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A study on the electric power recovery in generator load test
Myoungho Lee'
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Abstract: Lots of electric power has been wasted through the load bank usually in the container boxes dur-
ing the generator load test of the ship and offshore plant in the new ship building. Therefore in this re-
search, the quantity of wasted electric power through generator load test under construction was investigated
on big shipbuilding yard and quantity of electric power that can be recovered is analyzed when produced
electric power during the generator load test is connected to KEPCO Grid, according to laboratory’s experi-
ment result where recovers electric power produced from small generator connected to KEPCO Grid.
Keywords:: Offshore Plant, Shipbuilding, Load Bank, Load test, KEPCO Grid
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Table 1: Commercial Gen. Load Test at S-Yard
BalA e 2ALe wA7| 7 AAF A E= -
o }_ ldel S5 W g 24s a) Container Load Test
gk HHe] Auz Fulsh Axwo] Aol — corea] Fous [ | Tom
. _ _ nspection ea ea ours
& UES olele) 5 AF PATHIIM]. fen kwh
governor test 5(4250 | 05 25 10,625
load
officil characteristic 5| 4,250 0.5 25 10,625
o ut E ICIa
27| 23z LH| ST Trial 414250 | 4.0 | 16.0 | 68,000
150 — — full load test
10 — 1)4250 | 1.0 | 1.0 | 4250
" [ostr| L [Lshr| 2hr |28 ahr |ashr] 4hr 456 parallel running | 6| 4,250 | 0.5 3.0 | 12,750
et U R R EA RN RN R governor tuning | 5| 4250 | 3.0 | 15.0 | 63,750
Figure 2: Generator Characteristic Test Builder|_AVR Wning | 514250 ] 30 | 150 63,750
Trial load
characteristic 5]420 )| 10 50 | 21250
ud 7] B2 ool A 100[%] = H 3} A] 7] A parallel running | 6| 4,250 | 2.0 | 12.0 | 51,000
A7 A9} Aeta 49 soldi). total | 72.0 | 306,000
A ] Total 18 Containers 5,508,000 KWh
W] Hahe) E£7| AE b) LNGC Load Test
155 — Inspection ea | kW/ea H/%L;rs Hours 13\%1'
j
| R i the [ sk i 2| 28k i governor test | 4 [11,000| 05 | 2.0 | 19,250
A" 0 35 75 100 i
load characteristic| 4 |[11,000| 0.5 | 2.0 | 19,250
Figure 3: Generator Governor Test Official| ¢\ oad test 3 [11,000| 4.0 | 12.0 | 132,000
Trial 1 | 5500 | 4.0 4.0 22,000
- — - - _ i 4 111 ! 2. 22
A7) Bl gy F46A wEkA parallel running ,000| 0.5 0 ,000
. N - test 2 8250 | 05 1.0 8,250
WA A Fakgel 27 e g TR AR
c} governor tuning - - - :
' 1 | 5500 | 40 4.0 22,000
3 |11,000| 2.0 6.0 66,000
AVR tuning
N O Builder 1 ]5500 | 20 | 20 | 11,000
12 [ | Trial ~ ] 3 |12,000| 05 | 15 | 16,500
80 7\ load characteristic
S /' \\ 1 | 5500 | 05 0.5 2,750
20
T ) o BT e B e EFITA AT parallel running | 4 |11,000| 05 | 2.0 | 22,000
4= HSAB(100%) | 100 100 100 100 100 100 100 100 test 2 8250 05 1.0 8250
== L S A " (110%) 0 110 0 ! : . !
WHS A 20 so | so | so | so total | 52.0 | 503,250
. *B Total 11 LNGC 5,535,750 kWh
Figure 4: Generator Full Load Test
ghubd i o] 88k 3] %] A|38¢ A|45.(2014. 5) 404
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Table 3: Possible recovery load at S-Yard

KkW/ship [Hours{kWh/ship|ships| Total kWh

CNTR| 21,250 | 6 |123,250 | 18 2,218,500
Commerci| LINGC| 38500 | 5 | 184250 | 11 2,026,750
al Ship | cot | 9,000 | 20 |180,000| 6 1,080,000
TOTAL *E| 6,337,750

Of;lsgrgre DRILL| 42,000 | 7 |283500| 10 | *F| 2,835,000
Total Amount 52 | 424,083 | 57 |*G 9,172,750
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c) COT Load Test 3l 7 Fol AEES &9 AHske] 99
Table 322 3t A3ttt
. Hours Total H "o M
Inspection | ea | kWiea | " " [Hours|
32400 | 05 | 15 | 3,600 . P.chi .
govemnor test Table 4. D-Shipyard Gen. Load Test Condition
1] 80 | 05]05] 400 kWiship|Hours| kWhiship | ships| Total kwh
load characteristic 32400 | 05 | 15| 3600 CNTR| 12,000 | 18 | 216,000 | 20 | 4,320,000
Official 1] 80 | 05]05] 400 Commercil ENGC| 34,000 | 20 | 680,000 | 8 | 5,440,000
Trial :
Ml toad test | 2400 | 80 | 90 | 21,600 al Ship " pG [ 30,000 | 20 | 600,000 | 2 | 1,200,000
1]80 |10 ]10] 800 Bulk | 4500 | 15 | 67,500 | 15 | 1,012,500
parallel running 42400 | 05 | 20 | 4800 Pipelay| 24,000 | 20 | 480,000 || 1 480,000
2| 1600 05 | 10 | 1600 D.ship| 45,000 | 75 |3,375000| 4 | 13,500,000
governor tuning | 3 | 2,400 | 2.0 | 6.0 14,400 og{;ﬂ?r FPSO | 50,000 | 80 | 4,000,000 1 4,000,000
Builder|_AVR tuning | 3 | 2,400 | 20 | 60 | 14,400 FP [38,000| 50 |1,900,000| 2 | 3,800,000
Trial load characteristic| 3 | 2,400 | 1.0 | 3.0 7,200 RIG | 40000 | 35 |1400000| 4 5,600,000
parallel unning | 3 | 2400 | 20 | 6.0 | 14,400 Total Amount 333 [12,718,500] 57 | 39,352,500
total | 38.0 | 87,200
*C ‘ Total 8 COT 697,600 KWh Table 5: H-Shipyard Gen. Load Test Condition
kW/ship |Hours| kWh/ship |Ships| & kWh
d) Shuttle Tanker Load Test CNTR | 12,000 | 18 | 216,000 | 19 | 4,104,000
KWr/ship | Hours/ship | kWh/ship | ships | Total kWh Commerc,  -NG | 34,000 | 20 | 680,000 | 4 | 2,720,000
9,000 20 180,000 6 1,080,000 ial Ship |SHUTTLE| 15,000 | 20 | 300,000 | 3 900,000
etc | 4500 | 18 | 81,000 | 23 | 1,863,000
Table 2: Offshore plant Gen. Load at S-Yard DRILL | 45,000 | 80 [3,600,000| 6 |21,600,000
Offshore
Drill ship| Inspection ea |kW/ea H/c;l;rs Hours|Total kWh Plant FSRU | 34,000 | 20 | 680,000 | 2 | 1,360,000
Estimated add. Load incl. FPSO | 15,000,000
governor test | 6 |7,000| 05 | 3.0 | 21,000
Total Amount | 196 [5,917,000] 57+ | 47,547,000
-1 [load characteristic| 6 | 7,000 | 0.5 3.0 21,000
Official
Trial full load test | 6 | 7,000 | 5.0 |[30.0| 210,000
parallel running | 30 | 3,500 | 0.5 | 15.0| 52,500
HelAlsE Tl 5lAS
governor tuning | 6 | 7,000 | 4.0 |24.0| 168,000 31 —|—o|-A| == 7|'C> 2|—,—g
Builder | AVR tuning | 6 | 7,000 | 2.0 | 120 84,000 3t WEol gl Figure 49 F-skalo] 3
Trial fioad characteristic| 6 | 7,000 | 05 | 3.0 | 21,000 715 Adowd 2Hax AA 3475 Hat
parallel running | 6 | 3,500 | 1.0 | 6.0 | 21,000 %% 1;]_%3} %01 xé_o/] -L]_q_
*D Total 10 Drillships 5,985,000 kWh
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Sl 74(471%)
* F( Table3)/* D( Table 2) (3)

A3t s AAe A -5-(52(%))
G(Table3)/ (* A+*B+* C+*D)(Tuble1,2) (4)

Table 6: Total Generator Load in Shipyards

S-shipyard D-shipyard H-shipyard

ship 12,821,350 11,972,500 9,587,000

plant 20,985,000 27,380,000 37,960,000
Total Gen. Load *H | 120,705,850kwh
Ship (54%)| 6,920,950 | 6,465,150 | 5,176,980

Plant (47%)| 9,885,000 12,868,600 17,841,200
Total Recovery Gen. Load| *I ‘ 59,157,880kWh

2] Table 62 7] F3iAg Al HAH A
P& (Table 1, 2, 4, 5)= 9] &= i3
ZF AP 3 gbs A E el

Table 7: Fuel Consumption and Expense

Fuel Consumption Sum

120,705,850 kWhx180gr/kWh

21,727 Tons
(Gen. F.O Consump.: 180gr/kwh)

Cost Sum

»7.610 million won 1,495won/literx21,727,053kgx0.85

(specific. Gravity)

arubRl AL o1 P 83 %] #1387 A45.(2014. 5)
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Figure 5: Electric Power Recovery System
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Figure 6: Generator Test Bed

Table 8: Test Bed Specification

Vector Inverter Frequency
Gen. VFD N700E(0.4~3.7kW) Converter
Prime AC | 220V 1.5kwW 30
Mover Motor inductioh 3d Motor
Generator 13v DC for Car
Grid Inverter | input 10.8~30VDC for Solar
(SUN-600G) out 190~260VAC Energy
406



Table 9: Measuring Data

0~70 Hz

3§ AC ac
60 Hz 220V 60~220V
From Grid of
Fepeo . VFD A
A B

ASoZ Bulvs &9

3¢ AC Motor |

Alternator |

DC

1013V arenpz

Inverter

2200

Figure 7: Measuring Point

SEEEEE

1,080[rpm] il A13,600[rpm] 7+

43 Znel A9 AZAE

To Grid of Kepco

A% 7]
EER
oel el

Meas. 18 Hz (108 | 20 Hz (120 | 25 Hz (150 |30 Hz (180 |35 Hz (210 |40 Hz (240 |45 Hz (270 |50 Hz (300 |55 Hz (330 |60 Hz (360 Average
Point 0 rpm) 0 rpm) 0 rpm) 0 rpm) 0 rpm) 0 rpm) 0 rpm) 0rpm) 0 rpm) 0 rpm)
Volts(v) | 210 208 208 207 209 208 208 208 207 208 20810
A | 30 A/C [Current@) 113 136 171 2 21 245 26 2.8 31 33 226
VFDin | wattjw) | 369.90 | 44095 | 55443 | 64534 | 68416 | 79436 | 843.00 | 907.85 | 1000.28 | 1069.96 | *a | 73102
PE 0.90
3¢ ac | Voltso) | 634 7 88 106 124 1415 159 177.5 196 204 133.04
VFD out |Current(d)|  3.88 432 4.26 4.2 3.8 3.83 377 3.5 3.6 3.5 3.87
3¢ Motor| Watt(w) | 29824 | 38249 | 473.98 | 57831 | 62025 | 72276 | 80981 | 85247 | 96546 | 98932 | ‘b | 66931
B n PF 07 072 073 075 0.76 0.77 078 079 079 0.8 0.76
VFD Efficiency 21% 87% 85% 90% 91% 91% 96% 94% 97% 92% 0%
Motor Efficiency 65% 66% 67% 68% 69% 70% 71% 71% 72% 73% 69%
Motor Outpul(W) | 193.86 | 25244 | 317.57 | 393.25 | 427.97 | 50583 | 57496 | 60526 | 69513 | 722.20 | *c | 46886
Alternator| Volts(v) | 114 124 13.3 13.3 136 13.1 13.1 13.2 133 133 13.00
c r'f’;:s:“ Current(d)| 83 1 155 18.2 19 23 215 241 24,5 245 19.36
erin | Watt(h) | 10602 | 1364 | 20615 | 25536 | 2584 3013 | 30785 | 31812 | 32585 | 32585 |*d | 25413
| Alternator Efficiency | 55% 54% 65% 65% 60% 60% 54% 53% 47% 45% 56%
Volts(v) | 213 213 213 214 213 214 214 214 213 214 213.50
Gi-i‘?leﬂ current(a)] 0,51 0.63 0.9 107 107 125 127 131 133 133 107
D | arout |Wattow) | 9777 | 12345 | 18408 | 22201 | 221.07 | 25948 | 263.63 | 27193 | 27479 | 27608 | ‘e | 21943
PF 0.9 0.92 0.96 0.97 0.97 0.97 057 0.97 0.97 0.97 0.96
Grid Inverter Efficient|  92% 91% 59% 87% 86% 6% 86% 85% 84% 85% 86%
Total Efficiency 26% 28% 33% 34% 32% 33% 31% 30% 2% 26% 30%
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Table 10: Ratio Comparison between Lab. and Site

Lab. Ship and Plant

VFD 92[%] | Control by Eng. Governor

Prime | 69[%] | 30~45[%] (Diesel, Steam and
Mover | Motor | Gas Turbine Engine)

Gen. 54[%] | 97[%] (Data from Wartsila)

Grid Direct connection to the
Inverter 87[%] Load Bank
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