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DG: Distributed Generation

DER: Distributed Energy Resource
RDG: Renewable Distributed Generation
GRI: Gas Research Institute

EPRI: Electric Power Research Institute

CIGRE: International Council on Large Electric Systems

IEA: International Energy Agency
ICE: Internal Combustion Engines

IEEE: Institute of Electrical and Electronics Engineers

CSP: Concentrating Solar Power
CHP: Combined Heat and Power
FC: fuel cell

PV: Photovoltaic

LV: Low Voltage
MV: Medium Voltage

HV: High Voltage

AC: Alternating Current

DC: Direct Current

THD: Total Harmonic Distortion

IF: Fault Current

Isc: Short circuit current

In: Nominal current

FLRI: Fault Level Rise Index

EPS: Electric power system

APS: Adaptive Protection System

LOC: Loss of Mains

ROCOF: Rate of Change Of Frequency
VVS: Voltage Vector Shift

LOG: Loss of Grid

AEP: Annual Energy production

S.L.D: Single Line Diagram

NERC: National Energy Research Centre
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Combined cycle gas 35-400 MW
Internal combustion engines 5 kW-10 MW
Combustion turbine 1-250 MW
Micro—Turbines 35 kW-1 MW
Renewable
Small hydro 1-100 MW
Micro hydro 25 kW-1 MW
Wind turbine 200 Watt-3 MW

Photovoltaic arrays

20 Watt—=100 kW

Solar thermal, central receiver 1-10 MW
Solar thermal, Lutz system 10-80 MW
Biomass, e.g. based on 100 kW=-20 MW
Gasification
Fuel cells, phosacid 200 kW-2 MW
Fuel cells, molten carbonate 250 kW-2 MW
Fuel cells, proton exchange 1 kW=-250 kW
Fuel cells, solid oxide 250 kW-5 MW
Geothermal 5-100 MW
Ocean energy 100 kW-1 MW
Stirling engine 2-10 kW
Battery storage 500 kW-5 MW
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CO2 and CO2
Energy pay back | SO2 in kg/GWh NOx in kg/GWh CO2in
Technology / / equivalent for
time in monthsa t/GWh
methane in t/GWh
Gzl il 7] 1.0-1.1 630-1370 630-1560 830-920 1240
Nuclear N.A N.A N.A N.A 28-54
Gas (CCGT) 0.4 45-140 650-810 370-420 450
Lt el 5.6 18-21 34-40 7-8 5
Renewable distributed generation technologies
HIET® (A7 9-11 38-46 71-86 16-20 N.A
sl [ele 8-9 24-29 46-56 10-12 2
Wind turbine
4.5 m/s.
6-20 18-32 26-43 19-34 N.A.
5.5 mfs. 4-13 13-20 18-27 13-22 N.A.
2-8 10-16 14-22 10-17 11
6.5 m/s
Photovoltaic
Mono—crystalline 72-93 230-295 270-340 200-260 N.A
58-74 260-330 250-310 190-250 228
Multi—crystalline 51-66 135-175 160-200 170-220 N.A.
Amorphous
Geothermal N.A. N.A. N.A. N.A. 50-70
Tidal N.A. N.A. N.A. N.A. 2
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Shares of renewable energy sources among total final
energy consumption in Germany 2009

Total: 8,714 PJV

Hydropower
0.8 %
Wind energy
1.6 %

{

RES share 2009

10.1 %
Other fossil energy
resources (e.g. hard coal,
lignite, mineral oil, natural gas)
and nuclear energy
89.9 %
Other renewables
0.7 %
1 Working Group on Energy Balances (AGEB); ? solid and liquid biomass, biogas, sewage and landfill gas, biogeni deviations in the totals are due to rounding;
RES - Renewable Energy Sources; Source: BMU-KI 11l 1 based on Working Group on Renewable Energies-Statistics (AGEE- ntre for Solar Energy and Hydrogen Research Baden-

Wirttemberg (ZSW), according to AGEB; as at: September 2010; all figure:
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Megawatts 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
us 4674 6361 6750 9181 11635 16879 25237 35159 40274 47084
Canada 270 351 444 683 1459 1845 2371 3321 4011 5278
Mexico 3 3 3 3 86 86 332 453 769 1123
Total North America 4947 6715 7197 9867 13180 18810 27940 38933 45054 53485
Argentina 28 30 30 31 31 31 33 33 33 112
Brazil 22 29 29 29 237 247 341 606 927 1425
Costa Rica 79 79 79 79 79 79 104 129 179 192
Other S. & Cent. America 9 50 54 54 56 79 153 321 463 930
Total S. & Cent. America 140 190 194 195 397 581 977 1089 1602 2659
Austria 139 415 607 820 966 983 997 997 1013 1086
Belgium 45 78 106 177 222 297 385 605 955 1147
Bulgaria - - - 0 0 18 66 131 470 582
Denmark 2880 3076 3083 3087 3101 3088 3159 3408 3805 3926
Finland 44 53 83 85 89 113 113 117 169 178
France 183 274 386 775 1585 2471 3671 4775 5961 6836
Germany 11989 14604 16623 18390 20579 22194 23826 25703 27191 29075
Greece 292 408 480 603 749 850 996 1155 1320 1627
Hungary 1 3 3 17 60 65 162 229 323 357
Ireland 167 230 339 498 748 807 1015 1187 1449 1688
Italy 806 922 1261 1713 2118 2721 3731 4845 5793 6743
Netherlands 727 938 1081 1221 1557 1745 2222 2226 2241 2309
Norway 97 101 158 275 328 355 385 390 411 496
Poland 54 55 55 65 170 313 472 849 1231 1667
Portugal 204 311 585 1087 1716 2150 2829 3474 3837 4214
Romania - - - 0 3 15 76 129 470 990
Spain 5033 6185 8462 10013 11595 15155 16699 19160 20676 21726
Sweden 372 428 478 554 571 789 1024 1537 2141 2904
Turkey 19 20 20 20 50 147 458 801 1320 1729
United Kingdom 570 759 889 1336 1955 2477 3406 4424 5378 6470
Other Europe & Eurasia 73 92 116 160 246 324 338 565 885 1085
Total Europe & Eurasia 23695 28952 34815 40896 48408 57077 66030 76707 87039 96835
Iran 12 12 15 21 48 74 84 92 90 91
Other Middle East 9 9 9 9 9 9 9 9 11 13
Total Middle East 33 72 101 101 101 101 101 101 101 104
Egypt 69 123 146 180 231 310 384 552 552 552
Morocco 54 54 54 64 122 124 206 254 263 292
Tunisia 19 28 28 28 28 28 62 160 247 277
Other Africa 6 6 6 6 5 7 44 49 51 125
Total Africa 148 211 234 278 386 469 696 1015 1113 1246
Australia 190 240 421 717 796 972 1587 1886 2120 2476
China 473 571 769 1264 2588 5875 12121 25853 44781 62412
India 1702 2125 3000 4430 6270 7845 9655 10926 13065 16078
Japan 486 761 991 1159 1457 1681 2033 2208 2429 2595
New Zealand 35 56 167 167 170 321 325 467 495 603
South Korea 14 21 69 89 194 235 311 311 342 370
Taiwan 9 9 12 72 118 224 369 411 454 499
Other Asia Pacific 7 7 9 34 40 40 45 74 94 123
Total Asia Pacific 2916 3790 5438 7932 11633 17193 26446 42136 63780 85156
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Megawatts 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008 2009 2010 2011
us 139 168 212 275 376 479 624 831 1169 1616 2534 4389
Canada 7 9 10 12 14 17 21 26 33 95 291 654
Mexico 14 15 16 17 18 19 20 21 22 25 31 41
Total North America 160 192 238 304 408 514 664 877 1223 1736 2856 5084
Austria 5 6 10 17 21 24 26 28 32 53 96 174
Belgium 0 0 0 0 0 2 4 27 108 627 1044 1820
Bulgaria 0 0 0 0 0 0 0 1 7 35 135
Czech Republic 0 0 0 0 0 0 1 64 462 1952 1959
Denmark 2 2 2 2 2 3 3 3 5 7 17
Finland 3 3 3 3 4 4 4 4 5 7 8
France 11 14 17 21 26 33 44 75 180 335 1054 2576
Germany 76 186 296 435 | 1105 | 2056 | 2899 | 4170 | 6120 9914 17320 | 24820
Greece 0 0 0 1 3 5 7 8 18 55 205 631
Italy 19 20 22 26 31 38 50 120 458 1181 3502 12782
Netherlands 13 21 26 46 49 51 52 53 57 68 88 118
Norway 6 6 6 8 8 8 9 9 10
Portugal 18 68 102 131 144
Slovakia - - - - - - - - - - 148 462
Spain 12 24 49 148 705 3463 3523 3915 4270
Sweden 3 3 3 4 4 4 5 6 8 9 11 19
Switzerland 15 18 20 21 23 27 30 36 48 74 111 211
Turkey 1 2 3 3 4 5 6 12
United Kingdom 11 14 18 23 26 70 1014
Rest of European Union 18 28 29 30 31 37 44 103 173
Total Europe 161 289 424 621 | 1340 | 2348 | 3330 | 5317 | 10704 | 16502 | 29814 | 51353
Australia 29 34 39 46 52 61 70 83 105 188 571 1345
China 19 30 45 55 64 68 80 100 140 300 800 3000
Israel 0 0 0 0 1 1 1 2 3 25 70 200
India 1 2 4 6 10 18 30 31 71 101 161 427
Japan 330 453 637 860 | 1132 | 1422 | 1709 | 1919 | 2144 2627 3618 4914
South Korea 4 5 5 6 9 14 36 81 358 524 656 748
Malaysia 0 0 0 0 0 0 6 7 9 11 13 13
Rest of World 701 754 832 906 932 913 1041 | 1147 1224 1286 1472 2288
Total Others 1085 | 1277 | 1561 | 1878 | 2199 | 2496 | 2972 | 3369 | 4053 5061 7360 12934
Total World 1405 | 1758 | 2224 | 2803 | 3947 | 5358 | 6967 | 9564 | 15981 | 23299 | 40030 | 69371
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Current
Im Iog Isi1 s Isi2 I

Case
Without DG 12.67 0 | 66.52 | 66.52 110 110
With 0.25MVA 11.32 | 46.85 | 60.65 | 65.75 | 108.9 | 108.9
With 0.5 MVA 10.4 | 78.66 | 77.82 | 65.14 | 108.1 | 108.1
With 0.75 VA 9.736 | 101.3 | 95.93 | 64.67 | 107.5 | 107.5
With 1.0 MVA 9.24 | 118.3 | 111.1 | 64.29 107 107
With 1.25 MVA 8.857 | 131.5 | 123.6 | 63.98 | 106.6 | 106.6
With 1.5 MVA 8.554 142 133. | 63.73 | 106.3 | 106.3
With 1.75 MVA 8.309 | 150.6 | 142.3 | 63.51 | 106.1 | 106.1
With 2.0 MVA 8.106 | 157.7 | 149.2 | 63.33 | 105.9 | 105.9

Current
Im IDG ISL1 IL1 ISL2 IL2

Case
Without DG | 12.67 0 | 66.52 | 66.52 110 110
With 0.25MVA | 11.38 | 46.02 | 65.92 | 65.92 | 92.95 108.9
With 0.5 MVA | 10.48 77.3 65.7 65.7 | 96.51 108.1
With 0.75VA | 9.831 | 99.77 | 65.12 | 65.12 | 106.5 107.4
With 1.0 MVA | 9.339 | 116.6 | 64.85 | 64.85 117 106.8
With 1.25 MVA | 8.955 | 129.7 | 64.63 | 64.63 | 126.6 106.3
With1.5 MVA | 8.65 | 140.2 | 64.46 | 64.46 135 105.9
With 1.75 MVA 8.4 | 148.7 | 64.31 | 64.31 | 142.2 105.6
With2.0 MVA | 8.194 | 155.8 | 64.19 | 64.19 | 148.4 105.3

[31] (L1) bl o £3sall 30l Sang bay) die Uil 8 8 Lall il Lagh (V—¥) Jgaall

[311(L2) kaled) o £55al Algil) Bang Jayy tie alail) B §)Lal) i) Aad (Y-) Jgiad

23



BN Juadl) |

Loa yal) Al

[311(Tr) gaal Jlly o £5gall L5l Bang by die AU 6 5Lall bl Lah (F—¥) Jgaal)

Current
m Iog Isi1 s Isi2 I

Case
Without DG | 12.67 0 | 66.52 | 66.52 110 110
With 0.25MVA | 11.13 | 52.41 | 65.73 | 65.73 | 108.7 | 108.7
With 0.5 MVA | 9.957 | 92.66 | 65.12 | 65.12 | 107.7 | 107.7
With 0.75VA | 9.024 | 124.6 | 64.64 | 64.64 | 106.9 | 106.9
With 1.0 MVA | 8.268 | 150.4 | 64.25 | 64.25 | 106.2 | 106.2
With 1.25 MVA | 7.641 | 171.9 | 63.93 | 63.93 | 105.7 | 105.7
With 1.5 MVA | 7.114 | 189.9 | 63.66 | 63.66 | 105.3 | 105.3
With 1.75 MVA | 6.666 | 205.3 | 63.43 | 63.43 | 104.9 | 104.9
With 2.0 MVA | 6.277 | 218.6 | 63.23 | 63.23 | 104.5 | 104.5
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GRID —e utility intertie

SUPPLY

87 |-

)

Y

Ao - 51V
810 |
810 | A
=1 32
59 | ‘
= 40
LOSS”
- OF =
GRID
51v - 3 phase voltage-controlled time—delayed overcument
51N — garth fault time—delayed overcument
32 - roverse power
40 — loss of excitation
87 — differential
81u/810 — under—- and overfrequeancy
27/58 — under— and overvoltage

LOSS OF GRID - requirement In UK
[1] Jagia sigi ASud A& Cilaiual) £59al) Algall dglaa (V- F) JSid)
Sle 55488 e @)l Lo dary (5-50 MVA) e Uiy al gl dleall il L
Gob oo e el Al el sl culd el A lall sal) cleSla (e 5K
bl leas ¢(BIN) V1 Jlaall ey il iyl salyy Sl ae (51V) sl
Aglen s ¢(32) deUain) ulSail e Alens ¢(B7N) Alkiase A Alalds dyles ¢(87) dyysh
«(81U/810) a5l alidily 5alyy (e Gilans «(27/59) sisill (e JS Laalidily 5aly) (1
lkatis ¢ plsiall e Jraadll aa djlea ) Alz) ((47) skl Hlal Gl sl (e diles
SV Calimy Lilagy 85 ¢(74) lsall Llens ¢(40) zoasedll )i (pe Aglen 4 sial) <l sl
(AY) JSEIL mage 9o LS LASLEN ge Apdadll a8 (e Aplaad) aladi
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SUPPLIER 1 27 2
Bibie CONSUMER 59 S
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3
v 81U =
810
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LoSsS
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GRID
2
o
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2
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=
-
-
G T -1 51V ;
S0 — 3 phaso instantaneous
overcumont
~ ' m 81U | s51v - 3 phase voitage—controled
= sio ™ 9 time-delayad overcurment
51N - eorth fault time-delayed
4 32 overcument
_L 27 a2 — MEVErsa power
- - 40 — loss of excitation
N 59 i 87 — phaso differontial
87N — earth fault differentisd
»{ 40 8IWB10 ~ under— and owerfrequency
27/60 - under— and overvoltege
—; 4“6 - negative phasa soquence
58 - neutral displacement
46 67N - sensitiva directional earth
foult
64 - rotor-ficid

LOSS OF GRID - requiremeont in UK
[1] Al sig dsud 8 Gilaiuall ggall algall Llaa (A-Y) Joill
Al o<t dBUal) Adia ygaa (8 5jala dmape Ay dya =Y Y
86 Au)s ¢uis (Tampere University of Technology) dsala
[33](Mls ul) AuilipgSh Al Al o 5 al) sl
lesle Lagiya Janssial) 5l (g (o iana (ans® i ZuliseS 405 Ay Al o3a b
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DG interconnection

(mr B d PR (e el &y e by 35 Bypyadl o3 e

20/10 kV relay
Relay A
Island
Sea cable
connection
Mainland

Adjacent feeder

l:::l Relay C [‘] Relay B

45/20 kV

[33] dugaall A<l i (4-Y) Joi)
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S Jsanll Gays .DyN luag @iy skl 458005 Ame Gpb oo A e byl 55 )
cAaddal) Gl jaeanill Al laual gall
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Main transformer 45720 KV

Sn 63 MVA
Pk 48kW
Zk 7.0%

Winding Yndll
Main transformer 20/10 KV

Sn 5 MVA
Pk 37kW
Zk 108%

Winding YNwn(
Wind power units Gl1. G4 G2, G3, G5, Gb6

Rated power 300 kW 300 KW
Voltage 690V 400V
Hub height 35 m 31.5m
Power regulation Stall Stall
Generator Induction Induction
Block transformer Dvn Dvn
-Sn  063MVA 0.8 MVA*
-Zk 40% 53%

* One transformer for two 300 kW generators

o ALYl AloeSl Ll sad sall Slless Seae bangiall gl A0l 8 Gl o)
JUaeY) ol (A) AaSlall Jaxd Cam 3yiall i 530n5all (20/10 KV) Al gad dliles dylas
Glo dans Al JlaeY) i e Jesd (B) Sl Wi (10 KV) caph e st A
Cayla 8 agasall HU dlas 2 LS ((A) ASlall Laliia) ASlaS Jaat WS (20 KV) @yl
irg ) Aleat Jalgia) AaSlag (B) AaSlall Joatis adle 535a5all ylenl) ddandsy (45 KV)
tel LS apll alall cililens 4800 8 5 5asall ilileall 3 plae Jasiia
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[33] dsuil) cllan §pulaa ad (0-Y) Jgand

Relay A Relay B Relay C Bus relay
I= (A) 250 250 200 375
t(s) 03 0.75 08 1.0

[33] duayl) ciliiall cililes Sylaa a (1Y) Jgaall

Gl G2 & G3 G4 GI & GO
Overvoltage ==
- Setting 110 %4 110 %% 110 % 110 %0
- Operation time 30 ms 30 ms 30 ms 30 ms
Overvoltage =
- Setting 108.5 % 104.5 % 108.5 % 104.5 %
- Operation time 60 s 60 s 60 s 60 s
Undervoltage <=
- Setting 50 % 30 % 50 % 50 %
- Operation time 100 ms 100 ms 100 ms 100 ms
Undervoltage =
- Setting 855 % 82 % 855 % 82 %
- Operation time 10s 10 s 10s 10s
Frequency
- Range *15H=z +1Hz Tt15H= t+1Hz
- Operation time 200 ms 200 ms 200 ms 200 ms
Overcurrent ==
- Setting 31504 3150 A 3130 A 3150 4
- Operation time 01ls 01s 01s 01s
Overcurrent =
- Setting 630 A 630 A 630 A 630A
- Operation time 0658 068 0.6s 065

Gllys Glea) sieal doe o ghsall adgill Clang dilia) i ol JUaill 51Skas Gilee ¢ hal

llea Jae Auadyyg (V=) JSEIL dainge 8 LS JaeY) e desens shal DA

5l Al Cilasg
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G2 & G3 G4

ault 1

CG? [F A ,Fault 4

A djacent Qi
tfeeder faults
, , GS & GO

Cc @B

[33] Ay ptal) JUas¥) pudagi (ila (10— Y) JSd)

A cilSy aladdl (e SWl ae 3 (Caysh o ) Jhae bl 5 38l Al dlaulyy
t S Jsaall mmge 58 LS JUaeY) e Jhe JS vie aShall (it ey Jlaall L

[33] aSlgad it Gy Jlasll 4 o (V=Y) Jsaad

Fault current (A) Oper. Operation time (s)
Fault With DG relay With DG
1 515 B 0.75
2 313 A 0.3
3 266 A 0.3
4 732 B 0.75

o 38 Tl el JlaeY) de sane Grgan die ¢ 5all adgil) il oShia Joad Lol L

Pl Ll

lsd JUae ) o JUae V) odag dgle Lapll ldiall agy 3 (o) adll e Gaaas Jlaef )
Lalall ASlal dee o) 058 sl e JUacY) oda Chgan dind (1,2,3,4) a1

ol LS AaSla By ddie JS

31



BN Juadl)

dama jall Ayl

[33] Lol coliially Zualdl) aSisall Jas chaj (A-Y) Jsaal

Fault location G1 G2 & G3 G4 G5 & G6
Fault 1
- Three-phase U< 19% U<=<33% U<<32% U< 48%
01s 0.1s 0.1s 0.1s
- Two-phase U<<23% U<==43% U<=40% U< 49%
01s 0.1s 0.1s 0.1s
Fault 2
- Three-phase U= U<= 18% U<<43% -
035s 0.1s 0.1s
- Two-phase U= U=<20% U<<49% -
035 0.1s 01s
Fault 3
- Three-phase - U<<19% U<< 18% -
0.1s 01s
- Two-phase - U<<20% U=<19% -
0.1s 01s
Fault 4
- Three-phase U< 18% U<= 18% U<< 18% U==28%
0.1s 0.1s O1s O01s
- Two-phase U<<23% U<<24% U<<23% U< 32%
0.1s 0.1s 01s 0.1s

Eisan dind ¢(5,6) A8V lsd JaeY) o Jlacloday sladll bdll e ¢iaas JUae —Y

ol LS AeSla fayy Adie JS Aalal) RSl dee o) 0sS sil e JlaeY) o3

[33] Lyl cldially Aaldd) aSigal) Juid cpa) (3-Y) Jgaad)

Distance G1 G2 & G3 G4 G5 & G6

Skm

- Three-phase U<<24% U<<25% U<=<24% U<< 24%
0.1s 0.1s 01s 01s

- Two-phase U<<35% U=<37% U<< 34% U< 32%
01s 01s 0.1s 0.1s

10 km

- Three-phase U<< 35% U<<37% U<< 34% U<< 34%
01s 01s 01s O0.1s

- Two-phase U<<44% U<=<46% U<<43% U<=<42%
01s 0.1s 01s 0.1s

15km

- Three-phase U<<44% U<=<45% U<<42% U<=< 46%
01s 0.1s 01s 01s

- Two-phase - - U<<48% U<< 49%

0.1s 0.1s

20 km

- Three-phase U<<50% - U<=48% -
01s 0.1s

- Two-phase
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Exhaust Gas Jacket Water Lube Oil Heat
Heat Exchanger Heat Exchanger Exchanger

Ste\jﬂvn;t; t'OQ__/\/\/\ 2AVAVA \/\/\- Cold Water
/\N\_»Exhaustr/\/\/\—]

Natural Gas

I Ignition :
Air= v Source | Exhaust

: &— I Valve

Intake{” !
Turbocharger /:" Valve

| |

: _ “T—Tt— Piston

I I

| |

:Crankshaft—b @@—;—» AC Electricity

I
I

Generator
Genset

[22] 400l sl dpalad) 40 (V1-Y) Jead)
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h LV MV HV h LV MV HV h LV MV HV
5 6 5 2 3 5 4 2 2 2 1.6 15
7 5 4 2 9 15 12 1 4 1 1
11 35 3 15 15 03 03 03 6 05 05 03
13 3 25 15 21 02 02 02 8 0.5 04 04
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Function and IEEE
standard device number

Description

Sync-check (25)

Synchronizing or synchronism-check relay. A synchronizing device that produces an
output that causes closure at zero phase angle difference between two circuits. It may or
may not include voltage and speed control. A sync-check relay permits the paralleling of
two circuits that are within prescribed limits of voltage magnitude, phase angle, and
frequency.

Under/overvoltage (27/59)

A device that operates when its input voltage is less than a predetermined value (27). A
device that operates when its input voltage exceeds a predetermined value (59).

Directional power (32)

A device that operates on a predetermined value of power flow in a given direction.

Negative phase sequence
current (46)

A device in a polyphase circuit that functions upon a predetermined value of polyphase
current in the desired phase sequence, when the negative phase-sequence current exceeds
a preset value.

Negative phase sequence
voltage (47)

A device in a polyphase circuit that functions upon a predetermined value of polyphase
voltage in the desired phase sequence, when the negative phase-sequence voltage exceeds
a preset value.

Neutral under/overvoltage
(27G/59G)

A device, installed to specifically detect the voltage on the neutral of a three-phase
system relative to system ground, that operates when its mput voltage is less than a
predetermined value (27). A device that operates when its input voltage exceeds a
predetermined value (59).

Directional overcurrent
(67)

A device that functions at a desired value of ac overcurrent flowing in a pre-determined
direction.

Instantancous phase
overcurrent (50)

A device that operates with no intentional or coordinated time delay when the current
exceeds a preset value.

Neutral overcurrent
(50/'51 N)

A device that operates with coordinated time delay when the current exceeds a preset
value.

Phase overcurrent (51)

A device that functions when the ac input current exceeds a predetermined value and in
which the input current and operating time are inversely related through a substantial
portion of the performance range.

Undercurrent or under
power (37)

A device that functions when the current or power flow decreases below a predetermined
value.

Voltage-restrained
overcurrent (51V)

An overcurrent relay that changes its sensitivity based on varying voltage levels.

Under/overfrequency
(81 U/O)

A device that responds to the frequency of an electrical quantity and operates when the
frequency exceeds or is less than a predetermined value.

Transformer differential
(87T)

A device that operates on a percentage, phase angle, or other quantitative difference of
two or more currents or other electric quantities.

Source: IEEE Std C37.2"™-1996 [B41 1.
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[xX.X] DENOTES APPLICABLE CLAUSE IN
s1 IEEE STD 1547
1
S ﬁ F(US)E [4.1.7)  ISOLATION DEVICE
(421
[42.1]  AREA EPS FAULTS
[42.3]  VOLTAGE
L :
[4.2.4]  FREQUENCY
- [42.6] RECONNECTION TO AREA EFS
PCC —
VISIBLE .L 27 UNDERVOLTAGE
\ ‘S oo 59 OVERVOLTAGE
%17 B10/U  OVER/UNDER FREQUENCY
DR DISTRIBUTED RESOURCE
> [42.4) [+23) [4.23)
(1) (1) (1)
== CONTACTOR

=
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NOTES:

A GROUNDED-WYE/DELTA TRANSFORNER
CREATES AGOITIONAL GRIUND CURRENT
PATHS AND ACTS AS A “CROUND
SOURCE™ TO THE AREA PS

OPEN M.TA VI's PREFERRED T0
FREVENT FERRCRESONANCE, SUPRESSION
NAY BE REOUIMD WHEN CONNECTING
WYE-GROUNDED VT's TO AN
UNGROUNCED  DEILTA SYSTIN.

IKEE STO 1547 COVERS PROTECTION OF
THE DR/EPS INTERFACE AT THE POINT
OF COWNON COUPUNG.  OTHER
STANDARDS SUCH AS EEE AND THE NEC
SHOULD SECONSULTED FOR PROTECTION
OF THE DR

MONTORING PROVISIONS RECURED FOR
DR UNIT Of DR AGCCRECATE OF ZS0KVA
QR UCRE.  INQLUCES VONRITORNG
CONNECTION STATUS ©F DR,

SOURCE i
w9
o | SHUNT
L (20 2y
=
it T M::*ml

1] vr SN
POC == _ [x.xx]
[4.18)
M)TEQ [a.1.7)
[e.2.9]
e [1.2.31 (413] [lz.t] [t.z.q kg
SNITCH [4.24]
(417 [+.28)

r

| 1 0

[+26] | 8

51

L% 51C

)
s1o/v

oR

@ v
3 . -
E KVA

e g

AN

° @ [u e)
S Sl

@ KOTE 3, NOTE 6
SHUNT

NOTE &

<

5. AN INDUCTION GENERATOR NEEDS
SUPPLENINTAL EXCITATION, (iR
Su“’uﬂ) B’f Th( UTUTY &‘YSWM
mmou Of LOUL UPM:NORS
MAY ALSD B RICUNRED TOR
POWER FACTOR CORRICTION.

6. NOUCTION GENERATORS CAN
ISLAND IF THEY MANE EXTERNAL
EXOTATION. TS CAN & FRON
CAPACITCR BWNKS (LOCAL OR IN
™t 'mra% Qi OTHER
CENERA ON THE ISLAND.

OENOTLS APPLUCABLE CLALSE ®N ELE
ST 1547, SEE NGURE &

MONITORING

ISOLATION DEWCE

AREA EPS FALLTS

VELTAGE

FREQUENCY

RECOMNMECTION TO AREA EPS
UNDERVOLTAGE

INSTANTANEOUS CAVERCURRENT
{Prast)

INSTANTANEOUS OVERCURSENT
(MEUTRAL OR GROUND-RESDUAL)

TME OVERCURRENT
(Prast)

TME OVERCURRENT
{GROUND)

OVERVOLTACE
OVER/UNDER FREQUENCY
OSTRBUTED RESOURCE

WLOWATTS
{REAL POMER)

WLO -VOLTAMPLRLS
(REACTIVE POWER)

PONT OF COUNON COUFUNG
YOUTS
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S1
SOURCE

£}

PCC — —4

l

(1
FUSE
[+.2.1]

a1

VISIBLE
LOCKABLE
SWITCH
[4.1.7]

[4.2.4] [4.2.3) [4.2.3] [«.4.1]
(1) ) (4] (8))

RRQQ-

I
I | I
€ b — b — 4 —

N

5B

LocAL
LCAD

-

NOTES:;

1 INVERTER BASED RELAYS MAY NOT BE
CONSIDERED UTILITY—GRADE BY THE UTUTY
THE UTIUTY MAY REQUIRE RELAYS THAT PASS
INDUSRY STANDARDS
(SUCH AS IEEE C37.90)

LEGEND
[x.%.X]

[4.1.7])
[+.2.1]
[+.2.3]
[¢.2.4]
[+2.6]
[4.4.1]
2?7

DENCTES APPLICASBLE CLAUSE IN
IEEE STD 1547

ISCLATION CEVICE

AREA EPS FAULTS

VOLTAGE

FREQUENCY

RECONNECTION TO AREA EPS
UNINTENTIONAL ISLANDING
UNDERVOLTAGE

OVERVOLTAGE

OVER/UNDER FREQUENCY
ANTI —ISLANDING
DISTRIBUTED RESOURCE
POINT OF COMMON COUPUNG
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Vector Shift glddl zL3) Y—o-¥
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[7] sl Ao Algdl) qulal) jghai (V—¢) Jedd)
glaill & callall o Jaadl) Cum oDlgan) clelad cum oLl ¢35 (V=€) Jsaadl Cus
&l e jland YeYo ale s daiiadl cleladl) o el uw eadli- Dyl

Lai b Lot Yond ojlie) (S Lo say andll = Ll g Ul 8 oplii eliall g Ul

LDy
[7] [TWh] o) cleld cus slyps) e il (V-¢) Jgaal

2030 2025 2020 2015 2010 g Ll

78.64 | 47.76 | 34.94 | 24.19 | 16.60 dainal) sl sl

59.82 | 46.37 | 3595 | 27.09 | 20.31 seilH il

34.50 | 28.20 | 22.94 | 18.19 | 14.25 Sl

25.33 | 18.17 | 13.01 8.90 6.06 sl
126.16 | 95.26 | 71.61 | 51.67 | 37.03 g sandll

5.78 5.87 6.74 6.89 6.74 [%] (ssidlsail

lnall il (s Al AUl (o Al Aan & il ekl (Y=£) Jsaad) cpu LS
Sle g Jlaay) sl bl ol Gygid) saill e ana (Y= £)Jsoall sy Jaay!
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dpelall Joally 43l (% Rasns Ao YO 2ays o LieSl) (g Lygn (3 2 eDlgind of Bl
COlabea skt V)= Jpaal) Cpus . celu bl @l ovvn (e ST el oDl Led aly Al
5l A8l L gyall Jalas e Cuaall die Byl a5 Lo Lde Balaty Jll5 o LygSH 435l

S di s el (@lal b A lys ) ) 299 e V1 s5E DUS i G

LAl 55 e 0.4

[7] Aleay) daall gl cha g6 LigSh ca Lygiad) Ll duan okt (Y—£) Jganl

el e Bl dmn | Jadl) il e il s S e )
[kWh/capita] [1000US$/capita]™’ [million]
1481 1.35 18.27 2005
1605 1.46 19.10 2007
1819 1.65 20.35 2012
2296 2.10 22.50 2015
2892 2.67 24.76 2020
3507 3.26 27.17 2025
4248 3.99 29.70 2030
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[7] 5oyl Atalal Aigjall Jalaa sk (F—¢) Jgaal

Lgall Jalae aill Jane aill Jane
Income sl s
Elasticity
oLyl e allal GDP [%)]
[%]

0.99 6.44 6.5 2005-2007
1.00 6.49 6.5 2007-2010
0.98 6.89 7 2010-2015
0.96 6.74 7 2015-2020
0.98 5.87 6 2020-2025
0.96 5.78 6 2025-2030
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[B] (Y+oV Joai—Yevo Q) zldl clibd gudd) Jamgiall (£-¢) Joaad)

Akad b ddaaa — e £ 0 U o (U p) dubanl) 2l ) A s
Lo gial) (5 el Jauu gial) 2007 2006 2005 S
pladl (g gl
4,85 4,84 4,51 5,18 IR
5,26 5,27 4,82 5,71 Ll
7,10 7,11 6,88 7,33 BN
7,55 7,55 6,95 8,15 sl
7,68 7,68 7,50 7,86 By
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12,19 12,20 11,32 [ 13,07 D54
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5,40 5,40 5,51 5,30 JsY) s
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7,46 7,51 7,68 6,88 Jals Jal (e a gl
il
7,44 7,48 7,65 6,86 SNl g
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Weibull Distribution
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FOT 1. M Gma . o. oo doattt g, aett d200 Fa—d) Y 2
QATINEH W.F. - Hub height = 67 m

Gross AEP Availability | Electrical Net AEP

Gwh) | Wakelosses |\ cec (3%) |losses (29%) |  (GWh)

5.59

AEP (GWh) 185.66 3.01% 5.41 3.51 171.15

Equivalent hours 3713 112 108 70 3423

Capacity Factor (%) 42 .4 - - - 39.1

[9] Aaiial) Ayilyyg€ ZBlhal) Bla (1-¢) Jgaal)

25 G80-2.0 MW at 67 m hub height

Gross AEP Net AEP
AEP (GWh) 185.66 171.15
Equivalent Hours 3713 3423

:[8] day )l Ao jall Sl sgsl) Al ¥ —¢

i) all algal) -
J 2MW L S delainl GAMISA G80 bk (1o duayy dsic (Y0) (e deyiall (s<5
«Doubly Fed Induction Generator (DFIG) 4l aelias papad Alge &l (4-€)
Ao ady o ddla 4ilyeS Agna Bigas dic JS5 «lsd 190 Jig o o lyeSI adgiy o

ol Asall iy (V=£) Jsaall s e (Yo) U adgll g8
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Y o otor

Diameter

80 m

Swept area

5,027 m*

Rotational speed

9.0 -19.0 rpm

Rotational direction

Clock Wise (front view)

Weight (incl. Hub)

Approx. 38 T

Top head mass

Approx. 108 T

- Blades

Number of blades =3

Length 39 m

Aiarfoils NACA 63.XXX + FFA-W3

Material Glass fiber reinforced with epoxy resin

Total blade weight

6,500 kg

- Tubular Towvwer

Modular type Height Weight
3 sections 60 m I
3 sections 67 m 145 T
4 sections 78 m 201 T

99



& Juadll £ Soall ad il dadii) Jiiad
Type 1 planetary stage /
2 parallel stages
Ratio 1:100.5 (50 H=)
1:120.5 (60 H2)
Cooling Oil pump with oil cooler
Oil heater 2.2 kKW

- Generator 2.0 MW

Type Doubly-fed madhine
Rated power 2.0 Mmw

Voltage 690 V ac
Frequency S0 Hz /J 60 H=z
Protection class 1P 54

Number of poles 4

Rotational speed

900:1,900 rpm (ratad 1,680 rpm) (50 Hz)
1,080:2,280 rpm (ated 2,016 rpm) (60 Hz)

Rated Stator Current

1,500 A @ 690 V

Power factor (standard)

098 CAP - 0.96 IND at partial loads and
1 at nominal power™

Power factor (optional)

0.95 CAP - 0.95 IND throughout
the power range.*

die Aualiy byslial) 40Ke) iy bae cashdll (e desene o clitall sda au)s Al Cusy
ssalll ()50 Allanall Cliiall Ao sane Jumiy zrany Lo liiall Gany o 45)al) el Eigan
JS i Camy il sane g e ldial) o3 apds @3 Ay LAgal) Ao jall JalS Juad )

LOlaiel) (e 23e dc gana

[8] cliiall £33 (A—¢) Jgaal

Circuit n” N"of WECs WEC ID Max. Current (A)
1 7 7-6-5-4-3-2-1 425
2 6 13-12-11-10-9-8 365
3 6 19-18-17-16-15-14 365
4 6 25-24-23-22-21-20 365

lersend by 8 (g B (V) busie 558 b o desane IS z)a Loy ol dusag
(\~—i) d&:ﬁhc_sayﬁusu;ﬂ '\'\/Y~ d.\“};:i:\.kugscﬁ)“ Q\JJMGJL L@.E.})j
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sl -y
slis lealil Sae dila el 3883 Cumy Leby clilualy il S5 oSl paas
Ao gana S (s Bl Ao sanall e ciliiall Gn Jaeagil) CBUIS Jhskl s @y e
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[8] .l ¥+ ) LS Jlghl (9—¢)Jgand)

1 WE SST-WEC 1 | 496
1 WECLWEC2 461
1 WEC2.WEC3 205
1 WEC3.-WEC4 736
I WECAWECS 386
i WEC5.WEC6 476
1 WEC6.WECT 301

TOTAL C1 m 3241
2 WE SST_WEC 8 3441
2 WECS WEC9 324
2 WEC9-WECI0 300
2 WECIO-WECI1 303
2 WECI1.WECI2 278
2 WECI2Z.WECI3 234
TOTAL C2 m 4880
3 WE SST-WEC 14 5566
3 WECI4-WECI5 310
3 WECI5-WECI16 370
3 WEC16.WEC17 450
3 WECI7-WECI8 445
3 WECI8-WEC19 323
TOTAL C3 m 7464
4 WE SST.WEC 20 7710
4 WEC20-WEC21 201
4 WEC21-WEC22 247
4 WEC22-WEC23 282
4 WEC23-WEC24 380
4 WEC24-WEC25 390
TOTAL C4 m 9300

Clbalse 3aat 25 2 OGS 6 sl cllalls degane JS 8 cliiall s e lalacl
ol LS el LIS adaliag

102



Ghgat | £ sl 4 g Aakiif S

[8] il ¥+ ) S ciliualga (1 +—¢) Jgtal)

95 265 0,245 0,122
150 336 0,1588 0,115
240 438 0,0973 0,105
300 488 0,0781 0,102
400 547 0,047 0,098
500 635 0,049 0,095
630 746 0,0391 0,092

[8] Gl Yo ) cdls adaliag Jlghi (VY =£) Jgand

1 WF SST-WEC 1 400mm2 496 m
1 WECI-WEC2 300mm?2 461 m
1 WEC2-WEC3 240mm?2 295 m
1 WEC3-WEC4 150mm?2 736 m
1 WEC4-WECS5 95mm?2 386 m
1 WEC5-WECe 95mm2 476 m
1 WEC6-WECT 95mm?2 391 m
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2 WF SST-WEC 8 300mm?2 3441 m
2 WECS-WEC9 150mm?2 324 m
2 WEC9-WECI10 95mm?2 300 m
2 WECIO-WECI11 95mm?2 303 m
2 WECI11-WECI12 95mm?2 278 m
2 WECI12-WEC13 95mm?2 234 m
3 WE SST-WEC 14 300mm?2 5566 m
3 WEC14-WECI15 240mm?2 310 m
3 WEC15-WECI16 150mm?2 370 m
3 WECI16-WEC17 95mm?2 450 m
3 WECI7-WECI18 95mm?2 445m
3 WECI18-WEC19 95mm?2 323 m
4 WE SST-WEC 20 300mm?2 7710 m
4 WEC20-WEC21 150mm?2 291 m
4 WEC21-WEC22 95mm?2 247 m
4 WEC22-WEC23 95mm?2 282 m
4 WEC23-WEC24 95mm?2 380 m
4 WEC24-WEC25 95mm?2 390 m

cﬁ).“ Q\Y}M -y

Asae J< 62.5MVA dellinly 66/20kV ilsna ) aa)¥) Glesanall 758 Layy
A Al il sall il
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Description Value
Power (ONAN/ONAF) (MVA) 62.5 MVA ONAN
Primary voltage (kV) E6
Secondary voliage (kV) 20
Voltage regulation On load 66Ky Side
Regulation range 66 + 10%
Vector group YMd11
Mo load power losses at 100% Lin (KW) 29.6
On load power losses (KW) 3026
Impedance Voltage at 752C at each end of tapping rangs 10
Lightning impulse wistand voltage HV (66KV) 350
Power freguency withstand voltage LV line (20kV) 125
Insulation il
Tank Strengthenad steel
Tank Accessories Draining valive

Sampling vaive

Expansion tank

Cooling equipment
Regulation eguipment

Protection devices

Filter connection vahve

Lifting and dragging hooks

Magnetic oil level

Dehydrating breather for the transformer
Shut off valve

Removable covers for cleaning
Radiators attached to the tank

On Load Tap Changer 66KV

Thermometer with contacts
Pressure-relief device with contacts
Buchholz relay

Maximum temperature rise above ambient at IEC rated power, average(2C)

b5

Maximum ambient temperature (*C)

45

Ayl A it e b i) (17) gaend e ) el eyl 7 Ly
P AUl Jadadally miage salaS Ol cadd (1) ol Gyl e
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Wind turbine lines 20 kV

.50, Instantaneous over current relay

Al s sy dules

51, AC time over current relay

ey pali iy Sl sal) Llea

50N, neutral instantaneous over current relay

sl il Adaal la 5ol dles

51N, neutral AC time over current relay

il ey il @yl sal) Alea

aball

3, checking or interlocking relay

Sl J) dles

Coupling 20 kV

50, instantaneous over current relay.

Afaal L 50l Gles

51, AC time over current relay

oy ol Sl sal) Llea

50N, neutral instantaneous over current relay

sl il Adaal s 5ol dles

51N, neutral AC time over current relay

Adaiil ) Al @l saly dlea

aball

3, checking or interlocking relay.

Sl J) Ales

66/20 kV Transformer Protection Board (MV side)

50, instantaneous over current relay

Aal s 30l Gles

51, AC time over current relay

ey ol Sl sal) Llea

50N, neutral instantaneous over current relay

sl il Adaal i 5ol dles

51N, neutral AC time over current relay

aal ey Laal oyl sal) Al

aball
3, checking or interlocking relay é sl JuaE) dlea
90T, regulating device T Slea
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66/20 kV Transformer Protection Board (HV side)

50, instantaneous over current relay

kel o sl Al

51, AC time over current relay

oy ol Sl sal) Llea

50N, neutral instantaneous over current relay

sl il Adaal s 5ol dles

51N, neutral AC time over current relay

il ey el @yl saly dles

abaldl

87T, differential protective relay

Neutral earthing reactance:

50N, neutral instantaneous over current relay.

Agial L saly) dules

51N, neutral AC time over current relay.

£

aadil ey il Gy s sab)y dles

aball

66 kV Line Protection Board

21, distance relay

Aaile lea

50, instantaneous over current relay

Afaal L 50k Gles

51, AC time over current relay

ey ealh @y Sl sal) Llea

67N, neutral AC directional over current relay

fgnge daayl L Bal) dles

25, synchronism-check device.

R eUﬁ-"

3, checking or interlocking relay

Sl J) dles

27, Under voltage relay

g paladn) laa
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Overcurrent Relay @

Info/View  Technical Data | Characteristics
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= x @ | |
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Time tpu 1) I | 19
0100 s
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Function 0010 =

0.100 Ir 100 1000 100 Ir

[ 0K ][ Cancel ] ‘
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X N
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w RESTRAIN directional element
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Starter
RA... Ohm ' RB .. Ohm: 0 RlLoad .. Ohm 0
XA.Ohx [0 | XB.Ohm 0 AngleLoad . * 45
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1. Zone 2. Zone 3. Zone Oveneach Backward
X.Ohm 443057 66523 772741 0 0
R . Ohm; 1.23894 »71 .7@7 207055 0 - 0
RR..Ohm  1.23594 | 1.783% 207055 a i 0
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kO: 06992 | 06932 06992 063992 06392
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Distance Relay X|

| Parameters | Starting | Measuredigm o Settings

Tnpping schedues with relf,» _t
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Abstract:

electrical power through the high and medium voltage grids to the end
user by the low-level voltage substations, while the distributed generation
systems required more efficient distribution grids which allow to transfer
the electrical power to the following directions:

1- First direction: to the end users for the purpose of consumption.

2- Second direction: to the grid which is happen when the end user

injects the electrical power to the grid.

This new grid's conditions imposes some technical effects that it might be
positive, negative or neutral , such as the power electric quality, fault
level, reliability, stability, protection, and the personnel safety.
However, it's expected for this technique to take an active and growing
role in the power generation in the near future, especially those
technologies which use renewable energies in power generation.

We presented through this research an overview on the main power
generators used in the distributed generation and on the main technical
effects which been made by the distributed generation on the distribution
system such as the electrical quality, fault level and the stability.

In addition to study the connecting mechanism between the distributed
generation resources and the distribution grids taking into consideration
the protection system, so that we made a comparison study of protection
of the electrical transfer lines for a part of Homs city grid before and after
adding distributed generation resource (50 MW wind farm), and we have
simulated that over mentioned case using the NEPLAN software.

In addition to achieve a detailed study of the effect of adding the wind
farm on the fault levels and to coordinate the protective devices
particularly the distance relay, and the over current relay and to study the
ability of regular protective system to operate in the existence of
distributed generation units.
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