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1. Main Purpose

The main purpose of the Danvdsiw LoadHybrid Solar DieselSystem(HSD stem)is to facilitate the use
of Sdar ¢ andor Windenergy forisolatedgridsgivingthe highestpossible utilizationiigh penetration) and
as a result thénighest possiblgearlyfuel savinglowest cost of energgndoverall low emissions.

2. Equipment

The tests at PoRower Esbjerpave been carried out using the following equipment.

Test Danvest HS®18 Unit: 648kWe genset and 3M@dumpload
Consumer: 1000kWe load bank PON Power

Solar 8pply: simulated by 300kWgensetwith anasynchronousilternator
- —

Picture of the test site at Pon Power Esbjerg

In order to obtain themainpurposec the Danvestybrid system musbe able to

9 Handle both excess power and lack of powesulting fromvariations inSolar / Wind
production andconsumption &all times.

1 FRunction as a power backup system fackupof Solar Wind power productionin the full
operation range of th&anvest modifiedyensetfrom 0-100%load.

1 Maintain an acceptable powejuality of the local isolatedyrid in cooperationwith the local net
conditions,the consuners and theSolar / Wind powesupply

91 Danvest utilize excess energy to achieve reggower operation and fagenset responds.

1 Dump excess SolaWind energy.
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3. Operation M odes

An overviewof the operation modes of theDanvestHSDSystemwith genset load and fuel consumption
canbefound in Annex 1. The operation modes inclutiesmal, Low Load Revers powerand dumpload
controllingoperation(including dumpload controlling at engine clutch out, engine stop, and engine. start)

4. Performance T ests

PonPowerPerformancdest schemesire enclosed in Annext@ 5. The tests have included the various
operation modes defined in Annex The following are findings from tetests.

a. Normal Operation
Please refer to Annex 2.
Conclusioron fuel consumption:
1 Fuel consumption durintiis test modedoes not show significant deviations frahe values in
the engine data shedssued by the engine manufactur@@ummins)

Conclusioron emissiors.
1 Emissionevels are low compared to nominat€&lmminggenset figures.

b. Low Load Operation
Please refer to Annex 3.
Conclusioron fuel consumption:
9 Fuel consumptin during this test mode islose to the estimated values basediatrapolation
from the engine data sheet.
1 The test resultdndicate that the Danvest modificatiogives low load operation with low fuel
consumption

Conclusioron emissions:
1 The measured values for NOx and UHC and CO2 are roughly redinadfd(during loads from
30%to 10%).
During the same test the CO value is reduced to about 1/3.
The oxygen percent is increased about 25%.
The soot value has dropped 60%. Ehirno Cummins soot values for comparison.
The above values indicate a more complete combustion.
The NOx reduction happens due to decreasing combustion temperature.

= =4 =4 4 =

c. Test Reverse Power Operation
Please refer to Annex 4.
Conclusioron fuel consumption:
1 Fuel consumption during this test mode is very closBamvest expectations andtypically
very low compared to théotal HD Plant Qutput.
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The test resultsconfirmthat the Danvest modificationasllowthe genset tarun in reverse
power and that thefuel consumption in this mode oéverseoperationcontinuesto drop to
zero(measured as zejavhenall the internal friction in thegenset iddrawn by excess solar
power.

Further excess solar power is handled by the dumpload system.

Conclusioron emissions

T
T

d.

All the measured emission values continue to drop.

There is a clear differenge the emission valudsetween the 2kWe values and the reverse
power emission values.

It is seen during the transition from low load to reverse power that the fupply is reduced
and turned off.

As there at64kWe isseen an oxygen percentage at 2%hiequal to the oxygen content in
atmospheric airThis indicates that there is no fuel combuostii.e. the fuel consumption equals
zeroas stated elsewhere.

Engine Clutched Out (Dumpload Controlling)

Please refer to Annex.
Conclusion on fuel consumption:

)l
)l
1

Fuel consumption before clutch outriseasured agzero.

Fuel consumption ig/picallyvery lowcomparedto the total HSDplant output.

The test resultgonfirmthat the fuel consumption in full reverg@wer operation before clutch
out is zero

To avoid long time operation in reverpewer modeand unnecessary wedine engine is
clutched out and stopped.

Conclusion on emissions

1 Zero emissionsvhen engine is stopped

e.

Engine Stop (Dumpload Controlling)

Please refer to Annex 5.
Conclusion on fuel consumption:

1

Fuel consumption after engine stop is zero.

Conclusion on emissions

1

Zero emissionsvhen engine is stopped
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f.  Engine Start (Dumpload Controlling)
Please refer to Annex 5.
Engine starup again wherdumpload is reduced to agreed set point level

Engine starup: Sart-up from stopped engine tgensetoperationwas measuredo be within 7 sec

No black smoke observed from exish

g. Dumpload Controlling
Please refer to Annex 5.
Dumpload controlling takes over controlling when fuel consumption on engine goes in zero. When engine is
clutched out the dumpload handles the controlliagd frequency is stable

Conclusion on fuetonsumption:
1 Fuel consumption after engine stop is zefbe system continues with dumpload controlling
(power balance between production and consumption).

Conclusion on emissions
1  Zero emissionsvhen engine is stopped

5. Step LoadAcceptance Test

Pleasaefer to Annex 6.

A typical Danvest Hybrid Solar Diesel plant could be based upon:

Gensetl: 648kWe

CGenset2: (Standby, identical$48kWe
Consimer maximum load approx. 488D0kWe
Consumer minimum load approx0@300kWe
9 Solar cells productiorate approk. 606700kWe

=A =4 =4 =

A typical desigreriterion from SMA ighat worst case solar power drap80% of rated solar power during
10 seconds. This equals 700 x 018 ~F56kWeper secup to maximumof 560kWefor this Danvest HSD
plant example

PonPowerandDanvest hae tested theDanvest modified48kWegensetand control syster® ability to
respond to step load changes. Tests weoge startingat:

9 full reverse power on genset appro¥5kWe (Load test 1 to 8)

1 noload on genset approx. OkWe (Load test 0¥ 1

1 low load on genset appro20% loadf genset capacit{Load test 11)

1 (low) normal load on genset appro¥0%loadof genset capacityl oad test 12)

The different step load levels and seconds between steps can be seen from each shemtx 6

August 2015



Conclusion on step loadsts

1 The AVR maintaggood voltage stabilityvith maximum eviation at approxup to 700V and
down to 677V-with target 690\ seen worst cas&30kWe step/1 sec.

9 There is anodest typicaldrop in frequency it is quickly recovered and there is a slight
frequency over shoot when the load has besstained

1 Frequency droprbm reverse power seen in LoadsI 1 where load steps are 65l8410% of
genset capacity) per two secthe double dp reach down to approx. 49,5 lgand the over
shoot reach approx. 50,2 Hz.

1 Frequency drop fromeverse poweseen in Loadést 2 where load steps are 65l&410% of
genset capacity) per one setthe dip reach down to approx. 49,7 Kand the over shoot
reach approx. 50,15 Hz.

1 Frequency drofrom reverse poweseean in Load Est 7where load steps are 130k&\(20% of
genset capacity) per two secthe double dip reach down to approx. 49,2 ¢dand the over
shoot reach approx. 50,35 Hz

1 Frequency drofrom reverse power seen inoad Est 8where load steps are 130k&\(20% of
genset capacity) per two segthe doubk dip reach down to approx. 49kkz¢ and the over
shoot reach approx. 503z.

1 Frequency drop from zero load se&rlLoad Est 10where loal steps are 130k@/(20% of
genset capacity) per one seagthe dip reach down to approx. 49,2 Kand the over shoot
reach approx. 50,561z

As these large bumps are quickly recovered and occur only at extreme weather changes and as the hardest
testsare done at approx. 130kWe/1 sec. which is approx. 2,3 times thstwase step load level criterion

from SMA(56kWe/1 sec.y it is the view thathe Danvesisystemis able to maintain good grid stability and
power qualitywhen operating with Solar power

The tests results shows thtte power quality is as goaat even slightly better when responding from
reversepower operation compared to responding from low loadhormal load.

6. Large Load Step Test

Please refer to Annex 7.

The strength of the combation of the Danvesbperation andfast respondingapabilitiess confirmedin
the 2 x one big step load tests from -@00kWe and 8400kWein one step

The genset isunning in full reverse powerg5kWe)when thel xonebigstep load is applied the system
and the gensesurvives and recovers very fast amecomestabile.

The variations in frequency and voltageworst case test-@00kWe was measured at:

1 Frequency variations mid8,1Hz / max 50,4Hz.
i Voltage variationsnin. 667V / max 689V
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7. Conclusion

TheDanvestLow LoadHybridSolarDiesel 8stemistestedaswell functioning with minimum fuel
consumption and emissions.Has proven itself to ban optimal backup for standalonigh penetration
Solar (and orWind) power. It is basicallythe same Danvest system for both SelHesel and WindDiesel.

TheDanvestHSD $stemcan operate in low loathodeand in reverse powewith low emission levelswith
the fuel consumptiomeduced to a minimumThe DanvestiSD $stemhasno orverylow fuel
consumption when solgland or Windovers thepower consumptiorwith 100% omore.

During the tesperiod,the Danvesmodifiedgenset was operated for approxhéurs in reverse power at
minus 10/11%oad on the alternatokvith no actualmeasurable fuetonsumption When the engine is
clutched out and stoppednd dumpload controllintpandles the controllingthe fuel consumption is zero.

The Step Load\cceptance d@stsshowthat aDanvestHSD $stemhas a fast and stable respds from both
reverse power and low loadt ensuresa stable and fasspinning reservall the way down idow load and
reverse power operation

The fequencyvariationsare within +/- 0,5Hz for alload stepgestsin reverse power and low loaalith
load steps 0fL0% ofthe genset capacity pet or 2 sec(65kWell or 2 sed.whichis approxl1,2times the
worst casestep load level criterioknown from the solar industry.

When applyindargerload steps 020% ofthe genset capacity pet or 2 sec(130kWe/1 or 2 secih
reverse power and low loadhe frequency variationare maximumfrom 49,2Hzto 50,55Hz

The tess showthat the respondsof the Danvest modified gensit the Danvest HSD Systeloes not
significantlyvary whether the genset is reverse power or imow load or normal loadoperation.

If the engineis clutched out and stoppedlit takes 7sec from start-up the engine tathe gensetisready to
carry load During engine stop with dumpload controlling frequency is stable.

TheDanvestHSD $stemis able tohandleand survivdargesuddenload variationgbigload stepof approx.
60% ofthe genset capacity wagstedfrom full reverse power operation

All tess wereperformed during July andlugust 201%y Pon Power Esbjerg

Pon Power A/S
@resundsvej 9
6715 Esbjerg N
Denmark
T +45 76 14 64 00
F +45 76 14 64 01
http://www.pon -cat.com
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Annex 1
Z Operation Modes
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Danvest Operation Modes Overview

Fuel rate

Specific fuel

consumption
Engine Alternator Genset % L/h L/KWh
150%
Peak 100% 110
load
110%
Normal 648We 100 162 0,25
Load
100% 90 140 0,24
(701kWm) Normal
Loadsharing 80 130 0,25
60 105 0,27
40% 40 73 0,28
30 60 0,31
20 43 0,33
Low load low load 10 25 0,39
at 30% 0 13
0%
10-11% eletrical Reverse power
motor mode -5 S
(internal (Alt. is running as electrical
o ) : on genset
friction) motor, pulling the engine)
-10 0
0% 11 0
Clutch out Reverse power
1500 rpm Estimated
-5kWe
Cool down Reverse power
10 sec Estimated
1500 rpm -5kWe
Engine stop Reversepower

August 2015
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Annex 2
Z Performance Test Normal Operation
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PERFORMANCE TEST NORMAL OPERATION

ENGINE TYPE:

ENGINE ARR. NO.:

ENGINE SERIAL NO.:

FLYWHEEL POWER:

GENSET TYPE:

FULL LOAD PERFORMANCE:

GENSET SERIAL NO.:

GENSET TYPE. NO.:

SITE: PON POWER DATE:

CUMMINS QSK23-G3

00324366

1030 BHP /1500 rpm

Leroy Somer

830 KVA

285452/1

LSA 49.1L9 C52S/4

09-07-15 SERVICE ENGINEER: LSP

LOAD TEST :

PROGRAM:

FOR STABLE CONDITIONS - ENGINE RUNNING TIME: 15 MIN. BEFORE TEST START.

NORMAL OPERATION

Comments :

Fuel consumption at 100% load on Danvest genset 0,25 L/kWh
Fuel consumption at 90% load on Danvest genset 0,24 L/kWh
Fuel consumption at 80% load on Danvest genset 0,25 L/kWh
Fuel consumption at 60% load on Danvest genset 0,27 L/kWh
Fuel consumption at 40% load on Danvest genset 0,28 L/kWh

Emission levels remained low in all modes of operation with no pollution of the engine.

August 2015
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LOAD TEST i NORMAL OPERATION

HOUR start : 17.55 18.55 1940 | 2025 | 2055
FILE PRINT TIME 18.48 19.31 20.16 | 2050 | 21.32
LOAD % 40 60 80 90 100

OPEN/ |OPEN OPEN OPEN |OPEN |OPEN
FLAB VALVE FILTER INLET AIR CLOSED

OPEN/ |OPEN OPEN OPEN |OPEN |OPEN
FLAB VALVE GEN. VALVE CLOSED

OPEN/ |CLOSED |CLOSED |CLOSED |CLOSED |CLOSED
FLAB VALVE CHARGE AIR CLOSED

ON/ OFF OFF OFF OFF OFF
ENGINE PREHEATER OFF

OPEN / 190 |188 18,3 17,7 17,5
ENGINE ROOM < 38°C CLOSED
CONSUMER KWe 244 382 514 577 638
GEN. SET PRODUCTION KWe 247 387 521 586 649
SOLAR Kwe
DUMPLOAD KWe 2
AUX Kwe
PRODUCED POWER KW 200 240 280 320 300
PRODUCED POWER / HOUR KWH 238,1 370,3 507,0 | 5818 | 6394
PRODUCED POWER TIME MIN/SEC | 50.24 38.53 33.08 | 33.00 | 28.09
AMBIENT TEMPERATURE OUTSIDE °C 13,6 12,9 12,5 12,2 12,2
AMBIENT TEMPERATURE INSIDE ENGINE 21,0 18,8 18,3 17,7 17,4
ROOM °C
AMBIENT TEMP INSIDE ENGINE ROOM (PON)  °C 19,0 16,1 15,7 15,0 15,0
AMBIENT TEMP ABOVE ENGINE (PON) °C 22,1 19,0 17,9 16,8 16,1
RPM 1500 1501 1500 1500 1501
LUBE OIL PRESSURE BAR
COOLING WATER TEMPERATURE INLET 78,0 78,0 78,0 78,0 78,1
ENGINE °C
COOLING WATER TEMP OUTLET ENGINE °C 81,3 81,9 82,3 82,5 82,7
COOLING WATER PRESS BAR 2,2 2,2 2,2 2,2 2,2
CHARGE AIR TEMPERATURE °C 37,3 39,1 40,7 415 42,4
CHARGE AIR PRESSURE BAR 0,57 1,09 1,50 1,70 1,94
CRANKCASE PRESSURE MBAR 0,8 0,8 0,8 1,0 1,0
EXHAUST STACK TEMP. °C 428 484 504 510 512
EXHAUST BACKPRESSURE Mbar 12,5 16,5 20,0 24,0 28,0
02 % VOL 12,45 11,00 10,02 9,57 9,30
co PPM 211 137 180 206 258

PPM 823 770 1142 1351 1501
NOX

PPM 620 650 670 710 710
UHC
Co? % VOL 6,19 7,13 7,85 8,15 8,36

August 2015
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SOOT NUMBER NA NA NA NA NA
L/
FUEL CONSUMPTION i Cummins HOUR
FUEL CONSUMPTION i PON (LOAD CELLS) KG 44,9 51,6 56,7 62,3 59,7
L/ 66 98 127 140 157
FUEL CONSUMPTION i PON (LOAD CELLS) HOUR
FUEL CONSUMPTION L/ KWH 0,28 0,27 0,25 0,24 0,25
FUEL PRESSURE BAR
FUEL TEMP IN. °C 32,4 31,2 30,8 30,4 30,1
FUEL TEMP OUT. °C 65,8 63,0 63,2 63,2 63,0
FUEL COOLER OUTLET °C 43,2 38,6 38,9 38,0 36,9
VOLTAGE U1-U2 \Y 688 687 689 688 688
VOLTAGE U2-U3 \Y 688 687 689 688 688
VOLTAGE U3-U1l \% 688 687 689 688 688
CURRENT L1 A 207 326 438 494 546
CURRENT L2 A 206 324 437 492 545
CURRENT L3 A 204 323 435 491 544
LOAD KW 247 387 521 586 649
VOLTAGE \Y 688 687 689 688 688
CURRENT A. 206 324 437 492 545
FREQUENCY Hz 50,0 50,0 50,0 50,0 50,0
READING MADE BY: INT. LSP LSP LSP LSP LSP

August 2015
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Annex 3
Z Performance Test Low Load Operation

August 2015

15



PERFORMANCE TEST LOW LOAD OPERATION

SITE: PON POWER DATE: 07-07-2015 SERVICE ENGINEER: LSP

PROGRAM:

FOR STABLE CONDITIONS - ENGINE RUNNING TIME: 15 MIN. BEFORE TEST START.

LOW LOAD OPERATION < 190 KW

Comments :

Fuel consumption at 30% load on Danvest genset 0,31 L/kWh
Fuel consumption at 20% load on Danvest genset 0,33 L/kWh
Fuel consumption at 10% load on Danvest genset 0,39 L/kWh

Emission levels remained low in all modes of operation with no pollution of the engine.

August 2015

16




LOAD TESTi LOW LOAD

HOUR start : 10.42 11.40 13.05
FILE PRINT TIME 11.31 12.50 13.50
LOAD % 10 20 30

OPEN / CLOSED CLOSED OPEN
FLAB VALVE FILTER INLET AIR CLOSED

OPEN / CLOSED CLOSED OPEN
FLAB VALVE GEN. VALVE CLOSED

OPEN/ OPEN OPEN |CLOSED
FLAB VALVE CHARGE AIR CLOSED

ON/ ON ON OFF
ENGINE PREHEATER OFF

OPEN/ 31 33 33
ENGINE ROOM > 38°C CLOSED
CONSUMER KW 61,5 125,5 189
GEN. SET PRODUCTION KW 65 129 193
SOLAR KW
DUMPLOAD KW 2 2 2
AUX KW 15 15 2
PRODUCED POWER KW 30 100 100
PRODUCED POWER / HOUR KWH 66,5 123,9 180,6
PRODUCED POWER TIME MIN/SEC 27.03 48.25 33,13
AMBIENT TEMPERATURE OUTSIDE °C 19,2 21,5 22,4
AMBIENT TEMPERATURE INSIDE ENGINE ROOM °C 31 33 28
AMBIENT TEMP INSIDE ENGINE ROOM (PON) °C 28,7 30,6 25,7
AMBIENT TEMP ABOVE ENGINE (PON) °C 29,6 311 351
RPM 1499 1500 1501
LUBE OIL PRESSURE BAR
COOLING WATER TEMPERATURE INLET ENGINE °C 77,6 80,1 78,0
COOLING WATER TEMP OUTLET ENGINE °C 80,2 82,4 81,2
COOLING WATER PRESS BAR 2,4 2,4 2,4
CHARGE AIR TEMPERATURE °C 55,0 62,6 43,9
CHARGE AIR PRESSURE BAR 0,16 0,27 0,39
CRANKCASE PRESSURE mMBAR 0,6 0,6 0,8
EXHAUST STACK TEMP. °C 270 371 411
EXHAUST BACKPRESSURE mBAR 10 13 15
02 % VOL 16,54 13,55 12,46
CO PPM 7 123 204
NOX PPM 458 760 903
UHC PPM 220 240 400
COo? % VOL 3,29 5,05 6,10

August 2015
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SOOT NUMBER 3 4,5 5
L/
FUEL CONSUMPTION i Cummins HOUR
FUEL CONSUMPTION i PON (LOAD CELLS) KG 9,5 26,2 24,7
L/ 26 41 56
FUEL CONSUMPTION i PON (LOAD CELLS) HOUR
FUEL CONSUMPTION L/ KWH 0,39 0,33 0,31
FUEL PRESSURE BAR
FUEL TEMP IN. °C 39,5 44,7 45,7
FUEL TEMP OUT. °C 74,8 78,2 75,3
FUEL COOLER OUTLET °C 43,7 46,8 46,6
VOLTAGE U1-U2 \ 688 688 687
VOLTAGE U2-U3 \% 688 688 687
VOLTAGE U3-U1 \ 688 688 687
CURRENT L1 A 54 121 182
CURRENT L2 A 56 122 181
CURRENT L3 A 57 124 184
LOAD KW 65 129 193
VOLTAGE \% 688 688 687
CURRENT A. 56 122 181
FREQUENCY Hz 50,0 50,0 50,0
READING MADE BY: INT. LSP LSP LSP
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Annex 4
Z Performance Test Reverse Power Operation o n Genset
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PERFORMANCE TREVERSEOWEROPERATION ON GENSET

SITE: PON POWER DATE: 09-07-2015 SERVICE ENGINEER: LSP

PROGRAM:

FOR STABLE CONDITIONS - ENGINE RUNNING TIME: 15 MIN. BEFORE TEST START.

REVERSE OPERATION ON GENSET :

Comments :
Fuel consumption incl. emission at Reverse power operation.

Fuel consumption at 0% load on Danvest genset 13 L/hours
Fuel consumption at -5% load on Danvest gesent 5 L/hours
Fuel consumption at -10/11% on Danvest genset 0 L/hours

As a special test, the Danvest genset was operated for approx. 4 hours in reverse power at minus
10/11% and no actual fuel consumption was measured.

Emission levels remained low and there was no measurable pollution of the engine registered
during and after the reverse power test performed.

August 2015
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LOAD TEST i REVERSE POWER

HOUR start : 15.00 10.05 11.20
FILE PRINT TIME 15.40 11.13 14.40
LOAD % 0 -5 -10

OPEN / CLOSED |CLOSED |CLOSED
FLAB VALVE FILTER INLET AIR CLOSED

OPEN / CLOSED |CLOSED |CLOSED
FLAB VALVE GEN. VALVE CLOSED

OPEN/ OPEN OPEN |OPEN
FLAB VALVE CHARGE AIR CLOSED

ON/ ON ON ON
ENGINE PREHEATER OFF

OPEN/ 35 38 38
ENGINE ROOM > 38°C CLOSED
CONSUMER KW 0 0 0
GEN. SET PRODUCTION KW 2 -35 -64
SOLAR KW 0 38,5 1225
DUMPLOAD KW 2 2 58
AUX KW 15 15 15
PRODUCED POWER KW 0 0 0
PRODUCED POWER / HOUR KWH 0 0 0
PRODUCED POWER TIME MIN/SEC | 36.37 1.05.13 1.13.00
AMBIENT TEMPERATURE OUTSIDE °C 20,4 11,7 143
AMBIENT TEMPERATURE INSIDE ENGINE ROOM ~ °C 35 36 35
AMBIENT TEMP INSIDE ENGINE ROOM (PON) °C 33,2 331 32,9
AMBIENT TEMP ABOVE ENGINE (PON) °C 311 48,9 49,1
RPM 1499 1500 1500
LUBE OIL PRESSURE BAR
COOLING WATER TEMPERATURE INLETENGINE ~ °C 68,4 73,6 72,7
COOLING WATER TEMP OUTLET ENGINE °C 76,3 77,0 76,3
COOLING WATER PRESS BAR 24 2,2 2,2
CHARGE AIR TEMPERATURE °C 53,6 55,6 58,0
CHARGE AIR PRESSURE BAR 0,08 0,03 0,01
CRANKCASE PRESSURE mBAR 0,6 0,6 06
EXHAUST STACK TEMP. °C 179 113 70
EXHAUST BACKPRESSURE mBAR 9,0 12,0 9,0
02 % VOL 18,67 20,0 21,1
co PPM 144 198 0
NOX PPM 209 76 2
UHC PPM 530 410 80
co? % VOL 1,68 0,72
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SOOT NUMBER 1 1 0

FUEL CONSUMPTION i Cummins L/HOUR

FUEL CONSUMPTION i PON (LOAD CELLS) KG 6,2 4,1

FUEL CONSUMPTION i PON (LOAD CELLS) L/HOUR 13 5

FUEL PRESSURE BAR

FUEL TEMP IN. °C 42,1 34,2 33,2
FUEL TEMP OUT. °C 75,1 71,9 70,7
FUEL COOLER OUTLET °C 43,6 43,3 37,1
VOLTAGE U1-U2 \% 689 688 687
VOLTAGE U2-U3 \ 689 688 687
VOLTAGE U3-U1l \% 689 688 687
CURRENT L1 A 0 77 99

CURRENT L2 A 74 96

CURRENT L3 A 75 100
LOAD KW 0 -35 -63
VOLTAGE \ 689 688 687
CURRENT A. 0 74 96

FREQUENCY Hz 50,0 50,0 50,0
READING MADE BY: INT. LSP LSP LSP

Comment: 0% load has been performed 07-07-2015.
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Annex 5

Z Performance Test Dumpload Controlling
(at engineclutch out, engine stop and engine start)
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Performance Test Dumpload Controlling

(at engine clutch out, engine stop and engine start)

Consumer | Solar gll\rﬁvs[e):t Operation Dump Consumption Production Cooling water | Hz Fuel
mode +Dump Solar+ genset| temperature PN (TS
layout layout
kW/h kw/h kw/h kw/h kw/h kW/h C L/h L/kWh  L/kWh
192 0 200 N 8 200 200 78,3 50 |66 - 0,28
192 150 50 LLO 8 200 200 79,2 50 | 26| 0,23 0,39
143 149 2 Idle 8 151 151 76,7 50 | 13| 0,2 -
143 200 -49 Idle 8 151 151 74,8 50 | 6 0,1 -
129 201 -64 Idle 8 137 137 74,1 50,3*| 0 | 0,08 -
110 197 -64 S.ldle (20%) 23 133 133 74,5 50,3| 0 | 0,08 -
H k|
Engine clutch out 7] Mk OK
Engine stop *** [v] mtanle 0N
110 200 -3 E.Stop 87 200 200 74,2 50,3| 0 -
105 200 -3 E.Stop 92 200 200 73,9 50,3| O -
105 123 -3 E.Stop (15****+) 15 123 123 72,6 50,3| 0 -
Engine start [v] Mk e
7
Engine clutch in [v] Mk e
|_ LO Tk (Total timeé 50
Engine clutch out/
Stop*****
81 153 -64 Idle 8 89 89 74,7 50 | O 0,1 -
194 150 52 LLO 8 202 202 75,8 50 [26| 0,23 -

August 2015




* = set point

**= 1 minute timing / if < 20kW during thinute = back to engine clutchub
***= 1 minute timing / if < 20kW during 1 minute = battkengine clutch out
****= from set point 15 time registration until 1500rpm (Total time)
*rexk=120 minute timing

August 2015
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Annex 6
Z Step Load Acceptance Test

August 2015
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Danvest loal test 1: Full reverse power, 63KW, no dumpload, 10% I¢&8kW)per step, 2 seconds between steps.

Frequencyariation min. 495Hz / max 5Q2Hz

[ stop Bl Viewlive | ®, ZoomIn &, Zoom Out [ Zoom Full [¥ Properties... & Export...
525 ] ] :

B e ————————— T L sttt e ... ettt 11 ....11 11111 —aattdbtt s —ete P PSSP
83841 45 seconds 8:30:26
0
8:30:03
Mame Value Units  Minimum  Maximum
] 6078 kW -100 700
] 6879 V 665 715
[ ] 93173 A 0 700
L]
27
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Danvest loal test 1: Full reverse power, 63KW, no dumpload, 10% I¢&8kW)per step, 2 seconds between steps

Voltagevariation min. 683V / max 691V

E’] Stop Di View Live # ZoomIn =, Zoom Out E{ Zoom Full ﬁ Properties... & Export...
715 : H g

665 : : : : :
§:35:41 45 seconds 8:39:26
0
8:30:03
Mame Value Units  Minimum Maximum
B 6078 kW -100 700
=
[ | 93173 A 0 700
] 5003 Hz 475 52,5
28
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Danvest loal test 2 Full reverse power, 63KW, no dumpload, 10% I¢&8 kW)per step, 1 seconds between steps.

Frequencyariation min. 49,7Hz / max 50,19z

E’] Stop Di View Live * ZoomIn =, Zoom Out E{ Zoom Full ﬁ Properties... @] Export...
52,5 : : :

T o i oot OSSR SO oo SO cvest e oo SOl oeesssss OO SR
475 : : : : : : :
8:25:15 30 seconds 8:25:45
0
8:25:30
Mame Value Units  Minimum  Maximum
] -62.487 kW -100 700
B 6876 V 660 720
[ ] 92533 A 0 700
]
29
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Danvest loal test 2: Full reverse power, 63KW, no dumpload, 10% I¢&8 kW)per step, 1 seconds between steps

Voltagevariation min. 682V / max 692V

E’] Stop }i View Live # ZoomlIn =, Zoom Out E{ Zoom Full ﬁ Properties... @] Export...
715 : H g

665 : : : : : : :
8:25:15 30 seconds §:25:45
0
8:25:30
Mame Value Units  Minimurm  Maxirmurm
] -62.487 kW -100 700
=
[ | 92533 A 0 700
] 5003 Hz 475 525
30
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Danvestload test 3: Full reverse power, 63KW, no dumpload, 20% I¢a80 kW)per step, 2 seconds between steps

Frequencwariationsmin. 49,4Hz / max 50,13z

E’] Stop Di View Live * ZoomIn =, Zoom Out E{ Zoom Full ﬁ Properties... 5 Export..
523 : : :

B B T e T e —— e e T e re——T T
475 . . . . . .
8:57:52 45 seconds 8:58:37
U0
§:58:14
Mame Value Units  Minimum  Maximum
N -60.78 kW -100 700
| 6877 V 665 715
[ ] 93013 A 0 700
]
31
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Danvest load test 3Full reverse power, 63KW, no dumpload, 20% Iqa80 kW)per step, 2 seconds between steps

Voltagevariation min. 682V / max 690V

E’] Stop Di View Live * ZoomIn =, Zoom Out E{ Zoom Full ﬁ Properties... 5 Export..
715 : H g

665 . . . . . .
8:57:52 45 seconds 8:58:37
U0
§:58:14
Mame Value Units  Minimum  Maximum
N -60.78 kW -100 700
[
[ ] 93013 A 0 700
] 5003 Hz 475 525
32
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Danvest loal test 4 Full reverse power, 63KW, no dumpload, 20% I¢a80 kW)per step, 1 seconds between steps

Frequencwariation min. 49,1Hz / max 503z

E’] Stop Di View Live # ZoomIn =, Zoom Out E{ Zoom Full ﬁ Properties... & Export...
52,3 : : :

Hz

475 : : : : :
0:.05:18 30 seconds 0:05:48
U
9:05:53
Mame Value Units  Minimum Maximum
B 62487 kW -100 700
B 688.3 V 665 715
[ | 93973 A 0 700
[ ]
33
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Danvest loal test 4: Full reverse power, 63KW, no dumpload, 20% Iqa80 kW)per step, 1 seconds between steps

Voltagevariation min. 677V / max 688V

@ stop Bl Viewlive | ®, ZoomIn =, Zoom Out [ Zoom Full [¥ Properties... &I Export.
715 ] :

665 . . . . . . .
9:05:18 30 seconds 09:05:48
U
9:05:53
Mame Value Units  Minimum  Maximum
N -62487 kW -100 700
|
[ | 93973 A 0 700
] 5004 Hz 475 525
34
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Danvest loal test 5: Full reverse power, 63KW, 200KW dumpload, 10% I(@&kW)per step, 2 seconds between steps

Frequencwariation min. 49,6Hz / max 503z
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