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Research Overview

 Many community around the world use diesel
generator based stand-alone power system

 Rising fuel costs and environmental concerns make
the use of renewable energy in stand alone systems
Increasingly attractive.

* In this research an AC based and an DC based
hybrid power system are designed and analyzed.

« A comparison is made based on steady-state and
dynamic analysis

* In some case DC coupled hybrid system is better
than AC coupled hybrid system.

T
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wesieRasearch Aims

« Design an AC and a DC coupled Hybrid power system
* Optimal sizing of system components

« Steady- state analysis

« Simulink/Matlab models

 Dynamic and Transient analysis

e Comparison of AC and DC coupled hybrid power
system
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' HYBRID POWER SYSTEM

A system consisting of Sz,
two or more energy
sources used together to
provide increased system
efficiency and a well
balanced energy supply.

« May be a combination of
renewable sources (solar,
hydro, wind, biomass) and

non-renewable sources
(fossil fuels).

/{
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WESNet

Types of Hybrid Power System

DC (Direct Current ) coupled
AC (Alternating Current ) coupled

-
PV A II
FD1350/12 AC

> & |
Primary Load
750 kKaFhAd

44 kK peak

&2
A0 Load
750 kKwFhAd

44 kK peak

& |
DC load
1.742 K»Fh'd

102 K peak

I

FD132-50/12

75k Diesel 75k Diesel

DC load
1.750 kKh-d
— 104 kW7 k
CB-l L 2=t
150k Diesel

: 12CS 11PS
Conwverter |‘=_El| 150K Diesel Conwverter

AC DC AC . DC
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WESNet

Load profile

e Load of small community of about 160-180
residents is considered

e Daily demands- 2500 kWh
e Peak load - 207 kW
e Load factor 0.503

150 Seasonal Profile

T max
T - T d8||y hlgh
i * I mean
4 4 4 * + i i L . \
‘- min

Load [(kVY)
S S
—
—I——
— I
—
— I —

daily low

Jan - Feb  Mar May  Jun Jul Aug Sep Oct Nov Dec Amn




¥* RENEWABLE RESOURCES D) #sie
-Wind Profile

Based on data collected from (www.climate.weatheroffice.gc.ca)
Wind speeds at an elevation of 50 m above sea level and scaled
for 10 m height.

Average annual wind speed — 6.041m/s
Averages higher in winter months than summer months
Correlates with higher loads in winter months

Month Wind Speed Wind Resource
(m/s] = |l = |
January 7.228 Ee. ] — |
February 7170 T
March 7.190 §.4
April 5738 7,
May 6464 B
June 4.787 0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
July 5132
Other parameters Advanced parameters
August 5,333
September 5.310 Altitude [m above sea level) | 1] Weibull k | 1.91
October 5.316 Anemometer height [m) | 10 Autocorrelation factor | 0.937
November 6.390 _
December £.479 Variation With Height... | Diurnal pattern strength I 0.028

Annual average:  6.041 Hour of peak windspeed |
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I RENEWABLE RESOURCES -Solar
Resource

e Based on data collected from NASA

« Solar radiation values are exported for latitude of 47° on monthly

basis.
Month Clearness  Daily Radiation
« Average solar energy 3.15kWh/m?2-d. (| Wiz ]
February 0.473 2110 i
° i I March 0.501 3.310 :
Averages are higher in May, June and July. = o Sl -
. ‘o kM ay 0.439 4.740 3
6 Global Horizontal Radiation 1.0 o 0.444 5140 i
July 0.437 4.880 j
=5 — August 0.455 4.330 d
= — o -0.8 Seplanber 0.447 3.310
% _ | < October 0.426 2.150
=4 - H 3 November 0.383 1.270
f _ - 0.6 = December 0.402 1.020
S3 d tH 1 FH S ? Average: 0.448 3153
© - c
§ T — 0.4 § Scaled annual average [K*Wh/mé/d) | 3.15
x 2 -1 1 1 +HH 1 FH B B S
>
8 1-~H—— -~ 1 -1 1 = 4 A —~‘ ’—W-OZ
0 0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Daily Radiation ™= Clearness Index

MMMMMWMM




Y41 VBRID SYSTEM DESIGN D2z

WESNet

»System Components

« Photovolatic System
e Wind turbines

* Diesel Generators

« Battery Bank

e (Converter

> Type of Load

* 30% AC and 70% DC load
* 100% AC load

I . nEE
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wessd Y BRID SYSTEM DESIGN

— Photovolatic System

175W, 24 V Solar panel

« Can withstand high
loads such as heavy
accumulations of snow
and ice.

* Deliver maximum power
output even under
reduced light conditions.

 Price for one panel $830

NSERC
CRSNG

SW175

175W

35.8Vv

4.89A

44.4v

5.30A

i 4725 22410 17928

{3 | {}

roperties

Output current " AC + DC

Lifetime [years) [—25 L]
Derating factor (%) I—BU il
Slope (degrees) [—4? L’
Azimuth (degrees W of S ’—U L]
Ground reflectance (%) I—ZU il

15A

N b, PRI S i, N
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offp Frrr
HYBRID SYSTEM DESIGN
—Wind Turbine

FD13-50/12 ; cut-in wind speed
— 3m/s, cut-out — 25 m/s

Economically feasible at
average speeds of 5 m/s

3 blade upwind turbine, PMG
generator

50 KW rated power
13m diameter, 25m hub height 60:

Output Power ()kW
N w B (&)
o o o o

-
o
1

o

0 2 4 6 8 10 12 14 16 18
-10 - Wind Speed (m/s)
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WESNet HYBRID SYSTEM DESIGN
—Diesel Generators

« Two different size (75 kW and 150 kW)
» Life time 35000hrs and 40000hrs respectively

Fuel Curve /' 50 Efficiency Curve
/ £ /
B T 330
3 s /
5 520
4 P & /
§ / 10
0
0 20 40 20 o

40 80

150 kw o

Efficiency Curve

3
-
c
e
0
c
P
(1]
W
1]

\
\

Consumption (LMr)

8
Efficiency
N
0
\

~

Fuel
= 0 0 0




HYBRID SYSTEM DESIGN %k
—Battery Bank/Converter

ok

WESNet

Surrette 12-Cs-11-Ps — lead acid, deep cycle battery
12V battery, 54 in series for a 648V bus

Nominal Capacity 503Ah (6.04 kWh)
Optimal converter size based on HOMER simulation were 60 kW and

120kW
Costs Sizes to consider
: : - Cost Curve
Quantity | Capital ($) | Replacement [$) | O&M ($7yr) Strings 200
11070 a5 3000 0 =150 ,;
2 g )
5 8 100 w/
B /4
S 8 sof 4
0
Advanced 0 50 100 150 200
: . T Quantity
Batteries per string 54 (648 bus) == Capital == Replacement

[ Minimum battery life (vr) 4 _‘
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Architecture (30% AC & 70% DC Load)

*AC (Alternating current ) coupled Al
System . FD1350/12 AC Primary Load %
44 K\ peak
System Architecture: o]
Wind Turbine : Five FD13-50/12 75k Diesel : ,??53 'Igﬁi i
Diesel Generator  : One 75kW and one 150kW 104 K\ peak ]
PV :33kW - 12CsS 11PS
Converter : 120kW 150k Diesel Comverter
Battery - 108 (12CS11PS) - AC _. bDC

*DC (Direct current ) coupled system: =

=%

=2 |

ST Load
750 KwrhAd

I

System Architecture: 44 KW peak
FD13-50/12

Wind Turbine - Five FD13-50/12 = N

Diesel Generator : One 75kW and one 150kW DC load 75k Diesel

LA
PV ©4.725 kW =
Converter - 60kW 150k Diessl
) =7
Battery 108 (12CS11PS) =l
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% HYBRID SYSTEM DESIGN -0 %5

HESH Simulation Results

eAC coupled system with 30% AC & 70 % DC Load :

il dmt PV XS | O (O1N0(2CS 1. Conv.| A | Opealing | Toial | COE [Ren | Diesel | O/ | D10
”‘CMM K| (RN (W) Capld | Cod® | NP [RR) Fe | L | ) |

MGM B. 00 B W W 10 S0 100 G406 06 060 127067 4N 14T
MM 5. 6 % M WS90 M0 S403% 044 063 TN I 48%
eDC coupled system with 30% AC & 70 % DC Load :

V(LS | OF | 0090{12CS T, {Conv.| kil | Opecng | Told | COE |Ren.| Diesel | 079 | 010
W (RN TRN kN | Gt | ot(oho | PO kR Fec| ] s | )

W8 f SI%TI0 A S3MDEN 0 080 1210 45k 14
) 1A W S100M0 228 4

Fhobemm 5 1
FAoG Be. ¢ 7

15,
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wesiet  HYBRID SYSTEM DESIGN —

Simulation Results
AC coupled system with 100% AC Load

Sensitivity Results ~ Optimization Results I

Sensttivity variables -
Global Solar (K\wh/né/d) I 315 - I Wind Speed [m/s) | 604 I Diesel Price [$/L) I 1.2 v I
Double click on a system below for simulation results. {+ Categorized
!I * CB CB Eﬂ (va\\/l) XLS 0[()‘;}‘; 5)(1{3)0 [ ZESNT. %?\% cggiti.al Operating Total COE | Ren.| Diesel D75 | D150

pital Cost ($/yr) NPC ($/kWh)| Frac. L) {hrs) | (hrs)
’,4\ C{) C:) &= 4725 4 75 150 108 180 $1.372570 182424 $3704959 0318 055 121925 4892 1346
f,&@@ 4725 4 75 150 180 $1,257410 229212 $4187509 0359 054 162441 3425 4102

DC coupled system with 100% AC Load

Senstivity Resuts  Otimization Results |

Sensttivity variables

Global Solar [kWhJ'rer]|3.15 "I Wind Speed [m:’s]|8.04 'I Diesel Price [$!L]|1.2 'l

Double click on a system below for simulation results. (¢ Categ
ol o o o] e | v | 2 Lol T [
vd ,,LOC)EU 4725 4 75 150 108 180 $1372970 187054 83764154 0323 054 125659 4877 14%2
v ,L(‘_‘{)C) 4725 4 75 150 180 $1.257410 235564 §4268711 0366 053 167467 3321 4273

‘ - / ‘ CCA '
‘ f 7 ik 13 | M
AT A g / ! )
[ ) A Ad ‘ \
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wesket HY BRID SYSTEM DESIGN — Cost
Summary (30% AC & 70% DC Load)

AC coupled system: DC coupled system:

2000000 Cash Flow Summary 2000000 Cash Flow Summary
1,500,000 1,500,000
3 e
b %
0 0
b} 0
E, 1,000,000 g 1,000,000
4 4
Y [
g :

500,000 500,000

0 . 0 =
Copy of Surrette 12-Cs-11Ps 12V Surrette 12-Cs-11Ps 12V

Compongnt | Capital(§) | Replacement(8)  OWM(S) | Fuel(§) Salvage(§) | Total(f) | Component | Capial($) | Replacement(§)  OWM(8) | Fuel(§) | Savage(t) |  Totd(§)
Py |18 0 449 0 0 162,198“ Py 2410 0 639 0 0 23049 -
FDI3S0N24C | 1325000 0 3183501 0 0 1,708,501 FD135012 1,325,000 0 383501 0 0 1,708,501
75k Diesel ‘ 30,000 26,051 4341 923,608 3568 980432 7ok Diesel 30,000 26,282 4397 917613 3408 974,854
150K Diesel 40,000 0 832 838,664 573 906,413 150K Diesel 40,000 0 au8 775940 44 842,354
Copy of Suretie 12Cs1 115,560 88,777 41418 0 19745 206,009 Surette 12Cs-11Ps 12y 115560 88,777 41418 0 19,745 206,009
Converter | 70,000 0 B.136 0 0 76,136 - Converter 3,000 0 3,068 0 0 38,068
System 1,738,260 94,828 468,216 1,762,273 23887 4033630 System 1,567,970 95,039 460,261 1,693,554 23,988 379283

; ool




«xHYBRID SYSTEM DESIGN — Dz

Electrical Production @o% Ac & 70% DC Load)
AC coupled system:

- Monthly Average Electric Production Electrical Electrical
e production of DC production of AC
e System System System
|| om 1500 il Components y y
(kWhiyr) | % | (kWhiyr) | %
PV array 5,213 0 36,657 3
Wind turbines 730,987 60 730,987 57
Jan o Feb o Mer o A Mey  Jun Wl A Sep O Nov o Dec
DC Coup|ed system: 75kW Diesel 311,734 25 314,417 25
0 Monthly Average Electric Production
PV
= 150kW Diesel 177,782 195,454 15
= 750l Dt 15
1504 | 15060 Diesel
%m Total 1,225,716 100 1,277,515 100
S o an nn N W EE RE MWW OEE B
NS SN EEEE ENEE BN NN SN ER ERCNEE =
18

Jan o Feb  Mer A Mey  Jum ol Aig  Sep Ot MNov
! A1 Ras, /KA & 4 )

D \ ) ( § - \ 4
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"“*Comparison: Based on Component Required

¢100 % AC Load ¢30 % AC and 70% DC load
PV 4725 kW 4.725 kW PV 33 kW 4.725 kW
W.T 4*50 kW 4 *50 kW W.T 5*50kW  5*50 kW
D-75 kW 1* 75 kW  1* 75 kW D-75 kW 175 kW 1" 75 kW
D-150 kKW 1* 1 * 150kW D-150 kW 1*150kW 1 * 150kW
150kW
Battery 108 108 Battery 108 108
number number number number

Converter 180 KW 180 kW . Converter 120 KW 60 kW




e Comparison: Based on Cost D2z

WESNet

100 % AC Load 30 % AC and 70% DC load
Initial 13,72,970 13,72,970 Initial 17,38,260 15,67,970
Capital Capital
cost($) cost($)

Operating 182,424 187,054 Operating 180,033 174,044
cost ($/Y) cost ($/Y)

Total NPC 3,704,959 3,764,154 Total NPC 4,039,688 3,792,835
() ()

COE 0.318 0.323 COE 0.346 0.326
(%/kWh) (%/kWh)

0
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ﬁs&?omparison: Based on Diesel UsgD
and Corresponding Emission

100 % AC Load 30 % AC and 70% DC load
Diesel (L) 121,925 125,659 Diesel (L) 127,057 122,102
CO2 321,070 330,901 CO2 334,583 321,536
CcO 793 817 CcO 826 794
UHCs 87.8 90.5 UHCs 91.5 87.9
PM 59.7 61.6 PM 62.3 59.8
SO2 645 665 SO2 672 646

NOx 7,072 7 288 NOXx 7,369 7 082
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wesiet COmparison: Based on Renewable
Energy fractions

100 % AC Load 30 % AC and 70% DC load
Renewable 55 % 54 %, Renewable 60 % 60 %
Fractions Fractions

; 0 A
oo
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wesiee  Ml@tlab/ Simulink Model of WT

Model of PMG based WECS for DC System

Gain

—
Generator speed (pu) b{
K-

m » 0

Pitch angle (d&g) (pu)

Sitch angle rallel RLC Branch

Wind speed (m/s) Gain1 s A M N — g slc ) |
Vind Speed Wind Turbine ke Universal Bridge E
c !

Permanent Magnet
ynchronous Machine

g
=
a
- PWM Generator
e
- | - | - - =
12 — r%,23 i+ PID(z) &
wind speed Gsin2 PID Controller *
WindSpeed
To Workspace

.. < S
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Matlab/ Simulink Model of WT (cont.)

Model of PMG based WECS for AC System

R e g — —
Ganarator spasd (pu) Gan =L :
‘%3_ 'oltage Measurament Sonergll
Prech angle (dag) ™ (ou)

PRch angis-ged wind speed (mys) Gani

25KV, 6012
Wind Turbine - 10 MVA

- T =

o r
2 L o I E T
= [ )T ok ] A —
_ B Universal Bridgs i c =
|:P:rm:r:rt Magnet BGT Inerter —

ynchronous Machine

—|—‘. :
P AT Uit muses s -
12 _l. P PID Controlier OnOffDelzy —

z z :l Control System
| 'r Discrate B_NN
Wind speed Gam PWM Generator

2

i
u!,fb(
- -
§

|
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Matlab/ Simulink Model of WT (cont.)

Model of induction generator based WECS for AC system.

L =

Generator speed (pu)

@—D Pitch angle (deg) Tm (pu)
Wind speed (m/s) |
In2 L
Wind Turbine D Sy
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ﬁhatlabl Simulink Model of WT (cont.)

NSERC
CRSNG

=7 mls;

Pout

5.1

kW

Vs=5 m/s; Pout = 1.2 kW

Vs=9 m/s; Pout =

Vs=1

On

n/s; Pc

yut

= 26.

kW

26\. v/
L)



offp Frrr
ﬁﬁatlabl Simulink Model of WT (cont.)

/ Vs=11m/s; Pout = 27.5

“ } Vs=13 m/s; Pout = 37 kW

wwwwwwwww
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ﬁ,,,,kComparison of the Power Curves
Found from Simulation Results and
from the Manufacturer

50 -

40 -
30 s A ctual Power curve

Simulated Power

Output Power ()kW
N
o
Ty

llllllllll

0 2 4 6 8 10 12 14 16 18

Wind Speed (m/s)

Y \ il o I




wesiMlatlab/ Simulink Model of PV System
Two Diode Solar Cell Model

"V+I:R5
I= Isc - 101 l

5

) "V‘H‘:R.s"
- 1] Iy [e‘?"- 5T )

-1-(57)




ﬁ&f Matlab/ Simulink Model of PV D sz
System (Cont.)

Modeling of Solar panel

CO—»{cwm2) P =7 +
(Z—»1a0) A

" ain3 Inductorl

e R N L I o B
In3 Vivelt) > X .

Solar Panel Gain2 oy Conts e Source —

— |
i >l Capacitor ::
rProduc!
L
—Pg m —El
JiToT;
Ideal Switct:—l
LD

PIDEz) S Pt |
17393 |||
: PID Controller Pulse

Generatort
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WESNet

Different Solar Irradiance (Cont.)

G =400W/m?; P, = 72 W

G =1000W/m? P,,, = 175 W
G =800W/m?; P,, = 142 W

G =600W/m?; Ppv = 108 W

G =50W/m? P, =7 W

- -
G =200W/m?; P, = 34 W G =100W/m?, P,, = 16 W G =0W/m? P, = 0 W
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wesnet Matlab/ Simulink Model of Diesel Generator

wref (pu) r B_,'_.®
| 1.0 I - . Line1
1 - L|ne2
Viref (pu) B_\_.®
> Synchronous Machine +
pu Fundamental 0.25+1 0.255+1 1
o . wref (pu) : ™
SE;:&LE\;‘;"’;; (D) 0.00025240.015#1 0.0095+1 00284541 l (1)
Contwol W (pu) coNTROLSYSTEM  CeinK TF1 TR e vy | Podmt MR
d
ACTUATOR
SM
@ P wref (pu)
wref Pmec (pu)
! i <Rotor sp=ed wm (pu)> | W wg (pu)
GOVERNOR
& DIESEL ENGINE @
— -
2 ] vref n
Viref F—————P{ vd L+
emux 1 1
> I P (124 u212) » - 2
o Vf 0015+ . 1 0025¢1 ! L®
vE - - L4 . - L4
Positive Sequence | o pags Fifeq Lead Lag Compensstor Main Regulat 1
- g Compensator Main Regulator
EXCITATION " Volisge 1]{rs#1) ftosH)|tos+t) k| (tes+) Exdter v
4 Fropartionl 1] teste)
! Saturation
S e P sart{u(1)2 + u(2)2) et
m i Vit
0001
0.15+1
Damping
is | (tfs+1)
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WESNet
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i Matlab/ Simulink Model of Batte

Discharge model i*>=0

Exp(s) )
- it + Laplace™ [ ———- 0
it + Laplace ('Sel(s)

e e e @@
fi(it,i%,i, Exp) = E, KQ—it i KQ—it

Charge model i< 0

Exp(s) 1
fo(it,i%,i, Exp) = E, — K - L = K2 —.it + Laplace™ (ﬂ'—)
- it+0.1-Q Q—it Sel(s) s
Exp
Ep e p OB D) e

-Batt K°(Batt Q/(Batt Q1) "u(1) I4 ;I 300

i EN L
ks LR "
et e L lrle
1 -u(3)"Batt K*u(2)"(Batt Q/(Batt. Q-u(1)) f—Fat % q—-q- H
+ E_dyn Discharge int(i) it init
;
SOC (%)
R SC - (
=+ ¢ Current filter
o " [t -+ -
20 e r : < Current (A) o _D.I
E-dyn Charge m N Ban_TrzE.sn N current R d r -
—Y Vol V)
BattR
Add
"
b Y »7)
| \‘(

b

Saturation 34

i i \ Dynamic I \ ’ / i
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% Transient Analysis of AC Couplediy/ casne
Hybrid Power System

=
powergui
15 I
Wind
Speed
WT2
R I E—
[
DG
D 50
e A a A 3+
s3fe Lols
| L Cw w%c
b 1 Ls|c -
PV Three-Phase
Transformer Universal Bridgel
a1 (Two Windings)
DG1 s
Diesel 75 kW + ==
™ @
-— —
o
sL Battery1l
¥iid
Load m— E Secpndary
Loald Control  Vabc
e < Vvebe sy
Discrete
a A Frequency Regulstor
*P o7
c c
2-Phase Breaker

Load

Main Load
70 KW

420 KW

Power
Computation
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%CS’I Simulation With Fixed Wind Qnssnc

Wt Speed Variable Load

“*Load 350/400/350
KW
»*Wind Speed 15 m/s

*No change in WT

power

*DGs respond with

main load variation




CS1: Simulation With Fixed Wind @ngzg
wae  Opeed Variable Load (cont.)

« Effect of change of load on voltage and Frequency
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¥ Cs2: Simulation With Fixed Load ) 55
e Variable Wind Speed

<*Load 300kW TV L S S A R S S S A
“Wind Speed 15/10/14 &} S e N s S N W

m/s

**WTs respond to wind

speed change

*When wind generation

drop, DGs met up

additional load

} N\ ‘ N \ ' p }( ) ’ e 7P\
AR b N Rt Rk AR LR DTN N B TR A R Y A R e ichoaieh ) atban AN LA /
) . '\ l, a ! ’.‘{\' ( y B ".\ '.{ O ﬁ" ‘\“' "[ MU v“, ' X



CS2: Simulation With Fixed LOadm NSERC
WESHat Variable Wind Speed (cont.)

Effect of change of Wind Speed on voltage and
Frequency




s*Load 200kW

»*Wind Speed 7/9 m/s
**WTs respond to wind
speed change

*When wind generatio
rises, Diesel generation

drop automatically.

wsvee  Variable Wind Speed (cont.)

CS2: Simulation With Fixed Load Qnssnc

CRSNG

S T L L L L LT L L T O T




CS2: Simulation With Fixed Load @ngzg
wsne  Variable Wind Speed (cont.)

Effect of change of Wind Speed on voltage and
Frequency

Effect on Frequency




CS2: Simulation With Fixed Load Qnssnc

RSNG

wsnee  Variable Wind Speed (cont )

“*Load 350kW
*Wind Speed 14/15 m/s

*WTs respond to wind

speed change

*When wind generation

rises, Diesel generation

drop automatically.




CS2: Simulation With Fixed Load ®Ns§zg
wsne  Variable Wind Speed (cont.)

Effect of change of Wind Speed on voltage and
Frequency

Effect on Frequency




3: Simulation With Diesel Generat
wsvee  @nNd Photovoltaic System(cont.)

NSERC
CRSNG

s*Load 200kW

s Zero Wind Speed
**Load is met by DGS
and PV.




3: Simulation With Diesel Generatmgmg
wsvee  @nNd Photovoltaic System(cont.)

Effect on voltage and Frequency

No Effect on Voltage as expected

No Effect on Frequency as expected

R 45, st




*33: Simulation With Diesel Generatmgmg
wsee  @Nd Photovoltaic System(cont.

ssLoad 175/225/175kW
s Zero Wind Speed

**Diesel generation

follows the load




3: Simulation With Diesel Genera
WESNet and Photovoltaic System

NSERC
CRSNG

Effect on voltage and Frequency




% Transient Analysis of DC Coupled@é"ﬁéﬁz
WEShet Hybrid Power System

Continuous
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%CS’I Simulation With Fixed Wind Qnssnc

Wt Speed Variable Load

s»Load 550/600/550
kW

<Wind Speed 15 m/s [}~ R e i e e i
“*No change in WT ' ' ' ' ' ‘ ‘ . .

o[ A e

power  F#HlMes ........ .................. .................. ................. ................ v' ................ ................. ................. ..............

*»DGs respond with

maln Ioad Varlatlon | N - ................... .................. ,.. ................. ................... .................. .................
s*Power quality of PV
is better than AC
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¥ Cs2: Simulation With Fixed Load ) 55
e Variable Wind Speed

ssLoad 300kW
»Wind Speed 15/10/14

m/s

**WTs respond to wind

speed change

*When wind generation

drop, DGs met up

additional load




CS2: Simulation With Fixed Load @gggzg
wsvee  Variable Wind Speed (cont.)

svLoad 200kW
»*Wind Speed 7/9 m/s

+WTs respond to wind

speed change

*When wind generation

rises, Diesel generation

drop automatically.




CS2: Simulation With Fixed Load Qnssnc

CRSNG

s Variable Wind Speed (cont.

“*Load 350kW
*Wind Speed 14/15 m/s

*WTs respond to wind

speed change

*When wind generation

rises, Diesel generation

drop automatically.




3: Simulation With Diesel Genera
wsvee  @nd Photovoltaic System(cont.)

NSERC
CRSNG

s*Load 200kW

s Zero Wind Speed
s*Load is met up by DGS
and PV.
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%53: Simulation With Diesel Generatgp
wsee @Nd Photovoltaic System (cont.

ssLoad 175/225/175kW
s Zero Wind Speed

**Diesel generation

follows the load
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o

i Conclusions

 Wind data, solar data and load data of small
community of St. John’s Newfoundland have been
collected and studied.

« Economical and feasible components of the hybrid
power system have been selected so that minimized
system cost can be achieved.

* AC coupled and DC coupled hybrid systems have
been designed using HOMER.

« Comparison has been made between these two
system based on component required, system cost,
use of renewable fraction, diesel used and
corresponding emissions.



o

b nf Conclusion(cont.) Dz

« Modeling of individual component has been done by
using Matlab /Simulink.

 Individual models have been combined to form the
complete system.

« Three different case studies have been considered for
transient analysis.

« Finally it can be said that for remote hybrid power
system based on DC coupling would be a better power
system option

e bRl b A
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:* Future Works

« Longer duration Simulation

* Introduce precise control mechanisms in each sub
block.

« Selecting a location with higher solar radiation
resource.

« Build AC based system and DC based systems and
compares their performance

* The power distribution of DC based system would be
an interesting scope of further work.

. . WL
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