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Desarrollo de la Unidad Trent 60

F136 + LiftSystem
Trent900  Trent 1000

Trent 700 WR21 TP4UU@
RTM322 EJ200 MT30 T

Model 250 Industrial Trent
BR710 AE 1107

RB211-524G/H

V2500A1 AE 3007

araespEs S

Tay 611
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V2500-A BR715 B
Ao Trent 500 -
RB211-535E4-B Trent 800
Adour 951
AE 2100 RB211-535E4-C
T800 .
Tay 651 RB211-524G/H-T Trent SO00EP Trent 700EP BRHS_
Trent 60 V2500 SelectOne
Trent XWB

Underpinning long-term growth
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Trent — Lanzamiento de las Turbinas para los
aviones mas avanzados del mundo el Airbus
A380 vy el Boeing 787 Dreamliner
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Rolls-Royce - Trent 800

Thrust

Fan Diameter
Bypass ratio
Weight

Total aircraft
in-service

Total engines
in-service

Service

engine hours Over

*Three Independent Shafts
*Annular combustor
*designed for liquid fuel
*Low speed power turbine
*designed to balance power
*between LP shaft and thrust
soutput
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Aero Trent 800
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Industrial Trent 60
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Trent 60 - Low Speed Bypass Fan

SrF,

Trent 60 LP High Bypass Fan Removed
e Used on aero engine for thrust

Replaced with two axial stages
* Produces the same pressure ratio as the
bypass fan
e Addition of LP Bleed System for low load operation
e Control Bearing Load by Modulating Thrust Piston
Trent

EMPRESA NACIONAL DE ENERGIA
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Trent 60 - LP Power Turbine

e Last two blade rows lengthened to
recover all potential thrust

e Rear Drive Added

e Capability to operate at 3000 y
rpm (50Hz) or 3600 rpm (60Hz) =
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Trent 60 - Gas Turbine
LP Compressor LP Turbine
2 S IP Compréssor """""""""""""""""""" 13-5te0e)
(8 Stage)
HP Compree;aor HP Turbine -
(6 Stager—— (1 Stage / I
= —r
Trent 60
nm Illll\lll'ﬂ"l e
o 7 “all Ui I-._. ) o ""'
LA m' "i‘
: ”'m ’ Trent 60
...illllil o I““ ’ i
HP!/IP Inter Turbine ‘I ‘I ‘Il
NGV "I Aero Design,
Aero Common Industrial Materials

Trent Presentation
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Rolls Royce Trent 60

The Rolls-Royce Trent 60 is the most advanced aeroderivative gas turbine
available today. Delivering up to 64MW of electric power in simple cycle
service, at 42 per cent efficiency, the Trent 60 has established a new
benchmark for fuel economy and cost savings. It also offers operators
fast delivery and installation times and beneficial environmental
Performance.

Trent 60 — Wet Low Emissions (WLE)

The Trent 60 WLE uses an annular combustor

system from the Trent aero engine modified to

operate with liquid and gas fuel. The injection

of water is used to reduce emissions and boost

performance. At ISO conditions the engine is

rated for 64 MWe.

EMPRESA NACIONAL DE ENERGIA



Comparacion entre la RR Trent 60 y la Siemens SGCT 800

Siemens SGT 800
Power generation: 47MW(e)
* Frequency: 50/60 Hz
* Electrical efficiency: 37.5 %
* Heat rate: 9,597 kJ/kWh
(9,097 Btu/kWh)
* Turbine speed: 6,608 rpm
» Exhaust gas flow: 131.5 kg/s (290Ib/s)
» Exhaust temperature: 528° C (983° F)
* NOx emissions
(with DLE corrected to 15 % O2 dry)
- Gas fuel: =15 ppmV
-Liquid fuel: <42 ppmV
-3 Units
-3 Installations
-3 Maintenances

Rolls Royce Trent

Power generation: 64.001MW(e)

* Frequency: 50/60 Hz

* Electrical efficiency: 41 %

* Heat rate: 8,656 kJ/kWh

(8,204 Btu/kWh)

* Turbine speed: 3,000 rpm

» Exhaust gas flow: 173.7 kg/s (382.9 Ib/s)
» Exhaust temperature: 416.2° C (781.2° F)
* NOx emissions

(with DLE corrected to 15 % O2 dry)

- Gas fuel: <25 ppmV

-Liquid fuel: <42 ppmV

-2 Unit

-2 installation

-2 Maintenance

EMPRESA NACIONAL DE ENERGIA
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Trent 60 — Performance Simple Cycle

GT Package Performance WLE WLE ISI
Output at Generator Terminals, kWe 61,180 64,000
Heat Rate (LHV), kJ/kWe.hr 8,784 8,755
(BTU/KWe.hr) (8,326) 8,365)
Thermal Efficiency (LHV), % 41.0 41.6
Exhaust Flow, kg/s 168.0 171.2
(Ib/s) (370.4) (382.9)
Exhaust Temperature, °C 432.2 408
(°F) (810.0) (781.2)

Simple Cycle — 15°C (59°F), 60% RH, zero installation losses, 50 Hz, gas fuel, 25 vppm NOXx (dry 15% 02

L4 LA N |._ . I',.r } I
- 2. H Ii-
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Trent 60 WLE - Performance
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Maximizing Power and Efficiency across Ambient Range

Tren; Pesentation
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WLE ISI
77,233
7,126
(6,754)
50.5
62,452
16,156

107,499
7,412
(7,044)
48.4
62,452

Trent 60 Combined Cycle Performance WLE
Net Plant Output, kWe 75,257
Net Plant Heat Rate (LHV), kJ/kWe.hr 7,056
(BTU/kWe.hr) (6,688)
Thermal Efficiency, % 51.0
Gas Turbine Output, kWe 59,474
Steam Turbine Output, kWe 17,104
Combined Cycle — 15°C (59°F), 60% RH, typical installation losses, 60 Hz, natural gas, 25 vppm NOXx (dry 15%
02)

Dual pressure steam Cycle
Net Plant Output, kWe 101,899
Net Plant Heat Rate (LHV), kJ/kWe.hr 7,340
(BTU/kWe.hr) (6,957)
Thermal Efficiency, % 49.0
Gas Turbine Output, kWe 59,474
Steam Turbine Output, kWe 62,452

47,583

Combined Cycle — 15°C (59°F), 60% RH, typical installation losses, 60 Hz, natural gas, 25 vppm NOx (dry 15%

02)
Single pressure steam cycle, supplementary fired to 730 °C (1346 °F)

EMPRESA NACIONAL DE ENERGIA
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Trent 60 - Benefits

*Highest Power Aero derivative Gas Turbine
*Highest Simple Cycle Efficiency Aero
derivative Gas Turbine

*Efficient Package for Installation and
Maintenance

*Proven History from Aircraft Engine Lineage
*Meet stringent NOx and CO requirements
*Modular design allows minimal installation
time _ . '
-Starting and restarting as fast as ten minutes = —
*No maintenance penalty for starts l

Ildeally designed for both the peaking and M 8
base load market

*Up to 4500 starts without overhaul

EMPRESA NACIONAL DE ENERGIA
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Industrial Trent 60 Competitive Position

45.0
42.5
40.0 LM 6000 PC O -
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o: Ppi\év 0 O ct P&W FT8+
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35.0
Alstom 0 Alstom o Alstom
GT10B GT8C GT82C
32.5
30.0 ; | : | | | | |
20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000
Output (kW)
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Trent 60 - Package

15.8 m

O

Trent 60 - Package
Estimated Weights
GT Skid 74,800 kg (165,000 Ib)
GT Package Roof 17,700 kg (39,000 Ib)
GT Engine 13,600 kg (30,000 Ib)

Filter 21,300 kg (47,000 Ib)

Generator Skid 106500 kg (235,000 Ib)

EMPRESA NACIONAL DE ENERGIA
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Outline and Foundation-
Estimated Weight

| - . ] GT Skid - 66,000 KG
] GT Package Roof-35,000 KG
% GT Engine - 13,600 KG
|| - g I B Filter - 25,000 KG

Generator Skid - 106,000 KG
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Industrial Trent GenSet Package

G.T. ENCLOSURE

COMBUSTION AR & I.P. BOV. VENTILATION
G.T. ENCLOSURE INLET EXHAUST A.C. GENERATOR
FILTER SUPPORTED - VENTILATION /
FROM MAIN . COOLER

BASEPLATE EXHAUST

A.C. GENERATOR
ACOUSTIC
ENCLOSURE

=

COMBINED GT L.O
& HYDRAULIC START
CONSOLE

AC GENERATOR
LO CONSOLE

DUMP DIFFUSER

RADIAL ACCESS G.T. REAR

CONTROL PANELS INTAKE DOOR SUPPORTS

Gobiemo Bolivariano | Ministerio del Poder Popular 52’-)_&9
de Venezuela para la Energla vy Petréleo BICESNT EMA R




Combustion
air and
Ventilation

Air Filter —>

(Self Cleaning
Filter

Augmented
Secondary
Circuit

Duct

Inlet Fogger Array ( ProEnergy
and Inlet Duct Trent 60 - Gas Path SERVICES ="
Extension

GT Enclosure
Bleed Air Duct Ventilation Exhaust
(including silencers (including silencers

/

GT Enclosure
Ventilation Fans

Exhaust (3 x 50%)

-~

Inlet Air Filter
Support Struct

Access Ladders and
Platforms

xhaust Diffuser

e

i : == Exhaust can
o . [ L o I-"’ﬂ be located
IN= R i ,,_;4.};-'-; I l ~ | horizontally
: ', on either side
| | [,E‘“ g . ': or vertical.

GT Enclosure
Ventilation Intake
Duct Inlet Spray

Intake Plenum Intercooling
EMPRESA NACIONAL DE ENERGIA Overspray Array
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Trent 60 — Scheduled Maintenance

*A1l Class”

Boroscope of the hot end

*“A Class”

Function checks, boroscope and
safety checks.

“B Class” (25,000 hrs) HP / IP core
Refurbishment

Inspection of hot end and
replacement or refurbishment of
worn parts.

Re-coating of gas-washed parts as
Required

“C Class” (50,000 hrs) Full engine . _
Overhaul Maintenance Base & Tooling

Total engine strip and refurbishment GT Change out
of all parts for a further lifecycle

. ) i o Time to change gas turbine -
Utilize exchange engine for higher availability

24 Working Hours
EMPRESA NACIONAL DE ENERGIA



Trent 60 — Scheduled Maintenance

The Trent engine is also capable of being split into three
interchangeable

modules:

1. Low pressure compressor

2. Intermediate and high pressure compressors and turbines

3. Low pressure turbine

Itis possible to swap these engine modules in under 72 working hours.
This reduces overall transport and costs associated with inventory of a

spare engine. Rolls-Royce can also offer access to a lease engine or :

odule Air Flow
program. |
This program reduces the need for a spare engine and allows

significant \?7, e

flexibility in maintenance.
Flexible design
LP y

>~
)

I“"--.

L
: HP/IP Core
LP Turbine Compressor
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Instalaciones Tipicas
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Instalaciones Tipicas
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