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ABSTRACT

This project is in collaboration with PETRONAS Carigali Sdn Bhd. and was
selected for the 16™ Engineering Design Exhibition (EDX 16) of UTP. The main
farget or objective of this project is to develop a methodology and process to select
the best and most suitable power generation technology specifically for remote or
offshore facilities because currently, there is neither definitive methodoloéy nor
guideline for clectrical engineers to select the type of generator suitably to meet the
requirement of offshore applications. This is the first ever attempt to standardize the
selection method. Studics on designing power generation and also on new and
suitable technofogies of power generators for offshore application bave been
conducted together with data collection from the internet. It can be conclude that
there are two main factors have to be considered during the selection process. The
factors are the technical parameter and the other one is the decision factor, which
pretty much related to the structural limitations of a platform. As an addition, a
systern or selection tool software is developed as an aid to the engineers for selecting
the best generator during the design stage. The software also serves the purpose as a
database where all information and specifications from different types of generators
can be safe-kept there.
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CHAPTER 1
INTRODUCTION

This project is initiated during the Industrial Internship Programme at PETRONAS
Carigali Sdn. Bhd. (PCSB) KLCC from June 2004 to January 2005. It is offered by
PCSB as the Finat Year Project (FYP) for the university to explore new technology
applications in offshore Oil & Gas industry. This FYP iz a joint project, in-
collaboration with PCSB. Principal Electrical Engineer Ir. Mohd Faudzi Mohd Yasir 1s
the tepresentative or industrial supervisor form PCSB together with Ir. N, Perumal as

the fecturer supervisor from the university.

1.1 Project Background and Problem Statement

This project focuses on the selection of power generation technology for offshore
facilities which requires electricity supply. Selection of power generation 1s part and
parce! of facilities design for electrical engineers at PCSB. The design for offshore
power generation offers many challenges. Among them are the changes in technologies
{generators) and the varying load of facilities at different platforms. Recently, there are
several numbers of technologies of power generators available in the market A
detailed study and analysis is required to determine the best offshore power generation
types for all the facilities on-board. Currently, there is no establishing methodology for

engineers t0 optiimize the selection.

Different types of offshore platforms require different types of power generation
depending on the size, facilities on-board, and load consumptions. For the thme being,
PCSB has 3 types of platforms which are 8-legged, 4-legged, and 3-legged. The bigger
the platform means more power required to cater the loads such as drilling facilities,

lighting, and Distributed Control System (DCS). Smaller piatforms require smalier



power which can be generated by smaller generators such as from Microtuibine
Generator (MTG) and Close-cycle Vapour Turbogenerator (CCVT). Besides
producing self generation, few others satellite platforms tap electrical power from their

mother or main platforms via Submersible Power Cable.



12 Objectives

The main objective of this project is to develop a methodology or process to select the
best and most suitable power generation technology specifically for remote or olishore
facilities in the oil & gas business. Currently, there is neither definitive methodology
nor guideline for electrical engineers to select the type of generator suitably to meet the

requirement of offshore applications.



CHAPTER 2
LITERATURE REVIEW

Because this is a collaborative project with PCSB, all historical data and mformation
on the various types of offshore facilitics together with 1ts’ type of power generator
technologies and power requirements will be input by PCSB itself. Besides that,
references from the internet, journal and product catalog from vendors will also be

required. There are three main sources for literature which are:

¢« PETRONAS Technical Standards (PTS). PTS 33.65.11.32 (Package Umt AC
Generator Sets) and PTS 33.64.10.10 (Electrical Engineering Guidelines).{1]
e Types of Offshore Platforms and Facilities

« Different Types of Small and Large Power Generation Technoiogies

2.1 Types of Offshore Platforms and Facilities

PCSB has many oil fields or wells throughout the Malaysian waters particularly at the
South China Sea. Besides that, PCSB also has interests in other coimtries such as
Vietnam and Indonesia, to name a few. To get the knowledge on typical offshore
facilities, the ANGSI field has been selected as the main reference and example

because it has a compiete facilities for offshore applications within its” five piatforms.

ANGST field s situated at the South China Sea offshore of Kerteh, Terengganu. This
ficld already has five operational platforms;, whereby ANPG-A (process platform} and
ANDR-A (dnll niser platform) aci as mother platforms with three satellite dniling
platforms namely ANDP-B, ANDP-C and ANDP-E {please i@féﬁ appendix, ANGSI
Field Development Plan). For info, the ANGS! field produced about 100,000 barrels of



crude oil per day, which justify that this field is the largest in production of crude oil
for PETRONAS at South China Sea.



2.1 $-tegged Ceantral Processing Platfori (ANTG-A)

Typical installed power capacity: 3 MW to 5 MW
Typical voltage rating: 6600 VAC
Frequency: 50Hz

Typical offshace factlities: Production, Processing and Living Quarters

212 8-legged Drill Riser Platfornm (ANDR-A)

Typical mstalled power capacity: 100 kW
Typical voltage ratng: 400 V AC
treguency: 5iHz

Typicat offshore factitties: Dol Ruser. Flare Tower

Figore §: ANPG-A Process Platform and ANDR-A Drill Riser Platform



213 4-Jegoed Drittiag Platiorm (ANDP-B}

Typical tnstalled power capactty: 100 kW to 150 kW
Typical voltage rating: 400V AC
Freguency: 50Hz

Typical offshore facilities: Drifling Rig

Figure 2. ANDP-B Dniling Platform



234 tepped (Triged) Drilling Platforms {ANDP-C & ANDP-E)

Typical tnstalled power capacity: Z kW to 4 kW
Typical voltage raning: 24 VDT
tFrequency: -

Typical offshore facilities: Drilling Rig

Figure 3: ANDP-C and ANDP-E Dnithng Platform



22 Different Types of Small and Large Power Generation Technologies

Currently, there are many types of power generation technologies available in the
market. Study on the characteristics, working principles and specificatioiis are also
necessary to make sure whether the equipment is viable for offshore practice. A power
output is considered small when the rated power produced is below 1000 kW or 1
MW. Above that ranges 1s constdered as large or high power output. These are a few

examples of technologies which have been tdentified suitable for offshore usage.
2.2.1 Microturbines [6]

Microturbines are small combustion turbines that produce between 25 kW and 500 kW
of power. Microturbines have a common shaft on which mounted a compressor,
tutbine, and generator. These components are mounted on air bearings, so no
habrication 1s required; because friction is eliminated, the cost of maintenance is
significantly reduced. Most microturbines are single-stage, radial flow devices with
high rotating speeds of 90,000 to 120,000 revolutions per minute. The frequency may
vary from 1,300 to 1,600 Hz. This AC power may be converted to DC power and later
re-converted via mverters into AC power at 240 or 480V and 50 or 60 Hz.

Microturbine generators can be divided into two general classes: (i) Recuperated
microturbines, that recover the heat from the exhaust gas to boost the temperature of
combustion and increase efficiency; and (i) Unrecuperated (or simple cycle)
microturbines, which have lower efficiencies, but also lower capital costs. While some
carly produet introduced n the market has featured unrecuperated designs, the bulk of
developers' efforts are focused on recuperated systems. The recuperator recovers heat
{rom the exhaust gas in order to boost the temperature of the air siream supplied to the

combustor.
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Figure 4: Recuperated Microturbine Systems

Further extiaust heat recavery can be used (o a cogeneration configuation. The figure
abave tlusteates a recuperaied microturbine svstem. la the tecuperated aucrotuebine
systems, units are atr cooled, with air brought in through an inlet to cool the generator
set. The air 15 then compressed before it is ducted through the regenerator o the
compustion chamber. Onoe the air is compressed, it is sent to the recuperator 1o raise
its 1emperature, passing 10 the combustion chamber, and mixing with Tuel. lgnition of
the mixture creates the combustion gases that enter the turbine, making «t sotae. The
gases leave the turbine at 1,100°F and return {o the recuperator, which transfers a large
fraction of the heat to the compressed air before the compressed aw emers; the
combustion chamber. Exhaust gases at 450°F may be sent o a heat exchanger wn order
(¢ heat water for industrial, conunercial, and residential pucposes, as well as loc the

praduction of sieain.

10



2.22 Close-cycle Vapour Turbogenerator [8]

Closed Cycle Vapour Turbogenerator or CCVT is another of many types of power
generating equipment offshore platforms. ORMAT is one of the manufacturers whom
named its CCVT product as The ORMAT Energy Converter (OEC). This OEC unit is
suitable for remote power system and certified for operations in Class 1, Division 2

{Zone 2, Group 1T} conditions in offshore applications.

Usually, a CCVT is only used to produce small power at an unmanned platform. For
OEC, basically a self-contained power package consisting of a combustion system, a
vapor generator, a turbo alternator, an air-cooled condenser, a rectifier, alarms and
controfs housed in a shelter. It will supply 200 to 3000 Watts of hltered DC power on a
continuous 24-hour-per-day basis for periods of up to 20 years with virtually no

maintenance or repairs.

The ORMAT concept utilizes a hermetically sealed Rankine cycle generating set
which contains only one smoothly rotating part — the shaft on which the turbine wheel
and the brushless alternator rotor are mounted. The turbo alternator shaft is supported
by working fluid film bearings, which climinate any metal-to-metal contact, resuifing
in vears of trouble-free operation. Unlike any other generators, this OEC umitf can

operate with natural gas with high NCG content and low LHV.

System Operation of a CCVT

The bumer heats the organic working fluid in the vapour generator where some of it
vaporizes and expands through a turbine wheel thereby producing shaft power to drive
ihe alternator. The vapour then passes into a condenser where it is cooled, condensed
back into the ligmid state and driven back into the vapour generator, cooling the

alternator on its way, and lubricating the bearings. The cycle continues as long as heat

11



is applied to the vapour generator. Because the vapour/liquid stainiess steel envelope is

sealed, none of the organic fluid is loss during the process.

Furthermore, the working fluid is totally immune to climatic conditions outside the
sealed envelope. The turbo-alternator produces three-phase AC power, which is then
rectified and filtered. The DC power is regulated for varying load by automatically
controlling the amount of fuel supplied to the burner. The system is equipped with a
digital tarbinc control unit with safety controls to protect it against any abnormalities,

mcluding overheating.

General Specifications of CCVT:

Cutput power. 200 to 3000 W (per unit)

Output voltage: 24 or 48 or 125 VDC (nominal)

Voltage vanation: 3.5% of voltage setting

*

Protections: short circuit, over voltage, low voltage, motive fluid over temperature
* Areca of installation: Zone 2, Group I, Temperature Class T3 / Class 1, Division 2,
Temperature Class T3
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2.2.3 Thermal Electric Generatars |9}

Known as TEG, is another highly robust and reliable product wiuch procuced
eleciricity from the conversion of heat. 1t is fow in maintenance as there are no moving
ar rotating parts tuside this unit. Tnitially, this technology is develop by 3M for the
Apollo space program, but Jater was commercialized by Global, as one of the main

manufaciurer and supplier worldwide. A standard TEG unit is designed for 20 yeass

hifetme.

A TEG solid state can;préses of 3 key components which are burner, sealed thermopile
and heatl sink. The burner acts as the main heat source of the unit. The sealed
thermopile is the energy conversion device which converts the heat produced by the
burner o electricity. The heat generated s cooled by heat sink i the {orm of cooling

fins or heat pipes.

FUELIN

Figure 7: TEG Solhid State Device



Systern Operation of a TEG

The main conversion unit of this TEG unit is the hermetically-sealed thermoapile. This
is wheve the heat is converted directly to eleciricity. DC current is produced when there
ts a difference in temperature across the thermopile, just like the councept of
thermoecouple. This small DC current is then amplified and regulated fo produce the
amouni of power needed, in tius case, according to the umt’s rating. The efements of

ths thermopie are fead-tn-teliunde,

Figure §: Thermopile

TEG Fepiures

Standard 12 VDC, 24 VDC

»

Generators can be connected in paralled or senies for larger loads

Systems can be designed for load requirements from 10 W to 3000 Warts

{aseous Fuels — natural gas, propane



2.2.4 Reciprocal Engine

Reciprocating or internal combustion (IC) engines are part of our everyday life. There
are over a million IC engines instalied for electricity backup apphications worldwide,
and over 100 million engines in operation counting cars, trucks, planes, and boats. IC
engines are best suited for backup, intermediate, peaking, and combined heat and
power (CHP) applications where unit sizes with electrical output requirements range
from a few kW up to roughly 10,000 kW. Besides applicable to offshore power
generation, 1C engines are installed in manufacturing facilities, office buildings,
universitics, hospitals, retail stores, distribution centers, and small utilities. IC engines

are generally characterized as having:

» Low initial capital cost

* Proven reliability

e Strong maintenance support networks

» Rated output that is not impacted by higher ambient temperatures or elevations
« High partial load efficiency

» Heat recovery capabilities for combined heat and power

* No requirements for external inlet fuel compression

IC engines are divided info two basic fypes: spark ignition and compression ignition
engines. The spark igmtion engine is common in the form of gasoline powetéd car
engines. Below 75 kW they are produced in large volumes, but are also seeing rapid
acceptance above I00KW for natural gas fired power generation with heat recovery
(CHP). Excluding the lowest output models, these engines typically have four-stroke
combustion cycles, operate al medium to high speed, and are powered by liquid fuels
or natural gas. Higher engine speeds allow for greater engine efficiency. Natural gas 1s
often required for longer run hours to meet environmentai regulations for applications

with longer run hours,

16



Fiowre §: Internal Combustion Eneine Installation
=] =)

The compression ignition engine, often called a diesel engine, is used 1 beavy tracks
or buses. Diesel engines can have two- or four-stroke combustion cycles and can
opcraic at any speed. Heavy fucls such as dicscl arc uscd cxteasively for power
production in Aftica, Asia, and many tslands, (C engines provide the best combination
of efficiency and cost effectiveness in smaller scale applications compared 10 other

power generadion echnologies. [C engines are found in the following cyeles:

1) Simple Cycle - This is the standard operational methed of 1C engimes. Simple cycle
tndicates that cogeneration or combined heat and power is not being employed. They
have high simple cycle efficiencies, low capital cost and start-up times fypically of Jess

thag ten secands, These attributes make 1C engines well sutted for back-up power,

2} Cogeneration or Combined Heat and Power - Combined Heat Power (CHPj 15 2
Jeading configuration for supplying electnicity while capiuning thermal energy i the
form of process sieam or hot water for industrial and commercial apphcanons. I

engines are not as efficient as combustion furbines in converting waste heat 1o steam



(less than 50% thermal energy can be converted to steam), but are very well suited for
applications requiring small amounts of sicam at low pressure or small to large

volumes of hot water. Reciprocating engine CHP installations have been steadily

increasing.

Technology of IC

IC engines and combustion turbine technologies both use the energy of combustion
and convert it into rotating mechanical energy. The basic operation of an IC engine is
similar to a combustion turbine in that both convert combustion gases into a rofating
shaft (crank). However, combustion turbines use a continuous combustion process,
whereas IC engines follow discrete steps in the energy conversion process. A typtcal

four-stroke IC engine cycle consists of the following four steps:

e intake
« Compression
o Power {Combustion)

¢ FExhaust

18



Figure 10: Cross Section of 1C Engines

A four-stroke process reguires two complete revolutions of the crank shafl to comples

fis oycie versus a nhwo-sitoke machine which completes the four cycles in one
revolution of the crankshatt. During the Tutake step, air and fuel are wducted oo &
eviinder when the piston is near or at its downward stroke {assumes 2 verncally
artentted engtae) and the intake valves or ports (located at the top of the engine block]
apen to draw in atr. lntake ate (s aiways filtered to remove patiicles and extend the like
of the engine. Once the air and fuel mixture 1s 1 the cvlinder, the comprassion step
aceurs by an upward stroke of the piston that reduces the combustion valume and
compresses the mixture. The piston is connected to the crankshaft by a connecting rod
that pushes the piston upward as the crankshaft rotates. The piston travels upward until

it reaches the end of is stroke.

The combustion or power siep in the four-stroke cycle occurs when cither compression
is high cnough {16:1) to cause the mixture to self ignite, ov an extermal spark i3
introduced. The pressure ratio is the rano of the pressure at full compression, or
minimum volume, divided by the pressure of the cylinder at its maximum volume. The
expanding exhaust gases push the piston downward, creaving mechapical energy that

causes the connecting rod to rotale the crank shall. In e exhaust step, the valves or



ports in the exhaust manifold open to aliow hot exhaust gases to escape, completing

the cycle.

In contrast to the four-stroke cycle, two-stroke machines complete their cycle in one
revolution. For this reason, two-stroke air aspirated engines generate more mechanical
power than their four-stroke counterpart with the same cylinder volume. Both types of
engines go through the four sieps listed above. When the piston moves downward, the
two-stroke engine exposes an exhaust port that allows exhaust to escape and then
introduces a fresh air/fuel mixture into the cylinder. The mixture is compressed with a
subsequent upward stroke of the piston, followed by the combustion process that
drives the piston back downward and creates mechanical power through the crankshaft.
The exhaust valves or ports in the exhaust manifold open to allow hot exhaust gases to
escape. Although two-strokes can generate more power than a four-stroke with
equivalent displacement (cylinder volume), they are also less efficient and have higher

emissions.



CHAPTER 3
PROJECT OVERVIEW AND METHODOLOGY

3.1 Project Overview

In Mataysia, electricity or electrical power supply is obtained by two methods. First,
the supply is received from the source that generates its own power and supplies it 10
consumers as their core business such as Tenaga Nasional Berhad (TNB) or other
Independent Power Producers (IPPs). Secondly, the electricity required for own usage
is produced by self generation using various types of power generators. For example,
PETRONAS produced its own power for self utilization through their power plants
from PETRONAS Gas Berhad (PGB) through its Central Utility Facilities (CUTs).

Offshore platforms and facilities generate its” own electricity. Currently, PCSB had
spent an incurred high cost of investment on power generation systems offshore by
undertaking substantial engineering activity and inventory to cater the changes of load.
Therefore, PCSB is looking at an optimize method or philosophy in sclecting the type
of power generation technology for their facilities, hence reducing the front end cost of
engineering works. Selecting of a power generator for offshore is normally based on

these cnitena:

i) Load Demands:
To cater all the required power on-board for process, instrumentation, dnlling,

accommodation and other equipment such as various types of pumps, lighting and aiso

Distributed Control System (DCS).

21



1) Space:

Whether the footprint of the power generator is able to fit in the space provided on-

board.

W) Weight:

To match the equipment’s weight with the structural limitations of the platform.

w)  Reliability:

The reliability and performance of the generators must be taken into account during the
design stage and technical evaluation. To check whether the generators comply with all
the technical requirements and are robust enough to withstand the harsh offshore

environment.

22



3.2 Project Methodology
The methodology on conducting this project is divided into four parts:

) Data grathering and collection:

Information on types of power generations for offshore applications are searched and
collected from PCSB’s vendors and suppliers. The information on tvpes of ofishore
platforms is to be obtained from PCSB through the project collaborator. Besides, other
relevant information can be gathered from the PCSB’s archive at KLCC [5] (please
refer appendtx, Load Study).

1) Study, research, and data analysis:

Studics on how to determine offshore power generation design by referring to the PTS
together with frequent consultation with the industry supervisor. All the data obtained

are also analyzed in terms of suitability and cost effective.

W)  Data compilation and arrangement:

With the aid and advices from the project collaborator together with project supervisor,
all the data had been arranged and compiled according to criteria that will be discussed
later. A small database containing all the relevant information also being constructed

as reference (please refer appendix, Equipment Database and Specifications).

[
Led



iv) Software development on power generation selectiorr.

This is just an extra, not an objective of the project. According to plan, the software or
system should serve two main purposes, first as a ‘mini library’ or database whereby
additional data can be stored into later. Second, it will act as the selector of the best

power generator to assist the engineers during the designing stage in a project.



321 Software & System Development Tools Selection

After conducting some survey and readings on software, it is concluded that only two
programs are more suitable to develop the system for this project; first 1s MATLAB
and second is Microsoft Visual Basics. NET (VB). Comparing both of them 1n terms of
data management and accessibility, is it decided that VB is the better selection of the

two.

VB harnesses Microsoft Access (Access) to store data. In other words, a new database
must be constructed using Access by transferring all the data obtained earhier. But afier
considering back all other factors such as time constrain and complexity, it is decided
that the database should be created directly in the VB itself using the .txt format, and
then be stored inside the bin folder.

No /L Yes No * Yes
F .
} Parameter ’ <I £ : | actors ’ (If
~N :

F 3

Y_e‘*“_< # De——1 Ty

Qutput

Figure 11: Programming Algorithm for the Software



CHAPTER 4
FINDINGS AND DISCUSSION

4.1 Results of study

From the study conducted, it is found that there are standard specifications and also
variable specifications of a particular power generator for offshore or remote

applications. The standard specifications or requirements for offshore installation are:

1) Heazardowus Area Classification:

Although the pewer generator should be placed at safe area (according to standards IP

Part 15, usually the equipment is required to be configured for Zone 1 adaptability.

i1} Ingress Protection (IP):

This is a protection against solid and water criteria. Normally, the generator has to
comply with TP 56, which is the protection against medium size solid and jet spray ot

water.

Most of the manufacturers of these products can customize the standard specifications
required. The variable specifications are the one where electncal engineers have to
consider during the design stage After further discussions with both supervisors and

studies conducted, two things must be taken into account:



1) Technical Parameters:

Consist of which type of fuel source to be used, what are the ranges of output power

needed, the voltage output whether AC or DC together with its frequency.

1) Factor Decision.

This factor includes the maximum weight of the generator which the platforms can

withstand and alse the maximum footprint or size that can accommodaie by the space

limitation of the platform.

(R
~1



4.2 Software & System Development

Referring to the project planning before, the data are grouped according to types of
peneration such as gas turbines, diesel generators ete. Each of this group contained the

following parameters of all the respective brands:

« power produces {output power)

footprint (s1ze)
weight
URL (website link)

L

This main objective of this system software is to assist the engineers to select the best
generator according to the technical parameters and the decision factors. So the user

inferface should include the mentioned details or input:

1) Technical Parameters:

fuel source — heat, gas, liquid

pewer output — in kilowatts

voltage output - AC or DC

frequency — 50 or 60 Hz

tr) Decision Factors:

e maximum size or footpnnt — length, width, height

s maximum weight — in kilogram



43 Saeftware & System Demoastration

This is the first page interface whereby the user needs to {uput all the parameters

required in order o perform the selection

FACTOR DECISION

The user will then il out all the needed parameters of the generator (Figure 13} Afier
that, the *SELECT" batton is push. The software then will filier out from its database
and come owt with the best matched equipment. The results will display the
manufacturer’s and model name, together with the website address or URL of the

tanulzcturer for more detail descriptions and relerence to the engrueers (Fugure 145,

I
D
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Figure 14: Example of Output Result
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As an addition or extra for this software, some new functions are planned and develop
10 make the software more user-friendly and useful. Those functions are “Add New
Data” (Figure [5) where users can update the database with new models and types of
senerators in the Tatere; and users or engineers can also modified curent or existing

data using the ‘Bdit Data” function (Figure 16}

Figure 15; “Add New Daia’” Funchion Page

-
Al



Figure 16: ‘Edit Data’ Function Page



CHBAPTERS
CONCLUSION AND RECOMMENDATIONS

5.1 Conciusion

All in all, this entire project has met its main objective. The objective of the exercise is
to develop systematic approach and methodology to select the optimum generater on
the offshore facilities. The methodology will facilitate engineer to 1dentify and select
the right generators for power source at any facilities and at anytime, therefore it could
minimize the design time of power generation. In future, the electrical design
engineers just need to input all the relevant parameter to get the right generators. After
further discussions with both supervisors from the industry and the umversity, the two
parameters which must be taken into consideration during the selection process. that

has been finalized are:

1)  Technical Parameters - fuel source, power output, voltage output, and frequency.

1)  Decision Factors - the maximum weight and size

In addition to this, an integrated system using the Microsoft Visual Basics NET
software has been developed as an initiative to improve this project. This system can
store all the different types of data together with its specifications in 1ts database.
Selection of the best selection of the offshore power generators can be done by this
software by inputting all the above mentioned parameters. The software wall filter out

from its database and came out with the most suitable output of the required generator.
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5.1.1 Benefits of This Project

From all the studies conducted and the results produced, this project will eventually
benefit both the design engineers and also the company itsclf. Among those beaefits

arc:

1) Reduce the man hour to select the most suitable generators during the design

stage of a particular project development plan.

i) Reduce the front-end cost of the engineering works. This means that the
generators selected will be most efficient; not more or not less that the required
rated output power. Thus, this will save the initial cost by minimizing the

chance of selecting generators with excess power ratings.
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5.2 Summary

Most of the offshore platforms generate its’ own power from various lypes of
generation units. Usually, the satellite platforms require power from as low as 3kW to
150kW. These types of platforms perform drilling operations. Whereas, the mother or
main platforms can consume more power up to a few megawatts to cater for the load
demands which include on-board crude oil & gas processing. The table s fust a short
summary on some examples of the types of offshore facilities platforms together with

its power demands or requirements.

Table 1: Example of Types of Offshore Platforms and Its’ Power Demands

Types of platforms | Functions and Approx.Power | Ex, of l|

Oua-board Facilities Consumption | Generation Type%
Central Processing Production, Process, { SMW-SMW ! Gas Turbine !1
Platform (8-legged) | and Living Quarters l ﬂ

f Drill Riser Platform | Drill Riser, Flare Tower | 100kW-150kW | Diesel Generator

i

| (8-legged)
Drilling Platform 5 Drilling Rig

100kW-150kW SMicroturbine

{(d-legged) s 5
(3-legged) Yapour

Turbogenerator

EESUV S NS S

|
|
|
[Dﬁlling Platform Drilling Rig 2 5kW-4kW Close-cycle
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APPENDIX B

ANGSI FIELD DEVELOPMENT PLAN (LOCATION)
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APPENDIX C

VISUAL BASIC.NET PROGRAMMING CODINGS
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APPENDIX D

DATABASE AND EQUIPMENTS SPEC (EXAMPLES)



. S PR .

Rated Instalied Cost

Product Fuel Source
{est.)

Capstone
G330 Low Pressure 28 kW Natural Gas 58,400 - $30,800

matural Gas

Capstoneg

Sa0 Liguid Fuel 29 kW Diaesel, Kerosene, Liguid Fuel $8,700-%$31,800
30 Liquid Fuels

g ey

Capstone 30 kW Biogas $5,000 - $33,000

30 Biogas

Capstene . i
C10 Hioi Pressure 30 KW Natural Gas. Propane, Alternative $3§,OOO -
Caseous Fueok Gas $33.000
saseous Fuels
- 354,000 -
B0 kW Natural Gas 566 000
tngersoli-Rand Enargy
A . 521,000 -
)is;\am\ 70 kKW Natural Gas. Biogas $77.000
Ingersoil-Rand Eneragy 32
- . : 1.000 -
S 15 70 kW Natural Gas. Biogas 577 000
man Power Systems 80 kW Natural Gas. LPG, Butane. 524 000 -
Propane, Alternative Gas $88.000
Power Systems 50 KW Natural Gas. LPG, Butane, $24 000 -
’ Propane, Alternative Gas 588.000
iy Power Sysiams 80 kW Natural Gas. LPG, Butane. $24.000 -
Propane. Alternative Gas 388,000
524000 -
80 kW Natural Gas <88 600
$31.500 -
105 kW Natural Gas $115 500
256 750 -
395 kW Natural Gas 5355 500
Prait & Whilpey - $297.050 -
LTE Sirple Syaie 457 KW Natural Gas $411.300
Ahitnay : - ‘ 3330 200 -
508 kW Matural Gas. Liguid Fuel 5457 200




Pratt & whitney 678 kW Natural Gas, Liquid Fuel $440,700 -

STEL-7HS $610,200
Pratt & YWhitney . 551,200 -
STEL-813 548 kKWW Natural Gas, Liguid Fuel $763.200
Pratt & Whitney . $763,750 -
STEL.0 1175 kW Natural Gas, Liquid Fug! $1.057 500
Turbomach Industrial Natural Gas, Diesel Qil, Landfill Gas,
Ener ‘, :\Js:tei-;w:\ < o0awyy  Propane, Naphtha, LPG, LNG, $782,800 -
r[B;féJy T “ ) Refinery Gas, Liquid Fuel, Alternative $1.083,600
‘ o Gas
Natural Gas. Diese! Qil, Landfill Gas,
Solar Twobines 1210 KW Propane, Naphtha, LPG, LNG, $786 500 -
Saturn 20 ‘ Refinery Gas, Liquid Fuel, Alternative $1.0839,000
Gas
Eratt & Whiney o $1.274,650 -
ST18A 1,961 kW Natural Gas, Liguid Fuel $1.764.900
:\jii:it!”a?\ 2 682 KW Natura_L Qas‘ Liquid Fuel, and Natural $1.743,3C0 -
KB3 Gas/Liquid Backup $2.413,800
] ﬂ $1.768,000 -
2,720 kKW Natura!l Gas $2 448000
. o 52,171,000 -
3,340 kw Natural Gas, Liguid Fuel $3.006.000
Natural Gas, Diesel Qit, Landfill Gas,
Solar Toines 3515 KW Propane, Naphtha. LPG, LNG, $2.284 750 -
Czntaw 40 ' Rafinery Gas, Liguid Fuel, Alternative  $3.163,500
Gas
T horasr Ineustial Natural Gas, Diesel Cil, Landfill Gas,
A g5y Propane, Naphtha, LPG, LNG. $2.284,750 -
- Refinery Gas, Liguid Fuel Alternative $3.163,500
Gas
e 3871 KW Natural Gas, Liquid Fuel, and Natural $2.477 150 -
' (Gas/Liguid Backup $3.429,900
Cantrax 3902 KW Natural Gas. Liguid Fuel. and Natural $2.536,300 -
KBS ’ Gas/Liquid Backup $3.511,800
. $2. 625,350 -
4 039 kW Natural Gas, Liguid Fuel $3 535100

Natural Gas, Diesel Oil, Landfill Gas,

Propane, Naphtha, LPG, LNG, $2.730.000 -
Refinery Gas, Liquid Fuel, Alternative $3.780,000
Gas

hi : . -;:FIH"_j-\ﬁl 4‘200 KW



Alstont - - $2.,827.500 -
Typhoon 4 350 kW Natural Gas, Liguid Fuel $3.915 000
Centrax 4 455 KW Natural Gas, Liguid Fuel, and Natural $2,921,750 -
KA : (Gas/Liquid Backup $4,045500
T obonch ndustial Natural Gas. Diesel Qil. Landfill Gas,
HL"‘:;-" y '1.:\'.-:.-"i‘::na;d ‘ 4,598 KW Propane, Naphtha, LPG, LNG. $2,988.,700 -
STy SR " Refinery Gas, Liquid Fuel, Alternative $4,138,200
FBr-CHO
Gas
Natural Gas, Diesel Qil, Landfill Gas,
Solar Turhines 4 600 KW Propane, Naphtha, LPG. LNG, $2,990,000 -
Centaur 50 ‘ Refinery Gas, Liquid Fuel, Alternative  $4,140,000
Gas
IS AL oo $2.062,000 -
ephoon 4,700 kW Natural Gas, Liquid Fuel 54230000
‘ L $3.282,500 -
- 282,
, 5050 kW Naiural Gas, Liguid Fuel 84 545 000
S Power Systerms, O & ;
. : ‘ o . $3,393,000 -
‘5-?\? ) 5220 kW Natural Gas, Liquid Fuel, Biogas 34 698000
PETH
Ceantras 5 240 KW Natural Gas. Liquid Fuel, and Natural $3,406,000 -
Ke7 - Gas/Liquid Backup $4,716,000
- $3,412,500 -
5250 kW Natural Gas, Liquid Fugl 54,725,000
20 Sysiems, AsM0
- ‘ , $3,575,000 -
[~ ! '
5500 kW Natural Gas $4 950,000

e
5500 kW  Natural Gas $3.575,000

34,950,000
Natural Gas, Diesel Oil, Landfill Gas.
5 500 K\ Propane, Naphtha, LPG, LNG. $3.575,000 -
' Refinery Gas, Liquid Fuel, Alternative $4,950,000
Gas
Natural Gas, Diesei Qil, Landfill Gas,
E 500 KW Propane, Naphtha. LPG. LNG. $3.575,000 -
v Refinery Gas. Liquid Fuel, Alternanve $4.950,600
Gas
anrax 5 805 KW Natural Gas, Liquid Fuel, and Natural $3,773,250 -
FNT ' Gas/Liquid Backup $5.224,500
AISIom 6750 kW Natural Gas, Natural Gas/Liquid $4,387,500 -

Backup Distillate Fuel, Liquid Fuel $6,075,000

Tarmacs



Turbomsach Industrial
Energy Systems
TBM-T70

Solar Tuibines
Tawus 70 CED

Alsiom
Temnpest

Turbomach Industrial
Erergy Systems

TEM-MST

Sofar Turbines

Mars 90

GE Fower Systems, Oil &
5as
PGTHO

RAF-11 A et O

Mitsubsin Heavy
IoLUsnEs

M- 1A Matural Gas

ey e

ST AT

7,515 kW

7,520 kW

7,900 kW

9,438 kW

9,450 kW

10,220 kW

10,6871 kW

10,690 kW

11.250 KW

11,300 kKW

12.220 kKW

12,610 kW

12,900 kW

13.500 kW

Natural Gas, Diesel Oil, Landfill

Gas, Propane, Naghtha, LPG, LNG,

Refinery Gas, Liquid Fuel,
Alternative Gas

Natural Gas, Diesel Oil, Landfill

Gas, Propane, Naphtha, LPG, LNG,

Refinery Gas, Liquid Fuel,
Alternative Gas

Natural Gas, Liquid Fuel

Natural Gas, Diesel Oil, Landfill

Gas, Propane, Naphtha, LPG, LNG.

Refinery Gas, Liquid Fuel,
Alternative Gas

Natural Gas, Diesel Oil, Landfill

Gas, Propane. Naphtha, LPG, LNG,

Refinery Gas, Liquid Fuel,
Alterngtive Gas

Natural Gas

Natural Gas, Diesel Oil, Landfil

Gas, Propane. Naphtha, LPG, LNG.

Refinery Gas. Liguid Fuel,
Alternative Gas

Natural Gas, Diesel Oil, Landfill

Gas, Propane, Naphtha, LPG, LNG.

Refinery Gas, Liquid Fuel,
Alternative Gas

Natural Gas, Distillate Cil, Liguid

Fiel, Biogas

Natural Gas

Fuel Qil, Liguid Fuel

Natural Gas

Natural Gas, Liguid Fuel

Natural Gas, Diesel Qil, Landfill

Gas, Propane, Naphtha, LPG, LNG.

Refinery Gas. Liquid Fuel,
Alternative Gas

$4,884,750 -
$6,763,500

34,888,000 -
$6,768,000

$5,1356,000 -
37,110,000

36,134,700 -
$8,494,200

$5,142,500 -
38,505,000

$5,643,000 -
$9,198,000

$6.942,650 -
$9,612,800

$6.548.500 -
$9.621.000

57,312,500 -
$10,125000

$7.345,000 -
310,170,000

$7,943.000 -
510,998,000

$8,196.500 -
$11.349,000

$8,38b,000 -
311,610,000

38,775,000 -
$12.150,000



3k Power Systems, Aero
Energy
LMTGO0RPA

Gi Power Systems, O &
nas

PGS

Turbomach industrial
Energy Systems
TBM-T130

Mitsubisin Heavy
frdustnas

MFCTIE Fugl O

Haustnes
ME-1118 Natural Gas
Adstom

=T35

G- Power Systems, Aero

LiZ2OLOPE

K S o IR v B, .
E Power Sysrems,

i, A

Qil &

FAG 00
lshikawajima-Harima
Hezvy indusiries
L2500 Plus

Afstom

GO

13,615 kW

13,735 kW

14,000 kW

14210 kW

14,570 kW

17,000 kKW

17,650 kW

22.400 kKW

22,417 KW

24 770 kW

26,725 kW

26,780 kW

26.830 kW

27,000 kw

25,100 kW

25.250 kW

MNatural Gas

Natural Gas

Natural Gas

Gas, Propane, Naphtha, LPG. LNG,

. Diesel Oil, Landfill

Refinery Gas, Liquid Fuel,
Alternative Gas

Fuel Qll, Lig

Natural Gas

Natural Gas

Natural Gas

Natural Gas

Natural Gas

Natural Gas

Naturat Gas

Natural Gas

Natural Gas

Natural Gas

Natural Gas

Natural Gas

uid Fuel

, Liguid Fuel

. Liguid Fuel

. Liguid Fuel

$8,846,750 -
$12,253,500

$8,927.750 -
$12,361,500

$9,100,000 -
$12,600,000

$9,236,500 -
$12,789,000

$9,470,500 -
$13,113,000

$11,050,0C0
$15,300.000

$11,472,500
$15.885,000

$14,560,000
$20.160,000

“ a
[

4,
20,

—

—
W
[ ]

-~ I
f 2
75,30

5

H o3

516,102,500
$22.293,000

517,371,250
$24,052,500

$17.407,000
324,102,000

$17,439,500
524,147,000

317,650,000
$24,300,000

$18,915,000
$26,180,000

$19 012,500
$26.325 000



Product Rated Output Fuel Source Installed Cost (est.)

Honda Fower
Equipment 4.5 kW
EMB000SHK

Gasoline,
Liguid Fuel $2,700 - $5.400
Honda Power

Equipmeant 5 kW
EXDRO0K:

Gasoline,

Liguid Fuel $3,000 - $6,000

Cummns . Diesel, Liguid
DNAC 50 z 34k Fuel $2,700 - $5,400
Honda Fower Gasoline
Eguprrisnt 5.5 kW Liauid E ' | $3.300 - $6.600
ERS5005X iquid Fue
& kW Gasolne, 53600 - $7.200
’ Liquid Fuel : !

Generac ) o
SOO08 with 1.00N 5.4 KW Diesel, Liguid ¢4 100 - 36,400

Engine Fuel
Cumrming Diesel, Liguid
DNAC 60 Hz 68 kw Fuel $3,400 - $6.800
Conuring Ciesel Liguid
e 81 kW . $4.050 - $8.100
‘ 6.2 kW Elfl’e" Liquid ¢4 100 - $8. 200
S 5 kW Gasoline, 55700 - $11.400
- Liguid Fuel ‘ ‘
104 KW Elﬁje" Liquid 55 500 - 510400
107 KW E:Jfle" Lquic o5 280 - $10 700
136 KW Ef‘es[e" Laud 55 400 - $10.800
11 KW Diesel, Liquid o5 554 . 311 000
Fuel
113 KW Eﬁje': Liquid o5 a50 - 811,300
Ceneran . -
SO0E with 3 00 11.8 KW E:J‘zsle" Liquid  ¢x 550 - 311 800
Engine
133 KW Diesel, Liquid o5 52 593 300
Fuel
N 3.5 KW Jiesel LAl o5 760 - 943 500

Fuel



Cumming
DNAE 60 He

Cummns
DKAE 50 Hz
Cummins
OMNAF B0 Hz
Deutz

FAM 1008
Broadcrown
BOYZ20P 50 Hz

el
5 with 3 GIDN

BOYEEP 00 Hz

Broaderown

BCIDZ22P 53 Hz

Secagorowe

B 0230 50 iz

HA R

14.4 kW

14.5 kW

15 kW

15 kW

16.2 kW

16.4 kW

17.6 kW

18 kW

18 kW

18 kKW

18 KWW

19.4 kKW

20 kW

20 kW

20.5 kW

22 KW

22 kW

27 kW

23 kW

24 kKW

25 kW

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel Liquid
Fuel

Diese!, Liguid
Fuel

Diese!, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel
Diesel, Liguid
Fuel
Diesel, Liguid
Fuel
Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel. Liquid
Fuel

Diesel. Liquid
Fuel

Diesel. Liguid
Fuel

Diesel, Ligud
Fuel

Diesel, Liguid
Fuel

Diesel Liguid
Fuegl
Diesel. Liguid
Fuel

Diesel Liguid
Fuel

Diesel Liguid
Fuel

$7,200 - 514,400

$7.250 - $14,500

$7,500 - 15,000

$7.500 - $15.000

$8.100 - $16,200

$8,200 - $16.400

$8,800 - $17.600

$9,000 - $16.000

$9.000 - $18,00C

$9,000 - $18,000

$9,000 - $18.000

$9,700 - 12,400

$10.000 - $20.000

$10,000 - $20.000

$10,250 - $20,500

$11.000 - $22.000

$11,000 - $22,000

$11,000 - $22.000

$11,500 - $23.000

$12.000 - $24.000

$12,500 - $25,000



Cummins

DGGD 50 Hz
(Generac

SOU3G with 3.00T
Engine

Deutz
BFapt 1008
Broadcrown

BCID28F 60 Hz
Broadcrown
BCJD3G5 B0 Hz
Lrenerac

SOG35 with 2007
Engineg

Cumring
DGHD 50 iHz

Cumimen s

SRR A e
DGRE A0 He

o TN

LB g HE

TS

Oimirlz

25 kW

25 kW

259 kW

26 kW

28 kW

28.5 kW

28 kW

29 kKW

28 kW

32 kW

35 kW

35 kW

36 kW

36 kKW

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuei

Diesel,
Fuel

Diese!,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Ciesel,
Fuei

Diesel.
Fuel

Diesel,
Fuel

Ciesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel.

Ciesel,

Liquid

Liquid

Liquid

Liquid

Liquid

Liguid

Liguid

Liquid

Liquid

Liquid

Liquid

Liquid

Liguid

Liquid

Liquid

Liquid

Liquid

Liquid

Liquid

Liguid

Liquid

$12,500 - $25,000

$12,500 - $25.000

$12,950 - $25,900

$13,000 - $26,000

$14.000 - $28,000

$14,250 - 528,500

$14,500 - $29.000

$14,500 - $29,000

$14,500 - $29.000

$15,000 - $30.000

$15,000 - $30.000

$16,000 - $32.000

$16,000 - $32,000

316,000 - $32.000

$16.000 - $32.000

$16,000 - $32.000

$17.500 - $35,000

$17,500 - 35,000

$18,000 - $36.000

$18.000 - $36.,000

$18.500 - $37.000



BCJD40OP €0 Hz

Deutz

FAL912 E

Cummins

DGHE 50 Hz

Deutz

F4L 1041 F
Generac

SO050 wits 33 DTA
Engine

Generac

SDO50 wilh ¢ 80T
Cngine

Dauz

BFamM 1011 F
Broaderown
BCJD44S 80 Mz

Deutz

FAp 1071 F
Cumming
DGCAGD Hz
cummmns

[T e
D08 50 Hz

Ernamne

Dty

BE4 M 1012

Comnnmans

DGCB B He
Broaderown
BCUOBOP 80 Hz
Broadoroven
BOJ0T0E A0 Hz
Cummimns

DG0A SO HE

38 kW

40 kW

40 kW

40 kw

40 kW

41.4 kW

42 kW

43.8 KW

45 kW

45 kW

48 kW

48 KW

48 kW

48 kW

54 kW

556 kW

56 kW

56 kW

60 kW

Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel
Diesel, Liguid
Fuel
Ciesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

$19,500 - 339,000

$20,000 - 340,000

$20,000 - $40,000

$20,000 - $40.000

520,000 - $40,000

$20.700 - $41.400

521,000 - $42,000

$21,900 - 343 800

522,500 - $45 000

522,500 - $45,000

$22,500 - 345,000

$24,000 - 548,000

§24,000 - 348 000

524,000 - 348,000

$24,000 - 548,000

§27,000 - 54,000

$27,500 - $55,000

$28.000 - $56.000

$28,000 - $66,000

$30.00G - $60,000



Deutz

FeLa12 E
Broadcrown
BCJDEOP 50 Hz
Generac

50080 with 390TA
Engine

Generac

Engine

Curnrmns
DDA S0 Hz

Cumnans
DGOE S0 Hz

HE 1A R

e TS T S ALY
SLITCT en SOODTA

LiELTz

BFA M U123 B
Broacioiow

BCH07 08 5t Hz

i gt oy
Louhre s
G0R 20 iz

60 kW

B4 kW

64 kW

64 kW

66 KW
67 kW
72 kW
72 kKW
72 KW
80 kW
80 kW

80 kW

E0 KW

80 kW
éﬂ kWY
88 kW
S0 kW
90 kW
92 kw/

96 KW

100 KW

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesed, Liguid
Fuel

Diesel, Liguid
Fuel

Diese!, Liguid
Fuet

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid

Clesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel
Diese!, Liguid
Fuel

Diesel, Liguid

Fuel

Diesel, Liguid
Fuel '

Diese!, Liguid

$3C,000 - $60,000

$32,000 - 364,000

$32,000 - $64,000

$32,000 - $64,000

$33.000 - $68,000

$33.500 - $67.00C

$36.000 - 572,000

$36.000 - §72,000

$36,000 - $72,000

$40.000 - 580,000

540,000 - 380,000

$40.000 - $80.000

540.000 - $80.000

$40.000 - 380,000

540,500 - 581,000

544,000 - $88,000

$45,000 - $90,000

545,000 - $90.000

$46.000 - $92.000

$48.000 - $96.000

$50.000 - $100.040



BRCID110S5 60 Hz
ez

BFa M 1013 EC

Broadciown
BCIONZ0P 60 Hz

Broadorown
BCJD1305 50 Hz

IS TVaeIEY

LUalE A0 2

TR T IE T
LTS

S B My

ith T SDMTA

with 7 BT A

100 kW

104 kW

104 kW

105 kW

106 kW

112 kW

113 kKW

120 KW

120 kW

122 kW

123 KW

125 kW

125 KW

132 kW

135 kKW

135 kKW

137 kW

140 KW

147 kW

147 kW

Fuel

Diesel. Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Clesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel
Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
ruel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Ligud
Fuel
Diesel, Liguld
Fuet

Dieset. Liguid
Fuel

Diesel, Liguid
Fuel

Diesel Liguid
Fuet

Diesel. Liguid
FuLel

Diesel Liguid
Fuel

Diesel. Liguid
Fuel

$80,000 - $100,000
$52,000 - $104,000

$52,000 - 5104,000
$52,500 - 5105.000

$53,000 - 5106.000
$55,000 - 5112.000
556,500 - 5113.000
360,000 - 5120,000
S6G.000 - 5120,000

561,000 -5122,000
$61.500 - 5123000

562 500 - §125.000
562500 - 5125.000
565.000 - $132.000
387500 - $135,000
367.500 - 5135,000
568 500 - 3137.000

575.000 - $140.000

$73.500 - 5147.000

$73.500 - 5147.000



Deutz

BF6M 1013 EC
Broadorown
BCJD1655 60 Hz
Broadcrown
BCJD200R 50 Hz
Cummins

DGFB 60 Hz

Cummins
DGFC 50 Hz

Eroadorown

SCJDEN0R 60 Hz

148 kW

150 kW

160 kKW

160 KW

160 kW

163 kW

163 kW

176 kW

180 kW

180 kW

184 kW

84 kKW

185 kW

192 kW

200 kW

200 kw/

200 kw

200 kW

205 kw

Diesel, Liquid
Fuel

Diese!, Liguid
Fuel

Diesel, Liquid
Fuel

Diese!, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel. Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel. Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Ligud
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Ciesel, Liquid
Fuel

$74,000 - 148,000
$75,000 - $150,000
$80,000 - $160,000
$80,000 - $160,000

380,000 - $160,600

381,500 - $163.000

$81,500 - 5163,000

$88,000 - 176,000
$90,000 - 3180,000
390,000 - 5180,000
$92,000 - $184,000

$92,000 - $184,000

$92 500 - $185,000

$92,500 - $185.000

$96,000 - 5192,000

$100,00G - 3200.000
$100,000 - $200.000
$100,000 - $200,000

$100,000 - $200,000

$102,500 - $205.000



Generac
SD250 with 12.7DTA
Engine

Broadorown
BCJD?60S 50 Hz
Cummins

DFAB 60 Mz
Deutz

BFGM 1015
Broadcrown
BCID2758 50 Hz

Cummins
GOAD 6O Hz

ey g
LTINS

ROAL B0 Hz

205 kw

208 kW

210 kKW

211 kW

220 kW

220 kw

225 kW

225 kKW

227 kW

227 KW

233 kW

233 kW

245 kW

245 kW

260 kW

250 kW

250 kW

252 kw

255 kW

260 kw

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Ligquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel
Diesel. Liquid
Fuel
Diesel. Ligud
Fuel
Diesel. Liquid
Fuel

Diesel, Liguid
Fuel

Diesel. Liguid
Fuel

Diesel, Liguid
Fuel

Diesel. Liguid
Fuel

Diesel. Liguid
Fuel

Diesel, Liquid
Fuel

Diesel. Liguid
Fuel

Diesel. Liquid
Fuei
Diesel. Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

$102,500 - 5205,000

$104,000 - $208,000

$105,000 - 5210,000

$105,500 - 521,000

$110,00G - 5220,000

$110.000 - 5220.000

$112.500 - 5225,000

$112,500 - 5225,000

$113,50C - 5227,000

$113,500 - 3227,000

$116.500 - 5233,000

$116 500 - $233.000

$122 500 - 5245,000

$122 500 - $245.000

$125.000 - $250,000
$125,000 - $250,000
$125.000 - $250,000
$126 000 - $252.000
$127 500 - $255,000

$130,000 - 5260.000



Engine

Generac

SD350 with 14.CDTA
Engine

Generac

S350 with 16.00TA
Engine :
Cumming

DOAF G0 Hz

Deutz

GraM 10150

Hroadorown
BOD34AS 50 Hz

260 kW

260 kw

270 kW

271 kW

276 kW

280 kW

280 kW

282 kKW

300 kW

300 kW

304 kW

304 kW

315 kW

320 kW

320 kW
330 K
344 kW
3560 kW
352 kW

360 kW

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

- Diesel,

Fuel
Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel
Diesel,
Fuel

Diesel,
Fuel

Diesel.
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel,
Fuel

Diesel.
Fuel

Diesel,
Fuel

Liquid

Liguid

Liquid

Liquid

Liguid

Liquid

Liquid

Liquid

Liquid

Liquid

Liguid

Liguig

Liquid

Liquid

Liquid

Liquid

Liquid

Liquid

Liguid

Liquid

$130.000 - $260,000

$130,000 - $260,000

$135,000 - $276,000
$135 500 - 3271.000
$138.000 - 527¢,000
$140.000 - 528C.000
$140,000 - $280,000

3141.000 - $282,000

$150,000 - 5300,000

$150.000 - $300.0C0

$152.000 - 5304,000
$152.000 - 5304.000
$157.500 - $315.0C0
$160,000 - $32C,C00
3150.600 - $320,0C0
$165.000 - $330,000
$172.000 - $344,000
$175.000 - 5350.00C
$175.000 - $352.00C

$180.000 - S36C 000



Fngine
Deutz
BF3M 1015C

Detron Diesel
ROS37KOR-G6EO

Detroit Dieset
ROS37TKE8-GEO

Hroadoroe
RC0a7s 50 Hz
Broadorown

BCDB0O0P 50 Hz

362 kW
365 kW
365 kW
372 kW
380 kW
400 kW
400 kW
400 kW

400 kW

400 kW

408 kW
410 kW

410 kW

416 kW

426 kW
428 kW
432 kW
440 kW
442 KW

455 kW

455 kW

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Ciesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel Liguid
Fuel

Diesel, Liguid
Fuel

Diesel. Liguid
Fuel

Diesel. Ligud
Fuel

Diesel, Liguid
Fuel

Diesel. Liquid
Fuel

Diesel, Liquid
Fuel

Dresel Liguid

$181,000 - 5362,000
$182,500 - $365,000
$182,500 - $365,000
$186.000 - $372,000
$150,00C - 5380,000
$200,000 - 5400,000
$200.000 - 5400,000
$200,000 - $400,000

$200.000 - 5400,000
$200,000 - $400,000

$204 000 - $408,000
$205,00C - $410,000

$205.000 - $410,000
$208.000 - 5416,0C0

$213,000 - $426,000
$214.000 - $428.000
§216.000 - $432,000
$220 000 - $440,000
$221.000 - $442,000

$227,500 - $455,000

§227,500 - 455,000



QB37KIS-GT0

Detroit Dissel
ROS37K36-GED

Ladcrown
15505 60 Hz

‘TU D'

roadorown
BCPBGOP

[EVNS]

DE:UO'I Diesel
123TKO5-GRO

LUTHAS

DFGRE 50 Hz

GO F’b‘ np

465 kv

468 kW

480 kW

489 kW

500 kW

500 kW

520 kW

536 kW

536 kW

580 kW

571 kW

572 kW

576 kW

GO0 kKW

600 kW

Fuel

Diesel,

Fuel

Diesel,

Fuei

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuei

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diese,

Fuel

Dissel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuel

Diesel,

Fuet

Liquid

Liquid

Liquid

Liquid

Liguid

Liguid

Liguid

Liguid

Liquid

Liquid

Liquid

Liquid

Liguid

Liquid

Liquid

Liguid

Liguid

Liquid

Liquid

Liquid

Liguid

$232,500 - $465,000

$234,000 - 3458,000

$240,000 - $480.000

$244,500 - 489,000

$250,000 - 3520,000

$250,000 - $500,000

$253,000 - $508,000

$260,600 - $520.000

$268,000 - 5535,000

$268,000 - $536.000

$270,000 - £540.CC0

$272,5C0 - $545.000

$272,500 - $545.000

$272,500 - 3545000

$273,500 - 5547 000

$280,000 - 5560.000

3285500 - $571.000

$266,000 - 5572.000

$288,000 - $576.000

$300.000 - $600.000

$300,000 - $60C.C00



Engine

Detroit Dieseal
R1237K35-G70
Detroit Diesel
R1237K06-G21
Broadcrown

e

BCCROGR
Hrosgorown
BCREOOP
Broadorown
BCREGOS
UM

GFHE 50 Hz

Deiroit Dhesel
HAB3TKO5-GE0
Cumimims
OFHA GO Hz

CIOGUCTIWN

BOCEENS

[ LVE T

TR U FIERAT

HCPOOOE

Booanie

Broadorow
BCCHonoP

Sroadorown

FUTI000s

LOEGT W

6514 kW

619 kW

538 kW

640 kW

G40 kW

640 kW

548 kW

668 kW

680 kW

703 kW

704 kW

720 kW

720 kW

725 kW

728 KW

729 kW

800 kW

800 kW

800 kW

800 kW

BOO kW

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fue!

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel. Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
F-uel

Diesel, Liquid
Fuel

Diesel, Liquid
Fue!

Diesel. Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel. Liguid

$307,000 - 5614,000
$309,500 - $619,000
$319,600 - $638,000
$320,000 - $640,0C0
$320,000 - $640,000
3320.000 - 5640,000
$324,000 - $648,000
£334,000 - $668,000
$340,000 - 680,000
$351,500 - $703,000
$352,000 - 704,000
3360,000 - 5720.000
$360,000 - $720.000
3362 500 - 5725000
3362500 - 3725000
5364,000 - $728,000
5364500 - $729,000
5400.000 - $800.000
5400,000 - $800.000
3400,000 - $800.000

$400,000 - $800,000

5400 000 - $800.000



BCP10008S Fuel

Cumming Diesel, Liguid
CEne e Ha 800 KW o $400,000 - $800,000
Generac Diesel, Liquid
SD1000 with 32 ODTA 800 KW e QUId 400,000 - $800,000
Engine
i_-" N N _‘.“:1 . . B
Detrolt Diese! 810 kW Diesel, Liguid 4405 000 - $810,000
RIG3TK35-GY0 Fuel
oo o . .
e 814 kW Diesel. Liguid 5407 500 - 5814,000
PR3 Fuel
s 818 kW Diesel. Liquid ¢ 166 000 - 3818 000
LE O GO 7 Fuel
o 836 kW Dresel, LAad 418,000 - $636.000
Dtz - Diesel, Liquid
S e 864 kW P $432.000 - $864.000
Broadcrowr - ,
Broagcrown 880 kW Diesel Liqud o446 000 - $880,600
BOO 0GR Fuel
880 kWY Eifj’e" Liquid ¢ 140 000 - $880,000
888 kW Ef;e" Liquid  ¢444 000 - 388,000
Generac Diesel Liquid
SORED wiih 32 O0TA 890 kW e QUI 445,000 - $890.000
900 KW Efje" Liquid 5450 000 - $900,000
L 900 kW Diesel. Liquid 4450 000 - $900,000
EE K Fuel
900 KW Efje" Liguie <450 000 - $900.000
905 KW E'ese“ Liquid <450 500 - $905.000
uel
915 KW Diesel, Liquid  ¢157 500 - 5315 000
Fuel
915 kW Diesel, Liquid ¢ 457 550 . 5915000
Fuel
Pedw 950 KW Diesel, Liquid ¢ 461 900 - $960,000
TED AR Fuel
1.000 kW Eiiﬁe" Liguid - 2500.000 - $1.000,000
1000 KW Eiﬁe" Liguid - ¢500.000 - 57 000 000

1.000 kw Diesel, Liquid  $500.000 - £1 002 000




S01250 with 48.0DTA Fual

cngine
Broadcrown Diesel, Liquid e
BepIe0n 1016 kW Fool $508,000 - $1,016,000
Broaderown Ciesel, Liguid )
A 1021 kW Fool $510.500 - $1.021.000
Cummins . Diesel, Liquid ] -
e 1.070 KW o $535.000 - $1.070.000
Letroit Diesel 1070 KW Diesel. Liquid  ¢545 500 - $1,070,000
[ 1237K36-G21 Fuel
1.080 KW EL‘E‘E" Liquid — o20.000 - $1.080,000
w0k 2 MUY ss50 000 - 31,100 000
Lumrns 1,100 KW Diesel Liquid - ¢556 500 - $1.100,000
GFLE A0 e Fuel
Detrat Digsel Diesel, Liquid
e 1115 kW o $557.500 - $1.115.000
Broadorown Diesel, Liguid
RS 1122 kW e $561.000 - $1,122,000
bivack 1,132 kW E‘Ue;;e" Lauid - ea6 000 - $1 132,000
1,150 kW Eﬁe" Liqui¢  e225 500 - $1.150,000
1188 kW E:E’EI’ Liquid — ¢594 000 - $1.188,000
1200 KW Efesle" Liquic  «550.000 - $1.200.000
1.200 kW Eﬁe" LIquid 600,006 - $1.200.000
COTTA 1200 KW Eiij‘e' Liquid ¢5n4 000 - $1.200.000
1250 KW Eies‘e" Liquid ¢e9s 600 - $1,250.000
i) obiE Uel
Cimines 1250 kW Efeslel_ Ligquid S$625 000 - $1 250 000
1255 kW Diesel. Liquid  g557 500~ $1.255.000
Fuel
preaccown a7k DS AU eess 500 - 51,287,000
Soonnur Fuel
Dt 1758 kW Diesel. Liquid 644 500 - $1.288.000
!ﬁ(.; "_,‘“.J'.J&_U FUei

Froasoiown 1326 KW Diesel Liguid $663 000 - 31,328,000



BCP16508

Delroit Diesel
Y237 KE8-GA0
Broadorown
BCC1670
Cummins
DOKE 50 1Hz
Deulz

BvaM 628

Broadorown
oup

O

LiC

CoC1eTes
COmInG
ORC 2D M2

HOlTA

1,330 kW

1,341 kW

1,350 kW

1,350 kW

1.368 kW

1,400 kW

1.400 kW

1,440 kW

1,440 kW

1.490 kW

1,600 kW

1,500 kw/

1.500 kW

1.533 kKW

1536 kW

1.543 kW

1,597 kW

1.600 kW

1.600 kW

1,600 kW

1.600 kW

Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diese!, Ligud
Fuel

Dieset, Ligud
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel Liguid
Fuel

Diesel, Liguid
Fuet

Diesel, Liguid
Fuel
Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel. Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Ligquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

$665.000 - $1,330.000

$670,500 - $1,341.000

$675,000 - $1,350.000

$675,000 - $1,350,000

$684,000 - $1,3568.000

$700,000 - $1,400.000

$700,000 - $1,400.000

$72C,000 - 51,440,000

$720.000 - 51,440.000

$745,000 - 51,490.000

$750,00C - $1,500.000

$750,000 - $1,500.000

$750,000 - $1,500.000

$766,500 - 51,532 000

$768,000 - 51.236.400

3771.500 - 51,542200

$788,500 - $1,587.000

$800,000 - 51,600 000

$800,000 - $1,600.000

3800000 - $1.6G0 000

$800,000 - $1.600.000



Engine

Broadcrown Diesel, Liguid - ) A

b 1.640 KW = $820.000 - $1.640.000

Detroit Diesed 1,730 kKW Diesel, Liguid $865 000 - $1.730.000

TIGA7KAG-G41 ‘ Fuel ‘ : T

Detront Diese! Diese!, Liguid

e 1 760 kW o $880.000 - §1,760.000

Broadorown - Diesel, Liguid i 7a

A 1,765 kW - $882.500 - 5.765.000

Broadeorown 1 800 KW Diesel, Liguid $900.000 - $1.800.000

RCC22505 ‘ Fuel b V8.
1,800 kW Ef;le{' Liauid 6500006 - $1.800.000

1500 kW Diesel Liguid <045 000 - $7.300.000

BYEM 525 Fuel
1,825 kW Eiﬁje" Liquid  ¢515 500 - 51.825.000

o 1,825 kKW Diesel. Liouid  ¢945 500 - 51,825.000

ISR Fuel

beate 1,920 kW Diesel. Liauid  ¢o64 600 - 51,920 000

LD E2G VD Fuel

hese 1090k 2o B9 5605 000 - 51,990 000

2 000 kW Eﬁe" Liquid ¢ 590 000 - $2.000.000
2.025 kW Efeﬁe" Liquid  «4 012 500 - $2.025.000
2,700 KW Eﬁe' Liquid ¢4 350,000 - $2.700 000
3 600 kW Efes‘e" LIquid 51 800,000 - $3.600 000
3,650 kW Eﬁe" Liquid ¢4 995 000 - $3.650.0G0
3,750 kW EL%S‘E" Liquid ¢4 875 000 - 53,750 000

LAY voHleny . .

ndusinies 4250 kW Efje" LiQuit o5 455 000 - $4.250.000

1aMACH-30G

Mitsubishi Heavy . _—

usties 4.350 kW Eﬁe" Liquid o5 475 000 - $4.350.000

Brauret Homyy Diesel. Liquid

4,900 kW $2 450.000 - $4.9C35.000

SUILsT e Fuel



1GMACH-30G

Mitaubishi Heavy
ndusines
SRUBOA

fnsubishi
hdusines

12RUS0E

Heavy

Mitsubisin Heavy
Industnes
TOMACH-300G

Misubsin Heavy

pitustiios

PAKUEE

Bsubisr MERVy

Lt b gt oy
Fhtsuisw HMeavy

ot

1K

5.000 kW

5180 kW

5,500 kKW

58650 kKW

6,050 kW

6,900 kW

5,910 kW

7780 kW

7,900 kW

8,900 kW

10,300 kW

13,700 kW

15 400 kKW

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel, Liquid
Fuel

Diesel, Liguid
Fuel

Diesel, Liguid
Fuel

Diesel. Liquid
Fuel

Diesel, Liguid
Fuel

Diesel. Liguid
Fuel

Diesel. Liguid
Fuel

Diesel. Liquid
Fuel

Diesel, Liguid
Fuel

Diesel. Ligud
Fuel

Diesel. Ligquid
Fuel

Digsel, Liguid
Fuel - .

Diesef. Liguid
Fuel

$2,500,000 - $5,000,000

$2,590,000 - $5,180,000

$2,750,000 - $5,500,000

$2,825,000 - $5,550,000

$2.950,000 - $5.90C,000

$3.025,000 - 36,050,000

$3,450,000 - $6,900.0G0

$3,455,000 - $6.910,000

$3,890,000 - §7,780.000

$3.950,000 - $7.900,000

$4,450 000 - $8.900.000

$5.150.C000 - $10.300.000

$5,000.000 - $12,000,000

$6,850.000 - $13.700.000

$7.700.000 - $15.400.0G0



Model Name & Number :

Detall Description of Product :

Additional Information :

Elliott Energy Systems
TA 8OR

Recuperated gas turbine. 4 pole
permanent magnet generator,
Synchrenous output inverter.

1.7 lbs/s exhaust gas flow rate at
450 degrees F.

Product Techuotogy :

Rated Electrical Output AC (kW) :

Standard 3 Phase Voltages for 60 Hz AC
Freguency :

Standard 3 Phase Voltages for 50 Hz AC
Frequency :

Heat rate (Btu/kWh) :
Power GenerationEfficiency (%) :
Can be used fur Cogeneration :

Practical Load Dutly :

Fuet or Source of Energy :

Low Range for Installed Cost ($/kW) :
High Raige for Instalted Cost ($/kW) :

Estimated Low Range Installed Cost for
Technology {$US):

Estimated High Range Installed Cosft for
Technoiogy ($US) -

Height :

Weight

Gas Turbine
80

480

12200

Yes
Peaking, Intermediate, Baseload

Natural Gas

300
1,100

24,000

88,000

1M0x 32in.

52 mn.
1890



Other’ v/

Pros of Technology :

Cons of Technology :

Commercialiy Available :

URL :

Convenient size, low emissions,
efficient, low maintenance, and
well suited for cocgen or combined
heat and power. Natural gas is
efficient, easy to use, and
convenient in areas with a
distribution network.

High initial capital cost and
operating cost is sensitive to gas
price fluctuations.

Yes

2901 SE Monzoe
Stuart, FL 4997

Tel: (772) 119-94509
Fax: (772) 219-49443

www . elliott-turbo.com/new



Nlanufdcturer
Model Name & Number ;

Detait Description of Product :

Additionat Information :

Pratt & Whitney
ST5 Simpie Sycle

Free turbine engine with single
stage centrifugal compressor,

5.1 lbs/s exhaust flow at 1089
degrees Fahrenheit. 563 kW peak
power rating.

Pruduci Te\,hnology
Fated Eiectrical Output AC (kW) :

Standardg 3 Phase voltages for 60 Hz AC
Frc-quency’ :

Standard 3 Phase Voitages for 50 Hz AC
Frequeacy :

Heat rate {Btu/kWh) :

Power GenerationEfficiency (%)
Can be used for Cogeneration :
Practical Load Duty @

fuel or Source of Energy :

Gas Turbine
457

14510.52

23.5

Yes

Peaking. Intermediate, Baselcad

Natural Gas

Low Range for Instalfed Cost ($/kW) :

High Range for Installed Cost ($/kW) :

Estirnated Low Range lnstalled Cost for
Technotogy (FUS}

Estirmnated High Range Installed Cost for
Technaiogy {($US) .

I'ootprmt by Ared or Wldth x Depth :

Heght :



Weight : 800

Fros of Technology : Low cast, efficient and proven
technology with established
service channels. Well suited for
cogen or combined heat and
power. Natural gas is efficient,
easy to use, and convenient in
areas with a distribution network.

Cons of Technology : Operating cost is sensitive to
natural gas and liquid fuel price
fluctuations. Decreased
efficiencies when operated at
partial load.

Commercially Available : Yes

Address and Contact information 166 Northchase bavhwszy,
Suize 300

G

Taly TEAG) T25-617

URL : www . pratt-whitney.com



Mdnufactuacr
Model Name & Number :

Detail Descrigtion of Product :

Additional information :

Pratt & Whitney
ST6L-721

4 stage turbine with single stage
compressor and power furbines.

6.6 Ibs/s exhaust flow at 957
degrees Fahrenheit. 567 kW peak
power rating.

Product Technology :
Rated tlectrical Output AC (kW) :

Standard 3 Phase Voitages for 60 Hz AC
Frequency -

Standard 3 Phase Yoltages for 50 Hz AC
Freguency :

Heat rate {3tuikWhj :

Power GenerationEfficiency (%) :
Can be used for Cogeneration :
Practicai Load Duty :

Fuel or Source of Energy -

Gas Turbine
508

14605.26

234

Yes

Peaking. Intermediate, Baseload

Natural Gas, Liguid Fuel

Low Rang«, for installed Cost ($/kW) :
High Range for Installed Cost ($/kW) :

Estinated Low Range Installed Cost for
Technology (SUS) .

Estimated High Range Installed Cost for

Technology {3US) :

650
aco

330,200

457,200

Foolpnn{ by Area or Width x Depth

Height

53 x21in.

211,



Weight : 229

Pros of Technology : Low cost, efficient and proven
technology with established
service channels. Well suited for
cogen or combined heat and
power. Natural gas is efficient,
easy to use, and convenient in
areas with a distribution network.

Cons of Technology : Operating cost is sensitive t©
natural gas and liquid fuel price
fluctuations. Liquid fuel umts
typically have lower reliability and
higher cost than natural gas fired
units. Decreased efficiencies
when operated at partal load.

Commercially Available : Yes

Address and Contact Information : ' 1167 worthchase Zarkwsa ),

Suite 300
Marietoa, 55 30007
Tel: 4660 Tdiev

URL www pratt-whitney com



Manufacturer :
Modlei Name & Number :

Detail Descrniption of Product :

Additional Information :

Product Technology :
Rated Electrical Output AC (kW) :

Standard 2 Phase Voltages for 60 Hz AC
rrequency :

Standard 3 Phase Voltages for 50 Hz AC
Frequency :

Heat rate (Btu/kWhj :

Power GenerationEfficiency (%} :
Can be used for Cogeneration :
Practical Load Duty :

Fuel or Source of Energy :

Low Range for Installed Cost ($/kW) :
High Range for Installed Cost ($/kW) :

Estimated Low Range Installed Cost for
Technology {$US) :

Estimated High Range Installed Cost for
Technoiogy {3US)

Ingersoll-Rand Energy Systems
70LM

Gnid parallel cogeneration
system. Recuperated gas turbine
with integrated, variable-output
wasle heat recovery system and
fuel gas booster.

1.6 tbs/s exhaust gas flow rate at
450 degrees F.

Gas Turbine
70

480

13080
29
Yes

Peaking, Intermediate, Baseload

Natural Gas, Bicgas

360
1,100

21,060

77,060



Height :
Weight ;

71 %43 in.
87 in.
4100

Pros of Technelogy :

Cons of Technology :

Commercially Available :

Convenient size, low emissions,
efficient, low maintenance, can
operate grid connected or stand
alone, and well suited for cogen
or combined heat and power.

High capital cost. Biogas units
require a source of biogas and
output dependent on quality of
fuel. Operating costs for natural
gas units are sensitive to fuel
price fluctuations.

Yes

URL :

WWW Irpowerworks. com



Model Name & Number :

Detail Description of Product :

Additionat information :

Product Technology :
Rated Etectricat Qutpul AC (kW) :

Standard 3 Phase Voltages for 60 Hz AC
Frequency :

Standard 3 Phase Voltages for 50 Hz AC
iFreguency :

Heat rate (Btu/kWh) :

Power GenerationEfficiency (%) :
Can be used for Cogeneration :
Practical Load Duty .

Fuet ¢i Source of Energy @

Ingersoll-Rand Energy Systems
70SM

Grid parallel cogeneration system
with sunchronous generator,
Recuperated gas turbine with
integrated, variable-output waste
heat recovery system and fuel
gas booster.

1.6 lbs/s exhaust gas flow rate at
450 degrees F.

Gas Turbine
70

480

13560

28

Yes

Peaking, Intermediate, Baseload

Natural Gas, Biogas

High Range for Installed Cost ($/kW) :

Estimated Low Range Installed Cost for
Technology ($US) .

- Estimated High Range Installed Cost for

Technology ($US) :

300
1,100

21,000

77,000



Al v

or Width x Depth : 71 %43 in.

F

Height : 871n.
Weight : 4850

Pros of Technology : Convenient size, low emissions,
efficient, low maintenance, can
aperate grid connected or stand
alone, and wel! suited for cogen
or combined heat and power.

Cons of Technology : High capital cost. Biogas units
require a source of bicgas and
output dependent on quality of
fuel. Operzating costs for natura!
gas units are sensitive to fuel
price fluctuations.

Commercially Available : Yes

Address and Contact Information : B00-D Bezty Street

Davidson, NC 23036
Tolsn Fres:1-877-477-5937
Tel: (7021 BY6-5372

{
O e el B

URL : WWW.IrpowWerworks . corm



4
LR

Manufacturer : Bowman Power Systems
iodel Name & Number : TGBOBG

Detait Description of Product : Single shaft engine rotor. Four
pole permanent magnent
alternator. Microporcessor
controlled engine management
and system monitoring.

Additional Information :

PRSP, por e G
& F&??u ¥ Mﬁ'Ef: b
i oo

f Fon

Product Technology : Gas Turbine

Rated Etectrical Qutput AC (kW) : 80

%tandard 3 -Phase Voltages for 60 Hz AC 380-480

Frequency :

[ag - -

Standard 3 Phase Voltages for 50 Hz AC 380-480

Frequency :

Heat rate (Btu/kWh) :

Power GenerationEfficiency (%} : 21

Can be used for Cogeneration : Yes

Practical Load Duty : Peaking, Intermediate, Basetoad
Fuel or Sotrce of Energy : Natural Gas, LPG, Butane,

Propane, Alternative Gas

Econ|

Low Range for Installed Cost ($/kW) : 300

High Range for Installed Cost {$/kW} : 1,100
Estimated Low Range Installed Cost for 54 000
Technology ($US) : "
Estimated High Range installed Cost for 88,000

Technology ($US) :



{nstalla

R

ea or Width x Depth :

Footprint by Ar
Height :
Weight :

Pros of Technology : Low cost, efficient and proven
technology with established
service channels. Weli suited for
cogen or combined heat and
power. Natural gas is efficient,
easy to use, and convenient in
areas with a distribution network.

Cons of Technelogy : Operating cost is sensitive 1o
natural gas and liquid fuel price
fluctuations. Liguid fuel units
typically have lower reliability and
higher cost than natural gas fired
units. Biogas units require a
source of bicgas and output is
then dependent cn guali

Commercially Availabte : Yes

ey
vedere Roao

ja
Southhampton, 350i4 50Y
T

Frngland

URL : . www.bowmanpower com



