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Industrial Trent 60: 50Hz DF WLE engine 56 pass-off pedormance results - Centrax/Gas de France

L Lecierc x 7524
A factory test was performed on the 90 October 2009 on ESN056 This engine is a sOHz Industrial Trent DF WLE and
is to be packaged by Centrax for Gas De France The engine passed all internal RR PAT performance cdteria.

The baseload data was refefied to site reference conditions and RR PAT refercnce conditions using the ratio method
and eTrent version 7.0 2. The results are presented in this report for formal declaration and communication to the
cuslomer They show that ESN056 meets the customer gua€ntees and the PAT performance criteria. The key
results are presented in lhe tables below.

GAS WET LIQUID WEI
Engine 56

Diff. STATUS Ensine 56
Difl. STATUS

Electrical Power (kW) 58000 58000 0.0% PASS 57999 58000 oo% PASS
Elecirical Heai Rare (KJ/kWhr) 8763 9002 -2.7"/" PASS 8739 s10s 4.1Vo PASS
Engine 56 perfomance relative to contract guarantee

Engine 56 performance relative to PAT acceptance limits
Note 1: Negative heatEte marginheans low€r tu€t @n6unplion
Note 2: The 0olo margin against @nbacl gua€ntee power shos fle test Ms @nducted at this power timil

GAS WET LIQUID WET
Engine 56

Diff. STA'IUS Engine 56
Diff. STA'IUS

55283 53908 26% PASS 55007 53965 L S % PASS
Shaff Heat Rale {K"ukwhd 8693 8S75 -3.1% PASS 8741 9107 4.O% PASS
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1.0 Summary and Conclusions

A factory test was performed on the th October 2009 on ESN056. This engine is a 50Hz
Industrdl Trent DF WLE and is to be packaged by Centrax for Gas De France- The engine passed all
intemal RR PAT Derformance cdteria.

The baseload data w€s refered to site reference conditions and RR PAT reference conditions using the ratio
method and eTrent version 7.0.2. The results are prcsented in this report and show that ESN056 meets the
customer guarantees and the PAT performance criteria This reportformally declares this performance'
prcviously communicated in 1GT3726.

2.0 Test data & results

ESN056'S factory test took place in Test cell 7 on I october 2009, to the lndustrial Trent 60 wLE Dual Fuel-
Production Acceptance Test prccedure, (GTES 10540 issue 4).

2.1 Inputs and Method

Raw data:

A full output of the raw data taken in the factory test and used in the analysis is provided in Appendix A'
The engine was fully stabilized at baseload.

The following table summarises storage location, time, power and ambient temperature'

ALICE
Exoeriment Scan Test Date Time TCELL (K)

Generator
Power (kW)

Gas Wet s0156010 22 09/10/2009 't4h'18 285.8 58066

Liquid Wet 90156010 37 09/10/2009 '16h26 2A6.2 58075

Emissions:

Emission were recorded during the test. The reports are attached in Appendix Bl
NOx recorded during lhe testsl
GasWet: NOx = 25.1 vppm
Liquid Wet NOx= 43.0 WPm

Diesel Analvsis:

A sample of Dieselwas taken during the test The result of the sample analysis is attached in appendix
C. The Lower Heating Value of the Diesel during the test was 18498BTUIb

Tltle

IndustrialTrent 60: 50Hz DF WLE engine
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Generator efficiencv:

To obtain shaft powerthe generator efficiency curve below is interpolated (linearly) at the generator
power obtained during the test. Then a factor of 0.985 is applied to the value obtained. This was derived
from cross-calibration wilh Tesl Cell #3 where measurements were taken with a torquemeter calibrated
to traceable standards.

Power (HP)
0 0

530 0.2528
1745 0 7685
7143 0.9387
'13834 0.9639
27fi6 0.9789
40878 0.9839
5437ts 0.9863
67876 0.9877
81371 0.9807

100000 0.9887

Nole: 1 HP = 0.7457 kW

Installation losses assumptions:
The assumotions for the instiallation losses fortestcellT are as follows:e assumOtrons tor the installation
Temp (C ) {.67
lnlet (mm H2O) 27.94
Exhaust (mm H2O) 309.88

Analvsia Method:

The CWT data was analysed using the .atio method (see atlachment in Appendix D for a fuller
descriotion) and eTrent 7.0.2.

The spreadsheets contiaining the calculation details are attiached in Appendix E, tables 1 to 4. A
summary of the results of referaal to contract and PAT reference conditions are provided in sections 2.2
and 2.3.

Note: The emissions used in the analysis came from the lab reports. However eTrent version 7.0.2 can
not be run to specified NOx. For the analysis, the NOx of the test were assumed to be 24.3vppm for Gas
and 42vDom for Diesel.
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2.2 Results of referral to Contract Reference Conditions

The contract refercnce conditions and performance guaEntees are summarized in the tabtes betow.rhey are ror gas wet and liquid wet applic€tions.

Saint Brieuc
Tamb (C ) 1 1
Pamb (kPa) 99.418
RH (%) 80
Generator effcjency (%) 98.3
Installation loss€s loses
Temp (C ) 1 1
Inlet (mm H2O) 125
Exhaust (mm H2O) 125

GAS DIESEL
Electrical Power (kW) - cas 58000 58000
Eleclrical H€at Rate (kJ/kW.nrj- Gas 9002 9109

The results from the anelysis of the fEctory lest, shown in summary below, denonstaate lhat the engine
mee$ contractuat guarantees.

ue
Gas Properties

Gas Compo6ition
Methane (%) 92.4o0/.
Ethane (%) 5.30%
Propane (%) 1.6010
n-Butane (o/o) 0.00%
i-Butane (%) 0.50%
Nitrogen (%) o 20%
Carbon Dioxide (%) 0.00%
Gas LHV (kJi kg) 49397
G6s lemperature (C ) 50

Oiesel Specifcation
Carbon Atoms
l_tdrogen Atoms
Cp (BTU/lbF)
LHV (kJ/kq) 41900
Fuel temp (C ) 15

Title
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Not€ l:Negative h€t rst6 margin Feans lo@r tuel@nsumpuon
Not€ 2:Th; 0',6 marsin againsa@nb€ct gua€nie porer shows th€ lestwas @nducGd at his porerlimil

2.3 Results of referral to PAT reference conditions

Pass-otf Test Acceota nce:
nt

101-325 kPa

LmbrentTemperature 2 5 ' C
Ambient Relali\€ Humidity 60%

lnlakeTolal Pressurc Loss 0 mm H2O

E)haustToial Pressure Loss 0 m m  H 2 O
100 'c

5OHz

24.3
Diesel 42

Note: *B ref€Gn@ iemperatur€ is 25qC, above hs kink point, whee the €ngine is op€.atjng on the T30limit€r
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GAS WET LIQUIDWET

Eng ns 56 Dift STATUS Engine 56 Difi. STATUS

58000 58000 oo% PASS 57999 58000 0.0% PASS

Elecrder Hear Raie (K,J/kWhd 8763 9002 -2.7% PASS 8739 9109 PASS

eTrcnt North Anerican NatumlGas
Sp€ofication

Value (mol %)

Catbon Dioxde
373;15 K 1212'F)

Diesel  Fu€l
Spedfication

12-g

23.9
cp (BrU/bF) 0.4538
LHV(BTU/Ib) 1 8 3 1 5

288.15 K
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The results from the analysis ofthe factory test, shown in summary below, demonstrate that the engine
meels PAT criteria.

Nots. N€gative heatrate margin means torer flet@nsumplion

3.0 References

1. GTES 10760/2
H Ko, N Budeanu

IndustrialTrent 60 WLE Dual Fuel- CusiomerWitness Test Procedure
4 September 2009

4.0 Appendices

GAS WET LIQUIDWET
Engine 56

Dif: STA]US
En9ine 56 Diff: STATUS

55283 5390E 2.6% PASS 55007 53965 1.9% PASS
sh3fr He€t Rate (KJ/kwhd 8693 6975 -3.1% PASS 8741 9'107 4 OVd PASS
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AppendixA: Raw data used for analysis

GAS DIESEL
SCAN 22
WS PRES 14.576/. 14.5763 Ambient pressure (PSl)
WS 'IEIT.,IP

1 1 _ 8 3 11.7283 Ambient lemperature (C )
WS HUII4 95_2654 95.4668 Relati\e Humidity (%)
TCELL 285.753 286.f56 A\,erage inlet temperature (K)
UPOWERV s8.0659 58.0751 Gene€tor power (MW)
NL 3001.23 3001.47 LP Speed (RP[4)
NI 6775.27 6776.82 lP Speed (RPM)
NH 10175.6 10175.4 HP Speed (RPM)
ur30v 589.676 591.414 T30 a\eraqe
LMEIHANE 96.4688

Gas Composition (7o rol)

LETHANE L2A687
LPROPANE o.o41432
LIBUIANE 0.005928
LNBUTANE 0.0056'16
LPENTANE 0
LNPENTAN 0
LC6PLUS 0.00155
LNITRO 1.61302
LC02 0.537672
LFT 0f01 23755.8 Gas Fuel io^/
LIE 0101 35.8818 Gas FuelTemperature
ULIQTI 23 2573 23.2129 Diesel Temperalure
FT02't0 26538.9 Diesel fuel iow
FT0314 29760.6 31236 4
uw \rsTl '16.9955 '17.O174 Water temperatire (C )
UTGTV 740.765 752.962 TGT alerage
NOx from lab (!ppm) 25.1 43
Diesel LCV fiom lab 18498 BTU/Ib
Diesel LCV from lab 43026 kJ/kg

IndustrialTrent 60: 50Hz DF WLE engine 56 pass-off perfofihance
results - Centrax/Gas de France
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AppendixC: Diesel analysis

ffi Rolt*Royce
CENTIFICATE OF FUEI.IESTII{G - DIESEL

TO: R, Ino€e, lrl B$deanu

ENGINEi Ind, Trcnt Llquid lU€t PedDmtrDce Csrre

ESN: 56

TESI DATE; O€tober 9, 2lxlg

Thls certfies tfiat a repftsentatirc fud sanple used ln tie performancE
testhg qf the abwe engjne h6 ben analfzed by the RRC taboratory in
aEcordancE vr[i tlle folloudng ASTM BEthodolo€y:

Glodflc Value D {€09
Sp€cifk GBvity D 1250 . 80
l(nenatlc Visco6ltv 0445- 96
Disolved Watercontent D 53ffi

The follou,ing results werc obtaiiled;

I,ASOMTORY I.D. D26
TESTSEDI.D. RH.1?IXX}.FOI5
SPECInC GRAVITY @ 50'F 0.8315 lE/L
CALORIFICVALUE T84gg BTU/Ib
WSCOSITY@ 0'C 541 cst
WSCOSITY@ 30"c 2.60 cst
WATER @NTENT 14{t ppm

DA'IE OF FUEL AI{ALYSI$ (bber 1t 2lxte

Irle
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Appendix D: Ratio method presentalion

ffi notk-Roy."
Trent 60 DF WLE

Method to correct to Guarantee
conditions or to PAT conditions

Louise Leclerc

Site data coffection

tr lnjield the.engine runs to a l imiter (power, T3O or
I ut, or a oetrned parameter, eg, power, dependinq on
ambaent conditions and/or needs of customer_

u To properly assess the performance of the enqine, the
data need lo be corrected for ambient conditiolns and
if necessary for TGT and T30 margrn.

D The ( ratio method D is done using eTrent.
a The procedure is different if the referral point is above

or below the kink point, i.e. I imited by pdwer or T30.
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1 - Run eTrent at same conditions as engine on test
. Guarantee Expected Limit Parameter' GELP (measured generator

r Same ambient conditions
. Same installation losses

5 - lf both corrected TGT and T30 are below the control limits:
' Achievement of gu aranGed power assu recl
r Calculate h€atrate at guarantee condition bv MultiPlving healrate

rrtiofrom 2. to heatrate from 3
6 - lf either corrected TGT or corrected T30 are above the control' 

tii"=,ii trireining ttte engine {ails guarantee on Power):
' Reoeat 1 to 5 using TGT or T30 as the GELP to deterrnine heatrate at

i.u5ia nGe ionaitio-ns. and al6o Powershortrall'

I - Run eTrent at same conditions as engine on test
r Guarantee Expected Linit Parameter, GELP (measuredT30)
r Same ambient conditions
r Same installation losses

2 - Calculate the ratios of actual shaft power and Heat rate to eTrent- 
oilai"iidn" iiso otio will be 'l.o as;Trent was run to test r30)

3 - Run eTrent at reference conditions and GELP at the reference
condit ion (T30 l imit- g76K)

4 - Multiply Shaft Power and Heat Rate from 3 to ratios lrom

5 - Compare Corrected Shaft Power and Heat Rate to PAT
acceDtance values,
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Appendix E:

hb . r056BU d t

Table 1: Gas Wet refened to Guarantees
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Table 2: Gas Wet refened to PAT
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Table 3: Liquid Wet refened to Gu€rantees
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Table 4: Liquid Wel refened to pAT
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