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1. SUMMARY

In lon:

International Power Technology (IPT) is an integrated energy company providing a wide range of products
and services to those involved in cogeneration and power generation. 1PT supplies cogeneration
systems which utilize its patented Cheng Cycle technology.

The Cheng Cycle is a unique, advanced power generation technology developed and patented by IPT.

In essence, it is a heat engine cycle which combines and optimizes the Brayton (combustion gas turbine)
and Rankine (steam turbine) cycles using a single gas turbine as prime mover. Controlled injection of
superheated steam into the gas turbine combustor region provides additional mass flow. The result is a
dramatic increase in power output and generating efficiency. Power output is increased by as much as
60% over that of a conventional simple cycle system, and generating efficiency is increased by as much as
40%.

In cogeneration, Cheng Cycle systems benefit from the ability to economically follow fluctuating thermal
loads. Steam not needed for process is superheated and injected into the gas turbine, thus increasing
power output and generating efficiency. In addition, the use of a supplemental burner allows peak
electrical production while continuing to follow process steam loads. This additional electrical output can
be used for peak shaving operation or for capacity sales to an electric utility. The benefits of operating
flexibility and additional electrical capacity are gained without the use of steam turbines and associated
auxillaries. The system remains mechanically simple and reliable.

ries 7- n Overview:

IPT's Cheng Cycle Series 7-Cogen (Series 7) is a gas turbine based, pre-engineered modular
cogeneration plant capable of producing up to 5.6 megawatts of electrical power and up to 45,000 pounds
per hour of process steam. The customer is typically either an industrial, institutional or commercial energy
user who plans to cogenerate steam and electricity for its own use, or a developer who is financing a
cogeneration project.

IPT offers the Series 7 in three ways:

Alternative One - Equipment modules including all major equipment items and
balance-of-plant (BOP) systems required for operation. These are shipped FOB to the
construction site for installation by others.

Alternative Two - A complete, installed power Island consisting of the Alternative One
equipment modules plus instaliation and construction. Interconnection and interfacing of the
power island with existing systems (steam, electric, water, fuel and waste) is not included.

Alternative Three - A complete, turnkey plant including the Alternative Two power island
plus all necessary interfacing and interconnect with existing systems.
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These three options allow IPT and the customer to tailor IPT's participation in a project to fit specific needs
and preferences. This approach is particularly useful for projects which have significant non-cogeneration
plant related activities such as construction of new facilities or enhancement/ refurbishment of existing
energy systems. It can also be useful when the cogeneration plant is being placed in an existing building
or when integration of the cogeneration system with existing systems is particularly complex. Inthese
situations IPT could do the entire project, or IPT's scope could be limited to that part of the cogeneration
project which can utilize the standardized Series 7 equipment modules or power island.

Packagi | Desian Philosophy:

The system described in this document is the product of years of experience in the design, construction,
and operation of Cheng Cycle cogeneration systems. With four Series 7 units in operation (three of which
are operated by IPT), and two more units under construction, IPT's base of experience is unmatched by
any other supplier of similarly sized cogeneration systems. This depth of actual design, construction, and
operaling experience has resulted in a truly unique system which combines the benefits of Cheng Cycle
technology with low cost installation and proven reliable design.

Experience has shown that {o ensure a successful cogeneration project, the major equipment and all
auxilliary systems and components must be designed and built as an integrated system. In addition, there
are numerous advantages to having a single source bear responsibility for all critical systems and
components, For this reason, IPT offers a complete system rather than individual pieces of
equipment. Some of the benefits of this are:

- Highest reliability and operabllity is achieved because the design of all systems and
components reflects IPT's experience with actual operating plants, and because all subsystems
and components are designed from the ground up to operate together as an integrated system

« Engineering and design costs are dramatically reduced because each plant is based
on a fully developed standard design

« Project management is greatly simplified because IPT is responsible for all critical
systems and components

« Installation and startup costs are significantly reduced because each plant is based
on a fully developed modular design , and the same experienced design, manufacturing, and
construction (if Alternative 2 or 3 is chosen) team is used on each project

+ Enhanced customer service and support is possible because all Series 7 plants share a
common design basis

A unique modular approach has been used in the design of the Series 7. All major components and
systems are factory assembled in skid-mounted modules to the greatest extent possible. This yields many
benefits:

* Field fabrication and erection costs and time are minimized

+ Quality Is maximized because module fabrication and assembly is performed under shop
rather than field conditions by an experienced, competent team

= Highest operablility and maintainability are achieved because plant layout and design
is thoroughly thought out in advance, with the design of each module reflecting actual operating
experience

» Space constraints can be easily accommodated with minimal redesign by changing the
placement of individual modules. Modules are designed to minimize field interconnection
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requirements
+ Site specific operating requirements are easily accommodated (e.g. fuel gas
compression, water quality) through configuration changes to individual modules

Scope of Supply Summary:
As mentioned above, IPT supplies the Series 7 in the following three ways:

Alternative One - Pre-packaged Equipment Modules Under Alternative One, IPT supplies
pre-packaged equipment modules which are delivered FOB to the cogeneration plant site for
installation by others. Included in Altemative One are:

= Allison 501 KH gas turbine generating set designed for Cheng Cycle operation

« Matched heat recovery steam generator (HRSG) with supplemental firing capability.

« Distributed digital control system with performance monitoring and economic optimization
functions

= Balance of Plant (BOP) prefabricated equipment modules for water treatment, air compression,
fuel treatment, and electrical equipment

« Project management and startup, and training services

« Interconnecting piping spools and wiring shipped loose

Alternative Two - Installed Power Island This second Alternative provides additional construction and
installation services required for a completely installed, operational cogeneration power island.
Included are:

« All equipment and services included in Alternative One

« Power island interconnecting piping and wiring, including routing of all inputs and outputs to a
single point on the plant boundary

* Power island foundations

» All field construction and installation services required for the power island

Alternative Three - Turnkey Cogeneration Plant As a third alternative, IPT can provide the additional
engineering and construction services required to interconnect and interface the power island
provided under Altemative Two with existing facilities and electric and gas utilities. The result is a fully
operational, turnkey cogeneration plant. Typically included are:

« All equipment and services included in Alternative Two

+ Connection of the power island steam, electrical, water, fuel, and waste interfaces with existing
site systems

= Electric and gas utility interconnects

« Enclosure of the cogeneration plant in a building

Many projects also involve enhancement or refurbishment of existing energy facilities. IPT can provide
these services or recommend a suitable engineer/constructor with which IPT has had good working
experience. Also, a broad range of equipment and service options are available to allow tailoring of the
Series 7 to match project specific requirements. These are described in the Options section of this
document.
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2. PLANT LAYOUT

Standard designs have been developed for both the Series 7 equipment modules and the installed power
island. The standard designs incorporate the plant layout shown on the following pages. The equipment
shown is described in the Scope of Supply section of this document. (Note: equipment shown with
dashed lines is optional).

This layout:

Minimizes field construction and installation costs

Minimizes overall space requirements

Provides optimum maintainability and operability of the entire plant based on actual operating
experience with other Cheng Cycle plants

Key features of this layout include:

All piping inputs/outputs are routed to standard interface locations on the plant boundary. This
allows the power island to retain its standard design irrespective of existing site interface
locations.

Each module is configured to minimize interconnection requirements.

Most piping and wiring is prefabricated as an integral part of the BOP equipment modules,
eliminating field construction problems. A pipe and cable-tray rack is an integral part of the HRSG
accessory, fuel treatment, and plant air skids. Piping not integral to the modules is delivered to
the construction site as pre-fabricated spool pieces.

For a variety of reasons, including cost and maintainability/operability, it is desirable to use this standard
layout if possible. However, in the event that insufficient space is available to accommodate the layout
shown, the plant is easily reconfigured by relocating individual modules. Each module has been designed
to minimize interconnections so that relocation is relatively simple.

Page 5
International Power Technology



T T L e e e AL S D —

] -0-CLlT1 = D ] e B
AODTIONHI3L H3IMO4 TWNOILYNHAIN] =] » e Tl et e e T e e g i i 2 e m e e
[ S = OB =PTOMN ~ T~ 7/E M IIATH 07 FIASEL 7 %
—— X907 10NHD A1 g
v q &
Nv1d 101d e :
YNO] LYNH3IN] ]
., |
ﬁ\ SN01IVATTY WV 40T E-O-ELEL 0-,001 i
| SONIMYED JINTEIL3Y
m oM d1X6 SN @

T

55320¥ MOILMNHISHOD L 0E

T
JUrt i}

or

—l] 7

Page 6



0 | g-10-21z1 |-

ADOWUNHDIL ¥INOD TWNOLLVYNYILND  w

/=T ~0'8-v00- 70~ 70

A9071ONHI3L

SNOILYA3T3 L07d u3H0d
TYNOTLYNY3IN]

1-0-2121 "80 1-90-Z1Z1 "580
€ HINCS 13007 ) € WINOS SHI3007 )
NO1L4335 KolivA3I3

440D HIV WIATIODY ¥ MEAnO BV A S ¥31YAO33S HT1I08

T -
vl
_an.;u m

PUTR Jak e ) F R — ™ o 7 - O T e P

i
s 1 ]

i l'.,l.||,ll|||||.|.L
R e . E

ri
o
\\_
-

156 W01 VBGEY

g\i‘; g

‘ =
£1
3

HBIH DNIGdINS OIS L0~

|

/_ _ TG

WS MY —
oLsaas | |

A {T

[TES

ferd, st

W0 WA Mol L9 — _I /
o0y "am NS ALYl

page T




I~/ LT~ bGON =P - 775

] . LEIol'E
A3 — IISONvAS 4 a3anssl
NOILVYAITI3-"LNIWIONVHYY IWH3ANID OavOAN W |03X33H]
LINN "N3900 £ S3I¥3S 334D ON3HD A1 ANved | NAvad
aoH
¥SA E0EFEYD TLV OWd HOHSAvVE A 0082 L3 DN LOVHINGD
ADOTIONHI3L d3M0d IWYNOILYNY3LINI

<

0.2'82 00¥'G2 §3ZIWONDO3
05296 00S'EL 437104
00872t 000'0E HILY3IHI3LNS
00’6 ¥37000 ‘dvAI/Y3LT4 L3IND
‘g7 0086 g7 008°G8 QINS ¥OLWHINID-3NIGENL
ONIIVIad ONIddIHS
S1HDIIM  IN3IWJIND3

ETrTI= |

i

o4

:8‘!96

TXTXTI I I I T

S T 2

-

i

L]

Page 8



=L T=bOON VD - 245

l/_"'JOI

v ‘AJd 26T
DASOMYJSS "4 a3nssi
NDILYAT I3~ LNIWIONVHAY INIHJIND3 OHYOAN W |GDOAD
135 ¥O1vHINID 3NIGENL 3NILNO aduu‘wwz NAVSL
VS ‘E0EFEVI TLV OWd 3da0HSAVE A 0082
ADOTONHIAL ¥3M0d 1YNDILYNAILNI "R S
IS ——— le
_ B-6 ﬁ 6,07
T T Wy3ls
s [P .
NOILO3MNI [ e gy i}
| T\ LT
i
L@j’l | — e
s 5 AN - Ly U
_|~.HE._.—H|11|.} j _’=I_ o= I _“I_Lh_ll_l -4
4
INIZANL / 0 L 3JANSOTONS
SvD X0gy¥v3d STIO¥LINDD
ﬁu HOLVYEANTD
e =z Z 7z el a\ﬂ\.\\ Pl e I I Z e P 277 7 &- 1 i L L e 4 1 i A
] 1 L 3 '
B i | =
— L, ek
"

page 9



/= (W =0 B-bo0N ~dT— 775

= i s =, o e e T - SR | s
= ] A R P e e L N R
AS0TIONHIIL H3IROJ IWNOLLYNNIINI \..,u,...l.lum.ﬂn....-ﬂmﬂ.d e [eanpze - e

AONLS 9NIdld § JOXDR-0MOH

S71v13a ]
"dW02 Sv9 B W0lvy3avaa|}?

e tad 0 ; , -
[k Sy & .1 oy . R [ | T i W i —— ™ “_ : iiur
R - e L e i " | ! o
Faana ik . ﬁ a4 T N_x,__f_ A O =AU r_ | T
R =0l vFL Lw_ W il
i T L= = ) Vi FETt M _ _ e e e
= |H@ @fﬂ SRIie b | / i r d..:'h.uy 25 m1_1:| P Sl
RS —F O = 10) X Mbmmfwﬂﬁ ; Lumw_. A T o
TTTRNAEAES t 3 5. : .\H \\\\\\ “ ,m;
ol i i H . . I
o 3 i
: ¥
4
_

Dl = ¢

m ]
TRl | = = 1
e Iﬁ_\u LH = y Eum__ f--—

ELEEsS A%WJ = ih.t'ill. = e |.m£w~|;ll% YT ek e e | - |

T T s o i kl_ prm— Enl.w.wﬁwmwlwwﬁxh@ j ” .A
= i ]
aaaad il e | Lpga® g
- W Filf P e [T i :

|1.vL m; AN ¥ %Vﬁﬁmmu il | ‘

/ !§I|JJT 3 v k‘_\ >

i _ —rnwr s , ; | ek s
o e - T
AP — - e epaad S
e ADTVNZRTAL TR . Fx T o = i —_—
AN TR Jm”,wl | u@ .mﬂu | g\a‘ ‘ : :
S = e s S | T

®
= al

. ....J,:S..um..d i e
LI LT | PATAMK T




Cheng Cycle Serles 7-Cogen Product Description February 23, 1987

3. SCOPE OF SUPPLY ALTERNATIVE ONE - EQUIPMENT MODULES

Under this alternative, IPT supplies pre-packaged equipment modules which are delivered FOB to the
cogeneration plant site for installation by others. ltems included are discussed in the following categories:

Gas turbine generating set

Heat recovery steam generator and supplemental burner
Balance of plant systems and equipment

Control system

Project management, startup and training services

The last section provides an overview of the installation requirements for these items. If the power island
or turnkey plant supply alternatives are selected, some or all of the installation services are provided by
IPT. These alternatives are discussed in following sections of this document.

Page 1171
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ltems Included:
Turbine Generating Set (Genset):

Electrical power is produced using a steam injected Allison 501KH gas turbine engine driving a generator
through a speed reduction gearbox. The standard package is natural gas fueled and generates at 4.16
kV. Other fuel and generating voltage configurations are available as optional equipment. The turbine and
generator are packaged as a complete unit within a skid-mounted, acoustic enclosure. The fuel control
system, speed reduction gear, and lubrication system are also included in this enclosure. Attached to the
rear of the enclosure is an air-conditioned compartment housing a control module, a control panel, and a
motor control center for genset skid and off-skid auxilliary equipment motors.

The following components are included as standard:
Mounted on the genset skid:

Allison 501KH gas turbine engine equipped for operation on natural gas

Gas turbine engine governor system

Speed reduction gear between the turbine and generator

AC generator, 4.16 kV, 60 hertz with termination cabinet

Brushless excitation system

Motor control center with starters, transformer and distribution panel for turbine/generator system
power, lighting and control needs

Control system components and synchronizer

Fuel gas combustion control system

Lube oil system for turbine, speed reduction gear and generator

Electro-hydraulic engine starter system

Acoustic enclosure for turbine/generator equipped with frame and hoist for turbine installation
and removal :

Compressor wash system (mixing cart is supplied loose with quick disconnect couplings)

Fire and gas detection system, with automatic halon fire suppression system

Gas turbine injection steam piping

Air-conditioned control compartment

Structural steel base for complete genset skid

Expansion joint between turbine exhaust and HRSG transition duct

Forced air cooling systems for the generator/gearbox, and gas turbine compartments

Associated equipment located off-skid:

« Compressor wash system
« Turbine combustion air filtration and inlet silencing

HRSG and Supplemental Burner System:

Steam for process and gas turbine injection is produced using a natural circulation, supplementally fired
HRSG. The unit is shop fitted, then shipped 1o the site in sections. The major sections are: evaporator,
economizer, superheater, supplemental burner, firing duct, platforms and stack. Interconnecting piping is
shop fabricated into flanged spools for easy field assembly. Trim is shipped loose.

The supplemental burner is used to augment steam production. The unit is located between the
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superheater and the evaporator, and includes an augmenting air system and all necessary control and
safety devices. The standard unit is equipped for operation on natural gas, with different fuel
configurations available as optional equipment.

The following components are included as standard:

« Two drum natural circulation evaporator with insulation and metal casing

« Economizer unit with insulation and metal casing

- Drainable stainless steel superheater

« Gas fuel duct burner

« Burner augmenting air blower with automatic damper

» Duct burner scanner air blower

= Duct burner firing duct, internally insulated and lined

 Interconnecting piping between HRSG components and the HRSG accessory skid

 Interconnecting piping between the superheater and the genset for gas turbine injection steam

= Transition duct between gas turbine exhaust expansion joint and superheater, with internal
insulation and lining

« Circular exhaust gas stack, 50 feet above ground level

« Emission monitoring ports downstream of the economizer. (no instrumentation included)

= Platforms and ladders for access to boiler steam drum and emissions monitoring ports

« Boiler trim piping, local gages, relief valves, etc. (shipped loose)

lan f Plan

The balance of plant is provided as a set of prefabricated modules. The equipment on these modules is
grouped to minimize fabrication and installation costs, and to enhance operability and maintainability.

Standard equipment includes:

Water treatment module - depending on site specific raw water quality, this module will be configured
to have some or all of the following elements:

«  Multi-media filters
« Sodium zeolite softeners
» Reverse osmosis system

Plant air module:

« Air compressor

« Airreceiver

= Automatic regeneration air dryer
» Air-cooled genset lube oil cooler

Fuel module:

» Fuel gas compressor

» QGas filter-separator

» Filter-separator blowoff standpipe
« Supplemental burner fuel piping
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