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F SUMMARY

A Customer Witness Test (CWT} was perfarmed on the 2™ October 2009 on ESNO055. This engine is a 50Hz
Industrial Trent DF WLE and is to be packaged by Centrax for Gas De France. It had previously passed all internal
RR PAT performance criteria when tested from 30™ September to 2™ October.

The CWT baseload data was referred to site reference conditions and RR PAT reference conditions using the ratio
method and eTrent version 7.0.2, The resulis are presented in this report for formal declaration and communication
to the customer. They show that ESNO5S5 meets the customer guarantees and the PAT performance criteria. The key
results are presented in the tables below.

GAS WET LIQUID WET
Engne 85 | & orantees | Dift | sTaTUS | EMINe 55 | o orantees | DIt | STATUS
corrected correcied
Electricat Power (kW) 58000 58000 0.0% PASS 58000 58000 0.0% PASS
Electrical Heat Rate (KJ/KWhr) 8792 9002 2.3% | PASS 8741 9109 -4.0% PASS
Engine 55 performance relative to contract guarantee
GAS WET LIQUID WET
Engine 55 PAT oir | sTATUS Engine 55 PAT Diff. STATUS
corrected | accepiance corecled | acceptance
Shaft Power (kW) 56381 53908 4.6% PASS 55567 53965 3.0% PASS
Shaft Heat Rate (KJ/kWhn 8711 8975 -2.9% PASS 8737 107 -4.1% PASS

Engine 55 performance relative to PAT acceptance limits
Note 1: Negative heat rale margin means lower fuel consumption,
Note 2: The 0% margin againsi contract guarantee power shows the test was conducted at this power Fmit
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1.0 Summary and Conclusions

A Customer Witness Test (CWT) was performed on the 2™ October 2009 on ESNOSS5. This engine is a 50Hz
Industrial Trent DF WLE and is to be packaged by Centrax for Gas de France. It had previously passed all
internal RR PAT performance criteria when tested from 30™ September to 2™ October.

The CWT baseload data was referred to site reference conditions and RR PAT reference conditions using the
ratio method and eTrent version 7.0.2. The results are presented in this report and show that ESN055 meets

the customer guarantees and the PAT performance criteria. This report formally declares this performance,
previously communicated in LGT3711.

2.0 Test data & results

ESN055's CWT took place in Test Cell 7 on 2 October 2009, to the Industrial Trent 60 WLE Dual Fuel —
Customer Witness Test procedure, {GTES 10760 issue 2, reference 1).

21 Inputs and Method

Raw data:

A full output of the raw data taken in the CWT 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 Generator
Experiment | Scan | TestDate Time TCELL (K) | Power (kW)
Gas Wet 90155010 59 02/10/2009 16h33 288.0 58076
" Liquid Wet | 90155010 62 | 02/10/2009 | 17h25 287.2 58077
Emissions:

Emission were recorded during the test. The reports are aftached in Appendix B:
NOx recorded during the tests:
Gas Wet: NOx = 24.3 vppm
Liquid Wet: NOx = 42.5 vppm

Diesel Analysis:

A sample of Diesel was 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 18502BTU/Ib,

Title

Industrial Trent 60: 50Hz DF WLE engine 55 pass-off performance
resulis — Centrax/Gas de France

o 23 Oct 2009

Reporl Number
GTER13845

8

Issue

Page4
or 17

RRGTE-101/6



Gas Turbine Engineering Report

'd Rolls-Royce

Continuation Sheet

© 2008 Rolls-Royce Canade. The informalion in (hfs document la the proparly of Rolls-Royce Canada and mey not be enpied or communicaled to a third party or
used for any purpose olher than thal for witich it is supplled wilhoul the express writlen consenl of Rolls-Royce Canada, 9545 Céle de Llesse, Dorval, Québec,
Cangida, HIP 1AS.

Generator efficiency:

To obtain shaft power the 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 with Test Celi #3 where measurements were taken with a torquemeter calibrated
to traceable standards.

Power (HP) Gen. Efy
0 0
530 0.2528
1745 0.7685
7143 0.9387
13894 0.9639
27386 0.9789
40878 0.9839
54376 0.9863
67876 0.9877
81371 0.9887
100000 0.9887

Note: 1HP = 0.7457 kW

Installation losses assumptions:
The assumpticns for the installation losses for testcell 7 are as follows:

Temp (C } -0.867
Inlet {(mm H20) 27.94
Exhaust (mm H20) 309.88

Analysis Method:

The CWT data was analysed using the ratio method (see attachment in Appendix D for a fuller
description} and eTrent 7.0.2.

The spreadsheets containing the calculation details are attached in Appendix E, tables 1 to 4. A
summary of the resuits of referral 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 42vppm for Diesel.
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2.2

Results of referral to Contract Reference Conditions

The contract reference conditions and performance guarantees are summarized in the tables below.
They are for gas wet and liquid wet applications.

&mﬂ!‘_f{ condilions
Saint-Brieuc

Tamb (T } 11

Pamb (kPa) 29,418

FH o) B0

Generator efficiency (%} 88.3

Installation losses losses

TempiG ) 11

{rilest {enirry H200) 125
‘Exhaust [mm H20) 125

Euslprapariies.

Gas Properties Diesal Specification

Gas Composition Carbon Atoms -
Methane (%) 92.40% Hydrogen Atoms -
Ethane (%) 5.30% Cp (BTU/ILF) -
Propane (%) 1.60% LHY (kJ/kg) 41800
n-Butane (%) 0.00% Fuel temp (C ) 15
i-Butane (% 0.50%

Nitrogen (% ) 0.20%

Carbon Dioxide {%) 0.00%

Gas LHV (kJ/kg) 48397

Gas temperature (C ) 50
;IGaE 24.3
(Diesel 42
Performance Guaranises:

GAS DIESEL
Electrical Power (kW} - Gas 53000 58000
Electrical Heat Rate (kJ/kW.hr) - Gas 2002 9109

The results from the analysis of the CWT, shown in summary below, demonstrate that the engine meets

contractual guarantees.
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I Electrical Power (kW)

GAS WET LIQUID WET
Engine 55 Guaraniess | Diff. | STATUS Engine 55 Guaraniees | Difl. | STATUS
corrected comected
58000 58000 00% | PASS 58000 58000 0.0% PASS
Electrical Heat Rate (KJ/kWhr) 8792 9002 -2.3% | PASS 8741 9109 -4.0% | PASS
Note 1: Negative heal rate margin means lower fusl consumption
Note 2: The 0% margin against conlract guarantee power shows the lesl was conducted at this power limil,
2.3 Results of referral to PAT reference conditions
Pass-off Test Acceptance:
mbient conditions .
Am bient Pressure 104.325 kPa
Ambient Temperature 2540
Ambient Relative Humidity E[e
Intake Total Pressure Loss 0 mm H20
Exhaust Total Pressure Loss 0mm H20
mampamhm 100 2
I-’|'5-|:|U|.w"n|::1,r 5iHz
Fu e
eTrent North American Natural Gas Diesel Fuel
Specification Specification
Component: Value (mol %)} Component: Value
Methane 95527 Carbon Aloms 12.9
~ Ethane 2.064 Hydrogen Aloms 239
Propane 0117 Cp {BTU/bF) 0.4538
}Butane 0 LHV(BTU/D) 18215
N-Butane 001 Fuel Temperature 288,15 K
Nitrogen 1942
Carbon Dioxide 0.34
™ Fuel Tem peraiure 37315 K{212°F)

nirol!

Gas

4.3

Dhasal

A2

Nole: the reference lemperalura is 25°C, above the kink poini, where the engine is operaling on the T30 limiler
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The regults from the analysis of the CWT, shown in summary beiow, demonstrate that the engine meets

PAT criteria.
GAS WET LIQUID WET
Engine 55 PAT Engine 55 PAT
comected | acceptance M. | STATUS comected | aceeptance B | | STATUS
Shaft Power (kW) 56391 53908 4.6% PASS b5567 53965 3.0% PASS
Shaft Heat Rate (KJ/kWhr} 8711 8975 -2.9% | PASS 8737 9107 -4,1% PASS
Node : Negative heaf rate mangin means lower fusl consumption.
3.0 References
1. GTES 10760/2 Industrial Trent 60 WLE Dual Fuel — Customer Witness Test Procedure
H Ko, N Budeanu 4 September 2009
4.0 Appendices
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Appendix A: Raw data used for analysis

GAS DIESEL
SCAN 59 62 _
WS_PRES 14.6699 14.6695 Ambient pressure {PSI)
WS_TEMP 13.3082 12.95 Ambient temperature (C )
WS_HUM 55.8999 57.8785  |Relative Humidity (%)
TCELL 288.03 287.199 Average inlet temperature (K)
UPOWERY 58.0764 58.0771 Generalor power (MW)
NL 3002 3002 LP Speed (RPM)
NI 6777 6769 IP Speed (RPM)
NH 10146 10136 HP Speed (RPM)
UT30Vv £592.00 592.33 T30 average
LMETHANE 96.6125 -
LETHANE 1.15437 5
LPROPANE 0.0702 -
._|7_|§_UTANE 0.005772 -
LNBUTANE 0.00546 £ Lo
TPENTANE o - Gas Composition (% vol)
LNPENTAN 0 =
[LCBPLUS 0.001519 2
[LNITRO 1.59739 -
LCO2 0.550176 =
LFT 0101 23890.5 - Gas Fuel fiow
LTE_ 0101 35.6 = Gas Fuel Temperature
uLIQm . 26.4226  |Diesel Temperature
FT0210 - 265599  |Diesel fusl flow
FT0314 31386.6 325321 Water flow
UWIMSTI 17.6082 17.5671 Water temperatire {(C )
UTGTV 748.208 757.115 TGT awerage
NOx from lab (vppm) 243 42.5
Diesel LCV from lab - 18502 BTU/lb
Diesel LCV from lab . 43035 kJ/kg
Title Report Number lssue Page9
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Appendix C: Diesel analysis

CERTIFICATE OF FUEL TESTING - DEESEL

T R. Inoso, N. Bideanu

ENGINE: ITRENT LIGUIL WET PERF CURVE
ESN: 55

DATE RECFIVET): Ocinber 5, 200%

This cestifies that a represeniative fisel sample used [n the performante
1esting of the above engine has baen anslyzed by the RRC Laboradnry in
accoriance will: the following ASTH methodolomy:

Calorific Value D 4609

Specifl; Gravily Cr 1250 - 80
kinematic Viscosity [ 445 - 56
Disgolved Water Contemt D 6308

Tive following reselts were obbained:
LABDRATORY LI D24

TEST Lo RH-t 2008-F-014
SPECIFIC GRAVITY & G0°F D.BE3G4 kfL
CALORIFHC VALLE 18502 BTU/I
VISOOSITY & 0°C 542 st
VISCOSITY @ 30°C 2.60 €5t
WATER CONTENT 35 pprm

DATE OF FURL ANALYSTS:  October 5, 2009

Gwmm.“ PR Foine W SADD 1S Raw: 5 Rt
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Appendix D: Ratio method presentation

12CLS

iR} Rolls-Royce

Trent 60 DF WLE
Method to correct to Guarantee
conditions or to PAT conditions

Louise Leclerc

E2008 Rols-Royce plc
The intarmatren in tas daonmunt L the prepariy of Ficke-Royea ple and may ol ba eoped o aommimiealed o o trird party, or used For iy purposs
DT tan Bl far which [k 12 suppllad wilhout the capreaa wiilien cansant of Rofla-Royos plo

Thia infortnakon & glven n good Falth heasard URD L Lakesek Information avallatly 18 Aolls-Royes pic, no waraly or repTsontation |& ghn
concamarg such [amahon, which ruel mot e bakun a8 Ing mny L or oihar 1 binding upan Rolie-Royca ple or mny of

1 Eubal gy o maenoaled el

Site data correction

1 In fleld the engine runs to a limiter (Powet, T30 or
TGT) or a defined parameter, eg. Power, depending on
amblent conditions and/or needs of customer.

o To properly assess the performance of the engine, the
data need to be corrected for ambient conditions and
if necassary for TGT and T30 margin.

0 Rolls-Royce standard way to analyse the performance
of DF WLE engines Is to use the « ratio Method » and
to refer the data to a specific condition, e.q, the
guarantee point, cf. diagram.

0 The « ratio method » |s done using eTrent.

d The procedure is different if the referral point is above
or below the kink point, i.e. limited by Power or T30,

Pitvmie — HaHy-Fayce Lall At e iliDed pree] st D
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The “Ratio Method” to guarantee conditions {below kink point}

1 - Run eTrent at same conditions as engine on test

= Guarantee Expected Limit Parameter, GELP {measured generator
power)

= Same ambient conditions
" Same installation losses
= Same fuel

2 - Caleulate the ratios of actual power, TGT, T30 and heatrate to

eTrent predictions (power ratio will be 1.0 as eTrent was run to
test power)

3 - Run eTrent at guarantee conditions and GELP at the guarantee
condition {power of 58MW gross)

4 -fMuItiEIy TGT and T30 {absolute temperatures) from 3. by ratios
rom 2.

5 - If both corrected TGT and T30 are below the control limits:
» Achievement of guaranteed power assured
= Calculate heatrate at guarantee condition by Multiplying heatrate
ratio from 2. to heatrate from 3.
6 - If either corrected TGT or corrected T30 are above the control
limits (meaning the engine fails guarantee on Power):

= Repeat 1 to 5 using TGT or T30 as the GELP to determine heatrate at
guarantee conditions, and also power shortfall.

Privms — Nols-Noyc el Ran Beihed prresanisiios

The “Ratio Method” to PAT conditions (above kink point)

1 - Run eTrent at same conditions as engine on fest
* Guarantee Expected Limit Parameter, GELP {measured T30}
= Same ambient conditions
= Same installation [osses
® Same fuel
2 - Calculate the ratios of actual shaft power and Heat rate to eTrent
predictions {T30 ratio will be 1.0 as eTrent was run to test T30)
3 - Run eTrent at reference conditions and GELP at the reference
condition (T30 limit — 876K}
4 - Multiply Shaft Power and Heat Rate from 3 to ratios from

5 - Compare Corrected Shaft Power and Heat Rate to PAT
acceptance values.

Fiinin - Hole-Rogre Dam Tiaitio e Al i
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Appendix E:
Trent 60 DAWLE Englne Sarlal Number 055 Buitd [Experiment 9015501q
Measured and Corrected Performence Data From Faclory Test Extract 5t
Rolte-Royce Cenada, Montreal, Tast Bed #7, October 2, 2009 e 9:25 P
Etandard_GFWED_ITRT 90 R men
ozl ot Tast Teat | Mok E-wlaln'l- e i Cifference o
Caniticns at !""'m"’ hmﬁ"" Condenrm [T Mi ":"'"'mm R
L | e [ L Pow o Ghanridithisy
Lkt Condgiony
iFa [E5E 16118 [TET [
=] 4.6 454 1 i1
W =i e ] 5]
riaeia] i Fi] b 5]
MRED E 100 g P
rEn FRR]] FEiH 3000 EIR]
Wi Er] ) 1000 SO0 B Sa00A
ke SE1TE A £apo0 = Al
e T 2% (TR B
Rk BETD BEOG L] Wie ZRi3 (T[]
I_amm Enchcdl aiia (AT E] oAz [TE Er HE EETT
Fuml i
ekt WnETe_ | wenta EEd uid
.E"‘" (ELT] TAniA 53 %]
P b TG [T 1 10
" Biare o0& N0 [/ 13
[T TS FIES ] 0
= it A i T f
= & L D L
Huoea mols [0S ] ]
T o T=ad 1= (] F]
Carioee® Diiniin 11 3503 [LS5F 0 1l
1] -~ ATHAEE FTER
[Fue Tarpeaiam = ] ] pall]
LT Ciry TATpEien [T & L TR T Tl TA10 JLIBALT TELEC
=T =T W B R T BBEE.O auT o LIIT 078
[, (L o 1% L, fry ) ST WA IR 243
Comtarsiin Vater Ao Eghr 1817 TezaT 100 (LI T
Ceetaiiny Visher TAMpSAIED il 70 70 1]
Table 1: Gas Wet referred to Guarantees
Title Repart Number Issue Page14
Industrial Trent 60: 50Hz DF WLE engine 55 pass-off performance GTER13845 1 of 17
results — Centrax/Gas de France
» 23 Oct 2009 g & 5

RRGTE-101/6




Gas Turbine Engineering Report

Rolls-Royce

Continuation Sheet

© 2008 Rolls-Royce Canada. The information in this document ts the property of Rolls-Royce Canada end may not be copled or cornmunicated 1o a third party or
used for any purpose olher than that for which it is supplied withoul the exprass writlen cansent of Rolls-Royee Canada, 9545 Céte de Liesse, Dorval, Québer,
Canada HGF 1A5.

Trent 60 DFWLE Engine Sarfal Number 055 Build1 Expenimant 9015501
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