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> Conclusions.

» Future works.







Wind Quality of Canada

Annual Mean A
! . Wind Power
Countries Wind Speed Density (W/m?)
(m/s) y
; Germany 5.5-7.0 200-400
> Spain 5.5-8.0 200-600
USA 6.5-9.0 300-800
India 5.5-8.0 200-600
China 5.5-9.0 200-800
Canada 6.5-9.0 300-800

» Canada is blessed with adequate wind resources.
» She has the longest coast-line and the second largest land mass.

» They are in a better position to deploy more number of WECS.



Ramea Electrical System (cont.)

4.16 kV Bus

Electrolyzer {=————p{ Hydrogen
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Six 65 kW Wind Turbines

DG 1 @—
DG 2 @
DG 3 Three 100 kW Wind Turbines

Three 925 kW Diesel Generators

Load




V, 2 Feeders

Energy Production
» Nine wind turbines (6X65 kW and 3X100 kW).
» Three diesel generators (3X925 kW).
}_EQur_hydrogen generators (¢ (4X62 5 kW)
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Ramea Power System simulation in HOMER

925K\ Diesel Gen

Hybrid System Capital | Replace- | O&M Costs
Cfmponents Costs ment
LY ($) Costs ($)

'fJ‘VIVI-1 5S Wind Turbines | 90,000 70,000 $1,200 per
. yr
NW100 Wind Turbines | 550,000 | 480,000 | $3,600 per

yr
Diesel Generators 100,000 80,000 $5 per hr
Hydrogen Generators 50,000 37,500 $5 per hr
Electrolyzers 150,000 | 120,000 | $600 per yr
Hydrogen Tanks 100,000 70,000 n/a

A

Windmatic

A

250k H2 Gen
AC

H ydrog:en tank

)|

Elebﬁalyzer

F’rimgy Load
12 Mwh/d

1.091 kW peak



Load Profile at Ramea

1,200

Power (kW)

Jan  Feb = Mer = Apr | May = Jun  Ju ' Aug | Sep | Oct ' MNov = Dec

» Day-to-day variability — 8.14%.
» Time step-to-time step variability — 7.86%.
: » Load factor — 0.448.



Wind Resource at Ramea

Scaled data Daily Profile
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» "Diurnal pattern strength — 0.0584.
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__CashFlowSummary
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oo ———— i -'-.-ACap;ll.al.‘
S e Replacerﬁeni
-~ 10,000,000 w= Operating
- Fuel
2- 3,000,000 - Salvage >
'g et e

© 6,000,000

E 4,000,000
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2,000,000

TR

VWSS T NMOD T DOS5 T HGen  Eech.
------------------ ~ Capital ($) F:eplacement () OM($) Fuel (9] | Salvage(d) | Totall)
Widnatic . 540000 108 535_g__.._,_____,_:._.gs._s.os,g e 53033 674,403
Northwind 100 1,650,000 372123 125859 198,989 1,948,993
925K\ Diesel Gen 100000 799520 510427 10232138 - 1.474 11640613
2o0KW H2Gen i 200000 57216 40804 0 6771 231,343
Electiolyzer . o) 10000, 20847 ! 692 .0 ] 0. 378,056
HydrogenTank i 1 .9!3__'3_09 _____________________ B e L S || WO, .. 147.225
: 1612133 768,087 10,232,138 271,721 15,080,637
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Cluarntity [ Cluantity Yalue Unitz
T otal rated capacity 96 kW E Mirirnum output 0 kW
eat output 17 kW b Eimunn output 296k
Capacity factor 295 % Wind penetration 239 %
T otal production 1,022 662 kwhdyr Hours of operation B.832 hrdyr
Levelized cost 00566 EA0wWh

Lluantity Walue ' Quantity  Walue | Units
Total rated capacity 309k binirmum output 0 kw
tean output = AR b axirnurn output 308 kw
Capacity factor 298 X Wind penetration 188 X
T otal production 205,500  kwhdvr Haurs af operation 7003 hrtyr

Levelized cost 0208 $£4wWh

psm———tt S

: %E% EIectucaJ_C‘Qa;acterieﬁesaI;NWmQWnd Turbines




Electrical Performance of System Components (cont.)

uantity Value | Units Quantity Walue  Units [uantity W alue Units
: Hours of operation PB7E0 hedwr Electrical production 3141887 Kwhdur - Fuel consumption 878026 L
Murnber of starts 1 startsdyr | Mean electncal output 309 kW speciiic fuel consurnption 0.2/ LAWh
Operational life 114 bin. electrical output 278 kW Fuel energy input BE37TZE Kwhdyr
Capacity factar 1|8 ¥ Max. electrical output 925 kW Mean electical efficiency *4 %

Fixed generation cost 1.0
Marginal generation cost 0223 §/kWh

Table: Electrical Characteristics of 925 kW Diesel Generators

(Juiantity Walue | Units Cuantity Yalue  Units [uantity Walue Urits
‘Hows of operation— © 702 hedwr Electrical production 2752 kwhdw  Hydrogen consumphion 3162 kgl
Mumber of starts 702 startsiwr - Mean elechical output 71 K Specific: fuel consumption 0174 kakwh
Operational fe 142 w Mir. electncal output TR0k Fuel energy input 305,384 ki
Capacity fachar 241 % Max. electical output 936 kW Mean electical efficiency 173 %

Fired generation cost 200 $hr
Margnal generation cost 000 $Wwh

: Table: Electrical Characteristics of 250 kW Hydrogen Generators



Electrical Performance of System Components (cont.)

Production Kwhdyr ¥ Cansumption Kiwfhyr kA Guantity ki %
ind turbines P 1828162 36 AL primary load 4,280,795 90 Ewxcess electriciy 23543 BIY
975k Diesel Gen 3141887 63 Electrolyzer load 482333 10 Unmet electic load 02 0m
kW HZ Gen R27s2 1 Total 4763128 100 Capaciy shortage 704 002
é = SEEb] 1L Huanhity Walue
2 Renewable fraction 0.374

Table: Electrical Characteristics of the Whole System

200 Monthly Average Electric Production
Wrind
— 2SN Diese| Gen
G0N HZ Gen
G0
=
=
'E 400
o
o
200
u]
Jdan Feb hdar Apr [UE Jun Jul Aug Sep Ot Mo Dec

Figure: Monthly Energy Production by Wind, Diesel and Hydrogen



Excess Electricity Unimet Load

I |

1] u]
Jan  Feb  Mar  Apr May  Jun o Jul Aug Sep Oct Nov  Dec Jan  Febh  Mar  Apr May Jun Jul Auwg Sep  Oct  Mov  Dec

ess Electricity and Unmet Load of

» Excess energy — 259,549 kWh per year.
» Unmet load — 302 kWh per year.
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—— Actual Power Curve - = - -Simulated Power Curve

= Actual Power Curve = = = =Simulated Power Curve
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Modeling of Alkaline type Electrolyzer (cont.)

» 30% KOH is added to
increase the conductivity level of
the electrolyte.

> Anode made of Ni, Co & Fe
and Cathode made of Ni & C-Pt
prevent corrosion and ensure
good conductivity.

» For the same reason
diaphragm is made up of NiO.

_De- _

H, o]
o |
//; 20H- 2OH‘\ < Electrolyte
° ~ 17 (30% wt. KOH)
H,0 [{H,0
Cathode Diaphragm
(Ni, C -Pt) (NiO) (Ni, Co, Fe)

Figure: Internal structure of an
alkaline electrolyzer.
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Tank Pressure (Pa)

3 45
Time (sec)

—w'/ Flgure Pressure Change in the H, Tank.
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Figure: SimPower Model of H, Generator.
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CS2: Simulation with Variable Wind Speed (15/10/15 m/s)
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> Main load — 1200 kW.

» WTs respond to the wind speed
change accordingly.

» In the second stage the additional
load is met by diesel generator.

» SL has to increase as to minimize the
effect of high wind generation.

» Secondary load current — 0.5 pu.
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CS2: Simulation with Variable Wind Speed (7/8 m/s)

Tire (sec)

1 T . . .

0 *
‘l 1 ! ! !

I 2 4 6 3 10
Tire (sec)

> Main load — 500 kW.

» WTs respond to the wind speed
change accordingly.

» In the second stage the diesel power
Is reduced.

» SL has to increase as to minimize the
effect of high wind generation.

» Secondary load current — 0.5 pu.
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CS2: Simulation with Variable Wind Speed (12/13 m/s)
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> Main load — 300 kW.

» WTs respond to the wind speed
change accordingly.

» In the second stage the diesel power
is reduced.

» SL has reached to its rated value.

» Secondary load current — 1 pu.
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CS3: Simulation with Electrolyzer in Operation
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» Main load — 200 kW.
» WTs are operating below cut-in wind speed.
» Secondary load — 60 kW.
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> 10-20 sec: Electrolyzer in operation.

» 20-25 sec: Both electrolyzer and H,
generators are non-operating.
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> The dump load used in this system
|mportant role in maintaining stablllty
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