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Declaration

[

. This report is not legally effective if without the company’s special seal for

technical report.

2. The copyright of this report belongs to Shanghai Minghua Power Technology
Engineering Co.,Ltd. No company and no person can partially copy or openly
publish without our company’s permission in written form.

3. For reports noted with confidential grade, nobody should privately provide or
copy to the open public.

4. If you have any dissent or complaints, please contact the plan and operation

department of Shanghai Minghua Power Technology Engineering Co., Ltd (Tel:

021-25102225) .
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Abstract:

Under the witness of independent engineer, Shanghai Minghua Power
Technology Engineering Co., Ltd takes charge of carrying out the performance
acceptance test of Phase | on LFO of Malta Delimara 3 power plant. In this test,
performance parameters of Phase | DF engines in combined cycle are measured with
light fuel oil (LFO) as fuel. And this performance test report describes in detail the
test procedure and calculation method, and provides the corresponding conclusions on
heat rate ,output power, emissions and noise of combined cycle test.

Key words:
Performance acceptance test; Combined cycle; Heat rate; Output power;

Emission; Noise
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Main results of the performance acceptance formal test for

Phase 1 on LFO after conversion

Item

Symbol

Unit

Value

DE45-DEA48 plus STG combined cycle (100% load, 2016/9/29 16:30-18:30)

Gross power of DE45 Pss kW 16662.00
Gross power of DE46 Pss kW 16622.00
Gross power of DE47 P47 kW 16641.50
Gross power of DE48 Pas kW 16588.00
Gross power of STG Corr. to
. Pste- kwW 7.17
reference condition STG-com 586
Gross power of combined cycle Corr.
to reference condition (4 DF engines Psross_corr kW 72380.67
plus STG)
DE45 engine gross. heat rate Corr. to HRDEA5 g con | kJ/KWh 8206.58
the reference condition
DE4 i heat rat .t
6 engine gros§ .ea rate Corr. to HRDE46 o cor | KI/KWA 8198.52
the reference condition
DEA47 engine gross heat rat rr. t
engine gross heat rate COMm. 10| |\ one 7 o | KIKWA 8247.83
the reference condition
DE48 engi heat rate Corr. t
engine gross. .ea rate Lor. 1o HRDE48 gross-cor | KI/KWh 8202.19
the reference condition
Gross heat rate of combined cycle
Corr. to reference condition (4 DF HR kJ/kWh 7547.98

engines plus STG)

corr

Engine noise and external noise (100% load, 2016/9/29 16:30-18:30)
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Inside of the enclosure of DE45 Lss-in dB 104.8
Outside of the enclosure of DE45 Las-out dB 76.8
Inside of the enclosure of DE46 L4g-in dB 105.4
Outside of the enclosure of DE46 Lag-out dB 77.9
Inside of the enclosure of DE47 L47-in dB 105.4
Outside of the enclosure of DE47 L47-0ut dB 78.4
Inside of the enclosure of DE48 Lag-in dB 105.5
Outside of the enclosure of DE48 L4g-out dB 79.2
External noise at plant boundary Ly dB 66.35

Emission of DE45-DE48 plus STG combined cycle (100% load, 2016/9/29

16:30-18:30)

O,—Stack 3 (DE45- 46) 0, Vol % 12.09
O,—Stack 4 (DE47- 48) 12.03
NOx—Stack 3 (DE45- 46) NOX mg/Nm? 95.8
NOx—Stack 4 (DE47- 48) @15% O 49.2
SOx—Stack 3 (DE45- 46) SOx mg/Nm? 21.2
SOx—Stack 4 (DE47- 48) @15% O: 19.1
CO—Stack 3 (DE45- 46) co mg/Nm? 58.6
CO—Stack 4 (DEA47- 48) @15% O 58.9
Particulate matter—Stack 3 (DE45-

46) PM mg/Nm’ 5.1
Particulate matter—Stack 4 (DE47- @15% O: 6.8

48)
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Note:
1. During the test of DE45-DE48 plus STG combined cycle, DE41-DE44 were shut

down.

2. The calculation of engine heat rate takes into account of the 1% pilot fuel
consumption. As requested by plant owner, waste gate opening of Phase | DF engines
have been adjusted (from 14% to 31% at full load) to increase the exhaust outlet
temperature after turbo so as to improve SCR efficiency and STG output, which
slightly affected the heat rate of DF engines on LFO.

3. During the 100% load test, STG output had some fluctuations (approx. =1170kW)
in an orderly manner due to STG governor problem, which accounted to only 1.6% of
the total Phase | combined cycle output. All parties agreed to continue the test and
recognize the final performance results.

4. For emission test, all measurement instrument have been compared to testing gas in
China before transferred to Malta and provided with calibration certificate. Emission
values are converted to normalized conditions at 0 °C, one atmospheric pressure, dry
and 15% 0O2. NOx level of Stack 4 is lower due to the larger amount of ammonia

injection for DE47 and DE48.
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I The objective of test

Under the witness of independent engineer, Shanghai Minghua Power
Technology Engineering Co., Ltd takes charge of carrying out the performance
acceptance test of Phase | on LFO of Malta Delimara 3 power plant.

The objective of these tests is to measure the heat rate, power output, noise and
emission (including NOx, SOx, CO and PM) of the converted Phase | DF engines
combined cycle on LFO at various loads, thus providing the performance basis of

Phase | engines on LFO after the conversion.

II Test condition

Table 2-1 Test condition and time of the test

NO. Test condition Contents of the test Time and Date

Test the output power, heat rate

90% load for and noise of DF engine on the
10:45—12:45
1 DE45-DE48 engines | condition that the generating
2016/09/29
(4+1formal test) power of each engine reaches
90% load.

Test the output power, heat rate,
90% load for
noise and emission of combined | 10:45—12:45
combined cycle test of
2 cycle on the condition that the 2016/09/29
DE45-DE48
generating power of each engine
(4+1formal test)
reaches 90% load.

80% load for Test the output power, heat rate
3 DE45-DE48 engines | and noise of DF engine on the | 13:30—15:00

(4+1formal test) condition that the generating 2016/09/29

Commissioning & Performance Test Team of Delimara 3 Gas Conversion 9
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power of each engine reaches
80% load.
Test the output power, heat rate,
80% load for
noise and emission of combined | 13:30—15:00
combined cycle test of
cycle on the condition that the 2016/09/29
DE45-DE48
generating power of each engine
(4+1formal test)
reaches 80% load.
Test the output power, heat rate
100% load for and noise of DF engine on the | 15:30—16:30
DE45-DE48 engines | condition that the generating 2016/09/29
(4+1preliminary test) | power of each engine reaches
100% load.
Test the output power, heat rate,
100% load for
noise and emission of combined | 15:30—16:30
combined cycle test of
cycle on the condition that the 2016/09/29
DE45-DE48
generating power of each engine
(4+1preliminary test)
reaches 100% load.
Test the output power ,heat rate
100% load for and noise of DF engine on the | 16:30—18:30
DE45-DE48 engines | condition that the generating 2016/09/29
(4+1formal test) power of each engine reaches
100% load.
Test the output power, heat rate,
100% load for
noise and emission of combined | 16:30—18:30
combined cycle test of
cycle on the condition that the 2016/09/29
DE45-DE48
generating power of each engine
(4+1formal test)
reaches 100% load.

Note: (1) The test of DE45-DE48 engines and combined cycle are performed
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simultaneously at various load.(e.g. test NO. 1 and NO. 2 are done at the same time)

(2) 100% load is required to test the guaranteed performance values in EPC contract.
Test at 90% load and 80% load is required to establish the fundamental data for

Dispatching System of D3 plant.

III Test standard

3.1 Reciprocating internal combustion engines; Performance; Part 1: Declarations of
power, fuel and lubricating oil consumptions, and test methods-additional
requirements for engines for general use. 1ISO 3046

3.2 Rating industrial noise affecting mixed residential and industrial areas. BS 4142
3.3 Alternating generating units which are driven by the reciprocating internal
combustion engine Part 10: noise measurement (surface method). 1ISO 8528.1

3.4 Stationary source emissions-determination of mass concentration of particulate

matter at low concentrations-manual gravimetric method. 1SO 12141-2002

IV Test instrument and measurement point

4.1 The measurement instrument of atmospheric pressure and ambient temperature are
from Minghua Company. Pressure is measured by aneroid barometer and temperature
is measured by digital thermo-hygrometer. Test data are recorded at every 5 minutes
and calibration certificate of all those test instruments are attached in this report.

4.2 The fuel flow rate of engine is measured by the Vortex Flow meter installed by
power plant. Fuel consumption can be calculated by the accumulative data recordings

at the beginning and end of test. Meter diagram on site is as follows:

Commissioning & Performance Test Team of Delimara 3 Gas Conversion 11
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Diagram 4-1 Fuel flow measurement
4.3 The power output of engine and steam turbine is measured by power meter

installed by power plant. The power of engine and steam turbine can be calculated by
the data accumulative recordings at the beginning and end of test. Meter diagram on

site is as follows:

WER MONITOR
UNIT

Diagram 4-2 Power output measurement

4.4 Noise is measured by noise analysis system (B&K 2260 type). The layout
principle of noise measurement points: 1 meter away from engine shell and 1.2 meter

high from ground level. Noise measurement includes inside the engine enclosure,
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outside the engine enclosure and external plant boundary.

4.5 The emission measurement adopts Testo 350 type Flue Gas Analyzer and
Automatic Dust (flue gas) Tester, whose calibration certificates are shown in
attachment. The flue gas firstly goes through a electric-heated sampling gun, to
Automatic (flue gas) Dust Tester to collect the PM samples and then to a pretreatment
device for the flue gas extraction (by built-in pump), filter and cooling, finally reach

the Flue Gas Analyzer. Emission measurement system is shown as follows:

i

Diagram 4-3 Emission measurement
4.6 Other data used in the calculation is from plant DCS system, including the inlet

fuel temperature of engine, charge air coolant temperature, cooling seawater

temperature. The measurement points on DCS are shown as follows:
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Diagram 4-4 Inlet fuel temperature of engine on DCS

Diagram 4-5 Charge air coolant temperature on DCS
R MR Eome | == =B

L

Diagram 4-6 Cooling seawater temperature on DCS

V Test procedure

5.1 Preliminary test

Preliminary test is an indispensable test step before the formal test, which aims at
checking the operating condition of the system equipment, the measuring status of the
testing meter and instrument and the isolation effect of the system. There should be
enough time for calculation and analysis during the preliminary test. The formal test

can be conducted only if the preliminary test is qualified.
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5.2 Formal test

After the preliminary test meets the test condition requirement, the formal test
can be conducted. And the formal test can begin only when the required test condition
is stabilized. For details of test condition arrangements, please refer to Table 2-1.
5.3 Test procedure of measuring heat rate and output power
5.3.1 Adjust the load to ensure that the unit operates steadily under the required
condition
5.3.2 Make sure the engines are operated in DO(diesel oil, or LFO) mode when
testing the output power and heat rate of the combined cycle unit and diesel engine.
Record enough measurement data to calculate the system performance. Correct the
parameters of the diesel engines to the reference condition which is in accordance
with related 1SO correction equations. The correction method of the steam turbine
output to reference conditions is based on correction formula from manufacturer.
5.3.3 Collect three fuel samples during each test. One sample to be sent to laboratory
for analysis, one sample to be kept by testing company and the other one to be kept by
the power plant.
5.3.4 After the test is finished, signatures from representatives of all parties involved

in the test are needed on every data recording paper of the test.
5.4 Test procedure of noise measurement

The noise measurement will be carried out when the engines are operating at
100% load. Internal and external noise measurement location are indicated in the
layout drawing in attachment 8.2.

5.5 Test procedure of emission measurement

The emission measurement will be carried out when the engines are operating at

100% load. The emission measurement point is located at the middle platform of

stack. Components under measurement include NOx, SOx, CO, O2 and PM.

Commissioning & Performance Test Team of Delimara 3 Gas Conversion 15
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VI Calculation of test results

6.1 Gross power of combined cycle unit
The performance calculation of combined cycle unit is based on the measured
data of combined cycle test under stable operating conditions. The output power and

heat rate of the units are calculated based on the following formula:

P

Gross—corrl

_P +P +P +P +PSTGcorr (1)

Where:
P

.
Gross—corrl *

Gross power of combined cycle (4+1) corrected to the reference

condition (KW).

P : Gross power of DE45 (KW)
P : Gross power of DE46 (KW)
P, : Gross power of DE47(KW)
Pg: Gross power of DE48(KW)

Pirocor @ Gross power of steam turbine corrected to the reference condition (kW)

6.2 Total heat rate of combined cycle unit

HRcorrl = (Q45—corr + Qas-corrp+ Q47—corr + Q48—corr )X Qr (2)
Gross—corrl
Where:
HR_,,,, -Heat rate of combined cycle (4+1) corrected to the reference condition

(kI/kWh)

Q5o - Fuel flow rate of engine DE45 corrected to reference condition.

Q6o - Fuel flow rate of engine DE46 corrected to reference condition.

Commissioning & Performance Test Team of Delimara 3 Gas Conversion 16
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Q.7 oo - Fuel flow rate of engine DE47 corrected to reference condition.

Q. ot Fuel flow rate of engine DE48 corrected to reference condition.

Q,: the referred lower calorific value of fuel (42700 kJ/kg).

6.3 The calculation of corrected fuel consumption
The following calculation formula of corrected fuel consumption takes engine

DE45 as example:

%0 S
Q45—corr - P Q45 Qr (3)
1
a=1c—0.7(1—1<)(77—— ] (4)

AN AANAS )
PI' TX TCX
Qs oo - Fuel flow rate of DE45 corrected to the reference condition

Q,s . The measured fuel flow rate of DE45

k. Correction factor of power

P . Atmospheric pressure during the test (mbar)
P . Atmospheric pressure of reference (1012mbar)

T : Ambient temperature during the test

X

T . Ambient temperature of reference (297.15K)

r

T.. . Charge air coolant temperature during the test (K)

T, : Charge air coolant temperature of reference (315.25K)

M: 0.7
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N: 1.2
s:1
n,: 0.9

Q, : The tested lower calorific value of fuel

Q, : The referred lower calorific value of fuel (42700 kJ/kg)

6.4 The correction of fuel density
Fuel density is corrected according to ASTM1250-80, the correction formula is

as follows (taking DE45 as example):

Pus ar = Prs X VCF
VCF=exp (—aq x(T

act

Q5 = Ko/(pls Xp15)+(Kl/p15)

a

~15)x (1+ ot x0.8% (T, ~15)))  (6)

K,=186.9696

K,=0.4862
VCF: Correction factor of volume
Pus_. - AcCtual fuel density

Py - Fuel density measured at 15 °C by fuel analysis

T . Actual fuel temperature recorded from the flow meter of DCS

act *

6.5 The correction of steam turbine output power
The correction applicable to the steam turbine gross power output to reference

conditions will be calculated according to the following equation:
PSTG-corr :PSTG 'APSTG (7)

APSTG =-62.5x (Tamb - Tamb-ref )+925 x (Tsea-act - Tsea-ref ) (8)

Psrocor - Steam turbine power corrected to the reference condition
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P : Steam turbine gross power

APg : Applicable correction value in kW

T, - Actual ambient air temperature during the test in °C

T, - REference ambient air temperature (24°C)

T...r - Reference sea water temperature (21°C)

T..... - Measured sea water temperature at steam turbine condenser inlet.

VI Calculation result of the performance test

7.1 DE45-DE48 plus STG combined cycle test result at 100% load

For the formal test of DE45-DE48 plus STG combined cycle at 100% load, gross
power of DE45 is 16662.00kW, gross power of DE46 is 16622.00kW, gross power of
DE47 is 16641.50kW , gross power of DE48 is 16588.00kW and STG gross output
corrected to reference conditions is 5867.17 kW. In total, the gross output power of
DE45-DE48 plus STG combined cycle is 72380.67 kW.

For the formal test of DE47-DE48 plus STG combined cycle, DE45 engine gross
heat rate corr. to reference condition is 8206.58 kJ/kWh, DE46 engine gross heat rate
corr. to reference condition is 8198.52 kJ/kWh, DE47 engine gross heat rate corr. to
reference condition is 8247.83 kJ/kWh, DE48 engine gross heat rate corr. to reference
condition is 8202.19 kJ/kWh and heat rate of DE45-DE48 plus STG combined cycle
is 7547.98 kJ/KWh.

Table 7-1 Calculation data of DE45-DE48 plus STG combined cycle at 100% load

Item Symbol Unit Value

Commissioning & Performance Test Team of Delimara 3 Gas Conversion 19
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Net heat value LHV kJ/kg 42910.00
Density@15°C Ois kg/m?® 834.70
DE45 actual fuel oil density | Ppess kg/m? 824.90
DE46 actual fuel oil density | Opeas kg/m® 825.44
DE47 actual fuel oil density | Opesr kg/m?® 825.44
DE48 actual fuel oil density | Ppess kg/m? 825.26
Fuel oil temperature into Tiouc . 28.00
flow meter DE46

o opts | T c 2825
Fuel oil consumption DE45 | Q41 I/h 3823.05
Fuel oil consumption DE46 | Qg I/h 3808.20
Commissioning & Performance Test Team of Delimara 3 Gas Conversion 20
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Fuel oil consumption DE47 | Qg3 I/h 3835.60
Fuel oil consumption DE48 | Qg4 I/h 3803.40
Fuel oil quality consumption
3153.64
DE45 Qron kg/h
Fuel oil quality consumption
3143.43
DE46 Qraez kg/h
Fuel oil quality consumption
kg/h 3166.05
DE47 Qfg43 o/
Fuel oil quality consumption
3138.79
DE48 Qraa kg/h
Ambient pressure P-amb mbar 1024.46
Ambient temperature T _amb T 26.33
Charge air coolant
Tss. C 40.00
temperature DE45 4o-cha
Charge air coolant
Ts6- C 40.58
temperature DE46 do-cha
Charge air coolant .
T47-cha C 4058
temperature DE47
Charge air coolant
Tas- C 41.08
temperature DE48 48-cha
Commissioning & Performance Test Team of Delimara 3 Gas Conversion 21
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Reference ambient pressure | Pamb-ref mbar 1012.00
Reference ambient .

Tamb-ref C 24.00
temperature
Reference charge air coolant .

Tcha_ref C 421
temperature
Ratio of indicated power

Kys / 1.01
DE45 «
Ratio of indicated power

Ky / 1.00
DE46 «
Ratio of indicated power

Ky / 1.00
DE47
Ratio of indicated power

Kyg / 1.00
DE48 «
Power adjustment factor

Qs / 1.01
DE45 «
Power adjustment factor

Qg / 1.00
DE46 «o
Power adjustment factor

oy / 1.00
DE47 «
Power adjustment factor

Qg / 1.00
DE48 «
Fuel oil consumption DE45

: kg/h 3155.07

Corr. to amb Ref. condition Qusamb-corr g
Commissioning & Performance Test Team of Delimara 3 Gas Conversion 22
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Fuel oil consumption DE46

Corr. to amb Ref. condition Qagamb-or kg/h 3144.41
cor ot et conitn | Qv | kol 516709
Cor 0t et conin | Qv | Kol 212039
con o et e v | Q|19 217059
Cor ot et st | Qm | a 515957
Cor ot et et | Qs | Kol s16261
con o et et vl | Q| 215452
l;l:;S_D ;IS consumption O gh o60L01
El:zezlls-Dsjtls COri.onsumption Qotal-corr kg/h 12667.88
The gross power of DE45 Pss kwW 16662.00
The gross power of DE46 Pss kW 16622.00
The gross power of DE47 P47 kw 16641.50
Commissioning & Performance Test Team of Delimara 3 Gas Conversion 23
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The gross power of DE48 Pag kw 16588.00
The gross power of STG Pste kW 5828.00
The gross power of

Protal- kw 72341.50
DE45-DE48 plus STG total-gross
The reference sea water

Tsea-ref T 21.00
temperature
The measured sea water .

Tsea-act C 23.00
temperature
STG power correction APstc kw -39.17
The STG power Corr. to

p e PSTG-COFF kW 586717

the reference condition
The gross power of
DE45'DE48 plUS STG COfI’ Ptota]-gross_corr kW 7238067
to the reference condition
DE45 engine gross heat
rate corr. to reference | HRpess gross-cor | KI/KWh 8206.58
condition
DE46 engine gross heat
rate corr. to reference | HRpess-gross-cor | KI/KWh 8198.52
condition
DE47 engine gross heat
rate corr. to reference | HRpga7-gross-cor | KI/KWh 8247.83
condition
DE48 engine gross heat
rate corr. to reference | HRpess-gross-cor | KI/KWh 8202.19
condition
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Diesel engine gross heat rate

H RDE—gross

kJ/kWh

8090.11

DE45-DE48 plus STG
combined cycle gross heat
rate

H Rgross

kJ/KWh

7438.35

Diesel engine gross heat rate
Corr. to the reference
condition

H RDE—gross—corr

kJ/kWh

8213.79

Combined cycle gross heat
rate of DEA45-DE48 plus
STG Corr. to the reference
condition

H Rgross—corr

kJ/kWh

7547.98

7.2 DE45-DEA48 plus STG combined cycle test result at 90% load

For the DE45-DE48 plus STG combined cycle test at 90% load, gross power of

DEA45 is 14957.50kW, gross power of DE46 is 14916.00kW, gross power of DE47 is

14935.00kW , gross power of DE48 is 14907.00kW and STG gross output corrected

to reference conditions is 5029.97 kW. In total, the gross output power of DE45-DE48

plus STG combined cycle is 64745.47 KW.

For the DE45-DE48 plus STG combined cycle test at 90% load, DE45 engine

gross heat rate corr. to reference condition is 8215.56 kJ/kWh, DE46 engine gross

heat rate corr. to reference condition is 8199.27 kJ/kwWh, DE47 engine gross heat rate

corr. to reference condition is 8267.10 kJ/kWh, DE48 engine gross heat rate corr. to

reference condition is 8200.28 kJ/kWh and heat rate of DE45-DE48 plus STG

combined cycle is 7581.93 kJ/kwh.

Table 7-2 Calculation results of DE45-DE48 plus STG combined cycle at 90% load

Item

Symbol

Unit

Value

The gross power of DE45

Pas

kw

14957.50
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The gross power of DE46 Pas kw 14916.00
The gross power of DE47 P47 kw 14935.00
The gross power of DE48 Pag kw 14907.00
The gross power of STG Psto kw 5020.00
The gross power of P KW 64735.50
DE45-DE48 plus STG total-gross '
STG power correction APst6 kW -9.97
The STG power Corr. to
p e PSTG-COI’I’ kW 502997

the reference condition
The gross power of
DE45'DE48 plUS STG COI'I' Ptota|_gross_corr kW 6474547
to the reference condition
DE45 engine gross heat
rate corr. to reference | HRpgss.gross-cor | KI/KWh 8215.56
condition
DE46 engine gross heat
rate corr. to reference | HRpgsg-gross-cor | KI/KWh 8199.27
condition
DE47 engi

engine gross heat 826710
rate corr. to reference | HRpgs7-gross-cor | KI/KWh
condition
DE48 engine gross heat
rate corr. to reference | HRpgas-gross-cor | KI/KWh 8200.28
condition
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Diesel engine gross heat rate | HRpg-gross kJ/KWh 8097.04

DE45-DE48 plus STG
combined cycle gross heat | HRgyoss kJ/KWh 7469.15
rate

Diesel engine gross heat rate
Corr. to the reference | HRpg-gross-corr kJ/KWh 8220.57
condition

Combined cycle gross heat
rate of DE45-DE48 plus
STG Corr. to  the reference
condition

HRgross_corr k\]/kWh 758193

7.3 DE45-DEA48 plus STG combined cycle test result at 80% load

For the DE45-DE48 plus STG combined cycle test at 80% load, gross power of
DE45 is 13359.00kW, gross power of DE46 is 13315.00kW, gross power of DE47 is
13337.00kW , gross power of DE48 is 13309.00kW and STG gross output corrected
to reference conditions is 4461.42 kW. In total, the gross output power of DE45-DE48
plus STG combined cycle is 57781.42 kKW.

For the DE45-DE48 plus STG combined cycle test at 80% load, DE45 engine
gross heat rate corr. to reference condition is 8252.99 kJ/kWh, DE46 engine gross
heat rate corr. to reference condition is 8228.04 kJ/kWh, DE47 engine gross heat rate
corr. to reference condition is 8286.66 kJ/kWh, DE48 engine gross heat rate corr. to
reference condition is 8235.80 kJ/kWh and heat rate of DE45-DE48 plus STG
combined cycle is 7615.54 kJ/kwh.

Table 7-2 Calculation results of DE45-DE48 plus STG combined cycle at 80% load

Item Symbol Unit Value
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The gross power of DE45 Pas kw 13359.00
The gross power of DE46 Pss kw 13315.00
The gross power of DE47 P47 kw 13337.00
The gross power of DE48 Pag kw 13309.00
The gross power of STG Pste kW 4484.00
The gross power of
Protal- kw 57804.00

DE45-DE48 plus STG total-gross
STG power correction APstg kw 22.58
The STG power Corr. to

. PSTG.corr kW 446142
the reference condition
The gross power of
DE45'DE48 p|US STG COIT Ptota|_gross_corr kW 5778142
to the reference condition
DE45 engine gross heat
rate corr. to reference | HRpgss.gross-cor | KI/KWh 8252.99
condition
DE46 engine gross heat
rate corr. to reference | HRpgss.gross-cor | KI/KWh 8228.04
condition
DE47 engine gross heat
rate corr. to reference | HRpga7-gross-cor | KI/KWh 8286.66
condition
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DE48 engine gross heat
rate corr. to reference
condition

H RDE48—gross—corr

kJ/kWh

8235.80

Diesel engine gross heat rate

HR DE-gross

kJ/KWh

8133.29

DE45-DE48 plus STG
combined cycle gross heat
rate

H Rgross

kJ/kWh

7502.80

Diesel engine gross heat rate
Corr. to the reference
condition

HR DE-gross-corr

kJ/kWh

8250.89

Combined cycle gross heat
rate of DE45-DE48 plus
STG Corr. to  the reference
condition

H Rgross-corr

kJ/KWh

7615.54
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VI Appendix

8.1 Calibration certificate

Calibration certificate -- aneroid barometer
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Calibration certificate—digital thermo-hygrometer
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Calibration certificate---flue gas analyzer
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Calibration certificate—automatic (flue gas) dust tester
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Calibration certificate—(B&K 2260 type) noise measurement
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8.2 Layout of noise measurement point

Noise measurement point for engine
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Noise measurement point at plant boundary
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8.3 Fuel analysis report
2016/09/29—100% load—LFO fuel of DE45

Irspaciorals Malla Lid
Inspeciorate House, Speancer Hll, Maraa
MRS 1950, Maks

Tal +355 2248 9700

Fax +355 2123 7788

Email: ap Akl peciona

CEent: Shangai Minghua Power Teshnalogy Englnaenng Go Lid
Page 1.0f1
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2016/09/29—100% load—LFO fuel of DE46

Inspeckorabs Malia Lid
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| N [ M 1 ke
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2016/09/29—100% load—LFO fuel of DE47
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2016/09/29—100% load—LFO fuel of DE48
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Locatior: Irmapeciorste Labaralory, Marsa - Date Recsiyed: 0-Sep-16
Diabe Testing Complats: 03-0c-16 )
Sampa Cigin; Labailed TE 48, Samale 1 I
Tesat Methad Units Rosult "~ Gpes
Drnsity @@ 157G = IS0 1218501 kg 0EMT | TER
Low Hiaaling Yalug .

ASTM D436510 [ ] 42010 TER

TER = T Ba Repored e
This analysis certificats may nol be reproducad ururllmnlu.llu.n:ptuu:\}rfmilhn s iicn of Tha Bboralony

Results relate anly ke tha sample besled

The laleal 5508 of U 1658 mwihods havs been used unleas stshed olhanvias
Plearss refir bo ASTM 0324457 and P mathed 387 Appesdi E far uiliaalion of test daba for conformance with speofications
Inspeciaabe Malla acoepts no linblity with resgect 1o suppliad sampkes

Chemist Platasa katis

A~

Wayras Zammil ;15“ Hill - La ny HIHH“ET
Fiarma Duca Autherised Signatory for Inspeschonata Maka Lid
- LI
) L— Inspectorate Maka Led
Apuive 1B, M
R T ik
flaricakare | Rl R mal
Commissioning & Performance Test Team of Delimara 3 Gas Conversion 50

Shanghai Minghua Electric Power Technology Engineering Co., Ltd



LiSREBNFIR TIEHIRATS)

SHAMGHAI MINGHUA ELECTRIC POWER TECHNOLOGY ENGINEERING CO., LTD.

8.4 Original recording table
2016/9/29—100% load---Fuel consumption recordings

i LIS EBRNE R T HERLS)

IR LA B Pk STl BT | RSt el S 8 4 L

Page of Pages

Original Recording Table

__ Performancetest  (1°* :f':‘}

Project: Malta Delimara 3 Power Mlant Test:
Test Condition: DEAS-DEAR plus STG Test date: &
?lgine Mumber DE45 DE46
Nar.ne of ) Fuel consumption ' Fuel consumption
measuring point
Unit Liter Liter
! 2 i 1 2
Timne Time
(§:30:00  |6J5/ M8 0|608] 145 | 15:3): 00 6163743081 5143 7643.2|
pfuboroo  |H3URJo.0l (34210904 (6:3) 00 | 152 0mk3) £1493265.7
Qeson 619352308152 5513] 173 00 [016) 7052, b 6149 7050.)
(8:20i00  |6T%80L(159328%6.7 1 221 00 |£1700 80T &0 oSty
Setos0n  [673001F08 | RB209( ¢ | (3251200 | A702029.5°| 4170213C0

Mote: 1. All test instruments have been verified as effective and under the usage period

Recorder "DGT—M% Inspector : Independent Engineer. i
3ciorlic
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Page_ of __ Pages

Project: _

Original Recording Table

Malta Delimars 3 Power Plant

Test Condition:

DE45-DEAS plus 5TG

Tast:

Performance test { [ ?’; )

Test data: }? :f.-.'-'*?fza:;?

Engine Mumber

DEa?

DE48

Mame of

Unit

measuring point |

Li

Fuel consumption

ter

1 | 2

Fuel consumption

Liter

Time

Time

P132d0.]

73%000-]

[[22: 00

Paa el

244243729

|E§:§1.‘E‘D

_Léﬂgl: o

1234547

7#)3att?

62440}

Tt B 2

246396744,

122wk g0

130278514 72)31851-¢

r?r%%rao

442342

24438

—r

12l e

%2200

Ia"g:|!ﬂ|'

120%126]
7300253

) 29024
13 )boei ke

[} 00 1
[F: 6120w

4338 &

Mote: 1. All test instruments have been verified as effective and under the usage period

Recorder M& Imspector ng 1!&% Independent Enginear:

_ A
seie9 /%
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2016/9/29—100% load—Power meter recordings

EIGA R TR AR A E)

EafCTRE PR TR TES Haon s vsseng

hp_Lnf
()rlgmal Recurdl_ng Table ( ?’

Project: Malta Delimara 3 Power Plant Test: _ Performance test
Test Condition: __ DME45-DE48 plus STG Test date:
[ Engine N
DE45 DE4G E4T DE48 5TG
Mumber
Mame of
measuring | Power Power Power Power Power
point
Uit BAWH MWh hAWh MWh MWh
Tirne Time Time Time Tirne

122202 |20 ke [Pk b E b wne Dumpned (532 | 20 Biin g | vaREA. 34

h:dewe |73t Uior ARG D ;uiml:!] fhesko e [JE30AEIRIERN: 0 [3oRblC 105

)

L2 By 0% Dhafusps (e | 3€op] |y poni]f s Dpisie

R e T e e e

W2 | Sgse b Dibs] (102 Besdn b (18950 Bryu) 97 b4tr S0

Remarks E‘te: 1. All test instruments have been verified as effective and under the usage
period.

Recorder _M_ Inspector Independent Engineer: P50
3afeq /e
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2016/9/29—100% load—Recordings from DCS

29

BHA] WEEHA T e TRADiD = R OB SO,

Papge of Pages

Original Recording Table

Projeot: Malta Delimara 3 Power Plant Test: __ TPerformance est

Test Condition:  DE45-DE4S plus STG Test date:_ 29/04 figil iuadf Py 4
T s | e | e | o | s | s
(5230 .‘:? by 4 o b 23K
5o 29 2} §o ko 23, 44 |
155 29 28 Lo o 23. ¥
jb:po =1 24 4o ¥ a3, Wi
fb:10 2§ 2} o +2 23.39
| Jheye 29 2§ 4o & v3, 24
(b3 29 24 i, 40 23, ¥2
[6ye 21 24 ¢o ¢l 23+
I 5a ) pA y.0 §o 29 .
[ 700 1] 24 o ¢ 2345
[]:0 29 24 ¥o ¥l 23, 4§
17:20 21 2 te do 22 w8
17259 2 29 to o 23. 45
/7240 29 23 Lo g | 23. kY
Iy L | 2J Lo il 13, ¥
(0% 27 29 to ¢l 23.42
14500 24 28 Go it o 3.3
[fp0 Lf 2§ o 2 ;5=5}
(839 i 28 fo ¢l 23. 91 |
19 o 24 28 Go el | 3. 4
[4:50 28 24 o il 2348
Mesde: 1. All test instrumients have been verified as effective and wnder the wsage period.

-
Recorder :_ ‘&ﬁﬁ Insmcmr:w Independent Engineer bt
Felo9 i
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LR I RERAE
Page_ of __ Pages
Original Recording Table
Project: Pt Delimara 3 Power Plant Teat: Performance _EI:'$1
Test Condition:  DE45-DE4S plus STG Test date: :*4 fq B M 3.;,.,-1{
H.hﬂa me L w47 Fuel o -H;u:l oil W4T Charge air a4k {I-ar-ge aif Lem Water
Time "“-.h____x Ernpersiure wemperature | coolard temperature | codlanl temperaliene | lemperature
5330 24 |,g &y ¢ /
[5240 28 2 3j ¢
1550 8 2 39 ¢/ /
g 2f | 4§ ¢l ¢ /
ke 3§ 13 e & f
2w 28 28 &) ¢ | |
[(*30 34 2f 2 /&
[6: ko 24 24 37 | Wi
/ brfo 28 23 ﬁ::l‘-r.:: 'H'
BEE of | 28 | 37 i
(10 24 29 39 &4
17:20 | 29 ey e/
17230 28 v/ 4 ¢
1140 28 2§ o 4/
1750 1§ 28 ¢ 42
| giﬂ'\} ¥ 29 (:"'L .r:j,;
1810 o | o 4r &% |
1f= 28 28 4o ¢ | t
1$:30 29 | .9 Ry 1
18 % 24 28 & [x3
(3:50 24 14 | 42
MNote: 1. All test instruments have been verified as effective and under the usage period.

Recorder ; Jjﬁ @ Inspector : E iﬁ a Independent Engineer: ___ A%

A0
R
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2016/9/29—100% load—Recordings of ambient conditions

& LBmER T

Page__ of __ Pages
Original Recording Table
ot it Sl b P o i (072
[ Time p T H
Un;t I"—P‘ e _i
1§30 (02.53 | 27 H;/
1540 102,56 | 2468 | 32
Hi~E w2 26.8 | 3
| hree (03 Lo | 246G fu
1bs10 fo2.47| 22 | &%
| L1120 102-5o 26 8 £y ]
| lhide tonef | 243 L
(hrlypo laed |yt | 3¢ )
[h: ko 2.6 | 265 | SU |
(7200 lo246 | 262 | ft
[0 102,45 | 26> |
|7:2# o) 263 | §¢
[]:%¢ 024} 260 | £F
(7240 10148 | 243 E6
1 J2bo (0242 243 %
1% 10 (2.0 | b2 2
(%20 (023} | 24.% PR
R:ﬂ;%ka [02.40| 24.¢ 1)

Mote: 1. All test instruments have been verified as effective and
under the usage period.

Recorder ;ch_tmﬂa-ﬂ Inspector ﬁjﬂ‘ Independent Engineer; ___ A7)

2870y /A
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E‘Llﬁﬂniﬁﬁﬂ MIFEAEBLE

Ak Gia ERGHUA BLECTRC FOMER 11O (i &N IR S0

Page___of ___ Pages

Original Recording Table

Froject: Malta Delimara 1 Power Plant Tast: Performance tesi |f pee e ]
Test Condition: DE4S-DE4R plus S16G Test data: u
Time P T H -
- - B
Uit e c “o _— B
(#:40 (02,33 | 242 5)
192 50 (02.3] | 24.2 £7
Remarks Mote: 1. All test instruments have been verified as effective and
under the usage period.

Recorder E‘_&% Inspector : EIE| Independent Engineer: AT
3fov fid
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2016/9/29—100% load—Noise recordings

&F ERMEBDE AR T FERAT

e Faga___of ___ Fages

Original Recording Table

Projest: _ Malia Delimara 3 Power Plani Test: Performance test |I f'.;u"f; \,I
Tast Condition:__ DE45-DE4R plus STG Test date: of fq. !
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