. 

-.. 

D1V 

p i 
I r 

. 

,,l v 

4W 

* / 
4 

,,;V 



-V - c 

l i e , 

)I 

41% 

A - _ 

1.. 

" . , !- * 



Multi-Unit Installations
 
up to 20,000 tons/day
 

a versatile systems concept 

The inherent efficiency of the Aquaports and their 
low installation and auxiliaries costs make them 
competitive on a strict water cost basis, even in 
multi-unit installations, with larger MSF or VTE 
type distillation plants of up to 20,000 tons per 
day. 
The multi-unit scheme is ideal for gradual 

development of a water supply system. Rather 
than invest in a large plant designed to cover 
future requirements, it is preferable to install 
one or two smaller Aquaports to meet present 
needs, and add other plants, in a modular fashion, 
as the demand increases, 
The installation of each additional Aquaport can 

be done with a minimum of disturbance to the 
normal activities of any resort, military camp or 
industrial facility.The Aquaports, arriving pre-
tested, pre-asserr.led and self-contained, will be 
erected rapidly with no noise or messy 
construction work. 
The multiple unit concept itself provides the 

water supply system with added flexibility and 
reliability. Any number of units may be operated, 
covering a wide range of capacities, and a 
continuous supply of water will always be 
assured, even in the case of an involuntary shut 
down or the servicing of any single unit. 
A battery of Aquaports serving a regional water 

supply scheme may be combined also with the 
local power generating plsnt into a central, dual 
purpose station, sharing common facilitiesand 
personnel. The Aquaports will allow design for 

any water to power ratio, unlike steam 
consuming distillation plants which require 
matching outputs to steam flows available from 
the power plant at a given load. Both water and 
power plants can thus be sized to meet actual 
requirements rather then some compromised 
balance. 
The Aquaports will function independently of the 

power plant and its load, serving as a desirable 
client for marginally produced power (increasing 
the plant's utilization factor) rather than as a 
burdensome steam demanding adjunct which 
hampers the genertion of lowest cost power. 
They can be operated at a fixed output rate, 

serving as a steady base load, cr, where power 
supply is limited, output may be regulated 
periodically.The load can be reduced during peak 

demand hours to make more power available for 
other consumers, and increased during off-peak, 
night time hours when electric rates are normally 
lower. 
This feature may be applied also to ihose very 

large dual purpose stations which can be based 
only on large steam consuming desalination 
plants. The huge distillers can then sene for base 
load water prcduction, -while a battery of 
Aquaports, incorporated on site, will be operated 
variably to balance the system and maintain the 
proper ratios of steam, power and water at all 
hours of the day, irrespective of variations in 
power demand. 

The Issue of this publication does not constitte jn offer and the right is ress vvd to alter designs
 

and/or specifications at any time without notice.
 

0 Copyright 1985 by Israel Desalination Engineering (Zarchin Process) Ltd. P.O.Box 18041 Tel Aviv 61180, Israel
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I.D.E. Services include
 

* consultation, assessment and problem identification
 
" definition of project parameters

" laboratory testing and process analysis

" site evaluation and power source optimization
" complete plant and system design and engineering
" manufacture and supply of evaporators and all principal items 

of equipment, with full one-year guarantee
" on-site assembly, commissioning and running-in
" your choice of service arrangements;
long-term seivice contract covering parts and labor for repairs, as 
well as supervision of plant operation. On-call, pay-as-you-go
service arrangement with periodic check-up and preventive 
maintenance if desired. 
All I.D.E.'s services are available on an optional basis: you decide 
your requirements - and I.D.E. will follow through. Samples of 
service contracts and a list of clients are available upon request. 
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I MAEL 
DESALINATION 
ENGINEERING 

(ZARCHIN PROCESS) 
LTD. 

DESALINATION PLANT REFERENCE LIST
 

During the past sixteen years, over 160 AQUAPORT VapourCompression and Multi-Effect Distillation units, ranging
in capacity from 30 
to 18,000 M3/day each, have been sold
throughout the world, in countries like Spain, Venezuela,
Mexico, Ecuador, Colombia, Peru, United States, South
Africa and Israel. 
 Details of the type and capacity of
most of the units in the different locations are given

in the following list.
 

OWNER LOCATION TYPE - SIZE OF 
UNITS (CUBIC M./DAY) 

Rocamar Kadaces, Spain VC* 60 

Maxorata Fuerteventura, 
Canary Islands, 
Spain VC 125 

Govertment of Egypt Sharm-el-Sheik, Four units 

Egypt VC 450 each 
Imnerial Iranian 
Air Force Bushire, Iran 

Three units 
VC 300 each 

TMI Linosa, Italy VC 50 

TMI Bari, Italy VFVC* 450 

Imperial Iranian 
Air Force Kish, Iran Five units VC 200 ea. 
Hocasa - Hotel Lanzarote, Canary Three units 
San Antonio Islands, Spain VC 200 each 
TMI Lampeduza, Italy VC 500 

Terra-Sol Fuerteventura, 

Canary Islands, 
Spain VC 350 

Imperial Iranian 
Air Force Bushire, Iran 

Ten units 
VC 250 each 

Garavilla Lanzarote, Canary 
Islands, Spain VC 150 

Hemisphere Office P.O.B. 450488 Miami, Florida 33145 Tel: (305) 856-8664 Telex: 519437 Cable: Hatpala, Miami 



ISRAEL
 
DESALINATION
 
ENGINEERING
 

(ZARCHIN PROCESS)
 
LTD.
 

-2-

OWNER 
 LOCATION 	 TYPE - SIZE OF
 
UNITS (CUBIC M/DAY)
 

Edisa 	 Formentera, Baleare
 
Islands, Spain VC 250
 

Cabildo de Lanzarote 	 Lanzarote, Canary
 
Islands, Spain VC 350
 

La Santa - Caja Lanzarote, Canary

Insular de Ahorros Islands, Spain VC 400
 
ai-Gran Canaria
 

Imperial Iranian 
 Two units
 
Air Force Kharg, Iran VC 50M* each
 
Imperial Iranian 
 Six units
 
Air Force Jask, Iran 
 VC 250 each
 

Hadish 	 Kharg, Iran VC 200
 

Mekorcth, Water Co. 
 Eilat, Israel MED* 4000
 

Jandia Playa Hotel 	 Fuerteventura,
 
Canary Islands VC 450
 
Spain
 

Rio Tinto 	 Lanzarote, Canary Two units
 
Islands, Spain 
 VC 450 each
 

TMI 
 Bandar Abbas, Iran Four units VC 450 each
 

Dead Sea Works 	 Sdom, Israel VC 450
 

Imperial Iranian 
 Ten units
 
Air Force Kharg, Iran VC 250 each
 

Kish Island Develop. 
 Five units
 
Organization Kish, Iran MED 2000 each
 

La Aldea de San 
 Gran Canaria,
 
N.colas Tolentino Canary Islands, VC 250
 

Spain
 

Pajara 	 Fuerteventura,
 
Canary Islands, VC 250
 
Spain
 

estern Hemisphere Office PO.B. 450488 Miami, Florida 33145 Tel: (305) 856-8664 Telex: 519437 Cable: Hatpala, Miami 
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OWNER 
 LOCATION 
 TYPE - SIZE0
 
UNITS (CUJBIC M./DAY)
 

Instituto Nacional 
 Los Roques,

de Obras Sanitarias Venezuela 
 VC 75
 
TMI - SA;1IFI Jask, Dayer & 
 Three units
 

Konorak, Iran 
 VC 50 each
 
Imperial Iranian 
 Ten units
Air Force 
 Kish, Iran 
 VC 250 each
 

Imperial Govertment 
 Bandar Langeh, 
 Two units
of Iran 
 Iran 
 VC 500 each
 

Tuineje, Gran 
 Fuerteventura,

Tarajal 
 Canary Islands, VC 250
 

Spain
 

Israel Defense Force 
 ZAHAL, Israel 
 VC 75 M 
Cabildo de Fuerte-
 Fuerteventura, 
 Eight units
ventura, Puerto del 
Canary Islands, 
 VC 500 each
Rosario 
 Spain
 

Hierro Peru 
 San Nicolas, 
 Four units
 
Peru 
 VC 500 each
 

Imperial Iranian 
 Bandar Abbas, 
 MED 2000

Navy 
 Iran 

Inpesca 
 Guayaquil, Ecuador 
VC 550
 

Industrias Ales, C.A. Manta, Ecuador 
 VC 500
 

Mekoroth, Water Co. 
 Ovda, Israel 
 RO* 600
 

Iekoroth, Water Co. 
 Eilat, Is:cael 
 RO 4300
 

Solmat 
 Sdom, Israel 
 Solar plant 20
 
Virgin Islands 
 St. Thomas, Virgin 
 Two units
Water & Power 
 Islands, U.S.A. 
 MED 5000 each

Authority
 

One unit
 
MED 2200
 

Virgin Islands 
 St. Croix, Virgin One unit - MED 5000
Water & Power 
 Islands, U.S.A.
Authority 

Two units -
MED 2000 ea.
ANetern Hemisphere Office PO.B. 450488 Miami, Florida 33145 Tel: (305) 856-8664 Telex: 519437 Cable: Hatpala, Miami 
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OWNER 


Negocios 

Industriales
 
Real
 

Neckerman 


Digaases 


Karbochem-

Afprene Project 


Miluot -Miloumor 

Cotton seed proce
ssing plant
 

Hotel Tres Islas 


Demarco 


Cerrejon Coal 

Mines 


Kadmar 

Gadot - Petroche

inical Industries 


Electricity Corp. 


ESCOM - Electricity 

Supply Commission 

of South Africa
 

ESCOM - Electricity 
Supply Commission 
of South Africa 

Pancontinental 

Gold Mining Areas
 
(Pty) Ltd.
 

LOCATION 


Guayaquil, Ecuador 


Fuerteventura,
 
Canary Islands, Spain 


Bahia Tortugas,
 
Mexico 


Newcastle, So. Africa 


Haifa Bay, Israel 


Fuerteventura,
 
Canary Islands Spain 


Posorja, Ecuador 


Guajira, Colombia 


Lanzarote, Canary
 
Islands, Spain 


Haifa Dav, Israel 


Ashdod, Israel 


Tutuka, Standerton, 

So. Africa 


Lethabo, Sasolburg, 

South Africa 


Australia 


TYPE - SIZE OF
 

UNITS -(CUBIC M./DAY)
 

VC 350
 

VC 200
 

VC 200
 

Two concentrators
 
and VCC 200
VCC* 550 


VC concentrator 1
 

VC 400
 

VC 150
 

Four units 
three VC 645 and
 
one VC 570
 

VC 500
 

VC Concentrator 2 

MED 18000
 

Two concentrators
 
VCC 650 each
 

Two concentrators
 
VCC 650 each
 

VC Concentrator
 

Western Hemisphere Office P.OB. 450488 Miami, Florida 33145 Tel: (305) 856-9664 Telex: 519437 Cable: Hatpala, Miami 



SflAEL 
DESALINATION 
ENGINEERING 

(ZARCHIN PROCESS)
LT'D.
 

VC Vapour Compression

VFVC Vacuum Freeze Vapor Compression
 
M Mobile
 
MED Multi-Effect Distillation
 
RO Reverse Osmosis
 
VCC Vapor Compression Concentrator
 

9/6/84
 

Western Hemisphere Office P.O.B. 450488 Miami, Florida 33145 Te!: (305) 856-,3664 Teleg: 519437 Cable: hatpala, Miami 
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A ALLIS-CHALMERS
 

Backed by
 
the Best Warranty
 

inthe Industry!
 

'I .via mn., 

m -m 

5 YEARS-1500 HOURS 2 YEARS-3600 HOURSFOR...ALUS-CHALMERS STANDBY FOR ...ALLIS-CHALMERS CONTINUOUSDIESEL ELECTRIC SYSTEMS AND FOR
ALUS-CHALMERS GENERATOR DRIVE 	

DUTY DIESEL ELECTRIC SYSTEMS AND
FOR ALiS-CHALMERS GENERATOR DRIVEENGINES USED INANY STANDBY ENGINES USED INANY CONTINUOUS DUTYDIESEL ELECTRIC SYSTEM, DIESEL ELECTRIC SYSTEM. 



Big on choice
 
Tough on the job

Loan on fuel
 

value in 
the long WAS 
run 

Choeo fiorom-the long line of Allis-Chalmers engines. Take a look at performance curvesthat provide superior fuel efficiency,long-term reliability.Controlled Turbulence direct injectioncombustion mixes fuel and air completely to wring out every drop of power... turbochargingand intercooling contribute to cleaner burning, less smoke, less sludge, !ess noise, lesswaste heat-and low maintenance.
Features like these help explain, too, why A-C engines can perform beautifully in high altitudeswitnout derating. Available in two, three, four and six cylinder models, ranging from'15to 450 horsepower, there's a compact Mis-Chalmers engine readily adaptable to virtuallyany OEM application.
Choose back-up-from Alis-Chalmers worldwide service and support facileis... morereasons why A-C engines offer greater iong-run values to assure cusomer safisfacion.For more information, write for our free Fuel Performance Map booklet and engine catalog.Ailis-Chaimers, Engine Division, PO. Box 1563, Harvey, Illinois 60426. 



-COMv I RePresonts ttw POWer avaIMab at full throftle kv~applicationsInwtict; the englie wtll operate unde~r highly vriable onditions ofload and speed. FSctory zpprovel required.
2 Recommended power for variable load APPlicationa whorefull throttle oPeration might be required for extended periods...Di"! followed 

Cumy 

by equal Perlods of operation at reduced211load&.i.7Cun 3Recommended poWer tO be used for driing Sustined loa forDise@h360 @t cofltiflUus-d~y operation.5o3tsot 49ilbl 
 fu6l o i~ot
~n
 

21 26 @2500 2@250 24 @250 397 lbs. 21.57 In. 218i.279in
 
Dis~ 32 @3600 7@30 
 27 @30 (180 kg) Wj) (28cm)_(54.63&0 (71.0cm)182036@2500 35@2500i40 @ 3000 (229507 ib.kg) 25.29 i. 20.111n.203in(6.8 CM) (51.1 cm) (12.0 cm)465@250 52 @2500Diesel 48 @2500 595lbs.72 @e360 67 @3600 55 @3000 3 0, rin.) 20.11 In. 28.34 in,(270kg) (783ocm) (11b (2.0 cm)d 


Ds1 9@2400 80@2400 67 @ M 3.400n 23.22 in. 1 34.12 In.431(361 kg) (84.8cm) (59.0m) (88.7 cm)
follow80e87a 8y
lrs 33.0 i. 24.88 In. 34. in.6 13 26500 1182400 -- (367 kg) (84.8 cm) (63,5 cr)100 @ 2400 1100 Ib. (86.7 cm)44.75 in.D-_i. 22.751 in. 36.90 in. 

(499 kg) (113.7cn) (5.8m)Desel 15 @ 2600 139@ 2400 
3cm)

121@2400 2

D6 T 4.0 .. 4.10 in. .56 n.175 @2400Di._sl0 2154 l. 4100 in 29.50 ir.. 41.00 in.( k) (041 ) (14.9 cm) (10. cm)638 LT. - - O(49 k )
Diesel 0 @2400 o (13"7 m) i (7.8 m) 1.23.7 cm)180 @ 2400 158 @ 2200 146 Ibs. 41.00 in.(665kg) 29.o in. 41.001 n.(104.1 m) (74.9 cm) (104.1cm)Die6l 220 @200 190 @ 2000 169 @ 2000
651 2300 bs. 51.78 h. 29.50 in. 48.72 n.
(1043 kg) (31.5 cm) (4.9 cm) (123.7 ml)Dii 275 @ 2200 250 @ 2200 219 @ 2000 2320 lbs.
D61e 3 54.01 in. 29.50 i. 48.69 in.25 @ 2300 2213@M 240
-"-s-'-385 18
T 275 62.37 in. 36.816 in.(1486 kg) (158. cm) 51.9 in.
6 8058 (93.5c )3 7 (131.9 cm)@ 220
Diesel 18M 385 lbs.375 @ 2100 325 @2000 28 @1800 (1490 kg) 

62.37 in. 36.81 in. 51.94 in.(16.4m n9,5 ) (131.9 m)
Dieel 450@ 210 
 376 @ 2000 320@180 3330 s.18-"---- (1510 kg) 62.37 in. 36.62in 53.25(1510..(158.415 4cm) m) 135.'. cm)in........ .. (93.0cm)(0 (135.9cm) 



ALLIS-CHALMERS 
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Stmdby Power Rang-the power Cutput at which an enginemay operate for the duration of a commercial pow outage.Rime Power Rating.-th power output at wt~ch an enginenormally operates, witth an overmd capability for operating at a power output of up to I standby rating for intrmittent periods. 

iOU Hertz 

1800 RPM 

Standby Rating (19 HP60 Hz 28 HP 39 HP .75HP 84 HP 113HP(1K1W) (21 K(W) (29 KW) (56 K(W) (63 KW) 1(84 KW)
Prime Rating 16 HP 26 HP60 Hz (12KW) 37 HP 67 HP(19KW) (28 KW) 74HVP 100HP(50KW) (55KW) (75 KW) 

50 Hertz 
1500 RPMH 

StandbyRating 16HP 23HP HP 63 HP 7OHP '94HP50 Hz (12K1W) (17 KW) ')A (47K1W) (521W) '(701(W)
Prime Rating50HZ 14.5HP 21 HP 30.5vt 56 HP(2(4 62P HP P"HP(61 W) (72 K 

The information ontneihe Is,,ngeneralIn nature andt 1MIntendd for spccright to make changes ki speIficabons showr herein or add Impvamte t 

ra re 

A 

3sooii3600 RPM n 
Standby 32 HP oJ5 72 HPHP 

(24 KW) (40 K (53.7 KW) 

IPime829NP 6 61HPRatiro 2214Wj (37KW (5KWLLH 

130OHP 162 HP 210 HP 249HIP 310OHP(97 KW) 390 HJP 454 HP(121 K(W) (157 K(W) (186 K(W) (231 K(W) (29111W) (339 KW)
116 HP 133 HP(871W) 177HNP 212 HO 2HPK (KW)(KW 335HP 374 HP2 3KW)(250 KW(279KW) 

3000RPM 
Rating 2 (o (35 KW)50 H(8K (4I5KH 

H,5HP 175HP 205HP 260HI 3 8 HP(, K~ K111W) (131 KW) (153 1(W) (1931W 21W)(2821KW) 
H 150OHPMY) 174 HP 226H 9HP 325 HPID (112 KW) (130KW) (169 KW)1(216 K) (2421KW) 

aplicat.. onpuro.ses.. l-Chmer rservesany time wihout orioe or obligation. 

ALLIS-CHALM ERSALS-CHALMERS ENGINE DIVISION, .O. BOX 1563, AR VE', ILWNOIS 60426 • 312-339-3300 
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Stndby Powc Rating:
The power at which the unit can operate
continuously for the duration of a 
commercial power outage and Is the 
maximum Interittent overload rating for 
continuous duty applications,
W~mo Power R~ng: 
The power at which the unit can operate 

for continuous application with normal load
factors with an overload capabih, up tothe standby rating for Intermittent periods. 

_ 

All units am broad rant generators with 
twelve leads brought out: the set can be
reconnected to either high or low volge
range. Other voltages: consult factory. Voltage Range Low Range HigghRange 

3wife 208 to 240 416 to 48060 cycle 4wire 120/208 to 240/416 to 
_139/240 277/480
 

Single
11 models from Phase 12/24

3wire 173to200 346 to4050 cycle oo-/173 to 2001/ to10 KW to 300 KW 5cce 4wire 11200 230/400 
Single 100/200 

1800 RPM-60 HERTZ-34-.8 PF 

Standby Rating 11 5 17.5 25 50 8 100 135 160 20 250 a
Frime atirg 10 
 15.5 22 45 775KW7 108 M30 175 203 250., 

1500 RPM-50 HERTZ-34-.8 PF 

KWn~Rzn 9.5 145 25 41.6 66.6 83 112 130 15 208 250 
Prrnatng8.5 15 337.5 62.5L KW 7090 110141720 . 

0
 
"iota: The AG 11.5, 175 A25 models Incorporate ovarslzed alternators to provide the samne rating at single phase andnMY wver factor as they have at three phate and .8Porwer factor 
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1I1111
Specifications , U GENERATOR SET DATAOutput range 60 to 154 kWSpciicato ds aWeight (dry) 3400 to 3700 lbThis catalog provides a -convenient guide to the (1543 to 1680 kg) 
range of Cat Generator Dimensions (LxW x H)' 
 without radiator. 77 18 x 34 81 x 60 15 inSets for your standby 
or prime; power (1960 x 884 x1528 mm)

with radiator 87 33 x 34 81 x 60 15 inapplications. 
(2218 x884 x 1528 mm)Cat Generator Sets are ENGINE DATAproven economical and V8 1800 or 1500 rpmdependable primo powersources in thousands of .Bore. 4.5 in (114 mm)
 

s installationw s oide. Stroke 5 0 in (127 mm)
IDisplacementAnd, they are widely 636 cu in (10 4 liter)Aspiration Naturally Aspirated or Turbocharg( 

applied where highquality, reliable standby 
power is desired. 
Note: Weights and 330413 GENERATOR SET DATAdimensions are for 

Output range. 50 todiesel engines, consult 130 kW 
your Caterpillar Dealer Weight (dry). 3350 to 3740 lb 
for natural gas (1520 to 1696 kg)

Dimensions (L x W x H)specifications. 
without radiator: 77.2 x 30 7 x 45.9 in 

(1962 x 781 x 1166 mm)
with radiator: 100.6 x 48.0 x 61.0 ii 

(2555 x 1220 x 1550 mm) 
ENGINE DATA 
In-line 4 1800 or 1500 rpm 
Bore: 4.75 in (121 mm)
Stroke. 6.0 in (153 mm)
Displacement: 425 cu in (7.0 liter) 
Aspiration. Naturally Aspirated or Turbocharge, 

3300B GENERATOR SET DATA 
Output range. Diesel 115 to 206 kW
Natural Gas 70 to 150 kW
 
Weight (dry): 43.50 to 4750 lb
 

(1969 to 2155 kg)

Dimensions (L x W x H)

without radiator: 92.7 x 30.8 x 46 8 in 
(2355x 783 x 1188 mm)


with radiator: 121.7 x 480 x 63.0 in 
(3090 x 1220 x 1600 mm) 

ENGINE DATA
In-line 6 1800 or 1500 rpm 
Bore: 4.75 in (121 mm) 
Stroke: 6.0 in (153 mm) 
Displacement. 638 cu in (10.5 liter)
Aspiration: Turbocharged or Turbocharged"% 'J"Aftercooled 

3406B GENERATOR SET DATA 
* Ass Output ringe: 160 to 315 kW 

Weight (dry): 5700 to 5915 lb
4 
. -*,Dimensions (2586 to 2682 kg)TT IT (L x W x H)without radiator. 106 0x35 5x52 6in 

(2692 x 902 x 1335 mm) 
with radiator: 133.5 x 48 0 x 71 4 in 

(3390 x 1220 x 1815 mm)
I ENGINE DATA/ In-line 6 1800 or 1500 rpm 

Bore: 5.4 in(137 mm)Stroke: 6.5 in (165 mm) 
-"Displacement. 
 893 cu in(14 6 tiler)

Aspiration. Turbocharged or Turbocharged 
Aftercooled 



3408 BGENERATOR SET DATA 

S' j 

Ouptrange 230 to 410 kW 
Weight (dry) 7665 to 8085 lb 

(3476 to 3667 kg)
Dimensions (L x W x H) 

witout radia~or 101 8 x 485 x 540 in 
(2585 x 1231 x 1371 mm)with radiator. 132 4 x 61 4 x 80 1 in(3365 x 1560 x 2035 mm) 

-

.-Aspiration. 

ENGINE DATA 
V8 1800 or 1500 rpm 
Bore. 54 in (137 mm)
Stroke 60 in (153 mm) 
Displacement. 1099 cu in (180 liter)

Turbocharged or Turbocharged 
Aftercooled 

%,10412 GENERATOR SET DATA 

3412Output range,3280 to 620 kW 
Weight (dry) 7060 to 9610 lb 

(3202 to 4358 kg) 

[, " 

without radiator. 119.4 x 58 0 x 58 9 in 
(3033 x 1483 x 1495 mm)

with radiator 150.6 x 70 0 x 82 0 in 
1 (3825 x 1780 x 2085 mm) 

ENGINE DATA 
V12 1800 or 1500 rpm 

1200 or 1000 rpm (slow speed) 
Bore: 5.4 in (137 mm)
Stroke: 6.0 in (153 mm)
Displacement. 1649 cu in (27 0 liter) 
Aspiration: Turbocharged or Turbocharged
Aflercooled 

D379 GNRTRSTDT 
Output range: Diesel 315 to 450 kW 

Natural Gas 170 to 325 kW 
Weight without radiator (dry). 13,200 lb 

(5990 kg) 
Dimensions (L x W x H) 

withovt radiator: 1204 x 59 3 x 75 4 in 
(3060 x 1505 x 1915 mm)

with radiator: 143 7 x 62 0 x 84.6 in 
(3650 x 1575 x 2150 mm) 

ENGINE DATA 
V8 1200 or 1000 rpm 
Bore. 6 25 in (159 mm) 
Stroke: 8.0 in (203 mm)
Displacement, 1964 cu in (32.2 titer)
Aspiration: Turbocharged Aftercooled 

D398 GENERATOR SET DATA 

"-,-, 

Output range. Diesel 480 to 675 kW 
Natural Gas 260 to 500 kWWeight without radiator (dry). 17,985 lb 

(8158 kg)Dimensions (L x W x H) 

i m 

without radiator: 157.4 x 60.5 x 78 8 in 
(3710 x 1505 x 2000 mm) 

with radiator: 189 7 x 73 0 x 86 7 in 
(4820 x 1855 x 2200 mm)

ENGINE DATAV12 1200 or 1000 rpm 

Bore: 6.25 in (159 mm)
Stroke. 8.0 in (203 mm)
Displacement: 2946 cu in (48 3 liter)
Aspiration. Turbocharged Aftercooled 



----- -- 

1 .,. I,D 309 GENERATOR SET DATA 
_._. . 

' 	 Outputrange Diesel 685 to 930 kW 
-i ,64 .-.. 	 ial°Gas 	345 060kWWeight without radiator (dry) 22.700 lb 

(10 297 kg) 
Dimensions (L x W x H)Without radiator 1/5 0 x 59 3 x 78 8 in(4445 x 1505 x 2000 mrrwith radiator. 217 8 x 87 5 x 100 5 in 

(5530 x 2223 x 2553 mm)ENGINE DATAV16 1200 or 1000 rpm 
Bore. 6 25 in (159 mm)
Stroke 8 0 in (203 mm)Displacement 3928 cu n (64 4 literlAspiration Turbocharged Aflercooled 

3 08 GENERATOR SET DATA 
(7031
ILL 	 Output range 400 to 765 kWWeight without radiator (dry) kg)15.500 lb 

Dimensions (Lx W x H) 
, without radiator. 138 1 x 67 0 x 67.7 in 

(4500 x 1854 x 2291 mm) 

J .V8 1800 or 1500 rpm 

1200 or 1000 rpm (slow speed) 
" 	

J "Bore. 
, 	 ... ...... - 6.7 in (170 mm). , Stroke. 7 5 in (190 mm)Displacement 2105 cu in (34 5 liter)Aspiration. Turbocharged Attercooled 

3512 GENEPTOR SET DATA 
S .~ .-- .. Weight withou! radiator (dry): 20.610 lb 

(9347 xg)Dimensions (L x W x H)
without radiator. 157 2 x 67 1 x 67 7 in 

-- r+iao (3995 x 1705 x 1720 mm)with radiator: 196 3 x 87 5 x 1006 in

j 


(4985 x 2223 x 2555 mm)ENGINE DATA 
V12 	 1800 or 1500 rpm

120U or 1000 rpm (slow speed)-
-
 Bore 6 7 in (170 mm)- _- " Stroke : 7 5 in (190 mm)Aspiration.Displacement 3158 cu in (51Turbocharged 8 liter)Aftercooled 

,- - --A "GENERATOR-Weight 	 SET DATAOutput range. 700 to 1400 kWwithout radiator (dry). 23.400 lbDimensions 
(L x W x H) (10 200 kg)

wihout radiator: 187 5 x 670 x 73 9 in 
(4761 x 1703 x 1876 mm)with radiator: 	230 3 x 87.5 x 100 5 in 

(5846 x 2223 x 2553 rm)
ENGINE DATALv V16 1800 or 	1500 rpm

1200 or 1000 	rpm (slow speed) . ±.Stroke: Bore. 6.7 in (170 mm)Displacement: 4210 cu7 5 in (190 mrn) in (69 1 liter) 



Caterpillar
Diesel Generator
 
Set Ratings 

i, Ratings Without Fan0)Hz kW S0 Hz kW Ratings With Fan60 Hz kWStaeidby Pfime Standby Pdme o Hz kWStiandby Prim Standby f~fine Hz 10 Hi 
e4 64 55 55 60 60 50 50 4 1,4 

77 58 62 
. 95 7584 75 11. 8 60 - .9 130 72 so 1,4 , 
103 78 82 E2 1.4100 75s 
 45 1,4 

128 103 107 82 125 1001 15 8o 4,5 1,4
155 131 122 115 150 125 120 115 .2.4,5 1,41, 182 156 148 138 175 150S 154 lie) 128 144 130 V,4,5 1,4103 
 150 115 125 "40 . 4,.' 1.4 

- - - 141 o - - - 13,183 167 154 a200 2206 175 
1.4 

160 150 1.4

250 210 
 180 165 240 200 
 175 160 2,4,5 1,4 
20 220 205 185 250 210 
 200350 265 280 235 180 Z4,5 1,4

350 255
315 260 250 210 280 230 2,4,5 1,4300 .1w 240 200 ,4,5 1,4 
410 320 325 290 400 310 
 320 285 24,5 1,4 
- 330  285 - 325 - 280 A,5 1,4 
- 365  -

450 
- 355 - - ,4,5 1,4420 300 330 *430 400 375 315 4,5 1,4 

460 365 370 330 

480 440 

450 355 360 320 2,4,5 1,4425 .410 
 465 425 
 420
' M~ 409 410 370 400 ,5 1,4500 400 
 400 36 2,4,5 1,4 
5 408  5 455 -. - ,4,5 

468 4,0 
 800 455 480 410 ,4,5 1,4665 610 540 500 5 600 540 500 1,4 

75 785r8110 8514.61 00 1 75061 600 6M0 4,s675 60 500 1,4%0 600 -50 575 540 480 4,5 14730 680 655 610 6 700 650 650 t00 I5t,1
965 775 a000 W21-T-5 M 750 Boo 700 &45 1,4
930 850 775 700 
 5.. 900 820 760 685 
 7,8 1,6,71005 930 790 730 
 975 900 760 700 Al 6,71085 935 960 880 
 1050 G00 950 850 ] 6,71220 1100 1150 1030 1220 1100 1120 1000 


1400 1265 1305 


1135 


1400 1250 1280 1100 

RATING CONDITIONS DIEFIITIONS 
Avalabl Vofages (all adjustsole ,t5o some mooeisRatings ire based on SAE J1349 standard Gtanwfy power - nterrupton ofnOrmal oOwqiconditions. Also applies St ISO 304611, 

forcontinuous eiectcat service ur9ng 1x 10%)1151200.. 2301400,~Peoe- fot continucus electrical service with 5 173/300- 346!6002 1201208- 740/416 6 230,40CDIN 6271 and BS 5514 standard conditions. 10, overloao caabality exceot where 3 133,230 - 266/460 7 277460
W k~LO,C't~l eV.A noted w.:n tHZ az Hlrtz Of Cycles oar 4 139/240- 277480S4, h rDalteoare 125 times kW ralhrr%listed 8 346/601 

i lly &SD ~leo, 'LococedvesoN A = la 
'Low sDee vefs,onlT -. lurbocralpgeTA . urbOicnaileea an &ftorcoole 
Materials iria soecificalions are sublect to c/range wnort 
nohdce
 



~BCATE'RPILL*A'R 

Worldwide support for Cat 
Generator Sets. 
More than 1100 Caterpillar Dealer 
outlets worldwide provide a variety ofservices to help you select and mainlain
Cal Diesel and Natural Gas Generator 
Sets These CAT PLUS services include
* Prepurchase consultation to help ftthe installation package precisely to 
your special needs and specifications.
* Start.up Inspection and orientation, 
upon request, to assure proper opera-

lion from day one. 

* Operator and sorvice training
classes to help you get highest produc.
tivity and efficiency out of your Cat 
Generator Set. 
0 Prevontlve maintenance services
offered by many dealerships include 
Scheduled Oil Sampling to anticipate
polenlal trouble spots Allows you to 

schedule preventive repairs when most 
convenient, 
a A service contract with your dealer 

to help control owning and operating 
costs, 
a The Cat Dealer's extensive partsInvetor to help keep your Cat Engine,

Generator and Controls operating 
properly and profitably. Backed by 24
strategically located Cat parts facilities. 
* Partsand component exchange 
service to allow replacement of worn 
components with rebuilt instead of new 
ones at your option. Saves time 
and money 
a Caterpillar.qualified servicemen 
staff Cat Dealer service shops and pro.
vide iast, expert service. 

Supersedes LEC03547LEC r42327in
 caterv.ia, Cat andi 1'! &toTrademarks of Caterpillar Tractor Co Printed in US.A 

http:caterv.ia
http:Start.up


A new name from a name you know 
K, 



;keep it- qe.-lcnek an 

mt r u-w T& m ora ci r e m ft~ 
ocl iW-mg bainb d Sb" Vd b 

vv#P-- x-E~ oe 

01"m I tL- h *cs-,y&p~ 

Basi Cnb Pne C 

xoddLgRwukgk,0 
Syslem. 
Air DuctViFlange. 
HeavY Duty Air F4r. 

Rowadww Traar. 
-z ewat. at~lokwy rallbista~d 

Slne A 

dr;nCoupisd vreh the lagenda.y4so~and re"t of Libr 
Di:,,s hv--tesaed i rangaj o: 

*. 

G ~ ~ ~.fvid 

HSw.~PWml 
ij~~~alverd wA a WAO~~ 

bce by~ihgS 

WK 2ht(i 

~awys~h2rSatn 

-eyb 

A4 

*High Ergie Timnp-.Rit~a 

Set MX~ BwamRockLvr 
* .arnat Smch k-c a~e 

.1 A~.~ ' z 

Aoyeod lator y-r~tLvLa Ur2~abfreicxon --

o,'aq-cwtWi~~rnnito ? 

to ir ±~ orhonve or* 1m3k . t o V l y .~t;U. nlC d Dowgca your w ~ y u ~ amcL wmfrv n~jbr w(st c wna 

FCa onwase cran Wn-oq.i~ bn INn3 rm-og cazlnzeadof U to~:v 'vj owL' f CScvquwffte togv ou -ttrxm 

A -Ire 

ea-tryCagW' 

c FrerUYe 

a x-V~ e 7 w "3cbd~ 

are eat;7,b~e ryin a &'Xwa;d 

AxmkV!seAd : vM,raeonot. 2ha 
ce an cer Uat h men~y 

o tL Vol 
J b e , 

frnd midgcoEtape 

ao*o -AV93V 

-4 5 t 

Th Chzj cfo-1 tkscrur;b cr ieiy-61Y3 

sr;'ra of 

SetsshttcO admica
becoagxdeuvrity~y ~ 

a 2 0 ~~ i~ 

12We---Ct=r 
aW mu-WSare da-r a

CXwike, B(eio-enangg ae55. 

so-a !--don ee tu-.clot cr-*4:s dio- U-2'Th3~yLyj1 "re~ !-smUaewoo
isr,~ d i rrn. frr 12e 
eI~ac~nc s~r1~w4~i re Wtsce~ -3aor.~O 

njrr~~~~rov, c~ 
__~~~~~~~~oTi kepca20 '~~ hi C~flfr* diSCBc~~~ariaaI&%-v 

H A W - P O WR C k m r c n g 3 3 C I 7 'a m n d U W a 

tnsitOCn0n 8aJa 

,a k~ w t - f n 

.f 

oiada 

-~i~TU-K-

13r olAestpna 

ZiP -d S 
BftvX)3. .0shcb 

r yonua 

r-E~M&ri Ad CES at&uEs,
2ranEVeao 

tio 

rato; ame byb u WffeR dadaJEhzs 

W.L.~~an bSro.h 

aiari peiAcoas 
SircPr(ndL S 

C r -. 1i kZ3 0'.so-tf.cff 
Faao U~t E 
CAM-i Ler3! s 

1, 
Slrcvei to2UiS- brt
C'PCIC G&pfxaiF& r oq a n
vrfz! 

', i r-t



Technical Specification
 
BASIC MODEL TYPES CONTROL PANEL OPTIONS

T' . .. CLc PHASE KILOWATTS ~ nsIn: d n o t C. CONTROLLPANE OPTIONSY EjCA - - - ON 

A CAS CAG CA1-7-LTS 10 4.1 .. leact laey stat ,itch30 It- Soci Statebltocr Carger and !ar, 

30 
 Crcu4b.Oke 
Os. e leur j Y teCton sw .ct ' ' 

_. -Ammeter and ammeter seeczor switch 
10--- 12.1 V'e.,tcrer. voilnieer Selector swfich4
 

7S3 
 ~~fr!eucnca mver~s 
A 

TL3 17.1Auto transier Swich 

15. AHrc st0s 

-- - _
HL43 

17- TECHNICAL DATA3030 25.5._34.0 60 Cycle SINGLE PHASE. 3 WIRE. 240/120 VOLT. 0.8 PF. 
HL6 0  3 --- ,51.8 ConsumptionModel D.m.v&JA6A6- 30 Kw gh30_93.9 9395.6I HPt Full LoadT1 U.S. 0.42Gall/Hour i L W HJAS6 lb.

128.4 .30 pi. 41i 
0 4 2 35 4 240.587 35734 20.26 15 

.30.682MECHANICA L ACCESSORIES 39.5 
350 

HPI 2 475086__2.1_1.2 24 35DESCRIPTION 75o 
Vibr.atin Isola.Grs CODE HP'1 TO _.--MAI 1.2860 Cycle THREE PHASE. 24 35FOUR WIRE. 2C8/120 and 490/277 VOLT 0.8 PP. 

10Skid Base_________ MA2Fuel Tank in Base MA HP3 ST, 43_-- _ 5Si lePnt Liftin _ 4 324 1LV2 6.- 35 715 
Residential Silencer 

MA4 HP3TS2 0682 39.5 209.0 083 28 475MAS 48HP3 TS3 13.7 24 35Lo Runnen Oil System 1.28 55 -- 7 -
MA 24 35HP3 HR2 17.1 110Air D a tor 1.64MA7 HP3TL3 T -- 32 45 1716.ea DutyAir Fiter 1.55 - 55 24HP3 HR3 -- 25.5 35 17102.4 6 32 45 1
Weather Protective Cano 
 M-

3.13o 8Trailer A ' 
0 80HL4. 32 45 2530HP3 H 51.8MA.I HP3. 4.6275-e-----ie 9 . 6.4 32 53 2860

HP3JA" .- -5332
[elv 939 7.55 2880
 

M l? - " 128.4 10.4 
5 40 57 3650
Ex Pr 1254.MA1 3650RPM: All sets 1,800 RPM except LT1, 3,600 RPMELECTRICAL ACCESSORIES DERATING 

Temperature
DESCRIPTION CODE The outputs shown above should be_Oil PressureESwitchngie 'Toroperatu Derate 2% for every 10°F above 350F.v+'u E Ter rature Switch -- ' EA 1 environmental con ditions."HI----EA2 derated for the following id yFuel Control Solenotd EA3 Altitude Derate up to a maximum of 6%.Starter Battery EA4 "The weights and dimensions assumette Derate 3.5% (turbo charged enginesRack and Leads rA5 - 2'/2%) for every 1000ft above 500ft 

a basic set complete with base plate,
12 Wire EA6 fuel tank control range and vibrationabove sea level. isolators. 

o HAWKE(R SIDDELEYUSTER DIESELS INC. 
555 EAST 56 HIWAY, LATHE,KANSAS,66061TELE:(913) 76 4 -3512. TELEX:42- 6262 
fllawlsr Sidealey Oroup supplies elecri.cal and mechanliclllipmnen with World-wld sales and gervbc. 
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MCI-A EO_

60 Hz-400 Hz 60 Hz-400 Hz
 
30 kW 3-Phase Output 
 15 W 3-Phase Output500 Amp 28 Volts DC Output 10 kW Single-Phase Output 

35-1-400 35-2.40060 Hz-400 Hz 60 Hz-400 Hz100 kW 3-Phase Output 125 kW 3-Phase Output65 kW Single-Phase Output 80 kW Single-Phase Output 



MD-3 MDm4
60 Hz-400 Hz 60 Hz-400 Hz30 kW 3-Phase Output 60 kW 3-Phase Output20 kW Single-Phase Output 50 kW Single-Phase Output 

35-=400 35-4-40060 Hz-400 Hz 60 Hz--400 Hz 
150 kW 3-Phase Output 200 kW 3-Phase Output100 kW Single-Phase Output 135 kW Single-Phase Output 



000 0000
 

M 4 UNISYNC 60 Hz-60Hz
 

60 Hz-400 Hz

60 kW 3-Phase Output ISOLATORS
 
50 kW Single-Phase Output 25-150 kW 
(For Applications Requiring Parallel Operation) 

.6',j 

35-5-40 
 60 1Hz-50 Hz60 Hz-400 Hz 
250 3-Phase OutputkW165165 kW Single-Phase Output C N T10-200 kWE RkW SinPs Out 1CON VERTORS
 



POWER-PLUS 
MOTOR GENERATOR FEATURES 
" 6-pole synchronous motor in a common frame

with a 40-pole synchronous generator. 
" Stator and rotor coils triple dipped-and-baked

with fungus-resistanr modified polyesterepoxy varnish to meet NEMA Class F 
insulation standards. 

" Heavy-duty, permanently lubricated, double-
shielded cartridge bearings. 

* Dynamically balanced rotor 

a Independent bru..iless rotating exciters. 


" Oversized rotating rectifiers capable of 
handling up to 300% of normal exciter output.• Lrgecapcitlowr.A
cat aumium 


"Large capacity cast aluminum blower. 
" Static regulator providing 0.5% voltage


regulation. 


KURZ & ROOT 

ENGINEERING CAPABILITIES 

" Power ratings from 15 to 250 kW 
" Operating voltages from 200 to 575 VAC, 

50 or 60 Hz. 
" Motor starting methods to suit any power

distribution system. 
" Control circuitry tailored to the application. 
" Free-standing or unit-mounted control cabinets 

to meet all operating requirements. 
" Enclosure options for every operating 

environment. 
" Synchronizing capability available for

applications requiring parallel operation. 

A RECORD OF PERFORMANCE 
Kurz & Root's POWER-PLUS motor 
generato sets are engineered for long,
reliable service and ease of maintenance.
They've been proven in military andcommercial applications throughout
the world, and they're backed by Kurz & 
Root's 85 year tradition of quality
and service. 

CONCERN FOR YOUR NEEDS 
When you're ready to talk about motor 

generators, give us a call. We'll be
happy to discuss your requirements,
review your specifications and 
recommend a POWER-PLUS product
to meet your needs. 
For immediate assistance, contact your 
local POWER-PLUS distributor or callKurz & Root's Motor Generator AnswerLine at 414/739-9441. 

POWER-PLUS PRODUCTS 
"Custom Engineered... Performance Proven" 
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Do0Ca GENERATOR 300 

, £ RANG 

SIZES 

KW RPM VOLTAGE 

. 18O 75, 125or 220

.5 1200 75, or 1251 1800 28, 75, 125 or 220
1 1200 75 or 252 1000 32 or 125
2 12W~ 1253 8o0 26 125 or 230 

1200 1%5 1800 28 or 125
6 1200 32pr125

125 1800 2306 1200 32 or 125
6 1600 28 or 126 

*___ 


VALABLE 

KW 


7.5 
7.57.5 
0

10 
1212 
16 
16
16 
20 
20 
40 
60 

-

RPM 

1200 
15001800 
1800
1800 
12001800 
1200 
1600
1 
10 

1800 
1800 
1800 

71 

VOLTAGE 

125
 
125
125 or 260 
28 126 or220
25 
125 or26125 or 250 
250 
125 or 250281800 
250 
28 126 or 260 
12b or 260 
125 or 250 

Soo 
ATT. 

:1thru 
SO0KV 

RPM 
1200 

to 

1 

Kato DC generators are now available in sizes ranging from 6W0 wats to 50 KW with va ovoltages throughout the line. Fifty-two standard models are offered. Other models are available on 
specal order. 
The gpnerator Illustrated, typical of quality constructed units throughout the line, ha fourcommutating poles in addition to the field poles. Commutation is improved as onsutat loation of VOLTA(the omm. ating zone is maintained regardless of load changes. Brush sparking is greatly redu~sdand overall generator performance Is Improved. These units are being used in heavy duty rnsWtsanice and batery chagin0 up tc 
Only highest quality Vmonerials and workmanship sandards go into the construction of Kato direct-current generators. Simplicity of frame 250end endbell design affords zonvmnieot access b lity to alcomponent p rts and ease of maintenance. 

. 

Both shunt rind cmpound wound units are available throughout the range of sizes, ewnablino-Oiloneratcrs to be ued for a wide range of applications, including batery chlaglng, tmng ndoperating DC appliances. 

Both two bearing design "id single bearing design for direct connection to engines i. avaIa . 

K AT KATO ENGINEERING COMPANY' F."FIRST AVENUE1415 - MANKATO, Mimi. WI Form Nc 



DIMENSIONS
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,tcrifld awnp when p o
Dratossonpertain to the machiine illutrated l. 

' •" ' " --!.-' - '- .

46 
1. DRIVE ENOSELL: COOt endbells contribute to the overall rigidityOf 	 the mrAc~lina. Machining grinding andldbolls 	 drilling of frame andw Iehold to evn cloaer tolarano. than required for good

engineoriMg contributing to accurate bearing and shaft alignment.
2. 	BRUSH RINGdASSEFMLY: Bsnih holders are mourned on a singleLnoa l ail on ring wh ich is asi y removed, reass e mbled and aligned.(li l o f ers en1.~ugu ifeLoDIVE 
 te es €
& FRAME: ibuworeFrr :@ae jig machined end drilled. Pole piaces we ailyremoved. t aoalignment problms prtornt with light wiotfabricaed or mruct, we olitinated, 
4. FIELD COILS: ndivIdual field coils are form wound and silyiOvable. Coils and armature windinp alike are dipped In highbonding Quality thernwneninrvarnish and backed in electronically

AnMEed oven as required. making one thoroughly imp.'qnalsiy
hocmogneous maass 

K AT 0KATO 

plnWegt 10oud 

5. 	FIELD POLES: IrO,.vidual laminated pole piaces contribute to wallProportioned filold st~'ength and are dw47*~dfirmly In Place whei 	 to hold the field coilsbolted to th frame. 
3.COM MUTATING POLES: Constant loatmion of the commutating 

sone is khiared ragardles of load changea. 
7 R A U E A S M L : l m c : s o f l r i 	 a l ns w u c efrom hghet quality electrical steals. High rrent carrying capacityused i all wiLings and well deignaed cooling fan contribute tolow tompe urs rise and excellent generator performance. Katogenerator windings have 	 IlC more circular mills per amp'. than domost compatitve maLes of equal rating. Commutators ttmost 

modele we of equal rating. Commutators of moat meals we of harddrawn, i nee segment conaruction. When dipping, beklnaoOWcommutator machining Is completed, armature amebiiu arestatilly and dynamically balanced. 
I. 	BEARINGS: Henry-.auty, pro-lubrkad, gresa-seled ball beeringeare used, eliminating enry of foreign material to inure mainum 

beering life. 

ENGINEERING COMPANY 
1415 FIRST AVENUE - MANKATO. MINN. WIo 
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:per t e as hea urpan 

jc st g 6a a ubi wlty i-'"ll O L FI 

yFermont generator st produced is cus-

...t perf m, th p c reqr
ts of the naltion for which its itended. 

I?C.er~a inHig priced? Absolutely not,mon gea or sets cove all the popu..r 
sand are.avilbl with ove ft ,tn.s.am g ce a g , 

er, manual or automatic parallelin9, equip-
tyit recnonnectn panels to provde multiple
ges, montoring panels, weather resistant 

osures, panels r unaten operation of
iple
unit installations, and more. 
mont gnderator sets are wate cooled types 

labe inratings froman0,w to 105K 5aor 

de, designed for the widest possible range of 

... ... S .". 

tn b e 0 .... 1urr 


e -on alneavo~ng A te n..t ..... . tol bo th 61. . ..
 

applications involving a need for relable prime or and, rapid roav time to 97% of vo i 300 
y powe Votag optons nclude 50 or 60 miiseconds. Fermont diesel gerator setHz service, 3or 4 .wire geerators with volges for m.are..eoornmended for those situatins where seuaortem s, i 

all single and three plase NEA standard outputs safety,precautions required for. highly.voltie e.,t.oghV.Ead, Fermont set a completely cannot be taken, Low voltle dieselfue are more . ... 
slcotie poWe package nduding a radiator, easly handled and stored.t f l engie, ge eratorand control The gas drven type of Fermont aenerator set
panel allcompactly mounted on arugged steel skid with spark fired engines offer a choice of fuel :* iase. Engines are two and selctin includ nfour cyle,Ibew duty r orine, LP gas or naturali gas, ' industria types available foroperation on either Agasolinecruretor isoffered with automatic
diesel, gasoline, Ungas or natursa gas fuels, chorke, antideen-g-solenoid and fuelpump. L'cnAll Femont generator sets wiclude gas carburetor is available for3 or4 lead s svapor, secodary

u.sless, reconntieable generators providing regulator andsolenoid operated shut off val.
 
1u voltge regulation, no load to full load, excel- natural gas carburetor isdesigned for aOunce inlet
 

lent motor starting capadty to 250% rated KVA; pressure with solenoid shut' off valve and gas strainer. 

l .. .. "
 .. . ..:0 . .... .. . ... S,: : ' . . .... *.. i ; ": 
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Diesel Engine Drien Generator Se ts ... .. .. Diesel " ' 
a DrivenEngine m s. a

Model 1o Generator5teridby 130'C Rise SelContinuous 105' C Rioo Modeil No Stanidby 130 C Riseoo so Contin, Rise1z a 0 Hiz0 Hi WH 
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Fermont engine qenerator sets are manufactured by the Fermont Division of DynamI rCorporation of America. The Fermont plant, in Bridgeport, Connecticut, isa 120,000 squarefoot facility employing over 250 people, completely equipped and staffed for a high degree ofself sufficiency indesign, engineering and manufacturing. Fermont pioneered the concept ofsolid state electronic engine generator contrls Engine generator set skids, frames, switchboard panels, special mountings, complete housings harness assemblies, control panels, areall Fermont produced. Special facilities include environmentally controlled dust free areas forassembly and testing of delicate electronic elements.Fermont iscurrently the largest single producer of engine generator sets to the Departmentof Defense with standardized units having been accepted by the= Army Navy. ,, andarine 

Air Force and has established an effective marketing and service organization in supportof its commercial sales representatives and customers throughout the world. -P
Since 1945, Fermont has been responsible for producing over 50,000,000KW of reliable power instandby and prime sets at the same time building areputation throughout the world for the highest possible quality, competitivepricing and unmatched service. 
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KOHLER 4K 
GENERATORS 

ac air-cooled diesel generator set 
60 HERTZ MODELS
 
Model Voltages 
 Phase Sfarling Aipores4RM021 KW KVA120 Governod RPM1 Remote4CM021 33.3 4120 41 18004R1M061 Push button 33.3120/240 1 4 44CM061 Remote 16.6 1800

120/240 4 41 Push btift'jn 16.6 18004 4 1800 

50 HERTZ MODELS 
Modwl Voltages Phase Startlng Amperes4RFMO21 KW KVA110 Governed RPMRemote4CFM021 110 

1 31.8 3.5 3.51 15004RFMO61 Push button 31.8110/220 1 3.5 3.54CFMO61 Remote 15.9 1500110/220 3.5 3.51 Push button 15.9 15003.5 3.5 1500Ratings at 1.0 power factor. Derate approximately 3% per 1000 it (300 m.) above 500 ft (150 m.) above sea level. Derate 2% for every 10*
above 85' F 130" C). F (5i, C)RATINGS: All mo,del are continuous standby rated. Unit will operate at this rating for the duration of any power outage.
 

Availability is subject 
 to change without notice.specifica ;ons w ihou t notce anKohler Co. reserves the right I dw ihou t any bhigachange the design or
lion I "].~lL tLor liabiliy whatsoever Availability can be deter. iP'iP( WA 7
mined by contacting your local Kohler Co. Distrbutor. QA
7 - ," /,' 

e~:7 Il 

P-USH'8kUTNVrRSION a W&. 

1 - 1, , ---

Approximate not weight: 505229.06lbs.kg. 
Nominal dimenions: 37V" long, 31'24.29 cm. high, 211V" widelong, 78.74 cm. high, 54.61 crn, wide 
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APPLICATION 
DIESEL ENGINE 
SPECIFCATIONS 
Maniufacturer 

Model
Type 
Displacement cu. Itn. (cc)
Bore and stroks ii. (mm,) 
C.ompression ratio
PrSton speed 

ft/mn. (m/rnln.)
horsepower @ 1800 RPM 

and Z 1500 RPV HP (KW)Number of cylinders 
Number of main bearings
Governor, make modelreguwation % frequency 

no load to fullload 
steady state regulation

S%frequency 

ENGINE COOLING SYSTEM 
Cooling air CFM (m'/min)
Maximum air restriction 

in. water (KPa) 
EN31NE FUEL SYSTEM 

Suction - transfer pump -
clean - recommended 
In.Hg. (KPa) 

FUEL CONSUMPTION 
10C', load (gal/hr) (ltr/hr)

75% lord (gal/hr) (Itr/hr) 

FUEL SSTEM ACCESSORIES 

El 	 Flexible fuel line 
F- 6 or 10 gallon fuel tank0 8 or 20 galion fuel transfertank with pump 

ENGINE EXHAUST SYSTEM
Exhaust temperature @ rated 

F3HP IF (*C)
Exhaust gas flow @ rated 

BHP CFM (m'/min)
Maximum exhaust hack 

pressure allowable intg. (KPa) 

DATA
 

EXHAUST SYSTEM ACCESSORIES 
(I 	 Flexible exhaust connecti 


(steel)

l Flexible exhaust connector 

(stainless steel)h 

INTAKE A,!.REOUIREMENTS 
Combuston 

CFM (m'/mln) 

60 Hertz 50 HerOz 

Lister 
ST-1 

4 cycle
38.7 (634)

3.75 x 3.50 (95 x 89) 
16.6 to 1 

1050 (320) 875 (267) 

8.2 (6.1) 
.1 6.6 (4.9) 

d 
Lister centrifugal

5 

.(spring 

442 (12.5) 375 (10.6) 

.5(.12) 

3.00 (10.2) 

.40 (1.5)

.32 (1.2) 
25% load (gal/hr) (Itr/hr) .21 (.79)
25!ELloadE (ACCESSRItrES2 .9 

932 (500) 

43.1 (1.2) 

2.9 (9.96) 

16 (.45) 

.36 (1.4) 

.2 (1.1) 
(.91)5%orth84
.19 (.79) 

.9. 

842 14.70) 

Z4.i (.118) 

SPECIFICATIONS an Hertz 50 Hertz 
ENGINE LU E OIL SYSTEM
 
Oil pa capacity qts. (trs)

Lube oil fil, 

ENGINE ELECTRICAL SYSTEM
Voltage OC 
Battery recommendation 
Rolling curreat 30*F

(amperes) 
E;eakaway current 
RPM 
EM 

2 (1.9)
full
flow
 

12 volt
 
55 ampere
 

e 

190 
525 
325 

ENGiNE ELECTRICAL CSYSTEM -ACCESSORIES 
0E 12 •olt, 55 ampere battery El Battery chargersSTANDARD ENGINE FEATURESSADR 
 NIEFAUE
 
* Mounting base 
* Vibromounts 
t Isolators)Fuel lift pump


Muffler 


*Compression release 

GENERATOR
 
SPECIFICATIONS 
Make 

Insuilation
Number of bearings

Rotor balancing 

Exciter type 


Generator efficiency -r% full load 
Wave form deviation factor -
no load - full loiA 
Telephone influence factot -ATIF 


STANDARD FEATURES 
Motor staring capability 

HP per KW of rating 

CONTROLLER 

* Fuel cut-off solenoid for 
remote start modp.s 

v Dry air cleaner 
v Battery cables* Hand crank
 
w Oil pressure gauge
 

Kohler 
class e1 

dynamic
rotating
 

85 

NEMA MG1-22.42
 

NEMA MG1-22.43
 

* Direct connected 

Controllers are vibro-mrounteJ to 	 the gene'ator frame. Anautomatic 10 ampere maximum, two-step battery charging circuitIs standard. 
Push Button Model - Provides electric starting by 	 manuallydepressing a momentary starter switch.Remote Mooel .-Provides elec~ric starting by means of astart/stop switch located on the controller or ty two-wire rerrictecontrol. Overcrank(ng prtoction arranged to open the cranking
circuit after 30-90 seconds. Includes overcrankingCONrOLLER 	 reset buttonand alarm circuit contact3.

ACCESSORIES
 
El Running time metor 
 El AC voltmetvr
 
El Battery charging ammeter 
 E AC ammetur
 
El Slngie receptacle

ADDITIONAL ENGINE AND GENERATOR ACCESSORiESAir-vent cooling 0Engine crankcase heater
Ts 	 High temperature 

arid lowoil pressure cut-out (250 wrtt)El 	 Automatic load contriL 	CSA listing panel for automatic startingEl 	 Exprt boxing on load demand for remote

El 	 2-wheel trailer start model,,
DHV CO, KOHLER WISCONSIN 53044 PHONE 414 565-3381 TELEX 26888 TWX 910 264 3877 G05-011
 

Printed in U.S.A. 
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N RADRS
GENENORSAir-Cooled iese 

SAMPLE SPECIFICATIONS
 

EMERGENCY STANDBV ELE(7T-1CAL 
Sk'S-EMS: 
 The standby generator set
installed by the contractor at the shall be
location shown on
and as specified herein; the plans and drawings$with all accessories and transfer switch(es) 
as
required.
 

All equipment shall be new and of 
current production of awho manufactures the alternator and control panel 
National firm, 

standby generator set and assembles theas 

organization within 

a matched unit, having a service and partz
a reasonable distence of 
this projict, backed up by
natural a
sales and service organization.
 
The generator set shall be 
rated 4 KW*, 4KVA, Units P.F.,
Phase, .Wire, Volts,


Amps., 60 Hertz, A.C., 
as
with a direct injection Diesel fuel system. 
KOHLER Model 4RMO Series,
 

*VOLTAGE COMBINATIONS AVAILABLE (SELECT ONE)
 

120 volt, 1 phase, 2 wire, 33.3 amps.)
 

(120/240 volt, 1 phase, 3 wire, 16.6 amps.)

ALTERNATOR: 
 The alternator shall be 
four pole, rotating armature, of drip
proof construction, with built-in exc'iter. 
 It shall be self-ventilated,
with constant tension brush springs.
 
Radio interference suppression meeting commercial standards shall be
supplied.
 

Temperature rise shall te 
within NEMA, IEEE, and ANSI standards for
continuous duty temperature rise limits at all output ratings.
 
The alternator, having a single, maintenance free, bearing, shall be direct
connected to 
the engine.
 

CONTROLLER AND 
INSTRUMENT PANEL:

isolated on 

Plant mounted controller shall
the alternator frame. be vibration
It shall 
include the fo:lowing; factory
installed, wired and tested by the manufacturer:
 
Complete standby 2 wire start/stop control which shall operate on 
activation of 
a remote contact.
Overcranking protection designed to open the cranking circuit if engine
does not start after 30-90 seconds, with cranking reset button.
Line circuit breaker 
- Battery charging ammeter.
Alarm circuit 
- Duplex receptacle.
 

METER KITS AVAILABLE (SELECT ONE)
 
(1 phase, 2 wire 

(1 phase, 3 wire 

- voltreter, ammeter, and current transformer)
- voltm,,ter, 2 ammeters, and current 
transformers)
 
ENGINE: 
 The naturally aspirated engine shall be Diesel fueled, 1 cylinder,
4 cycle, including Air-vent coolin 
 system, with not less
inch displacement and deiivar a minimum of 8.2 H.P., 

than 38.7 cubic
 
at a governed speed
of 1800 RPM.
 

Enginu speed shall be governed by a gear driven centrifugal governor to
maintain alternator frequency within 3 cycles from no
alternator output. load to full load
Belt driven governors will not be considered.
 



Starting shall be accomplished by 
a 12 volt exciter cranking.
 

Engine shall be 
equipped with the following:
 

Lube oil filter -
Oil bath air cleaner.
 
Radio suppression.

Engine crankcase heater with thermostat, 120 volt.

Critical silencer, to be 
installed by contractor.
 
Electric solenoid fuel shut-off valve.
Gas proof seamless, stainless 
 :el, flexible exhaust connection.
 
Flexible fuel connection.
 
Automatic solenoid operated c:,.pression release.

High temperature and low oil pressure cutouts.
 

PLANT MOUNTING! The standby plant 
shall be equipped with factory installed
vibration isolators mounted between the plant and fabricated steel skid base
to prevent distortion of alignment between alternator and engine when
installed. 
 Mount on I-beams or concrete pedestals as shown on plans and

drawings.
 

ACCESSORIES: 12 volt, 55 
ampere hour battery and battery cables. Kohler
20 ampere automatic float battery charger Model A269214 with the following
features: 
 Constant voltage regulation; 
current limiting; temperature
compensated; voltmeter and ammeter, for conduit installation.
 

INFORMATION REQUTRED FOR SPECIFIED STANDBY SYSTEMS:
 

Certified final factory test report shall 
be provided to the architect,
certifying this units full power rating, stability, voltage and 
frequency

regulation.
 
Detailed specification sheets.

Complete operating instruction and maintenance manual with parts 
list.
A factory trained representative shall consult with the 
contractor during
installation and start-up. 
He shall fully instruct the owner's personnel

as 
to correct operating and testing procedure.
 

AUTOMATIC TRANSFER SWITCH:
 

See specification sheets.
 

WEATHER PROTECTIVE HOUSING:
 

See specification sheets.
 

GI0-004
 



KOHLER 8.5K
GENERATORS 

ac air-cooled diesel generator set 
60 HERTZ MODELS 

161odel .Vollage* Phase Starting Amperes8.5RM021 KW KVA Governed FPM12C 1 Remote8.5CM021 120 70.8 8.5 8.5 18001 Push button8.5RM051 70.8 8.5 8.5240 3 1800Remote8.5CM051 22.5 5240 9.4 18003 Push button 22.58.RMO61 7.5 9.4120/240 1 1800Remote8.5CM061 120/240 35.4 8.5 8.5 18001 Push button8.5RMO81 35.4 8.5 8.5120/208 3 1800Remote 29.5 8.5 10.6 18008.5CMO81 120/208 3 Push button 29.5 8.5 10.6 180050 HERTZ MODELS 
Model Voltages Phase Starting Amperes KW KVA8.5RFMO21 Governed RPM110 1 Remote8.5CFM021 63.6 7 7110 1 1500Push buttcn8.5RFMO51 63.6 7220 7 15003 Remote8.5CFMO51 19 5.8 7.25220 15003 Push button8.5RFMO1 110/220 19 5.8 7.25 1500

8.5CFMAO61 110/220 
1 Remote 31.8 7 71 1500Push button 31.88.5RFMO61 7 7120/208 15003 Remote8.5CFMOa1 24.2 7 8.75120/208 15003 Push button 24.2 7 8.75 15Q0All single phase units are rated at 1.0 power facto" 3 phase units at 0.8 power factor. Derate approximately 3% per 1000 ft (300 in.) above ,W0It (150m.)above sea level. Derate 2% for everyRATINGS: AL models are 

10' F (51 2 * C)above 85' F (30 C)continuous standby rated. Unit will operate at this rating for the duration of anypower outage.

5 K '4-

'."-,P _-,_'AL , 

Avatablity is subject 
L$-IP T4to change without no- -",
.ice. Kohler Co. re- , - 7
 

?ierves the iight to 

-4-4~change the design or 

).-
 _
out notice and with. --
.
 

out any obigatlion or 
 _ L' - ''!liability i-.whatsoever.Availahility can be ~ , 
4.termined by con- _I___ ,- i L 

"-' 
"I J " 4 -.. .t
taciing your local ,,_____-rk,:h;er Co. Distributor Z 

40
 

Approximate net weight:8,0 tbs., 362.8g8 kg. Nominal dimensions: 47'/," long, 36" high, 23" wide (3 piase 4 wire model is 46'Y,," long)120.8 cm long, 91.44 cm high, 58.42 cm wide (3 phase 4 wire modei is 118.89 cri long) 
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8.5 KW 
APPLICATION DATA 
DIESEL ENGINE 
SPECIFICATIONS 60 Hertz 50 Hertz 
Engine make Lister 
Engine model ST-2
Engine type 4-cycle
Displacement cu, in. (cc) 77.3 (1267)
Bore and stroke in. (mm) 3.75 (95) x 3.5 (89)

Compression ratio 
 16.8:1 
Piston speed 

ft/min (m/min) 1050 (320) 875 (267)
Horsepower (a 1800 RPM

and @ 1500 RPM HP (KW) 16.5 (12.3) 13.4 (10)Number cylinders 2

Number main tearings 3 

Governor, make model 
 Lister mechanical

regulation % frequency 

no load to full load 
 5


steady state regulation 

t % frequency .33 


ENGINE COOLING SYSTEM 

Cooling air CFM (m1/min.) 950 (26.9) 808 (22.9) 


ENGINE FUEL SYSTEM 

Suction ( transfer pump 

in. Hg. recommenced 

(KPa) 3(10.2) 


FUEL CONSUMPTION 

100% load gal/hr (Itr/hr) .8 (3.0) .66 (2.5)75% load gal/hr (Itr/hr) .66 (2.5) .55 (2.1)
50% load gal/hr (ltr/hr) .55 (2.1) .44 (1.7)25% load gal/hr iltr/h) .47(1.8) .36 (1.4) 

FUEL SYSTEM ACCESSORIES 
[ Flexible fuel line 

E 6 or 10 gallon fuel tank 

E 8 or 20 gallon fuela transfer 


tank with pump 


ENGINE EXHAUST SYSTEM 
Exhaust temperature @ rated 

BHP "F(°Ci 932 (500) 842 (450)
Exhaust gas flow @ rated 

BHP CFM (m'/rnin) 87.6 (2.46) 74.5 (2.11)Max. exnaust back pressure 
allowarle in. Hg. (KPa) 3 (10.2) 

EXHAUST SYSTEM ACCESSOM2S

EXHAST YSTMACESSR~SandZ Flexible exhaust connector

(steel) 
E Flexible exhaust con;,ector 

(stainless steel) 
EResidential exhaust silencer. 


INTAKE AIR REQUIREMENTS 
Combustion air 

CFM (rn'/min) 32 (.9) 27 (.77)Max. intakp air restriction 
in. Hg. (KPa) .3 (1.02) 

ENGINE LUBE OIL SYSTEM 
Oil pan caoacity qts. (Itr) 5.5 (5.2)
tube oil filter full flow 

SPECIFICATIONS 60 Hertz 50 Hertz
ENGINE ELECTRICAL SYSTEMVoltage DC 12
 
Battery recommended 90 ampere

Starting system 
 exciter cranked

Rolling current @ 30" (amps) 190

Breakaway current 525
RPM 325
ENGINE ELECTRICAL SYSTEM - ACCESSORIES 

- 12 volt, 90 ampere battery

Z Battery chargers
 

STANDARD ENGINE FEATURES
9 Mounting base a Fuel cut-off solenoid for
%Vibromounts remote start models
 

(spring isolators) a Dry air cleaner
 
u Fuel lift Battery cables
pump * 

e Muffler 
 e Hand crank
 
a Oil pressure gauge * Operating instructions
 
e Compression release 

GENERATOR
 
SPECIFICATIONS 
Make Kohler
Insulation class F
 
Number of beatingr 1
Rotor bala;ncing dynamic
Exciter type 
 rotatingVoltage regulator Kohler stabilizer 

no load to full 
Generator efficiency 

% @ full load 85,

Wave form deviation factor

no load - full load 
 NaMA MG1-22.42 
Telephone influence factor -

TIF NEMA MG1-22.43
 
STANDARD FEATURES
 
* Motor starting capability * Direct connected 
1/,HP per KW of rating


CONTROLLER 
Controllers nre vibro-mounted to the generator frame. An auto
matic 6 ampere maximum, two-step battery charging circuit is

standard.
 
Push Bution Model - Provides electric starting by manually de
prr.ssiing a momentary starter switch.

Remote Model - Provides electric starting by means of 
 a
stat/stop switch located on the controller or by two-wire remote
control. Overcianking protection arranged to open the cranking
circuit after 30-90 seconds. Includes overcranking reset button

alarrm circuit contacts. 

CONTROLLER ACCESSORIES 
1 Ammeter, voltmeter, selector switch 
L Frequency meter
0 Running time meter 
, Battery charging ammeter 
E Line circuit bteakerE Duplex receptacle 
1] Overfrequency relay
ADDITIONAL ENGINE AND GENERATOR ACCESSORIES

0 Air-vent cooling L Engine crankcase heater
E High temperature and low (250 watt) 

oil pressure cut-out E Automatic load control7 CSA listing panel for automaic starting
E Export boxing on load demand for remote 
I- Weather housing st.,rt models 
E Housing locking kit 0 Two wheel trailer 

KOHLER CO,KOHLER, WISCONSIN 53044 PHONE 414 565-3381 TELEX 26888 TWX Q10 264 3877 G05-012 
Printed in U.S.A. 

KOHLER 
GENERATORS
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GENERAFORS 
8.5Air-Cooled
 

SAMPLE SPECIFICATIONS
 

EMERGENCY STANDBY ELECTRICAL SYSTEMS:
Installed by The standby generator set
the contractor at the location shown 
shall be
and as 
 on the plans and drawings,
specified herein; with all accessories and transfer switch(es) as
required,
 

All equipment shall be 
new and of current production of
who manufactures the alternator and control panel and assembles the
standby generator set 

a National firm,
 

as a matched unit, having
organization within a reasonable distance of 
a Fervice and parts


this project, backed up by a
national sales and service organization.
 
The standby generator set shall be rated 8.5 KW*,
-- Volts, _ KVA,
Phase, 
 Wire, Amps., 60 Hertz, A.C.,
8.5IO Series, as KOHLER Model
iwith a U6rect injection Diesel fuel 
system.
 

*VOLTAGE COMBINATIONZ AVAILABLE 
(SELECT ONE)
 
(8.5Kv. Unity P.F. 120 volt, 1 phase, 2 wire, 70.8 arps.)(8"5KrA
(9.4KJA Uit-y P.F- 120/240 volt, I phase, 3 wire, 35.4 amps.).8 P.F.

(i0.6 vA 240 volt, 3 phase, 3 wire, 22.5 amps.).8 P.F. 120/208 volt, 3 phase, 4 wire, 29.5 amps.)


ALTERNATOR-
 The alternator shall be 
four pole, rotating armature, selfventilated of drip proof construction, with built-in exciter.
 
Radio interference suppression meeting commercial standards shall be
supplied. 
Voltage regulation shall be within plus or minus 5 percent
of rated voltage, from 
no load to full load.
 
Temperature rise shall be within NEMA, IEEE, and ANSI standards for
continuous duty temperature rise limits at all output ratings.

The alternator, having a single, maintenance free, bearing, shall be direct
connected to 
the engine. 
CONTROLLERP-2D INSTRUMENT PANEL:isolated Plant mounted controller shall be vibrationon the alternator ftrame. It shallinstalled, wired and tested by 

include the following; factory

the manufacturer:
 

Complete standby 2 wire start/stop control which shall operate on activation of 
a remote contact.
Overcranking protection lesigned to open the cranking circuit if engine
does not 
start after 30-90 seconds, with cranking reset button.
Line circuit breaker 
- Panel light 
- Alarm circuit -
Duplex receptacle.
Direct reading, frequency meter.
 

METER KITS AVAILABLE (SELECT ONE)
 
(I phase, 2 wire 

(1 phase, 3 wire 

- voltmeter, ammeter, and current transformer)
- voltmeter, 2 ammeters, and current transformers)
(3 phase, 3 and 4 wire 
- voltmeter, ammeter, selector switch, and current
transformers)
 

Controller mounted engine features shall include: 
 running time meter,
and battery charging ammeter.
 



ENGINE: 
 The naturally aspirated engile shall 
be Diesel fueled, 2 cylinder,
4 cycle, including Air-vent cooling system, with notinch displacement and deliver a miniimum of 16.5 H,,., 
less than 77.3 cubic 
at a governed speedof 1800 RPM.
 

Engine speed shall be 
governed by 
a gear driven centrifugal governor to
maintain alternator frequency within 
. cycles from no
alternator output. load to full load
Belt driven goverrors will 
not be considered.
 
Starting shall be 
accomplished by 
a 12 ,olt exciter cranking.
 
Engine shall be 
equipped with the following:
 
Lube oil 
filter 
 bath air cleaner
- Oil - Radio suppression.
Engine crankcase heater with thermostat, 120 volt.
Critical silencer, to be installed by contractor.

Electric solenoid fuel shut-off valve.
Gas proof seamless, stainless steel, 
flexible exhaust connection.
Flexible fuel connection 
- Oil pressure gauge.
High temperature and low oil pressure cutouts.
Automatic solenoid 
operated compression release.
 

PLANT MOUNTING: The standby plant shall be 
equipped with factory installed
vibration isolators mounted between the plant and fabricated steel
to prevent distortion of skid base
alignment between alternator and engine when
installed. 
Mount on I-beams or 
.oncrete pedestals as 
shown on plans and
drawings.
 

ACCESSORIES: 
 12 volt, 90 ampere hour battery and battery cahles.
Kohier 20 
ampere automatic float battery charger Model A269214 with the
following features: 
 Constant voltage regulation; current limiting;
temperature compensated; voltmeter and ammeter; 
for conduit installation.
 
INFOR.MATION REQUIRED FOR SPECIFIED STANDBY SYSTEMS:
 

Certified 
final factory 
test report shall 
be provided
certifyinq this units to the architect,
full power rating, stability, voltage and frequency
regulation.
 
Detailed specification sheets
Complete operating instruction and maintenance manual with parts list.
A factory trained representative shall
installation and start-up. 

consult with the contractor during
He 
shall fully instruct the owner's personnel
as to 
correct operating and testing procedures.
 

AUTOMATIC TRANSFER SWITCtj:
 

See specification sheets.
 

HTHER PROTECTIVE HOUSING:
 

See specification sheets.
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i,,ENERATORS 

continuous standbygenerator set 
* SUSTAINED SHORr CIRCUIT PROTECTION.

Generaor will not collapse. S,ustains high short
circuit current for seiective tripping of normalsized branch circuit breakers. 

* FAST RESPONSE TO LOAD CHANGES.Kohler-patented voltage regulation system pro-vides full power to the main generator field
3-phselod twithin .05 secondsn or less. Voltagespeifiddipladableon mostodes, 

3-phase models, no load to specified load, 
i essE t Ea ER. Topto* SAFEGUARD BREAKER. To prevent overloads,Kohler provdes tnACrline-sensing time delay
circuit breaker, as standard generator equip-
ment. This breaker protects the generatorfrom its own high current capability. Sufficient
high current output time is allowed to trip a 

branch ciicuit breaker affected by a short, 

,"A - .v, !, , " f 

ac liquid-cooled diesel
 

0 HARMONIC INTONATION. No high frequency
spikes in output wave form. 

12-LEAD RECONNECTIBLE TO COMMON 
VOLTAGES. 
POWER SCANNERm 
monitoring system 

A 
aids 

Light Emitting 
in service tr

Diode 
oubleshooting. thefrom exciter, redGraen light indicates power is availlight indicates that 

power is reaching the rotor according 
load requirement. (' Patent Pending.)* CONTROLLER - SOLID STATE DECISION

MAKER MODEL. Accessories to meet NFPA
76A hospital code. 

* GENERATOR ENCLOSURE. Serves as junctionbox, allows installation of conduit from either 
side. 
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APPUCAJTON DATA
 
lAESEL ENGINE 
t.NGr4E SP-Cf;iCATIONS 

Manovacturor 

Modal
Tyr,:r3 Qlr;tltake 
Cy(Imdsr zrrngemernt 

'umb .'r, ini|ne, V, etc.) 
Displacerncrt in! crn3)
Bore and siro- In (mm) 
Cmpre~sI:. riajo

' Fvttf:., spe .,i 
ti n (rnetc/tisec.) 

tBoa~iV ,s: mali~lns, numoo.)r 
'onnocting rods, numt, r 

F.',tAd RPM 

Pll-.,KRPMhorsepowerHP (KW) j~a rated 
SMEP 0 rtil KW, 

andby psi (KPa) 
Ftn oroplr {P ) 

Fani horsepnia? r HP (KW)Cy linde r h ia J ty p elnd ate 
aon materodty 


Connecting rod type 

and mte;iat 


Pielon type and materlai 

Crankshaft motcial 

Valves, matorial 

Governor, make/model 


regulation % frequency 
no load to full load 

steady state regulation 
t % frequency 

ENGINE COOLING SYSTEM 
Engine jacket wster 

capacity gal. (l1tre) 
Engine Jacket water flow 

GPM (LPM) 
Heat rajeced to cooling 

water (without fan) 
at rated KW 
dry exh. BTU/sec (KW) 

Water pump type 
Radiator system capacity

(incl. engine) gal. (lltre) 
Total Inlet air requirement

CFM (mlmln.) 
Fan, bladesdangal./hrdia. In. (mam) 

pitch In. (mm) 

60 HERTZ 

Model 
75ROZ01 
75ROZ51 
75ROZ61 
75ROZ71 
75ROZ81 
75ROZ91 

50 HERTZ 
75RFOZ01 

75RFOZ61 
75RFOZ71 
75RFOZ81 

60 Hertz 50 Hoortz 

White Engines 
0-3400T 

turbocharged 

6 In-line 
339 (5555)


4 (102)x 4,5 (114) 

16:1 

13.50 (c'q) 
7 

1125 (5.7) 

6 
low 1500 

128(4) 97(72) 

156 (1072) 
156 (107) 

123 (6) 
123 (8) 

4 (3) 2.3 (1.8) 

O.H.V. - cast Iron 

forged steel 
aluminum 


forged steel 

alloy forging 


Roosa.Master, DB 


3% nominal, 5% maximum 


± 0.33% 

3.1 (12) 

31 (117) 27 (102) 

70 (74) 55 (53) 
centrifugal 

6.4 (24.4) 

5390 (153) 4407 (125) 
5 


18 (457) 

2.4 (60) 

MODELS 

Voltage 
120/240 
139/240 
'120/240 
277/480 
120/208 
347/600 

MODELS 
120/240 
110/220 
220380 
1201208 

Phase 

3 

3 

1 

3 

3 

3 


3 
1 
3 
3 

ENGINE SPECIFICATIONS 60 Hertz 50 Hertz 
OPTIONiAL COOLING SYSTEMS 
0W City water cooling systemHeat ax'nanger mgrr/model 

Exhaust manifold type
Connection sizes, 

Water inlet 
Water outlet 

City water consumption,
GPM (LI..PM)/t IF ('C) 

' Remote radiator system 
Exhaust manifold type 
Cooling system capacity (Incl. rad. 

& eng.) gal. (litre) 
(Based on Perfex DDV-35)

Total inlet air requirement sb 25'F 

Young/F-502 
wet 

.5" NPT 
1' NPT 

9.5 (36)180 (27) 

wet 

17.3 (6,) 

rle CFM (mSlmin,) 4205(119) 3324(94)(eased on Perfex DDV-35)

Connection s1zes
 

engine; water inlet 
 In. (mm) 2 (51) I.D. hose 
engine; water outlet in. (mm) 2.25 (57) I.D. hose 
remote radiator;r m t a i t rtop tank (inlet) 2" NPT 

bottom tank (outlet) 2' NPT 
COOLING SYSTEM ACCESSORIES 
I' Block heatwr - 1000 watt, 120 volt AC 
c Radiator duct flange 
0 Romote radiator - vealical mount with 

3 phae, 60 cycle motor DDV-35 
FU*' SYS ' T1 
Fuel upply lirq.,

min. i.d. in. (ram) 
Fuel return line, 

min. i.d. in. (mm) 

Max. lift of engine driven
 
fuel pump ft. (m)
Fuel prime pump 

Fuel oil filter 
Diesel fuel recommended 
FUEL SYSTEM ACCESSORIES 
0 8 gallon tuoL transfer tank 

with purnip 
C Fuel priming tank (1 qt.) 
0 Flexible uel lines 
FUEL CONSUMPTION 
100% load 

gal./hr. (liter/hr.) 

75 load 
gal./hr. (liter/hr.) 

50% liotd
 
25% load(lter/hr.) 

gal./hr. (liter/hr.) 

Generator 
Modcl Ampere KWIKVA 
4R6 210 70/87.5
4R6 225 75/93.75
4R6 250 60/60
4R6 112 75/93.75
4R6 260 75/93.75
4R6 90 75/93.75 

4R6 165 55/68.75
4R6 227 5050 
4R6 114 60/75 
4R6 208 60/75 

.25 (6.5) 

.25 (6.5) 

6 (2)
manual 

single stage 
no. 2 

0 20 gallon fuel transfer tank 
with pump 

C Auxiliary fuel pump (12 volt) 

6.6 (25) 5.1 (19) 

5 (19) 3.8 (14) 

3.7 (14) 2.8 (11) 
2.8 (11) 2.1 (8) 

Continuous
 
Standby
 

Note: All single phase units are rated at 1.0 power factor, 3 phase units at 0.8 power factor.Ratings also apply to city and remote radiator cooling systems.rating,: All models are continuous standby ratod. Unit will operate at this rating for the duration of any power outage. 

http:55/68.75
http:75/93.75
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APPUICATION DATA 
ENGINE SPECIFICATIONS C0 Hertz 50 HertzEHAUST SYSTEM 

Exhaust ho0w at -ated KW 

CFM (ml/min.) 570 (16) 470 (13)


Exhaust temp. at ratod KW, 

dry exhaiust 'F (*Ct 
 1100 (593) 

Maximum allowabl, buck 
pressure in. i'g. (KPai) 1.5 (5)

Exhajst outlet size at .
 

hook-up In. (mm) 
 3" (76.2) NPT 

EXHAUST SYSTEM ACCESSORIES 
0 	 Flexible oxhauut connector C Industrial exhaust silencer 

(stainless steel) 0 Residential exhaust silencerC 	 Critical exhaust silencer 

AIR INDUCTION SYSTEM 

Combustion air at rated KW 


CFM (ml/min.) 245 (6.9) 204 (5.8)
alen tpeAir cleaner type 
all models 	

r 
dry 

LUBRICATING SYSTEM
Oil pan capacity 

gals, (liters) 2 (7.6)6l1 	 fih'.a(quantity, type) 
 one,cartridge

L ilobcooler 

(qua"intity, type) 	 one - olllwater 

ENGINE ELECTRICAL SYSTEMBattery charging iysten 
ground (negativa, positive) negative

volts 
 12 DC 

Starter motor 
rated voltage - volts 12 DC 

Minimum recommended 
battary for O1F (- 180C) 74 ampere
quantity
voltage - volts 12 DC 

DIMENSIONS SHOWN ARE APPROXIMATE AND
ARE NOT TO RE USED FOOI INSTALLATIONi
 
CONTACT FACTCAY FOR CERTIFIED DIVENSION
DRAWING AOHLER CO RESERVES THE RIGHT
TO 	 CHANGE ORDESIGN 0PCIFICATIONS 
WITMOUY NOTICE 

34 1- ' 

Wegt-Rdao oe;drylb ft)T 2100' 

Overall aizp: L xW x H In. (rnm) 06i(24,38) x 34 (884) x47.8 (1214) 

ID,. 

NGIE ELECTRICAL SYSTEM- ACCESSORIES 

[2 	 12 volt, 00 ampere battery C3 Battery cablesI required - Battery charger 12 volt,
0 83ttery rack (standard on automatic float typehoused units) 
C 	 Battery charger 12 volt
 

trickle type with power
 
cord and leads
 

STANDARD FEATURES 
Lube oil cooler * Lw oil pressure cutout

9 Vibro-mounts * Automotive type starting
E Mounting base a High water temperatureC Operating Instructions cutout 

a Full flow lube oil filter 

SPEC,1FICATIONS 60 hertz 50 hertz 
DERATICN FACTORS
 
Maximum altitude before
 

gen. set derating ft. (m) 500 (150)
altitude deration factor % per 1000 ft. (305 m) 	 3%Maximum Intake air temp. 

before gen. set derating
*F(°C) 
 85(29)
Temp. deration factor % per 10"F (5.51C) 1% 

Maximum mounting angle 

front or rear up degrees 	 15* 

CONTINUOUS STANDBY 75R0Z
 

GENERATORS 

%CS 	 -


I 	 me)
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APPLICATION DATA
 
FAST-RESPONSE GENERATOR

S~i CIFICATIONS; 

Mnfatrer 
 o Hartz
Manufacturer Kohler
Output reconnectibla to 10, wye and deltaNumber of leads 12 
Generator type rotating field
Excitation method rotating exciter, brushless
Voltage regulation method Fast-Response
 
Insulation - class, NEMA
 

MG1-22.40 
 F
Number of bearings 1 
Coupling flexible disc 
Amorlisaeur windings fullMachine constants at 


(KW, volts) 
 75,240 wye 60,110 wye 
Voltage regulation

no load to rated load ± 2%
Transient response 


no load to specified load 

(KW, % voltage dip) 70, 17%


Recovery time  ec. 

(For above load) 
 .1 .13 

Motor starting capacity, 

code F motor 
no load, 30% voltage 

dip, 60 Hz. 3 phase; 

n3 saeries boost --

HP (KW) 
 45 (34) 


" Generator is designed 
and built within NEMA, IEEE and ANSIatandardi for temperature rise under continuous duty operation. 
" Permanent magnet fieldrottling exciter." Skewed stator for smooth voltage wave form.
SSelf-ventilated, drIp-proof construction. 

" Fungus resistant per MIL-E-4970A. 

" Safeguard Breaker. 


o 	 Line circuit breakers. 
vout
aLine breake)s.a. 	 139/240 volt (3 phase)

b. 	1200240 volt (1 phase) 
c. 2771480 volt (3phttse)d. 	 120/208 volt (3 phas.) 
e. 347/0MO volt Q3phase)" 	 Reactive droop compensator (3 phase) 

ADDITIONAL ENGINE AND GENERATOR ACCESSORIES 
[ 	Accessories avaii ble to meet NFPA-76A. 

" Block heater 
" Low water temperature 

cutout 
" Annunciator panel, 

remote, 16 lamp
" CSA approval 

o 	 Weather housing 

v Alami relay and horn 
a All required Indicator 

lamps (see controller 
description) 

0 Bosch electric governor 
r Trailer 
0 Expo.rt boxing 

SHORT CIRCUIT PERFORMANCE 
3PHASE GENERATORS 

TYPICAL BRUSHLESS ANC STATIC VXCITED 
SUSTAWo(DRMSAttil 25'. TO44% O RATO CURNET 


.E A""-" 


P K APS i% TO0g*, r LTURRT 
_AEp_ _ _ _ A P 4_ %T 6 0 Of 

TYPICAL -FAST P 'PONSE' 

SUSTAINEDINSAMPSWeGA OPRATEDTO W5% CUARFAIT 
L- AM'sC lred 

fJw n fiJ J 

-	 'SAKAWPS040%TO1000%OfRATEDCLIPOT 

SHORT CIRCUIT PROTECTION 
Conventional genarator current collapses under short circuit. 
FAST-RESPONSE generators continue to provide ample current 

to 	 permit normal breaker tripping. 

Vibro-mounted io-yer cabinet contains indicatinglamps and solid state circuit boards. All instruments ii upper 
cabinet are standard, as are six lamps in lower catinet. 

DECISION MAKER
CONTROLLER 

SPECIFICATION
 
Manufacturer 


Starling method 

We.g t (kg)
obs. 
Size - H x W x D In. (mm) 
Power source 

EQUIPMENT 
STANDARD EGUIPMENT 
v Wirin harness for 

electrical connections 
e Lamp test ewitch 

a Cyclic cranking 
* 	 0iercrank and atarler 

unmesh protection 
* 	 Faull reset switch 
* Overspeed control 

I Two-wire remote start/
stop termination

Phase selector awltch 

Inxtriteina 
AC voltmeter

* 	 AC ammeter 
• AC frequency miter 
*Batt. charg. ammeterEng rie H 20 temp. 
*Engine oil pressure

time mter 

Indicator Lamp. 
a Overcrank (red lamp) 
9 High water tenrip r tura 

(red lamp) 
9 	 Low oIl pretsuro (rad lairip) control selector Switch has 
o 	 Ovorspoa d (red lamp) been left in the off position.
MounIlno Caab!tlIlsa 
* Controll;r can be positioned so instruments face toward either 

side or toward rear of ganarator set. 
a Either or botn controller cabinats can be remote mounted as a 

monitoring aid. 
ACCESSORIES

A ORIE goPreelanrn ltmp group 
, 	 Anticipatory low oil pressure (yellow lamp) 
*a AnticipatoryLow hlgh water temperature (yellow lamp)wato- temporature (red lamp)
C Hospital lamp oroup required to meet NFPA-76A
* 	 Anticipatory ?ow oil * Low fuel (red lamp)


re s s ure (y ello w lam p) 
 0 S y ste m read y ' (g r t n 
a Anticipatory high water tamp) indicates no faultstemperature (yellow lamp) detected by monitoringT High battery volts system end that engine(red lamp) start control selectorLow b-. ttery volts switch Is In automaticILmp) position and ready for
 
a Low water temperature emergency start.
 

(red lamp)
 
o 	Alam re lay plus homDacision Monitor0 	 4,Horn silence zwItch- sixteen light remote annunciator panel. 
0 	 Fast-Check - diagnostic fault detector activates controller 

indicator circuits without operating engine/generator.
[o Extension wiring harniss for remote mounting of controller. 

1- Isolated alarm contact kit. 

_;0 

Kohler 
solid state 

remote and local
 

33 (15)

11.75 (298) x 18.25 (475) x 12.25 (311) 

12 or 24 volt DC 
12 


* 	Voltage adjusting rheostat,
 
front panel mounted
 

* 	 DC circuit protection 
*,	Engine start control
 

selector switch
 
" Emergency stop switch
 
a Panel lamps :2)
 
* 	Shutdown time delay for
 

enUine cool off, adjustable
2 to 10 minutes 

Sin In. (mm) Accu -Acy % FS
3.5 (8T) 2%3.5 (89) 2% 
3.5 (89) 0.5% 
2 (51) 2%2 	 (51) 2% 
2 	 (51) 2%1.7(43)1Running 

* Emergency stop (red lamp) 
* 	 Swittch "olf" (Ilashlnn red
 

lanp) warns that engine start
 

DHLER CO., KOHLER, WISCONSIN 53044 PHONE 414 565-3381 TELEX 26888 TWX 910 264 3877 Code: G05-001 
Printed in U.S.A. 
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75KrW Diesel 

Liquid Cooled
MI1K-RiESP'E 
SAMPLE SPECIFICATION 

FERGENCY STANDBY ELECTRICAL SYSTEM: 
 The standby generator set shall be
 
installed by the contractor at the location shcwn 
on the plans and drawings,

and as specified herain; with all 
accessories and transfer 
switch(es) as
 
required.
 

All equipment shall be new and of current production of a national firm, who
manufactures the generator and control panel and transfer switch and assembles 
the standby generator set as 
a matched unit, having a service and parts

organization within a reasonable distance of this project, backed up by a
 
national sales and service organization.
 

The standby generator set shall be supplied to operate on 
#2 Diesel fuel.
 

The engine shall be liquid-cooled by means of a (select one) RADIATOR, CITY-

WATER COOLING SYSTEM WITH HEAT EXCHANGER, REMOTE RADIATOR SYSTEM.
 

The standby generator set shall be rated continuous standby (defined as con
tinuous for the duration of any power outage) 
* Volts Phase Wire


Power Factor KW KVA 
 Ampere at 500 feet altitude, 85 degrees

F, as Kohler Model 75ROZ series.
 

*Ratings (select one)
 

NOTE: 
 Ratings apply to radiator, city water, and remote radiator cooling systems.
 

Voltage 
 Phase Wire Power Factor KW/KVA Ampere
 

120/240 3 4 
 .8 70/87.5 210
 
139/240 3 3 
 .8 75/93.75 225
 
120/240 1 
 3 1.0 60/60 250
 
277/480 3 4 
 .8 75/93.75 112
 
120/208 3 
 4 .8 75/93.75 260
 
347/600 3 4 
 .8 75/93.75 90
 

ENGINE: The turbo-charged engine shall be Diesel fueled, 6 cylinder, 4-cycle,

liquid-cooled, with not less than 339 cubic inch displacement and deliver a

minimum of 126 HP, at a governed speed of 1800 RPM.
 

Engine speed shall be governed by a gear driven mechanical governor to maintain
generator frequency within 3 cycles from no load to full 
load generator output.

Belt driven governors will not be considered.
 

Engine shall be equipped with the following:
 

12 volt positive engagement solenoid shift starting motor.
 
40 ampere automatic battery charging alternator.
 
Lube oil filter - Dry-type air cleaner.
 
Electric solenoid fuel shut-off valve.
 
Gas-proof seandess, stainless steel, 
flexible exhaust connector.
 
Flexible fuel connection 
- oil drain extension.
 

GENERATOR: 
 The generator shall be 4 pole, brushless, 12 lead reconnectable of

drip-proof con:,truction with anortisseur windings. 
 Insulation shall be Class F

with epoxy varnish. 
Generator field current shall be controlled by a rotating

thyrister bridge module optically coupled 
to a firing circuit type voltage

regulator. 
The exciter shall be 24 pole permanent magnet type. 
Generators
 
controlled by wound field exciters will not be accepted unless they meet the
 
following performance.
 

Radio-interference suppression meeting commercial standards shall be supplied.

Voltage regulation shall be within plus or minus 2% of rated voltage, from no
 
load to rated load.
 

Upon application of 90% rated load in one step voltage dip as measured by a

light beam recorder or oscilloscope shall not exceed 17%, recovery to stable

voltage shall occur within .1 second. 
Stable or steady state operation is

defined as 
operation with terminal voltage remaining constant within plus or
minus 1/2 of 1 percent of rated voltage. Voltage adjustment range shall
 
be plus or minus or minus 5 percent of rated voltage. Temperature rise
 
shall be within NEMA, IEEE, and ANSI standards.
 

Code: G10-002, 1of K O 
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If a line 
to neutral short circuit occurs, the gsnerator shall slipport 300%
rated current for 
10 seconds without externally mounted devices.
 

A resettable line current sensing circuit breaker with inverse Lime vs.
response shall be 
 current

furnished which protects the generalior from d4mage due to
overload. 
 This breaker shall not 
trip within the 
10 seconds specified above.
 

Separate visual diagnostic means shall be furnished on the 
generator rotor
for determining that exciter voltage 
is being develored and 
t.it the excitation system is supplying current to the generator field according to load

requirements.
 

The generator, having a single, maintenance free bearing, shall be di.rect
connected to the 
flywheel housing, with a disc coupling between the 
rotor and the

flywheel.
 

CONTROLLER: 
 Set mounted controller facing right, left, 
rear (choose one) shall
be vibration isolated on the generator enclosure. It shall be of solid state
design. 
Relays will be acceptable only for high current circuits. 
 Circuitry
shall be of plug-in design for quick replacement. Controller shall be equipped
to accept a plug-in device capable of allowing maintenance personnel to test
controller performance without operating the engine. 
The contrller shall include:
 

Fused DC'circuits.
 

Complete 2-wire start/stop control which shall operate on activation of
 
a remote contact.
 

Cranking period controller tj a speed sensor which disengages the
starting notor when the engine has started. 
 Battery charging alternator
 or generator voltage may not be used for ths signa!.
 

The startii% 
system shall be designed for restarting,in the event of a
false engine start, by permitting the engine to completely stop and

then re-engage the starter.
 

Cranking cycler with individually adjustable (2 to 
20 Eeconds) ON and OFF
 
cranking periods.
 

Overcranking protection designed to open the cranking circuit after 30-60
seconds if the engine 
fails to start.
 

Circuitry to shut down the engine when signal 
for high coolant temperature,
low oil pressure or overspeed are received, with reset button.
 

Adjustable (2-to 10-minute) factory set at 5
-minute time delay t:
unloaded running of the standby set 
permit


after transfer of the load 
to normal.
 

Alarm horn.
 

Three-position (automatic-off-test) selector switch.
 

Emergency stop switch.
 

Indicating lights 
to signal:
 

Switch "off" (flashing red)
 
Overcrank (red)
Standard Equipment Emergency stop (red)
 
High coolant temperature (red)
 
Overspeed (red)
 
Low oil pressure (red) 

Optional 
Anticipatory Group* 

Anticipatory high coolant 
temperature (yellow) 

Anticipatory low oil pressure (yellow) 
Low coolant temperature (red) 

Optional 

Hospital Group* 

High battery voltage (red)
Low battery voltage (red) 
Low fuel (red) 
System ready (green) 

Test button for indicating lights.
 

Connections to the controller shall be by plug-in wiring harness.
 

*Required to meet ?7PA-76A regulations.
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INSTRUmT'NT FANCL: A I :unte nstrunent panel shiall include: 

Dual range v-truter 3 1./2 inch + 2% accuracy. 

Dual range anueter 3 1/2 inch +_ 2% accuracy.
 

Volt-meter-A~neter 
 phase selector 'itch.
 

Lights to indicate 
 high or iow meter scale. 

Direct reading poiiter type frequency meter 3 1/2 inch + .3 hz accuracy.
 

Panel illuminating light. 

Battery charging aneter. 

Oil pressure gauge.
 

Coolart temperature gauge.
 

Running time meter.
 

Plug-in voltage regulator with front panel voltage adjusting rheostat. 
AUTOMATIC TPNSFEII SWITCH(ES) The automatic transfer switch shall be listed byUnderwriters Laboratory under Std. JL 1008 for emergency systems and all classes
of load, and be CSA approved. The ampere rating shall be at least equal to the
total load being transferred Contr:ol circuitry shall be solid state except for
"OFF- timers and heavy current circuits. The transfer switch shall initiate
transfer to the generator set when the voltage of any phase of the normal drops
below 70% of rated. The 

interrupting ratings equal 

transfer switch shall have closing, withstand and
to the available short circuit current on the normal
supply. A m2,nimu 1 of .5 

emergency and closing 

second delay must exist between the opening of the
of the normal to allow induced voltaqes in the system to
 
decay.
 

GErERAT,3R SET MOUTN'*ING: The standby generator set shall be equipped withfactory installed vibration isolators mounted between the set and fabricated
steel base 
to prevent distortion of alignment between generator and engine
when installed. 
Mount on concrete pad as 
shown on 
plans and drawings.
 

ACCESSORIES: 
 Engine block heacer, 1,000 watt, 120 volt.*
 

Cne, 90 
ampere hour, 12 volt battery, battery rack, and battery cables. 

20 ampere automatic float battery charoer Model A-269214 with constant voltageregulation, current limiting capability, temperature compensated for ambientsfrom -20 F, voltmeter and ammeter; equipped for conduit installation, assupplied by Kohler Co.
 

Engine exhaust silencer L-'ated 
for 
(select one) Industrial, Residential, Critical 
application. 

Remote annunciator panel* with visual indicators for: 

Switch "off" (flashing red), Overcrank (red), Emergency stop (red),
coolant temperature (red), Overspeed (red), 
High
 

Low oil pressure (red), Anticipatory high coolant temperature (yellow), Anticipatory low oil piessure
(yellow) Low coolant temperature (red), High battery voltage (red),
battery voltage (red), Low
Low fuel 
(red), System ready (green), Normal line
power (yellow), Generator power (yellow), Alarm switch off 
(red), and an
audible alarm with~chut-off switch.
 

*Required to 
meet N-PA-76A regulations.
 

INFOPMATION REQUI $D FOR SPECIFIED STANDBY SYSTEMS 

1. Detailed specification sheets.
 

2. Certified final factory 
test report shall be provided to the
architect, certifying this unit's full power rating, stability,

voltage and frequency regulation.
 

3. 
Complete operating instruction and maintenance manual with parts

list.
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APPIJCAPION 

DIESEL ENGINE 
ENGINE SPECIFICATIONS 
Manufacturer 


Mod6l 

Type 
Cylinder arrangement 

(number, Inline, V,etc.)
Displacement In3 

(cmTi3) 

Bore .tnd atroko In. (mm)Compression ;Atio
Piston speed


flitonspee 
f!tn (meters/sec.) 

Searings: mains, number
connecting roos, number 
taed RPM

Max.h)orsopover jq Wetod 

RPM HP (KW)
Fan hors-opowr HP (KW) 

Cylinder head type
rnd material 

Gannucting rud typeand maternl 
Piston ,yPe and ntierial 

Cianksna;t mitt-vriai 


Valves, iateria'!
Governor, . .aie/mo¢ieI 
ragulafton % requenctF

no load to full load 
:Itrady gtas reoulation 
.-. cyirequ na 

-INGL COUNG SYSTEMEngine jactet water
cppecity gal. (litre) 


Engine jackot water flowPM L.PM) 
Kait te!cted to cooling 

wd~ir ,wlthou. tan)
at m'tia KW"

dry r.xh. 1U,sec (KW) 
Wite; puAmp typa 
: ,"-dicor sy'tm capoclly

(ircl. *noine) gal. (litre) 
Total In!at air requirement 

C;FM '.ri 
Fan, blades 

dia. in. -n)
pitch lev(ram) 

MDA 


60 Hertz 50 Hertz 
White Engines, Inc. 


D-4800T 

4 cycle, turbocharged 


6 In-lIne 
478(7850) 

4.56 (116) x 4.88 (124)
18:1 

1464 (1.4) 1220 (6.2) 
7 
6 

law0 1500 

180 (134) 
3:4 (2.5) 

147 (110) 
2 (1.5) 

O.H.V. - alloy casting 

forged steel 
aluninum 

forged steel 

alloy fc'-ging
Roosa Mastar/SB 

3 nonsmln, 5 maximum 

0.33 

4(15) 


60 (227) 50 (189) 

81 (86) 69 (73) 
centrifugal 

9 (34) 

8 5 24) (2 )al./hr.8645 
6 

21.75 (552)
2.25 (57) 

60 HERTZ MODELS 
mudl 
 Vokieus Phase


100ROZ0 
 120/240 
 3
100ROZ51 
 139!240 3

100ROZ61 
 120/240 
 1
1OOROTIrt 277/480 3
100ROZ1 
 1201208 3
lOOROZ 1 347/600 3 


50 HERTZ MODELS 
00RF0Z0! 120/240 3
001RFO;61 
 10'220 1 
100RFOZ71 
 220/380 3

i00RFOZ81 120/208 3 


RATINGS: All mod.is 

OPTIONAL COOLING S YSTEMSENGINE SPECIFICATIONS 0 Hertz 50 Hertz
 

El City water cooling system withheat exchanger includes: pipethreaded water connections, 
water shut-off solenoid valve,thermostatically 

controlled water 
saver valve, surge tank 
Heat exchanger mfgr/model 
Exhaust manifold typewat'>r inlet 

Connection sizes,


waP.r outlet 

Cit water

GPM (LPM/at 'F ('C)

[E Remote radiator system
Exhaust manifold type

Cooling system capacity (incl. rad. 
& eng.) gal. (litre) 
(Based on Perfx DDV-35)

Total inlet air requirement at 25"Frise CFM (m3/min.)(Based on Porfex DDV-35) 
Connection sizes
 

engino; water inlet 
 in. (mm) 
en!)irie; water outlet in. (mrnm) 
remote radiator;
 

top tank (inlt) 

bottom tank (outlet) 

COOLINJG SYSTEM ACCESS5ORIES 
El 3S1,ck heater -- 2500 watt, 120 volt AC.La %ldiator dict flang6.

D mote radiator -- vertical mount with
E 

3 phase,60 cycle motor DDV-35. 

F . rsT e ,
min. I.. In.(rnm) 

Fun!rotirn lin, 
mn.I.D. in.(mm)

Max. lift of engine drivenfuel pump ft. (m)Fuel prime pump 

Young/F-502 
dry.75" NP'r 

1' NPT 

12 (45)/90 (32) 

dry 

15(57)
 

5335 (151) 

2.5 (63) I.D. hose 
2 (51) I.D. hose 

2 NPT
 
2' NPT 

.25 (6) 

.25 (6)
 
6 (2)


electric 
u lo!fle"r singia stage 
FUEL SYSTEM ACCESSORIES
 
El Fuel priming tank (1 qt.) El 21)gallon fuel transfer tank 

8-gsllonwith. pump.fuel transfer tank [] with pump.Auxiliary fuel pump (24 volt). 
El Floxible fuel line. 
FUEL CONSUMPTION 
100% load
 

gal./hr. (literhir.) 
 8.1 (31)
7563load
 

(liter/hr.) 6.1 (23)Y load
 
gal./hr. (liter/hr.) 4.4 (17)

25% load 
gal./hr. (liter/hr.) 3.0 (11) 

Generator Continuous 
Standby

Model Ampere KW/KVA
41R8 270 90/112.5
4R8 301 100/125

4R8 
 375 90/90
4R8 150.5 100/125
4R8 347 100/125
41R8 120 100/125 

4R8 225.5 75/93.744R8 
 340 75/75

488 
 161.5 85/106.25
4R8 295 85/106.25are continuous Matvndsiy

RFatmng ,.,o 
ratea. Unit wil! operate at this rating for the duration of any power outage.!- .poly to ;ity ater d rmnote radiotor cooling systems. Allsingle phase units are rated at 1.0 power factor, 3 phase units at 0.5 powerf'Ctor Doar . inroxirn,,tely '.5% per IO0 ft. (305 in.) above 1300 ft. (1000m) elevation. 

http:85/106.25
http:85/106.25
http:75/93.74


-- 

APPLICATION LTA 
ENGINE SPECIFICATIONS 0 Hertz 50 Hartz ENGINE ELECTRICAL SYSTEMEXHAUST SYSTEM - ACCESSORIES 
Exhaust flow at rated KW 0 6 Volt, 160 ampere battery 1: Battery cables. 

CFM (mS/rn.) 4 required 0 Battery charger 24 volt,900 (25) 750 (21)Exhaust temp. at rated KW, 0 Battery charger 24 volt automatic float type.trickle type with powedry exhaust *F (*C) 1165 (627) 0 Battery rack (standard oncord and leads. housed unit,).Maximum allowable backpressure In. Hg. (KPa) 1.1 (3.7) STANDARD ENGINE FEATURESExhaust outlet size athook-up 
 3' NPT **Viro-mountsHi h water temperature • pull flcw lub.- oil filterEXHAUST SYSTEM ACCESSORIES 
CUtL 

* Low oilpressure cut-out
Flexible exhaust conn.octor 0 Residential exhaust silencer e Automotive type starting
Lube oil cooler a Operating instructions(stainless steel) 0 Critical exhaust silencer * Mounting base0] Industrial exhaust silencer
 
AiN INDUCTION SYSTEM 


SPECIFICATIONS
Combuistion air at rated KW 60 Hortz 50 Hertz 

DERATION FACTORSCir4M (m31rnin.) 295 (8.3) 245 (6.9)Air cleaner type Maximum altitude before
 
all models gen. set derating ft. (m) 
 3300 (1000)
dry 
 altitude deration factor -

LUBRICATING SYSTEM % per 1000 ft. (305 m)Maximum Intake air temp. 1.5Oil pan capacity

gals. (litres) before gen. set derating
5.5 (21) *F (-C)Oil filter (quantity, type) 115 (40)2 - full flowLube oil cooler temp. deration factor 
(quantity, type) % per 10*F (5.5"C, 2.7one - oil/water Maximum mounting angle  30ENGINE ELECTRICAL SYSTEM front or rear up degrees

Battery charging system
ground (negative, positive) negative
volts 24 DC 

Starter motor
rated voltage - volts 24 DC CONTINUOUS STANDBY 1OOROZMinimu.m recommorded 
battery for 0' F 140 ampere
quantity
 
voltage - volts 
 KOHLER
Rzo fX 

GENERATORS 
Availacility is subject to change with.
out notice. Kohler Co. reserves Ine rightto change thc d"ign or specificationswithout notice arid without nny obli a. o
tion or Nability whatsoever, Availability 8 7, C Gcan be determined by contacting yourlocal Kohler Co. Distributor. A,.
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WEIGHTS AND DIMENSIONS ,_,$O 

Weight - approximately lb. (kg) 2985 (1356) 

8L 

Overall Size: L x W x H In. (mm) 96.25 (2438) x 34 (864) x 58.87 (1495) 



Vibro-.ounNed " D Iove, cabine, contins idicatnglamps and solid stite crrcult 000a1dr. All inslrumrnis in uppercabinet are atandaid, as are Zix Ipm.js in iovinr c.binet.
FAST-RESPONSE GENERATOR 
SPECIFICATIONJS 60 H14r1112 50 Hertz 

Manufac~urer ,t


KohlterOutput reconnectibla 	 ~~ 
10, wye and delta 	 ~~~, 

.,Number ot leads 12 
__4$,rGer:, cr typ? 	 rotating field "4,.,Excltaton malhod rcitating exciter, brushlassVol;oe. regultion methodlulmlon -- laa, INMA Fat-ResponseMGn-1o. 

DECISION MAKER 
Niuwbrir of discringo CONTROLLER'oLupllng flexible discAmortissur windings 	 SPECIFICATIOUS

full Manuacture'Voltage regulation Koher
Typ e solid stalestoldy state - no loadto full load  2 maximum 	 Starting methodWeight lbs. (kg) 	 remote and localOne stop load acceptance 	 33 (15)Size - H x W x n In. (mm) 11.75 (2.8) x 16.25 (475) x 12.25 (311)% of rating 

* Generator is designed and built within NEMA, 
90 	 Power source

IEEE and ANSI 	 12 or 24 volt DCStandards for temperature rise under continuous duty operation at 
STANDAnD EOl2rP24oND
 

all output ratings. T U-.,tVNad

& Wiring narness for
' Permanent magnet field 	 a Voltage adju.ting rheostat,rotating exciter,Permanentane fieldmootaotingexctefr. 	 electrical connections

* 	 front panel mountedSkewed stator for smooth voltag 	 * Lamp test switchwave form. 	 , DC circuit prot-ectiono 	 Self-ventlloted, drip-proof construction. * Cyclic clanking * Engine start ontrol 
Overcrank and slarter aelector ". itchFungusresistant per MIL-E-49~70A. 
unme-th protection# Safeguard Breaker. * Eme,,ncy stop switch 

0 Fault ratt Owitch • Panel lamps (2)GENERATOR ACCES'.ORIES a Ovripond control* Two-wire remote start/ * Shutdown time delay for13 Line circuit breakers. 	 engine coo! off, mdiustable11 Reactive droop compensator. stoo termInafiona. 240 volt (3 phase) 	 2 to 10 minutes
b. 120/240 volt (1 phase) 	 a Phatss selector switchc. 277/480 volt (3 phase) 	 Inalrumants SIza In. (mm) Accuracy % FS* AC voltmeterd. 1201206 volt (3 phase) 	 3.5 (89) 2% 
e. 347/600 volt (3 phase) 	 AC ammeter 3.5 (89) 2%• AC froque,'cy meter 3.5 (29) 0.5%ADUITIONAL ENGINE AND GENERATOR ACCESSORIES 	 Batt. charg. ammeterEngine H-O temp. 2 (51) 2%- Accessoris available to meet NFPA-76A. 2 (51) 2% 

Engine oil pressure* Block heater 	 2 (51) 2%* Alarm relay and horn Running time meter* Low water temperature 	 1.7 (43)e All niqulred Indicatorcut-,ut 	 Indicator L"p"lamps (see controller * Overcrank (red lamp)* Annunciator panel, 	 a Emergency stop (red lamp)description)
remote, 16 lamp 	 a High water temperature * Switch "Off" (flashing red(red IPmp)" CSA approval. 0 Trailer. 	 lamp) warns that engine star1 

" Weather i 	 Low oil pressure (red lamp)housing. 0 	 control selector switch hasExport boxing. 0 Overspeed (rod lamp)" Bosch electric governor. Geneator 	 beren left in the off position.0 strip heater. Motinting Capabl~ltlea 
I Controller can he' positioned so instruments face toward ltheraide or toward rear of Coenarator net.Either or both controller cabnetr can be remote mounted as a

monitoring aid.
 
SHORT CIRCUIT PERFORMANCIE
-PHAS E GEHFIA 	 ACCESSO'I;ESTOR 	 13 Prea l rm lam p g rou p 

ANTYPICAL BIRLS TYP~AL STAICeu~ xci ~eLES STATIC *,EXC0 ) 	 Antlci*.atory tow oil presture (yellow tamp)AND Q 

S 
 * Anticipatory high water temperature (yellow arrip)PEAMPS 	 1W0 Low water tMm orafure (red lamp)Hospital lwnp group r~quired to meet NFPA-76AAgo' 01. TO100%OfPAT93(VAIIIN1 a Anticipatory low oilpresurs (yellow larnp) & Low fuel (red lamp)a "System ready" (greenTYPICAL. "PAT SP4ED,f .ISlE 

nlt ,ithwtea Antlcipmto-yo high water ~ p niae ofut 
I AIRTro 

tempearlufu (yellow lamp) 
lamp) indicates no taults 

a$ LAW 300% ofRATIO 	 detected by monitoringTo3111% CURIRNT a High battary volt, system and that engine(red lamp)L*,4 .MPS 	 start control selector* (redLow lamp)baltelr voilts switch is in automaticp J'ition and ready for 
I J * Lowmwater temperature emergency start.(red lamp). -PIEAKAMIS$00*.TOI0N0 OfIT II URRENT Alarm retty plus horn 

* Horn silence Switcl 
0 Decilon Monitor 

SHORT CIRCUIT PROTECTION 
Conventional generaiot 	 - siXteen light remote annunciator panel.current collapses under short circuit.

FAST-RESPONSE 0 Fast-Check - difgnostic
generators continue to 	 faull detector aclivetes controllerprovide ample currentto permit normal breaker tripping. 

0 
Indicator circuits without operating engine/generator.
Extension wiring harness for romote mounting of controller. 

0-1 Isolated alarm contact kit. 
>IILER CO, KOHLER, WISCONSIN 53044 PHONE 414 565-3381 TELEX 26888 TWX 910 264 3877 GOf-"15 
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KOHL SR,100 K" ielii E ATORSLiq~uid Cooled 

SAMPLE SPECIFICATION
 

EMERGENCY... STV. BY ELECTRICALins-talled by, the conitacrt SYSTEIM: The standby generator set shall bethe lccation shcwnand as specified on the plans ad drawings,herein; ,tth all accessories and transfer switch (La)required. as 

All. equ~ocnen!,rm

who 

thie genera.:ur of a natiictiifirn,
who manufacture.ieqipent s~hell be new and of current productionand controlasserbles the panel and transfer s tch andstandby generator set

and parts organization within 

as a matched unit, having a service
 a reasonable distance cf this project, backedi'p by a national sales and ,ervice organization,, 
The standby generator s shall bet supplied to operate #2on Diesel fuel.
 
The engine be
shall liquid-cooled
CITY--WAT.R COOLI[LG 

by means of a (select one) ,,DIATOR,SYSTEM WITH HEAT EXCHAiGER, REMOTE RADIATOR SYSTEAi.
 
The standby generator 
 set shall be raLed continuous standbycontinuous (defined asfor the duration of powerany outage)Phase * VoltsWi re Pow.er Factor KWKVAat 33j-0" ft-iaatiThde, Anere85 degrees F, as Ko,57er Model10jROZ'se _ 
*Ratings (select one)
 

NOTE: 
 Ratings apply to radiator, city water, and remote radiator cooling
 
systems.
 

Voltage phase Wire Power Factor KW/KVA Amere 
120/240 3 

3 
4 
3 

.8 90/112.5 270240 .8 100/125
120/240 1 3 1.0 
301
 

90/90 375
277/480 3 4 .8 100/125 150.5120/208 3 
 4 .8 100/125
347/600 3 3474 .8 100/125 120 

ENGINE: 
 The turbo charged engine shall be Diesel fueled, 6 cylinder,
4 ncyce, liquied cooled, with
and a 

not less than 478 cubic inch displacementdeliver minimum of 180 HP, at a governed speed of 1800 RPM. 
Engine speed shall be governed by a gear driven mechanical governor to
maintain generator frequency within 3 cycles from no loadgenerator output. t:o full loadBelt driven govenors will not be considered. 
Engine shall be equipped with the following:
 

24 volt positive engagement solenoid shift starting motor.40 ampere automatic battery charging alternator.

Lube oil filter - Dry-type air cleaner.
Electric solenoid fuel shut-off valve.
Gas proof seamless, stainless -teel, flexible exylaust

connection.
 
Flexible fuel connection 
- Oil drain extension.
 

GIO-013 
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GENERATOR: The generator shall be four pole, brushless, 12 leadnectable rof drip-prooi construction with .fortisseur windina .shall ins.I _'I't0be Class F witn epoxy varish. Generator"ield current, sa Icontrolled by a rotatig c.iv..tr bridge mnodule opticallyfiring circuit y yrAaltge egu3t.sr. 
couil- ,

T>. exciter shall be 24
nianent mnagnet ty renerjcrs controlled 
acc, 

bw wound field excitenot be .- ' t te plluwjn-
performac:e.
 
Radio-inter:ern:.:e 
 suop'ressxn a etin 9, commercial standards sra'. 1plied. Voltag su.r -u.'ionsiai 
 be within plus or mlnusi; 2% c' . vol age, fronl no . to rat:d load.
 

Upon application 
 of 89trated load in one ster vo].taje dip as rtasuredby a light beam recorder or oscilloscope shallto stable voltage shall occur 
not exceed .5%3 recoverywitvin .1 second. Stable or steadv stateoperation is defined as operat)-en with terminalwithin plus or minus 1/2 ol 
voltage remailill"n'ooSta'toine (i) percentadjustment ran,, shall be 

of rated voltage. Voltageplus or 5 percent of rated voltag.perature pnus Temrise shall be within N:',t, IEEE, and ANSI standards. 

If a line to neutral 
short circuit occurs, the generator snall support
300% rated current for 10 seco-ids witout externally mounted devices.
 
A resettable line 
current sensing circuit breaker with inverse time vs.current response shall be furnished which protects the generator fromdue to overload. This breaker shall not trip within the 

damage 
10 seconds "-eci

fled above.
 

Separa-e visual diagnostic means shall be furnished on the generator rotorfor deterining that exciter voltage is beiig developed and that the excitation system is supplying curient 
to the generator fi.eld according to
load requirements.
 

The generator, having a single, maintenance free bearing, shall be direct
connected to the flywheel housing, with a disc coupling between the rotorand the flywheel. 

CONTROLLER: 
 Set mounted controller facing right, left, rear (chcose one)snall be vibration isolated or. the generator enclosure. It shall be of
solid state design. Relays will be acceptable only for high current circuits. 
 CircuLtry shall be of plug-in design for quick replacement.
troller shall be equipped to Conaccept a plug-in device capable of allowing
mainte 
 ice personnel to test controller performance without operating
the eng. ie. The controller shall include:
 

Fused DC circuits.
 

Complete 2 wire start/stop control which shall operate
 
on activation of a remote contact.
 

Craniking petiod controlled by a speed sensor whi ch
disengaaes rhe starting motor when the engine

has started. 
 Battery charging alternator or
generator voltage may not be ut:ed for this
 
signal.
 

The starting system shall be designed for restarting in
the event of a false engine start, by permitting the engine to completely stop and then
 
re-engage the starter.
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Cranking cycler with individually adjustable (2 to 20seconds) 
0:4 and OFF cranking Pe:iod 
Overcranking rict~odesigned 
to open the crankingcircuit :ft'er 30-90 sncondZ( th encine fails 

to start.
 
Circui tr 
 to s.jt rv" t engine when'e a for high.coolant tenr xatur', ].2, pressurespeed are or overreceive , with re.et button. 
Adjustable 
(2 to 10 ndnute) factory 
,et at 5 jrn. tiIe
delay to 
permit unbloaded running of the
set aftc.r standby
transfer of the 
load to normal.
 

Alarm horn.
 

Three position (automatic-off-test) selector switch.
 

Emergency stop switch. 
Indicat.Lng lights to 
signal 
- (Switch "off" (flashing red) 
Specifier's Note: (vercrank (red)Standard (Emergency stop 
(red)
Equip. (High coolant temnperature (red)

(Overspeed (red)

(Low oil pressure (red)
 

Optional 
 (Anticipatory high coolant
Anticipatory (Temperature (yellow)
Group* 
 (Anticipatory low oil pressure
 
( (yellow) 

Optional 
 (System ready 
(green)
Hospital 
 (High battery voltage 
(red)
Group* 
 (Low battery voltage (red)
 
(Low fuel (red)
 

Test button for indicating lights.
 
Connections to 
the controller shall be by plug-in wiring


harnesses.
 
*Required to meet NFPA-76A Regulations.
 

INSTRU 
.:T PAEL: 
A set mounted instrument panel shall include:
 
Dual range voltmeter 
3-1/2 inch +2% accuracy.
 
Dual range ammeter 
 3-1/2 inch +2% accuracy.
 
Voltmeter-Ammeter phase selector switch.
 

Lights to indicate high 
or 
low meter scale.
 
Direct reading pointer type frequency meter 3-1/2 inch +.3


hz accuracy.
 

Panel illuminating light.
 

Battery charging ammeter.
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Oil 	pressure gauge.
 

Coolant temperature gauge.
 

Running time meter.
 

Plug-in xoltage regulator with front panel voltage adjusting

rheostat.
 

AUTOMATIC TRANSFER SWITCH(ES) : The automatic transfer switch shall be
listed by Underwriters Laboratory under Std. UL 1008 
for emergency
systems and all classes of load, and be CSA approved. The ampere rating
shall be at least equal to 
the 	total load being transferred. Control
circuitry shall be solid state except for 
"OFF" timers and heavy current
circuits. The transfer switch shall 
initiate transfer to the generator
set 	when the voltage of any phase of the normal drops below 70% of rated.The transfer switch shall have ciosincg, withstand and interruptingratings equal. to the available short circuit current on the normal supply.A minimum of .5 second delay must exist between the opening of the emergency and closing of the normal to allow induced voltages in the
 
system to decay.
 

GENERATOR SET MOUNTING: The standby generator set shall be eauippedwith fatory inta d vibration isolators mounted between the set and
fabricated steel base to prevent distortion of alignment between
generator and engine when installed. Mount on concrete pad as shown on
plans and drawings.
 

ACCESSORIES: 
 Engine block heater, 2,500 watt, 120 volt.*
 

Four, 160 ampere hour, 6 volt batteries, battery rack, and battery cables.
 

15 ampere automatic float battery charger Model A269215 with constant
voltage regulation, current limiting capability, temperature compensated
for ambients from -200 F, voltmeter and ammeter; equipped for conduit

installation, as supplied by Kohler Co.
 
Engine exhaust silencer rated for 
(select one) Industrial, Residential,
 
Critical application.
 

Remote annunciator panel* with visual indicators for:
 

Switch "off" (flashing red), Overcrank (red), Emergency stop (red),
High coolant temperature (red), Overspeed (red), 
Low 	oil pressure (red),
Anticioatory high coolant temperature (yellow), Anticipatory low oil
 pressure (yellow), low coolant temperature (red), High battery voltage

(red), Low battery voltage (red), 
Low fuel (red), System ready (green),
Normal line power (yellow), Generator power (yellow), Alarm switch off
(red), 
and 	an audible alarm with shut-off switch.
 

*Required to meet NFPA-76A Regulations.
 

INFORMATION REQUIRED FOR SPECIFIED STANDBY SYSTEMS
 

1. 	Detailed specification sheets.
 

2. 	Certified final factory test report shall be provided to the

architect, certifyino 
this unit's full power rating,

stability, voltage and frequency regulation.
 

3. 	Complete operating instruction and maintenance manual with
 
parts list.
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KOHLER
,-ENERATORS 	 125
 

continuous standby
generator set 
* SUSTAINED SHORT CIRCUIT PROTECTION,

Generator will not collapse. Sustains high
short circuit current for selective tripping of 

normnal sized branch circuit breakers. 


* FAST RESPONSE TO LOAD CHANGES.Kohler-patented voltage regulation syst:2rn pro-
vides full power to the main generator field
within .05 seconds or less. Voltage dip on most
3-phase models, no load to specified load,
is less than 15%. 
* SAFEGUARD BREAKER. To pre ,'rt overloads,Kohler provides an AC line-scnsing time delay

circuit breaker as standard generator equip.
ment. This breaker protects the generatorfrom its own high current capability. Sufficient

high current output time is allowed to trip a 

branch circuit breaker affected by a short. 

3;--

I 	 An 

ac lquid-ciAa Ikxi4ia 

* HARMONIC INTONATION. No high frequency

spikes ii output wave form.


# 12-LEAD RECONNECT;'LE TO COMMON

VLA GES ,
 

POWER SCANNER -- A igh Emitting Diodemotoring system aids in service troubleshooting. Green liitl indicates power is availpbia.from 
 the eociter, red Icoht indicate lhat
 power is reching the rotor according to load
 
Cre Or ( S
LnE. Patent Pending. ECONTROLLER SOLID STATE DECISION 

76A hospital Lode. 

" 	GENERATOR ENCLOSURE. eas juncticn
box, ailows installation of conduit from either 
,id e. 

. j .AiL, 

XW-M 
~~ 

'412-iM.~;~,*~j:;,~'Y 	 ~ 
IF -

- -~ 	 :2 
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Li 
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APLICATIO ATA NE SPECIFICATONS GO 	 HertzSPTIONAL COOLING SYSTEMS rtz 
t-. City water coohng system withDIESEL ENGINE 	 heat exchanger includes: pipe
 

thread Watei connections,
ENGINE SPECIFICAT ONS 	
water shut-off solenoid valve,6 Hertz 50 Hertz thermoslaticaliy controlled water


Manufacturer 
 White Engine. Inc. Heat exchanger mfgr/mociel Young/F-502Model 0.t 800TA Exhaust manifold typeType air intake 	 dryturbocharged & after-cooledCy;lind,-..r arrangvment Connection sizes,
 
(inntver inline, V, etc.) wter inlet .75" NPT
 

( aur nt WAter outlet
n, , .	 1 NPT6 Ifhifiine 
Disp4acueent in3 (cm7) 	 City -waterconsumption

,18 (7850)Pore and sirole in. (mm) 	 , M (LPM/atIF (-,) ' 9 (34090 l32)4.56 (1161 x 4.86 (124)Compres ion ratio t'-	 Rehol.e radiator system18:1 EXhaust manifold typePison 5p-;-d r dry
 
Bearing: I Cooing system capacity (incl. r.
f/tmin. (mntr;rs/sec.) mains.numbnrP 	 d1460 (7.4) 1220 (6.2) 	 ong I gal. (litre), ad Pere):rfax. DDV(4,8 18 (6)(as on DOV-45)B?,,arhllgs mains, numberconnocoing rods, nunber 	 7

6 Total nlt air requirem(ent @

Rated FPM 25 F rise CFMA (-V;mir..) 6140 (174) 3050 (171)
1800 (BasedMax. horse;)ower at raed 

1500 on Perfex DDV.,i5)
 
RPM HP V1W) Connection sizes
220 (164) 172 (128) engine;engine; waterwater outleinlet in.in. (aim) 2 (51)Fan horsepower HP (1W) 	 (rm) 2.5 (63) I.D.I.D. hosehose8.(5.4) 4.6 (3.1)Cytider head type remote raJiator; 
and maeri top tank (inlet)O.H.V..- alloy cas.ing 	 3' NPT

botlom tank (outlet) 3" NPTConnecing roe typeand material forged steel COOLING SYSTEM ACCESSORIES3ision type and ryaternal i!uminum E Block heater -. 2500 watt, 120 volt AC.a mleal forged steel 	 Radiator duct flange.
,'aires, material alloy forging 	 E Remote radiator - vertical mount with 3 phase,60 cycle motor DDV.45. .overnor, (aakrimodel Roosa Master/DMreOulatior % frequency 


no load to fult load 
 FUEL SYSTEM3% nominal, 5% maximumsteady state reglation 	 Fuel supply line, 
min. I.D. in. (mm);t % frequency 	 .38 (10)t 0.33% Fuel return line, 

:NGIHE COOLING SYSTEM min. I.D. in. (mr)rngie jacket water 	 .38 (10)Max. lift of engine drivenngn akfWtrFuel 	 fuel pump ft. (m)prime pump 	 6 (2)capaity gal. (litre) 	 electric4 (15) Fuel oil filter iglectarigire jacket water flow single stageGPM (LPM) 60 (227) 50 (189)eat rejected to cooling FUEL SYSTEM ACCESSORIES
 
2 0-gallon fuel transfer tank
water (withoul fan) 0 20-gallon fuel transfer tank 

at rated KW with pump.-	 with pump.1 Flexible fuel line. . Auxiliary fuel pump (12 volt).dry exh. BTU/sec. (KW) 86 (91) 69 (73)later pump type centrifugal FUEL CONSUMPTION-	 60 Hertz 0 Hertdiator system caoacity " 100E Noad(tacinlet air requirement(incl. enginea gal. (hlre) 	 8(30) 75%ai./hrload (litme/hr.) 10.2 (38.6)gal./hr. (litre/hr.) 	 8.2 (31)
7.9 (30)CFM (m'irnin.) 	 6.2 (23.5)8760 (248) 7335 (208)in, blades 50% 	 load

6 gal./hr. (litre/hr.)dia. in. (mrn) 	 5.8 (22) 4.5 (17)25 (635)Pitch in. (mnir) 25% 	 loaa2.25 (57) gal./hr. (litre/hr.) 3.9 (14.7) 2.9 (11) 

60 HERTZ MODELS 
Continuous 

Model Voltage GeneratorPhase Model 	 StandbyAmpere1259Z001 	 KWIKVA1201240 
125ROZ51 139/240 

3 4T5 376 125/156.253 4T5125ROZ71 277/480 	 4T5 
376 125/156.253125ROZ81 120/208 	 188 1251156.253125ROZ91 347/600 	 4T5 434 125/156.254T5Rernote radialor and city water cooled 30 

3 
Wye 4T5 

150 125/156.25
13030 Delta & 

50 HERTZ MODELS 120/208 Wye 
125 

125R"OZ01 120/240

"125RFZ7l 2201380 

3 4T5 286 95/118.75

4T5125RFOZ81 1201208 

3 	 190 100/1254T5Remote radiator and city water cooled 
3 	 347 100/1253 Wye 4T5 103

3DDeltaRATINGS: All m,octl2s ar continuous standby rated. Unit will operate at this rating for the duration of any power outage. 
98 

No:e: Unlit rated at 0.8 power iantor. Derate 3% per 1000 tt. (305m) above 1000 ft. 

9' 	 . 
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APPLICAION DATA 
ENGINE SPECIFICATIONS 60 Hbrltz 50 Hertz ENGINE ELECIRICAL SYSTEMEXHAUST SYSTEM - ACCESSORIES
 
Exhaust flow at rated KW 

17 12 volt, 220 ampere battery ,. Battery cables
 
1 required
CFM (mn/min.) £- Battery charger 12 volt,90g (25) 750 (21) 0 Battery chvrger 12 voltExhaust temp. at rated :W, utornatic float typetrickl !lypedry exhaust 'F (IC) 1100 (6001 1100 (600) 

with power i Battery rack (Standard oncord and leads. housed units).Maximum allowabiibackpresstire in. hg. (KPa) 1.1 (3.7)Fxhaust oult size at STDAfD ENaINE FEATURES 
Vibro-mr.unts Full flow lube oil filterhook-, - 4' NPT High water t mrnperature Low oil pressure cut-outEXHAUST SYSTEM cut-outACCESSORIES Automotive type starlingLubn oil coolerVi " Operating instructionsFlexible exhaust connector £2 Residential exhaust zilencer ' Mounting Dar'eistainless steel) E Critical exhaust silencerIndustrial extiaust milencer SPECIFICATIONS 0 Hertz 50 Hertz 

AIR INDUCTION SYSTEK DEfnATION FACTORSMaximum altitude beforeCorobiistion air at rated KW gen. set derating ft. (m)'_C-M (mimin.) 1000 (305)500 (14) 410 (12)Air cleanertype -9 altitude deration factor 
nflmodels % per 1000 ft. (305 m) 3%
dry Maximum intake air temp.
 

LD.RiCATING SYSTEM~l
rI3pan SSTy MFDo before gen. set deratingpa capcitytemp. ('C) 100(38)gals. (liters) cleration factor5.5 (21) % per 10F (5.51C)Od filler (auantity. type) 2%2 - element Maximum mounting angle --
LLu,Ibe oil cooler,quanti,,y, type) one - oil/water front or rear up dogrees 30 ° 

rE. - ELECTR;CAL SYSTEM 
Batt,.y ch ,m,'ii. system 

ground (negative, positive) negative 

Starte1motor
rated voltage -- volts CONTINUOUS STANDBY 125ROZ12 DC 

Minimum recommended 
battery for 0F 220 amperequantity 1 
voltage -- volts 12 

GENERATORS 
Aviilabihly is subject to change without notice.Korler Co reserves the right to change l-e design orspecifications without notice and without any obliga.
lion or liability whatsoeve. Availability can be determined by contacting your local Kohler Go. Distributor.
 

iNr rA . ..LEI 
_ _ _ _ _ _ _ _ 

_ 

.. ----- 1 
, 

t 

_____T 

WEIGHTS AND DIMENSIONS
 
Approximate weight radiator modal; dry lb. (kg) 4000 (1814)
-Nominal dimensions: L x W x H in. (mm) 120 (3048) x 50 (1270) x60.6 (1540) 

. T - . 
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APPLICATION DATA
 
FAST-RESPONSE GENERATOR 
BFICCIFICITIOUS 


kanufacturcr 
Output r6con;ctblt) 
Number of lead3 
Geinrstor type 
Excitation nethod 
Volt:g regulation method 
Insulation - class, NEMA 

MGi-22.40 
Number O nt!ngs 
Coupling 
Amortivseur wlnJVngs 

Voltrige regulation 
sta~dy stte - no load 


to full load -- % 

Ono stop load acceptance


of rating 

W ieru 50 Hartz 

Kohler 
wye and delta 

12
 
rotating field
 

rotating excitor, bruohleas
 
Fast.Rorsponse
 

F 
1 

flexible disc 
full 

2% maximum 

90% 82% 
* 	Gnerator Is dealgned and built within NEMA, IEEE and ANSI 

:,ondards for t:"mperature rise. 
* Permanent magnet field rotating'exciter. 

" Skewd stator terL*orth voltage wave form. 

" Self-venfrlatsd, drip-prooi constuction. 

SFungus reshtant p~r MIL.E-4970A. 


Safeguard Breaker. 


GENERATOR ACCESSORIES 

O0 ina circuit break, s. 

1, "i0 volt (3phase) 

b. 277/480 volt (3 phase) 
c. 	 120U208 volt t3 phase) 
d. 	 347/60 volt (3 phase) 

ADDITIONAL ENGINE AND GENERATOR ACCESSORIES 

O Accessorie s available to meet NFPA.76A. 


Biock heater * Alarm relay and horn 

* 	 Low water temperture 9All required Indicator 

cutout 
 lamps tsee controlw" 
Annunciator panel. descri!on) 
rem ote, 16 l aimpCCSA approval. 5] Trailer. 


SWeather housing. 
 0 	 Export boxlnj. 

SHORI'T CIRCUIT PERFORMANCE 
3-PHASE GENERATORS 

TYPICAL FIUS"LESS AND STAIC EXCITED 

1usov,,0 Rol AWs ri.. o111.VVur T:1.1, 

Ia 	 "'T's To SW'.4.. oi RATEDClURREiNT 

rYpicA. 	 -Asr sxo.,s 
F IiWL0 J A wo'. To$0'. 0 1 RATIDCURRN 

" 
 _ 


.-- -- P0 
 awl 613'. 4 IM'. 04 RATIOC01111t 

SHORT CIRCUIT PROTECTION 

Conventional generator current colapseg under short circuit. FAST-
RESPONSE generators continue to provide ample current to permit
normal breaker tripping. 

Vlbro-mounlzd lower cabinet contains Indicating
lamps and solid elate circuit boards. All instruments in upp*i

cabinet are standard, as are six lamps in lower cabinet. 

DECISION MAKER 

CONTROLLER 
SPECIFICATIONS 
M.inufacturer 
Type 

Starting method 

Weight lbs. (kg) 

Size - H x W x D in.(mm) 

Power source 


STANDARD EOUIPMENT
 

* 	 Wiring harness forelectrical connections 
* 	 Lamp lest switch 


Cyclic cranking

Overcrank and slar1.r 

Lnmah protecticn

Fault reset switch 

Overspear contro! 

Two-wiro roo start 

stop termination 

Phase eloctor switch
 

Instrumante 

* 	 AC voltmeter 

* 	 AC ammeter 
* AC frequency meter 

* *Butt. charg. ammeter
E gn H 0 temp. 
* 	 Engine ORpressure 

Running time meter 
Rni ngLm e


indicator Lampa 

Overcrank (red lamp)* High water temperature 

(red lamp) 
Low oil pressure (red lamp) 

* 	 Overapied (red lamp) 

Montrg Capalltlas 

Kohler 
solid state 

remote and local 
33 (15) 

11.75 	(298) x 18.25 (475) x 12.25 (311) 
12 or 24 volt DC 

-	 Voltage adjusting rheostat,front panel mounted
 
0 DC r;ircuit protection
 
e Enginv 51..1control
 

sol clor switch
 
a Emergency 3lop switcn
 
, Panol limpt; (2)
 
v ;hutdown timo d6lay for
 

-
anginecool-off, edjustable 
2 to 1Wmlnruto 

SIr* In. (ram) Accuracy % FS 
3.5 (89) 2% 
3.5 (09) 2% 
3.5 (89) 0.5% 
22 (51)(51) 2%2%
 
2 (51) 2%
 
1.7 (43) 

* 	 Ernergency stop (red lamp)aSwitch "ofl"(flashing red 
lamp) warns that engine start 
control selector switch has 
been left in off position. 

* Controller can be positioned so instruments face toward either side 
or toward rear of generator set. 

e Either or both controller cabinets can be remote mounted as a 
monitoring aid. 

CPrealarm lamp group 
AntIcipatory low oil pressure (yrllow lamp)

* 	 Anticipatory high water temperature (yellow lamp) 
* 	 Low water temparature (red lamp)

/.,Hospital lamp group required to meet NFPA-76AaAntic patory low oil aLow fuel (red lam p) 
pressure (yellow lamp) - "Sytiom ready" (green*' Anticipatory high water 
temperature (yellow lamp) 

0 HIgh battery volts 
(rfd larmp) 

* 	 Low battery volts 
(red lamp) 

I Low water temperature 
(red lamp) 

0 	 Alarm relay plus horn 
* Horn silence switch 

lamp) indicales no faults 
detected by monitoring 
system and tht engine 
start control selector 
switch iain automatic 
position And rady for 
emergency start. 

o 	Decision Monitor  sixteen light remote annunciator panel.o 	 Fast-Check .-diagnostic fault datector activates controller
indicator circuits without operating tngine/generator.

o 	Extension wiring harness for remote mounting of controller. 
o 	Isolated alarm contact kit. 

<OHLER CO,KOHLER, WISCONSIN 53044 PHONE 414 565-3381 TELEX 26888 TWX 910 264 3877 G05-007 
Printed in U.S.A. 

GENERATORS ,bY0 
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KOHLER 
GENERATORS 125
Liquid-Cooled
 

SAMPLE SPECIFICATION
 

EMERGENCY STANDBY ELECTRICAL SYSTEM: 
 The standby generator set shall be
installed by the contractor at 
the location shown on
drawings, and as the plans and
specified herein; with all accessories and transfer
switch(es) required.
 

All equipment shall be new and of 
current production of a national firm,
who manufactures the generator and control panel and transfer switch aridassembles the standby .enerator set as a matched unit, having a service
and parts organization within a reasonable distance of this project,
backed up by a national sales and service organization.
 

The standby generator set shall be supplied 
to operate on 
 2 Diesel fuel.
 
The engine shall be liquid-cooled by means of 
a (select one) RAD ATOR,CITY-WATER COOLING SYSTEM WITH HEAT EXCHANGER, REMOTE RADIATOR SYSTEM.
 
The standby generator set shall be rated 
continuous standby ascontinuous for the duration of any power outage 

(defined
* Volt;, 3 Phase,
4 Wire, .8 Power Factor, 1251W, 156.25KVA, A-npere 
at 500 feet
altitude, 85 degrees F, as 
Kohler Model 1 25T-UTZ-eries.
 

*Ratings (select one)

NOTE: 
 Ratings apply to radiator, city water, and remote radiator cooling
 

systems.
 

Voltage Phase Wire 
 Power Factor KW/KVA Amer
 

120/240 3 4 
 .8 125/156.25 376
139/240 3 4 
 .8 125/156.25 376
277/480 3 
 4 
 .8 125/156.25 188
120/208 3 
 4 .8 125/156.25 434
347/600 3 4 
 .8 125/156.25 1501
 
ENGINE: 
 The turbo charged and aftercooled engine shall be Diesel fueled,
6--cylinder, 4-cycle, liquid-cooled, with not less than 478 cubic .'nch
displacement and deliver a minimum of 220 HP, 
at a governed speed of

1800 RPM.
 

Engine speed shall be governed by a gear driven mechanical governor to
maintain generator frequency within 3 cycles from no 
load to full load
generator output. 
Belt driven governors will riot 
be considered.
 

Engine shall be equipped with the following:
 

12 volt positi- a engagement solenoid shift starting motor.
35 ampere automatic battery charging alternator.
 
Lube oil filter - Dry-type air cleaner.
 
Electric solenoid fuel shut-off valve.
Gas proof seamless, stainless steel, flexible exhaust connection.
Flexible fuel connection -
Oil drain extension.
 

G10-012, Page 1 of 4
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GENERATOR: 
 The generator shall be four pole, brushless, 
12 lead reconnectable of dwip-proof construction with aortisseur windings.
shall be Clas Insulation
F with epoxy varnish. Generatorcontrolled field current" a roari. shall betV .i.... bridgefiring circui module opticallytype vol.ae coupled to arqu ,t,... The exciter shal'
manent tag].t be 2.4 pole pertype. Generatcrs controlled by
n.ot b 

wound fieli oxcite.-s will
u snep nJ .. m he lowing performa: . 
Radio-internrance ssr:,' .r.-i--. meeting comrercial standard 
 shall be su plied. Voltan, ruyu,-t:n shall be withinfrom 1o Man L rated load. 

plus or minri 2% of rated voltngi 
Upon application of 921 rated Janda light beam in one step voltag, diprecorder as measuredor us.ijioscope shall not xoced !0, 

by
stable vo.ta:e shal. recoverycur within to.1 second.operation Stable oris define- stea. staten4 .peration
within plus cr ;.nun. 1,2o 

with termin ".',-tce remaining constarntoone (1) percent of ,aedadjustment :r'ge shwl voltage. Voltagebe plus or minus 5 p"rcent .fTemperature rated voltage.rise shl I be within NE',\, IE, a AN. standards.. 
line to neutralIf a short circuit occ.rs,.300% tho generanurrated c''rrent shAl supportfor 10 seconds without externally mruc, devices. 

A resettable line currnt sensing circuit breaker withcurrent .inveroe timedamage response shall be vs.due to overload. furnished which protects the generatorThis breaker shall fromnot trip within the 10 secondsspecitied above. 
Separate 
 sul diagnostic. means shall be furnishedfor d e te-ii.-i on the generatorthat oxciter voltage rotoris Laing developed and that the
excit:vio 
 <''e.yn is supplying current to the generatorto lava field according*. s. 

Th'e g:n-;:L' , having a single, maintenance free bearing, shallcannecd nc be directt-, flywheel housirg, with a discan.rd tne flyw' ee,.'_. coup ling: between the rotor 

CONTROLLER 
 So, uounted controllr. facing right,15ATI..,... ,:n isoiated 
left, rear (choose one)Solid 5n." - on the genenratorg.n. Re]ays will ericlsure. It shall be ofbe acceptable only or highclts. C 'c ntr current cir-

tro.llr Ah Ml he of plug-in dchi-s-nsnail , Lfor ,ucK replaceentup" d tc accept a plug-in Conmainrteaca:-ce ve-nne device carable of allowingto test controller performance
the engn wi thout operating. The =ontr.lcr sh9-l include: 

Fus-:J DC c3 rcu ts.
 

Co.iete: 
2 wire start/stop control which shall operate on
activation of a remot- contact.
 

Cranking peri od 
 controlled by a speed sensor which disengagesthe starting 'otor 
tery 

when toe engine has started. Batcharginj alternator 
be 

or generator voltage may notused fo this signal. 

The starting system shall Le designed for restarting in theevent of a false engine start, by permitting theenc ine to completely, stop and then re-engage the
starter. 
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Cran-in:.- c c ierIt] . - .'.1 . y- adj us t1le (2Seconds) c:N and . nu to 20periods 

Overcra : ,i prate,- :!.o, to openI th:? crankinoc1,rcwit azter 60 sec s if the epJinm failst;O start. 

Circuitry to shuu down th. enine whr S-xn-lCGolant for hightem pera .,ire , low oil p rssre or overspeed are ec, wecelwith reset bntton.
 

Adjustable 
 (2 to 7r rinu atorv set.delay to per7it unloa ded 
-t 5 mn. time 

set 
runnarj( of the standbyafter transfer of the load to normal.
 

Alarm horn.
 

Three posit. a (autcratic-.off-tcst) selector switch.
 

EIargency 
 s top swit.ch.
 

'Tndicut-±ng lights to 
signal -. (Switch 'off" [ffi-ashing red) 
Specif ier's 'Ov.ercrank (red)Note: Standard {Emergency stai: (rcd) 

E q ui t'i-ii1 coolant temperature (red)
O.'r'rs eej (red)

(!-.d oil pressure (red) 
Optional (Antic:Jpac~oer high coolantAnticipatory (Termpera*-.ire 'yellow)
Group* (A ticipatorty low oil pressure 

(ye low) 
(Low coolanzt temperature (red) 

Optional (T-!igh battery voltage (red)liosipitaj (Low batteryv-oltaye (red)Grourp (Low fuel (red) 
(System ready (green)
 

Test button for indicatinc; lights.
 
Ccnnecti-ns 
 to the controller shall be by pluci-in wiring

harnes ses. 

*RequiredJ to me,: N:;A-- o 

... . set m,-ount-.d instrument panel shall include:
 
Dual rane - vol'1-l ,, 
 i ch -42 accuracy.
 

Dual rance am'ee r 
 -- 2 ., + accuracy. 

V61 tne ter-AI -- ',.-. swi tch.e lect.or 

Lights to indicate hicbh or law meter scale. 
Direct reading poir'te- type Erequency meter 3-1/2 inch +. 3 

hz accuracy. 

Panel iJiuLuaimating l'21ht. 

Battery ch-arcing ameter, 
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Oil 	 prussure -gauge. 

Cc jlant temperature gauge. 

Running time meter. 

Plug-in voltage regulator with front panel voltage adjusting
rheos ra t. 

AUTOMATIC T7'ANSFEP SWITCHI(ES) : The automatic transfer switch shallbe listed by Underwriters Laboratory under Std. UL 1008 for emergency
systems and all clisses of load, and be CSA approved. The ampere rating
shall be at 
least solid state ezcept for "OF" timers and heavy current
circuits. 
The switch shall initiate transfer 
to the generator set when
the 	voltage of any phase of the normal drops below 70% of rated.
transfer switch shal 	 The
 
ecual to 	

have closing, w'ithstand and interrupting ratings
the available short circuit current on the normal supply.
minimum of .5 second A
delay iiust exist between theemergency and closinq o' the nomnal 	
opening of the 

to allow induced voltages in the 
system to decay.
 

GENERATOR Sl MIOUNTING: The standby generator setfactory 	 shall be equipped withinstal.J-, vibration isolators mounted between the 	 set andfabricated stet i base to prevent distortion of alignment between generator
and 	 engine when installed. Mount on concrete pad as shown on plans and

drawings.
 

ACCESSOR-IES: 
 Engine block heater, 2,500 watt, 120 volL. "
 

220 	 ampere hour, 12 volt battery, battery rack, and battery cables. 

20 ampere automatic float battery charger Model A269214 with automatic
vo geulation, current limiting capability, temperature compensated
.or 	 ambients from -- 2 0 7 F, volLmeter and 	ammeter; equipped for conduit
installation, as supplied by Kohler Co.
 
Engine exhaust: 3ilencer rated for (select one) Industrial, Residential,
Critical application. 

Remote annunciator panel" with visual indicators for: 
Switch "off" (flashing red), Overcrank 
(red), Emergency stop (red), High
coolant temperature (red) , Overspeed (red) , Low oil pressure (red), Anticipatory high coolant temperature (yellow), Anticipatory low oil pressure
(yellow) , low coolant temperature
line power (yellowo), 

(red) , System ready (green) , NormalGenerator power (yellow), Alarm switch off (red),
and 	 an audible alarm with shut-off swit:h. 

*Required to meet NFPA-76A Regulations.
 

INFORMATION REQUIRED FOR SPECIFIED STANDBY SYSTEMS
 

1. 	Detailed specification sheets.
 

2. 	Certified final factory test report shall be provided to the
architect, certifying this unit's full power rating, stability,
voltage and frequency regulation.
 

3. 
Complete operating instruction and maintenance manual with parts

list.
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KOHLER
 
GENERATORS 	 150 KW
 

ac liquid-cooled diesel 
continuous standby
generator set 
"SUSTAINED SHORT CIRCUIT PROTECTION. 	 e HARMONIC INTONATION. No high frequencyGenerator will not collapse. Sustains high spikes in output wave form.short circuit current for selective tripping of a12-LEAD RECONNECTIDLE TO COMMONnormal sized brandh circuit breakers. VLA GES.


FAST RESPONSE TO LOAD CHANGES.
Kohlerpatented voltage regulation system pro-	
VOLTAGES.
 
POWER SCANNR A Light Emitting Diode
vides full power to the main generator fieldwithin .05 seconds or less. Voltage dip on 	
monitoring system aids in service troulemost shooting. Green light indicates power is avail3.phase models, no load to specified load,

is less than 15%, able from the exciter, red light indicates that power is reaching the rotor according to load" SAFEGUARD BREAKER. To prevent overloads, requirement. (* Patent Pending.)Kohler provides an AC line-sensing time delay * CONTROLLER - SOLID STATE DECISIONcircuit breaker as standard generator equip. MAKER MODEL. Accessories to rwet NFPA ment. This breaker protects the generator 	 76A hospital code.from its own high current capability. Sufficient o GENERATOR ENCLOSURE. Serves as junctionhigh current output tine is allowed to trip a box, allows installation of conduit from eitherbranch circuit breaker affected by a short. side. 
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Your One Source for Power 

~der Geneators: 
ultaneous, AC and DC power,
and DC electronic idling control, 
.t operation, optional trailer. 
ltable Genemtors: 
,'er-ight Dynamight' and Slow
 
,ed Series. ,,,o-rle and four-pole
 
erators. Some models with
 
ul aneous AC and DC power. Maxi
imotor starting winding, Full
 
.er, large fue! tank, low oil
 
sure shutdown.
 

ler Mounted:
 
.chable voltage, diesel power,

Dral trailer, Ct'oft coupler, pintle

i adapter, housing, residential
 
le silencer, sfety shutdowns.
 

Xrnatic Power Systems:
npleie standby sets with an auto
c transfer switch wired at the 
)ry. 

e;PMrSystems:
id cooled engine driven sets
2fl, gas or gasoline, achoice of 

levels of controllers, Fast Link' 
,nnection board. 
rters: 
ry type motor generator, 12 vdc 
1vdc input, 120 vac 60 Hz sine 
output, on demand start. 

Divsion ut DYNA TECHNOLOGY. !NC 

7850 Metro P'*w'Vy 
UMinnpagohs. MN 55420-1985 

' n1me U(6 2211853464002FL084 TeI129-0753 Lna Tech MPS '" 
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APPLICATION DATA 

DIESEL ENGINE 
ENGINE SPECIFICATIONS 
Manufacturer 

Model 

Type Ior intake 

Cylinder 


(number, lnl ne, V, etc.) 
-:,plcemenf In3 (cm2 )
6ore and stroke In. (mm) 
Compression ratio 
Piston speed 

ft,'mln. (TmaterI/sc.) 
Bearings: mains, numberconnecting rods, numberRonect RPM nue 
Rated RPM 
Max. horsepower at ratedRPM HP (KW) 

and material 
Connecting rod type


and material 

Piston type and material 

Crankshaft material

Valves, material 

rotato m 
Governor, make/modelregulation % frequency, 

no load to full load 
steady state regulation 

:t % frequency 

ENGINE COOLING SYSTEM 
Engine jacket water

caoacity gal. (litre) 

Engine jacket water flow
GPM (LPM) 

Heat rejected to cooling 


water (without fan) 


at rated KW dry exh. BTU/sec. (KW) 

Water pump type
Radiator system capacity(Incl. enghi)e gal. (litre) 

Total inlet air requirement 
OFMran, blades 

dla. ir. (mm) 
pitch In. (mm) 

e4 Het 50 HerIz 
John Deere 

6466A 
turmecharged &Intercooled 
urrnngementr 

6 In-line 
466 (7636)

4.56 (116) x 4.75 (121) 
15.5:1 

1425 (7.2) 
7
6 

1187 (6) 

10 
1800 1500 

240 (179) 210 (157) 

cast Iron 

I section forged steel 
Inserted aluminum 

forged steel 
alloy steel 

yes - all 
Bosch/mechanical 

5 

0.33 

3 (11.4) 

60 (227) 50 (189) 

91 (96) 

centrifugal 
9.4 (36) 

10,00 (294) 
8 8300(235) 

28 (711) 
2.39 (61) 

60 HERTZ MODELS 

Model Voltage150R0201 120/240
150ROZ51 139/240
150ROZ71 277/480
150ROZ81 120/208
150ROZ91 347/600

Remote radiator and city water cooled models 

50 150RFOZOIHERTZ MODELS
120/240

150RFOZ71 220i380
150RFOZ81 120/208Remote radiator and city water cooled models 

Phate 
3 
3 
3 
3 
3 

3 
3 
3 

OPTIONAL COOLING SYSTEMSENGNE SPECIFICATIONS 80 Hertz50.Hr, 5 at 

threaded,City water cooling System withheat exchanger includes: pipewater connections, 
water shut-off solenoid valve, 
thermostatically controlled water
 
saver valve.
 
Heat exchanger mfgr/model

Exhaust manifold type

Cooling system capacity gal. (litre)
water inlet in.Connection sizes,
 

water outlet in. 

City water consumption,
 

GPM (LPM/at *F (1C) 
El 	 Remote radiator system

Exhaust manifold typeCooling system capacity (incl. rad.& eng.) gal. (litre) 
(Based on Perfex DDV.-45)


Total irlet air requirement at
25"F rise CFM (rn'/mi,.) 7406 (210) 7315 (207) 

Co-inection sizes
 
engine; water inlet In. (rm) 
 2.38 (60) I.D. hoseengine; water outlet in. (mm) 2.5 (64) I.D. hoseremote radiator; 

op tank (ulet) 3' NPT 
bottom tank (outlet) 3 	 NPT 

COOLING SYSTEM ACCESSORIES
 
E Radiator duct flange. 120 volt AC.
[] 	 Block heater - 2500 witt, 
0 	 Remote radiator - vcl1,Cal mount with 3 phase,60 cycle motor DDV-45.
 
FUEL SYSTEM
 
Fuel supply line,min. I.D. in. (mm) 

Fuel return line,


min. I.D. in. (mm) 

Max. lift of engine driven


fuel pump ft. (in)
Fuel prime pump
Diesel fuel recommended 
Fuel oil filters 
FUEL SYSTEM ACCESSORIES 

0l 	 Auxiliary fuel pump (24 volt).8-gallon fuel transfer tank with pump (120 volt AC motor).C 20-gallon fuel transfer tank with pump (120 volt AC motor).FUEL CONSUMPTION 

100% load gal./hr. (liter/hr.)75% load gal./hr. (liter/hr.)

50% load gal./hr. (liter/hr.)

25% load gal./hr. (liter/hr.) 


Generator 

Model Ampere
4T7.5 436 
4T7.5 452
4T7.5 226 
4T7.5 521 
4T7.5 181
4T7.5 

4T7.5 331 
4T7.5 218 
4T7.5 399
4T7.5 

RATINGS: All modelsj ore continuous standby rated. Unit will operate at this r~tlng for the duration of any power outage.Note: Units are rated at 0.8 power factor. Derate 3% per 1000 ft. (305 m.) above 7500 ft. (3300 n.) elevation. 

Young F-502 
dry 

11/42 
.75 NPT1' NPT 

11 (42)/90 (32) 

dry 
17 (64) 

.38 (10) 

.38 (10) 

3 (1) 
manual
 
No. 2
 

2 (primary & secondary)
 

1.8(45) 9.9 (37;8 7 (33) 7.8 (30)
6.2 (23) 5.6 (21)
3.8 (14) 3.4 (13) 

Continuous 
Standby 
KW/KVA 

145/181 
150/187.5
 
150/187.5
 
150/187.5
 
150/187.5


Add 5 KW (6.25 KVA)
 

to above ratings. 

125/156
 
130/162
 
130/162


Add 5 KW (6.25 KVA)
 

to above ratings. 
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APPLICATION DATA
 
ENGINE SPECIFICATIONS 80 Hertz 50 Hertz

EXHAUST SYSTEM 


ENGINE ELECTRICAL SYSTEM - ACCESSORIES 
Exhaust flow at rated KW 	 0 12 volt, 220 ampere battery L' Sattery cables.E Battery charger 12 volt, Battery charger 12 volt,CFM (m/min.) 825 (23.6) 700 (201 trickle type. 	 autoratic float type.Exhaust temp. at rated KW, 0 Battery rack (stand'rd ondry exhaust *F (C) 1000 (3401 housed units.)Maximum allowable backpressure in. hg. (KPa)
Exhaust outlet size at 

j.9 (9.7) 	 STANDARD ENGINE FEATURES
 
e Vibro-mounts
hook-up 	 * Mounting base4' NPT * High water temperature * Lube oil cooler

Cut-outEXHAUST SYSTEM ACCESSORIES 	 * Low oil pressure cut-out* Flexible exhaust connection * Automotive type startingC Industrial exhaust silencer. E3 Critical exhaust silencer. (stainless steel)U..Residontial exhaust silencer.	 * Operating instructionsSPECIFICATIONS 
60 HertzAIR INDUCTION SYSTEM 	 50 HertzDERATION FACTORSCombustion air at rated KW


CFM (ml/min.) Maximum altitude before
566 (16) 475 (13.4) ger. set derating ft. (m)Air cleaner type - 7500 (3300)

all models altitude deration factor
dry 
 % per 1000 ft. (305 m) 3
 

LUBRICATING SYSTEM Maximum intake air temp.

before gen. set derating
Oil pan capacity

gals. (liters) bF ('C) 85(29)
5.5 (21)Oil filler (quantity, type) 	 temp. deration factor -8one - replaceable element % per 10*F (5.5"C)Lube oil cooler 	 1one - oil to water Maximum mounting angle 

front or rear up, degreesENGINE ELECTRICAL SYS T EM	 30 

Battery charging systemground (negative, positive) 

negative
volts 12 DC 

ampere rating 
Staer motor 

35 CONTINUOUS STANDBY 150ROZrated voltage - volts 

12 DC
Minimum recommended 

battery for 0"F 220 ampere hourquantity 1
 
voltage - volts 
 12 


til
 

GENERATORS 
Availability is subtect to change without notice.Kohler Co. reserves the right to change the design orspecifications without notice and without any obligation or liability whatsoever. Availability can be determined by contacting your local Kohler Co. Distributor. 

N 	 I,
iA
 
S..., 

I I 	 2
 

WEIGHTS AND DIMENSIONS 	 , ,-'--


Weight - Radiator model; dry lb. (kg) 4465 (2025)Overall size: Lx W x I- in. (mm) 120 (3048) x 50 (1270) x68.12 (1578) 



APPLICATION DATA Vbro-mounted lower cabinet roaig, indicatinglamps and Solid state Circuit boards. All instruments in uppercabinet are stanflard, as are smi.lamps in lower cabinetFAST-RESPONSE GENERArOR 
SPECIFICATIONS 60 H rtz 50 '37r A-Manufacturer 

Kohler
OUtPut reconnactile wye and deltaNumber of leads 1?Generator type rotating lie!d 

t ation method
Voltage megulation method rotating exciter, brushles
FastReSPO 1e DECISION MAKERInsulation - class, NEMA 

MG1-22.40 CONTROLLER 
FC..O..
Number of be'Trings 1Coupling SPECIFICATIONSflexible discAmortisseu, windings Manufacturer 

full KohlerVoltage regulation Type 
solid stairsteady slate Starting method-- no load remote and localto full load - % Weight lbs. (kg)One stop load acceptance 2% maximum 33 (15)Size - H x W x D in.(mm)% of rating Power source 11.75 (298) x 18.25 (475) x 12.25 (311)88 74 12 or 24 voltGenerator is designed anJ built within NEMA, DCIEEE and ANSIstandards for tempcralure TWiring harness forrise under continuous duty operation Voltae adjusting rheostat,electrinc connections frontapare tad
Permnntottriger.magnt field 

tin rounrotatiigPerment ane field otaotinge aefo.oSkewed Cleor for smooth voltage 
• Larnp test switch * wave form. e Cyclic cranking DC circuit protection

*" Se;l-ventilated, drip-proof construction. Overcrank and starter Engine start control
selector switch 

" Fungus resistant par Uimesh protection I Emergency stop switch 
- Safeguard Breaker • Fa...-49,..Fault reset switch a' Panel lamps (2)• Overspeed contro! * Shutdown time delay forATwo-wire remote start/GENERATOR ACCESSORIES stop termination enginecool-off, adjustable2 to 10 minutes

* Phase selector switch 
a. 240 volt (3ptase) 
b. 277/4EO volt (3 phase) Instrumonts Size In. (r)c. 120/208 volt (3 phase) Accuracy % FSAC voltmeter 3.5(89)d. 347/600 volt (3 phase) * AC ammeter 2%3.5 (89)0 Reactive droop compensator. * AC frequency mete r 

2% 
3.5 (89)

Engine H,O temp 2 (51) 
0.5%

0 Bat, charg. arnmeter 
ADDITIONAL ENGINE AND GENERATOR 2 (51) 

2% 
ACCESSORIES 2%

*o Accessories available to meet NFPA-76A. 
Engine oil pressure 2 (51) 2% 

* Running time meter" B!ock heater 1.7 (43)- Alarm relay and horn• Low water temperature Indicator LampsAll required indicatorcutout 
* 

a Qvercrank (red lamp)lamps (se controller Emergencyr * stop (red tamp)Annunciator panel, description, above) High water temperature Switch "off" (flashing red(red lamp) 
CSA approval. lamp) warns that engine start

Trailer 

CJ Weather housing. Low oil pressure (red lamp)
C Eprai boxing. control selector switch has0 • Overmpeed (rod lamp)UWrber Coleman Dyna electric governor. been !ft inoff position.Generator strip heater. Mounlln, Capabilltisa 

e Controller can be positioned so instruments face toward 
either side or toward rear of generator set.• Either or both controller cabinets can be remote mounted 
as a monitoring aid. 

SHORT CIRCUIT PERFORMANCE 
-.PHAsE GENE64ATORS ACCESSORIES

77 [ Prealarm lamp groupTYPICAL ^ USHLESS Ar,0 TATIC E CITE ASXAnticipatory low oil pressure (yllow lamp)s 
e Anticipatory high water temperazure (yellow lamp).. USTA sMS 
 AN'ST7'. TO401. OfRATIOCURINI 

"..'--IIJ-.JI\F Low water temperature (red lamp)f-/-'El 
* 

is Anticipatory low oil
Hospital lamp group required to meet NFPA.76ALow fuslFI AT40 0 TO10 0 . OATI O 

R (red lamp)p res su re (y e llow lam p ) " Syste m rea d y " (gree n 
-


1 Anticipatory high water lamp) indicates no faults
TIA -FAST ,RESPO.NSELI. 

temrperature (yellow lam-p) detected by monitoringf Low battery volts switch is in automatic 
" 


(red lamp)J Low water temperature position and ready foremergency start.P" AS TO640' OO'. OF*ATIQIO Im 
--

(red lamp)CAlarm relay plus hornSHORT' CIRCUIT PROTECTION 
Conventional generator current collapses 9 Horn silence switchunder short circuitFAST-RESPONSE C Decision Monitorgenerators continue to provide ample current sixteen light remote annunciator panel.10 permit normal breaker 13 Fast-Check - diagnostic fault detector activates controllertripping 

indicator circuits without operating engine/generator. 
KOHLER CO., KOHLER, WISCONSIN 53044 PHONE 414 565-3381 TELEX 26988 TWX 910 26,4 3877 

C] Isolated alarm contart kit. 
t] Extension wiring harness for remote mounting of controller. 

G05-019 

Printed in U.S.A.

KOHLER 
GENERATORS
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150 KW Diesel
 
Liquid Cooled
 

SAMPLE SPECIFICATION
 

EMERGENCY STANDBY ELECTRICAL SYSTEM: 
 The standby generator set shall be
installed by the contractor at the location shown on the plans and drawings,and as specified herein; with all 
accessories and transfer panel (s) as

required.
 

All equipment shall be new and 
the 

of current productionwho manufactures generator and control 
of a national firm,

panel and transfer panel andassembles 
the standby generator set as 
a matched unit, having a service
and parts organization within a reasonable distance of this project, backedup by a national sales and service organization.
 

The standby generator set shall be supplied to operate on 
#2 Diesel fuel.
 
The engine shall be 
liquid-cooled 
by means of a 
(select one) RADIATOR,

CITY-WATER COOLING SYSTEM WITH HEAT EXCHANGER, REMOTE RADIATOR SYSTEM.

The standby generator set shall be rated continuous standby (defined as
continuous 
for the duration of any power outage)
4 Wire, * Volts, 3 Phase,
.8 Power Factor, 
 _W KVA Ampere at 500 feetaltitude, 85 degrees F, as Kohler Model 150ROz series. 

*Ratings (select one)
 

NOTE: 
 Ratings apply to radiator, city water, and remote radiator cooling

systems.
 

Volta2e Phase Wire Power Factor KWE1 VA 

120/240 3 4 
 .8 145/181 437
139/240 3 
 4 
 .8 150/187.5 452
277/480 3 4 
 .8 150/187.5 226
120/208 3 4 .8 150/187.5 521347,'600 3 4 
 .8 150/187.5 181
 

ENGINE: 
 The turbo charged and intercooled engine shall be Diesel fueled,
6 cylinder, 4--cycle, liquid-cooled, with not less
displacement and deliver a minimum of 240 HP, 
than 466 cubic inch
 

at a governed speed of 1800
RPM.
 

Engine speed shall be governed by 
a gear driven mechanical governor to
maintain generator frequency within 3 cycles from no load to full
generator output. load
Belt driven governors will not be considered.
 

Engine shall be equipped with the following:
 

12 volt positive engagement solenoid shift starting motor.
35 ampere automatic battery charging alternator.

Lube oil filter - Dry-type air cleaner.
 
Electric solenoid fuel shut-off valve.
Gas proof seamless, stainless steel, 
flexible exhaust connection.
Flexible fuel connection 
- Oil drain extension.
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GENERATOR: 
 The generator shall be 
four pole, brushless, 12 lead 
reconnectable 	of drip-proof construction with amoytisseur windings. 
 Insulation
shall be 	Class F with epoxy varnish. Generator field current shall be
controlled by a rotating thyrister bridge module optically coupled
firing circuit to a
type voltage reyulator. The exciter shall be 
24 pole permanent majnet type. Generators controlled by wound field exciters will notbe accepted unless they meet the following performance.
 

Radio-interference suppression meeting commercial standards shall be 
supplied. Voltage regulation shall be within plus 
or minus 	2% of rated voltage, from no load to rated load.
 

Upon application of 90% 
rated load 
in one 
step voltage dip as measured by
a light beam recorder or oscilloscope shall not 
exceed 15%, recovery
to stable voltage shall 
occur within .1 second. Stable or
operation is defined 	 steady state
as 
operation with terninal voltage remaining constant
within plus or minus 1/2 of one 
(1) percent of rated voltage.
adjustment range shall 	 Voltage
be plus or minns 
5 percent of rated voltage. Temperature rise shall be within NEMA, IEEE, and ANSI standards. 
if a line to 
neutral short circuit occurs, 
the generator shall support
300% rated current for 10 seconds without externally mounted devices.
 

A resetuable line 
current sensing circuit breaker with inverse time 
vs.
current response shall be furnished which protects 
the generato.r from damage
due to overload. 
This breaker shall 
not trip ',within the 10 seconds spec
ified above.
 

Separate 	visual diagnostic means shall be furnished on 
the generator rotor
for dtermining that exci ter voltage is being 	developed and that the 
excitation 	system is supplying current to 
the generator field accordino to

load requi rements.
 

The generator, having a single, maintenance free bearing, shall be direct
connected to the 
flyw,heel 	housing, with 
a disc coupling between the rotor

and the flywheel.
 

CONTROLLER: Set mounted controller facing right, left, 
rear (choose one)
 

shall be-ibration isolated on
solid state design. 	 the generator enclosure. It shall be of
Relays will be acceptable only for 
high current
circuits. 
 Circuitry shall be of plug-in design for quick replacement.
Controller shall be 
equipped 	to accept 
a plug-in device capable of
maintenance personnel 	 allowing
to 
test controller performance without operating

the engine. The contrcller shall include:
 

Fused DC 	circuits.
 

Complete 	2 wire start/stop control which shall operate
 
on activation of 
a remote contact.
 

Cranking period controlled by 
a speed sensor which disengages

the starting motor when the engine has 
started.
Battery charging alternator or generator voltage may
 
not be used for this 
signal.
 

The starting system shall be 	 designed for restarting in theevent of 
a false engine start, by permitting the
engine to completely stop and then re-engage the 
starter.
 

Code: 150ROZ, 2 of 4, 2/79
 



Cranking cycler with individually adjustable (2 to 
20
seconds) ON and OFF cranking periods. 

Overcranking protection designed 
to open the cranking

circuit after 60 seconds 
if the engine fails
 
to start.
 

Circuitry to shut down the engine when signal for high
coolant temperature, low oil pressure or overspeed are received, with reset button.
 
Adjustable (2 to 
10 minute) factcry set 
at 5 rain. time
delay to permit unloaded running of the standby


set after transfer of the load 
to normal.
 

Alarm horn.
 

Three.position (automatic-off-test) selector switch.
 

Emergency stop switch.
 

Indicating lights to signal 
- (Switch "off" (flashing red)
(Overcrank (red)Specifier's Note: 
 Standard 	(Emergency stop (red)


Equip. 	 (High coolant temperature (red)
(Overspeced (red)
(Low oil pressure 'red) 

Optional (Anticipatory high coolant
 
Anticipatory (Temperature (yellow)
Group* (Anticipatory low oil 
pressure 

(ye1 low)
(Low coolant temperature (red) 

Optional 
 (High battery voltage (red)
Hosipital 
 (Low battery voltage (red)

Group* 
 (Lcw fuel (red)
 

(System ready (green)
 
Test button for indicating lights.
 

Connections to the controller shall be by plug-in wiring

harnesses.
 

*Required to meet NFPA-76A Regulations.
 

INSTRULTNT PANE: A set mounted instrument panel shall include:
 

Dual range voltmeter 3-1/2 inch +2% accuracy.
 

Dual range ameter 3-1/2 inch +2% accuracy.
 

Voltme',e.c-,.nmeter phase selector switch. 

Lights to indicate high or low meter scale.
 

Direct reading pointer type frequency meter 3-1/2 inch +.3
 
hz accuracy.
 

Panel illuminating light.
 

Battery charging ammeter. 
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Oil pressure gauge.
 

Coolant temperature gauge.
 

Running time meter.
 

Plug-in voltage regulator with front panel voltage
 
adjusting rheostat.
 

AUTOMATIC TRANSFER PANEL (S): The automatic transfer panel shall be listedby Underwriters Laboratory under Std. UL 1008 
for 	emergency systems and
all 	classes of 
load, and be CSA approved. The ampere rating shall be at
least equal to the total load being transferred. Control circuitry shall
be solid state except for "OFF" timers and 	 heavy current circuits. Thetransfer panel shall initiate transfer to the generator set when thevoltage of any phase of the normal drops below 70% 
of rated. The transfer
panel shall 
have closing, withstand and interrupting ratings equal 
to the
available short circuit current on the normal supply. A minimum of .5delay must exist between the opening of the emergency and closing of the
normal to allow induced voltages in the system to decay.
 

GENERATOR SET MOUNTING: The 	 standby generator set shall be equipped withfactory installed vibration isolators mounted between the 	 set and fabricated
steel base to prevent distortion c. alignment between generator and engine

when installed. Mount cn concrete pad as 
shown on plans and drawings.
 

ACCESSORIES: 
 Engine block heater, 2,000 watt, 120 volt.*
 

220 	ampere hour, 12 volt battery, battery rack, and battery cables.
 

20 ampere automatic float bAttery charger Model A-269214 with automatic
voltage regulation, current 
limiting capability, temperature compensated
for ambients from -200 F, voltmeter and ammeter; equipped for conduit

installation, as supplied by Kohler Co.
 
Engine exhaust silencer rated for 
(select one) Industrial, Residential,
 

Critical application.
 

Remote annunciator panel* with visual indicators for: 

Switch "off" (flashing red), Overcrank (red), Emergency stop (red), High
coolant temperature (red), Overspeed (red), Low oil 
pressure (red), Anticipatory high coolant temperature (yellow), Anticipatory low oil pressure

(yellow), low coolant temperature (red), 
High battery voltage (red), Low
battery voltage (red), Low fuel (red), System ready (green), Normal line
power (yellow), Generator power (yellow). Alarm switch off (red), and an
audible alarm with shut-off switch.
 

*Required to meet NFPA-76A Regulations.
 

INFORMATION REQUIRED FOR SPECIFIED STANDBY SYSTEMS
 

1. 	Detailed specification sheets.
 

2. 	Certified final factory test report shall be provided

to the architect, certifying this unit's full power

rating, stability, voltage and frequency regulation.
 

3. 	Complete operating instruction and maintenance manual
 
with parts list. 
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Waukesha VR 220/330

Diesl Enginator ® Systems
 

24 to 69 Kilowatts
 
PRELIMINARY INFORMATION 

'I-' 

Aw 

ENGINATOR' 

AIR CLEANERS - Dry type. 
BATTERY CHARGING ALTERNATOR - 12 volt D.C., 55 
amp., negative ground, integral voltage regulator, mounting
and drive. Near zero taper charge feature. 
BEARINGS - Replaceable, precision type main and rod

bearings. 
CONNECTING RODS -- Forged steel. 
CRANKCASE -Single piece heavy duty, deep-skirtedcrankcase. 
CRANKSHAFT - Forged steel, dynamically balanced and

counterweighted with hardened journals. VRD220: Five(5 main bearings. VRD33: Seven (7) main bearingsF.Teperature 
CYLINDERS -Centrifugally cast, replaceable wet liners.3.875 inch bore x 4.665 ich stroke, 

VRD 220/220S -- 4 cylinders

VRD 330/330S - 6 cylinders 


CYLINDER HEAD 
- Open combustion chamber. Overheadvalves with replaceable valve guides. Cross flow design.
One piece construction. Exhaust valve rotators and
inserts. 

EXHAUST - Vertical exhaust, (3.25" OD) 
FUEL INJECTION SYSTEM-Distributortypefue! ijection 

pump, speed advance and integral governor. Fuel supplypump. Fuel filter, 12 volt solenoid shut-off on injection 
pump. 

GOVERNOR - Mechanical type; 5% regulation. 
LUBRICATION SYSTEM -Full pressure lube oil system

with full flow oil filter and gear-type lube oil pump.
OIL PAN - Automotive type. Rear sump. Capacity 8.0 quarts

(7.6 litres) including filter (without cooler). Right handdipstick 
PISTONS - Aluminum alloy 3-ring type with full floating pin.

Rectangular top ring. 
WATER CIRCULATING SYSTEM - Belt-driven water pump,

175' F. (79' C.) start-to-open thermostat. Positive bypass
shut-off. 

STARTING EQUIPMENT - Electric starting motor, 12 voltDC solenoid engagement. 

Bulletin 8214 

VRD330 Enginator" with 

Engomatlc Controls 

SPEC!FICATIONS 

TURBOCHARGER - On VRD 220S/330S only.

COOLING SYSTEM -Choice of unit 
 moutd radiator

(Pusher Fan), heat exchanger with surge tank, or con
nections for remote radiator cooling.

GENFRATOR--Waukesha, direct connected, fan cooled,
A.C. revolving field type, single baring generator, with 
brushless exciter and damper windings. TIF nd Deviation 
FactorwithinNEMAMG 1.2 2 Voltage480/2773phse,4
wire, Wye 60 Hz. and 400/231, 3 phase, 4 wire, Wye 50 
H2. Other voltages are available, consult factory. Insulation 

rise within NEMA
 
(105 °C.)for prime power duty, within NEMA(130 ° C.)forcontinuous standby duty. All generators are raied at .8

Power Factor, are mounted on the engine flywheel housing

and have multiple steel disc flexible coupling drive.
 

VOLTAGE REGULATOR - SCR static automatic type providing 1% regulation from 
no load to full load. Includes
voltage adjustment rheostat automaticand subsych
tonous speed protection.
 

ENGINiATOR iASE -
 Engine, generator, and radiator or 
heat exchanger are mounted and aligned on a channel 
steel base suitable for lifting.

ENGOM"ATIC CONTROL Genorator mounted. NEMA 1 
for general indoor use. 

METERS  3.5" (89 mm) panel type 2% accuracy, voltmeter, 
ammeter, dial type frequency meter, hourmeter and 
combination voltmbter/ammetor switch. 

CONTROL SWITCH --Three position selector switch, off
run-start for manual operation.

SAFETY SHUTDOWN CIRCUITS-For low oil pressure
and high water temperature, manual reset t/pe with 
common indicator light. 

RELAYS - Dust resistant, totally enclosed, plug-ir type.
ENGINE INSTRUMENTS - 2"(51 mnn) water temperature

and oil pressure gauges, battery charging ammeter. 

I 
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WATERCON"NECTIONS 

. i EXCHANGER
I K ~ ~HEAT 
I ---o. ' I 

]LM
Cooln.. I '. 7IN]jM'F - MM-- -_-_--,_
LTL3""-".
77ZJL 4Affi. A 
- HEA 

220 2 2Rad.,,, ,, 
 0 _09
 

- ...2 '=-2200I -' - ' '- . .... " i o' 1 5 

-230 V (at r 
 2055 "f 1295.. 2:; 11"5r", -."..... .
2208 e-!a19 C48 _48 12-19 21002000 909S~ 4. 3 6 1219- 955
337 H i u.T-, -,762 0 f87 .c 1295 2550 11' 

220 W-taCSiJei J b.) 404UF7 219 '1950 TG22CS V*a.t r C n 3 r t2I~ ..... .494 1219 2050 93 
F2' E,77 8j ,,; 173t6 1 19 1362t B~u 2500,

330~itp~ L~.~A~L 1~5 _29O 1341 

...O...R O...-'tN D-"BY U--. 

128 24 ..... ... 1 ,2C1........" 2,-. 1 224
21- 2202: 43 2
4 F 3F 330 60 41 

229 2 220 227 
H120 
 g, 
 2'20S 44 35
On' 43.,
Exchange: 330 

2 29 25 1-220 32 27 
Connocti',r 10~j2~$.. .0, 
 . 2* 434 

332 .....,.,,9, 
 57
 
.ATIN ' 
 FOR ;'NLTriJDE AND TEMPERATURE .. 
 C tuuru Rating Prime P.,r~f IIo( StvdbV Powar j Roth-. 

AIt.t - Dcdurtct 3% for ani!h 100C' ".. .
 . .
 .
Naturaliy (,05rs)abovt... 0152) (45762)Mpitnated l'mqoraturn-. )educt 1% icr each O,"F
 
(29C) (35 0 ) 

Aftitude- Deduct 2% for each 1000' 500' 1500'Turbocharged (305m) above... (152 m) (457m) 
... .
lu....1% for each- 85°F 85OF

6CQ above...
The manufacturer reserves the right to change,or modify, without notice, th 
(29C) (29oC) 

design,oquipment specifications or ratings as herein seltorlh without incurring any obligation eithor with ro.pect ioengines previously sold or in the process of construction except whereotherwise tpecifically guaranteed by the manufacturer. 

V'..._,h Your Distributor 

DFR-ESSER IN'DLUSTRiES INC.
VVICONI'rJWISAUKUSHA' 
 :531B7 


A 1Bulletin 6214 10-81 Litho in U.S.A. 
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VS Series Model 
VS900DS Radiator 
Cooled Diesel 
Enginator® System 
Rated 250 Kilowatts 
for St.andby . 
Continuous Service 

* 

* 

o 

WAUKESHA VS Diesel Engine 

WAUKESHA generator and regulator 

Factory load tested as a system 

* 

6 

s 

Factory certified test report 

Torsionally tested and approved 

industrial and Marine Sets 
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BASIC UNIT SPECIFICATIONS
 

Air Cleaners - Dry.

Battery Charging Alternator  35 amps, belt driven, alter-
nator charging arnmete, in instrument panel. 

Bearings - Heavy duty, replaceable, precision type.Breather - Crankcase ventilating type, open. 

Connecting Rods - Forged steel rifle drilled for pin Jubri-

Crar*Ji~ift - Forged steel, hardened journals, dynamically 
W-a Ycxd. 

C.ankcase-- Integral crankcase and cylinder fiame. 

Cylinders - Rcmovable wet cylinder liners, 

Cylinder Heads - Interchangeable valve-in-head type.Stellite intake and exhauv, valves with chrome ptated sterns, 

Fuel System - M0ultiple plunger injector pump, injector
line, fuel transfer pump, hand primer pump, flexible fuel 
lines, 

Governor -- Variablz speed centrifugal 5% regulation.
 
Instrument Panel -
 Mounted on Engoinatic control pimel,
incluxes 2" (51 mm) water temperature and oil presure 

Lubrication - Full pressure, positive displacement pump,centrifugal cil filter.En 
Mnifuds Air cooled exhaust. Single outlet. 

Ci: Cooler -
 Full flow shell and tube type. 

Oil Pan - Automotiv surnp type. 

Pistons - Aluminum with floating pin. 


Sal;ouy Shutdown - Ccnditions of high water temperatureor low oil pressure cause automatic fuel shutoff and shut-
down. 

Starting Equipment - Electric starting motor 24V DC, 
solenoid engagement. 

Turbochargers - One on DS units.
 
Water Circulating System -
 Engine driven centrifugal water
 
purnp and by.wns: thermostat.
 

Cooling System - Thermostatically controlled. Choice ofursit mounted radiator, heat exchanger with surge tank, or
conne-tions for remote radiator cooling. 
Generator - Direct conne.cted Waukesha AC revolving fieidtype., single bearing, damper wiidings. TIF max. 150.
Siandard voltage 480/277, 3 phase, 4 wire, Wye 60 Hz or400/231, 3 phasc, 4 wire, Wye 50 Hz. Other voltages avail-
able, consult factory. Generators are mounted to engine 

flywheel housing, and have multiple steel disc, flexiblecoupling drive. All generators are 12 lead machines suitable
for comrncrcial lug and cable connections. The generators 
are built per NEMA standards. 
Exciter - Brushless direct connected type with shaft
mounted1 diodes and residual magnetism eliminating field
flashirij. 
Ventilation - Shaft mounted fan for air flow from exciterend and exiting throuph df ive end. 

Voltage Regulator - SCR static automatic type providing1% regulation from io goad to full load. Includes voltage 
adjustment rheostat and automatic subsynchronous speed 
protection. 
Enginator Base - Engine, generator, and radiator or heat 

exchanger are mounted and aligned on a channel steel base 
suitable for lifting. 

Engomatic Control - Generator mounted.o a cCo to --G er orm u e . 
Enclosure - NEMA I for general indoor use.
 
Meters 
- 3.5"meter,.ammeter, dial type freq. meter, and combination 

(89 mm) panel type 2% accuracy, volt

voltmeter-ammeter switch. 
Control Switch - 3 position selector switch, off-run.. 
start for manual ov. ration.
 
Safety Shutdown Circuit; -
 For low oil pre~sure and
high water temperature, with indicator Uight. 
Relays- Dust resistant, totally enclosed, plug-in type. 

Accessories - Consult Price Book for complete list of ac
cessories and optional equipment. 

'Ant manufa,.-turr teterves the right to change or modify, without notice, the design. equipment specifications, or ratings as herein set forthwithout incurring any obligation either with respect to systems previously 
V4,C 

sold or in the process of construction except where otherwise
6ifi.vly gu ranteed by t e manufacturer.
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VS SERIES KILOWATT RATINGS - Industrial Enginator® Systems 

MODEL CONTINUOUS RATINGTYPE OFKWW PRIME POWER RATING
FOR STANDBY USEKW KWV ... -----

COOLING 60 Hz & 480 V 50 Hz &400 V 60 Hz & 480 V 50 Hz & 400 V@1800 RPM @ 1500 RPM @ 1800 PPM @1500 RPM 
Heat Exchanger 260 220 215 190VS90ODS Remote Radiatcr 260 220 215 190 
Radiator 250 215 205 185 
Heat Exchanger 175 150Radiator 155 130VS70fDS Remote Radiator 170175 150150 155155 130130 

Heat Exchanger 115 95Radiator 100 85VS50OgDS Remote Radiator 110115 9595 100100 8585 
VS500D Remote RadiatorHeat Exchanger 8080 6868Radiator 7272 606080 68 72 60 

RATI NG DEDUCTIONS FOR ALTITUDE AND rEWERATUREType of Enginator Continuous Rating for Standby Us
NatuallyAspiated 
 Prime Powwr Riatings;3% for each 1000' abv 10 0 altit ue 3% for each 1000' ab ce 0 0'at ud1%for each lf00o- O F 1 f r 1 0.e0O.urbochargmd 2% for each I000'.?bove. 1500' altitude 2% 1for each 1000' above 300 ' altitude1%for each 10*over WOF. 1% frec (° vrI O F
Turbochargad 2% for each 1000' above 1500' altitude 2% for each 1000' above 3000' altitudeIntercooled 1%FOR EACH I00OVER 1000F. AMBIENT TEMPERATURE
 

Diesel Fuel Ratings bosed on ASTM D975 Classification No. 2D Cetane Rating 40 minimum.
 

VS SERIES KILOWATT RATINGS - Marine Enginator® Systems 

PRIME POWER RATINGMODEL TYPE OF SHIPS SERVICE GENERATOR SETS0 COOLING 60 Hz 50 Hz
KW @RPMVS90ODSIM KW @RPMHeat Exchanger 235 1800 200 1500 

VS70ODSIM 200 1800 175 15
 
VS700DSM Heat Exchanger 160 10 140 150
 
VS700DM 

115 1800 100 150 
VS500DM Heat ExchangerV5DM80 105 18001800 90 150070 15D0 

DAll Enginator generator sets c8pable of 10% overload to meet classification society requirements. 

2/2 



-- A- - B--

C 

).,~~~ -.. --------,
 

VS SERIES OUTLINE DIMENSIONS 

APPROXMAT: 

MODEL TYPE OF
COOLING IN. 

A 
PAM IN. 

B 
MM IN. 

C 
MM 

DRY WEIGHT 
LBS. KGS 

VS900DS 
Heat Exchanger 
Remote Radiator 
Radiator 

114 
114 
114 

2895 
2895 
2895 

42 
42 
42 

1067 
1067 
1067 

56.5 
5,h, 
56.5 

1486 
1486 
1486 

5675 
5690 
6100 

25S0 
2545 
2773 

VS700DS 
Heat Exchanger 
Remote Radiator 
Radiator 

114 
114 
114 

2895 
2895 
2895 

36 
36 
3 

9,4 
914 
914 

60 
57.5 
63 

1524 
1460 
1600 

4850 
4400 
4600 

2205 
20G0 
2091 

VS50ODS 
Heat Exhanger 
Remote Radiajr 
Radiator 

114 
114 
114 

2895 
2895 
.895 

36 
36 
36 

914 
914 
914 

57.5 
57.5 
57.5 

1460 
1460 
1460 

4300 
4200 
4200 

1950 
1905 
1905 

VS500D 
Heat Exchanger 
Remote Radiator 
Radiator 

114 
114 
114 

2895 
2895 
2895 

36 
36 
36 

914 
914 
914 

57.5 
57.5 
57.5 

1460 
1460 
1460 

3450 
3450 
3450 

1565 
1565 
1565 

NOTE: Dimensions may vary with serv*ce and installation requirements and. therefore, are not guaranteed. Detailed prints available for layoutwork. Contact your Waukesha distributor. 

EYour Distributor: 

WAUKESHA ENtSINE OIlSIoN
DRESSER INDUSTRIES INC. 

WAUKESHA, WISCONSIN 53187 

Bulletin 6205A 6-76 Lltho in U.S.A. 



I'OUR ONE SOURCE 
FOR POWER 

WINCO is the U.S.As largest manufac, 
yurer of portable generators.The majority of 

our 0:-rierE rs are built for the construc
tion, idusiril aid agrcultual markets. Wehave been manulactunng Power Systems 
since the 1930's. 

The High Perfornma.nce Series by WINCOisdeskned tj be functional, easy-to-serce,
!and powerful. In fact, we are so confident
of the design in egrty, all High Perforrrnce 
toenerators ae varranted for one year evenrnconstructon, industrial, and rental appi-

ations. 
Every WINCO generator undergoes nu-

merous in-process inspections during
,manufactunng. After the generator system
is assembled, and prior to shipment, itun-

droes a final test run and insection.Your
1igh Performance generator will come 
wfth a report documenting its actual perfor-
mance on its final test. WINCO manufac-
rires a complete line of systems from 200 
watts thru 300,000 watts including auto-
matic, portable, tractor drive, and two-
bear generators powered by the wind 
rby diesel, gasoline, LPG, or natural gas

=ngines. 

plUg rlna
hgh
 

peru mance, 
d 

. 

Construction Power Outdoor Power Emergency Power 

Ifyou want performance, WINCO has a generator for you.
The High Performance models are designed for the demanding applications of construclion, rental, or emergency power
requirements.

The Power Systems in this series include top of the line
features that live up to their name. These sets are designed
to be quiet, powerful, dependable, and easy to maintain. Various models are equipped with the following features:
0 A frame-mounted (vibration isolated) control panel thatiswell planned, well equipoed, well marked and conveniently
located. a An automatic engine idler that saves gasoline and
lowers the sound level even farther when there is no load.

0 A Full Power circuit that allows the maximum rating to

be taken from one receptacle-either 120 volt or 240 volt.
 
a A Maxi-Watt winding for extra motor starting ability. 0 Convenient e.ric starting and easy manual starting. a A large fuel

tank for long uninterrupted run times. Mounted below the set

with a specially designed filler tube and fuel gauge. A steel
plate below the tank isincluded for added protection. . Simultaneous AC and DC power, starting/batter. cables and bat
te/ cable storag box. a A high q uality long life engine

oCompact size, light weight, maximum output. a Full WINCO
 
warranty. 0 High Performance.
 

WINCO generators sets are easy-to-service. Did you ever
 
try to replace a spark plug, change oil, or periorm simple

maintenance on a "pretty' generator'? If so, you will appre
ciate the service accessibility on these generators. All routine

maintenance can be done without removing any "sheet

metal' There are factory authorized service centers throughout the nation and the world to keep it on the job. Compare

WINCO with any other brand available and you'll see why
the High Performance generators are such a terrific value.


WINCO's new High Performance Generator Systems are

designed for heavy duty applications with the best motor
starting in the industry for their size. WINCO, the leader in

construction generators, has designed these units from the
ground up to be quiet, powerful, dependable, and easy-to
maintain. The particular features for each model are de.
 
scribed in more detail on the following pages.
 

0~1 
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FEATURES. 
Vlbrtklo Isolated Control Center. Desiqnedfor maximum versabhrry and convenience Stan
dard laatures include: Stop/start switch - Switch 
for automatic idling or continuous full speed• Fast connect DC plug • DC charge rate am
-rreter- AC and DC power indicator lamps 
Circuit breakers • Multiple twist-lock and

straight blade receptacles. 
Electmic Cornver. Built-in solid state idling
control. Engine idles when Dower is not re
quired, 'revs" up to full engine speed instantly
when load is switched on, No relays or moving 
parts. The module is encased in epoxy, eliminating any possibility of moisture or dust dam
age. Extends engine life, increases reliability,saves up to 60%on fuel costs 
Full Poww. The full rated generator output isavailable from a single 120 volt outlet - or a sin
gle 240 volt outlet-or any combination of receptacles. Full Power is a patented heavy-wind
ing built into the rotor, eliminating the ,ieed for 
any switches or reconnecting. 
Maxl-Vtt. An extra-heavy winding in the fields 
that provides extra power for heavier motorstarting loads, reducing the size and weigt': oT 
the generator reQuired. The HP4800 will start a
3 horsepower Code G motor. 
.?wo-VVay Starting. Can bF, started electrically 
with the push of a button or manually with the
recoil.starter.The engine has an automatic corn
pression release for easy pulling. The "fast spin"
electric start spins the engine 2 or 3 times faster 
than a convenional type starter to aid starting
under difficultconditions. 

' ,; Five Gallon Fuel Tank. The large fuel ta:ik is 
smountedunderneath the generator syt. The 

ing. I fuel is spilled while filling the tik, itdrops 
to the ground, not on the hot enrine Operaes
over 7 hours under normal load. A steel platebelow the tank is included for added protection 

.... . ..... '-' 	 U- COl LY*I'Jnutclwn. 
USDA .ro Muffler. Super quiet spark ar

r,ior type. 
a p.-Around CnI Ie. Heavy-duty, tubular steeal 

Zii~lconstructon tor maximum protection. 
BAry Cables. Use for both battery charging 

and engine starting.
BfeyCbaSoaeBox. 
Long Ib En n. Kawasaki 4-cycle: air-cooled 
cast-iron cylnder; 341 cc: CD ignition: ba
lanced crankshaft with integral counter weights.ball bearing main bearings: stellite exhaust valve.maximum noise suppression. 

Generator SpecOfcatons: 4800 surge watts o4500 continuous watts • 120/240 volts 38/19amps 60 hertz 'Tphase• 10-amp 12-volt DC 
Simultaneous AC/DC power • Lengtn 27' 
Width 21%2 . Height 24Y2" • Weigit 260 lbs 

* One Year Warranty.
 
Optional: Heavy duty two wheel pneumatic tire

dolly. 

7, 2.L 
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