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Motivations:
% Providing low-cost and reliable electricity for a remote area
» Reducing greenhouse gas emission

* In-depth modeling of HRPS components, to study their behavior at difterent
environmental situations

¢ Design an efficient converter, as a main part of a HRPS, to reduce the system overall

power loss

¢ Design and implantation a SCADA system, to monitor the system, to address any

possible fault faster, and to improve the system performance by controlling it.
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¢ Newfoundland and Labrador average solar energy
production 1s 949 kWh per year

% Paradise River average solar energy production is

977 kWh ver vear

.
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44 Figure 1. Newfoundland and Labrador Solar Irradiation
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Literature R eview
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PV-Wind- HOMER South of Iran Cost of
Diesel-Battery Pro

Optimizing the configuration

Energy of components
PV-Diesel- HOMER Bangladesh Cost of Reducing CO2 emission for
Battery Pro Energy load following strategy with
cyclic charging and combined
dispatch
PV-Diesel- HOMER Sabah, Malaysia Levelization Increasing sustainability by
Battery Pro the Cost of utilizing Hybrid System
Energy
PV-Wind- HOMER Twelve islands surrounding Cost of [lustrating that total cost for
Diesel-Battery Pro Tiomans islands, South Energy hybrid system is less that

China sea, Malaysia diesel system
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% To investigate Paradise River annual power consumption UNIVERSITY

*¢ To design, size, and simulate an optimized HR PS with Homer pro

¢ To model the sized HRPS in MATLAB/Simulink to analyze the system’s dynamic behavior
*¢ To model essential parts the system using bond graph technique

*¢ To design, simulate, model, and control a novel efticient DC-DC converter

*¢ To design and implement a low cost open source SCADA system

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador
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Site Selection and Sizing

A

UNIVERSITY
PARADISE RIVER COMMUNITY

% A community on the southwestern coastline of Sandwich Bay in
southeastern Labrador, Canada.

,.: - Labrador Sea
% Current population is 14. :

DIESEL GENERATOR DISADVANTAGES

NEWFOUNDLAND
AND LABRADOR

% Not environmentally friendly

% It is difficult to provide fuel in harsh climate
% Risking residents’ lives and properties

St. John's

4 i St Pierre and
*., PRINCE_ | ;
o warE Miquelon

Figure 2. Satellite Image of Newfoundland
and Labrador

Figure 3. Satellite Image of Paradise River
Community
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Site Selection and Sizing

ISOLATED HYBRID RENEWABLE POWER SYSTEM

- A

UNIVERSITY

% Reduction in fuel consumption and
pollution due to decrease in Diesel
Generator size and Energy Storage System

Building/ hotel facilities

PV system

% Lower electricity price as a high-available Diesel/gas generator
renewable power system

Turnkey energy storage
system

@« CellCube charge
= CellCube discharge

Figure 4. A Graphic of an Isolated Hybrid Power System
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Site Selection and Sizing
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POWER CONSUMPTION DATA AND WEATHER CONDITION

§500
. . -
% The annual power consumption data(every fifteen minutes) has 5.
been obtained from Newfoundland and Labrador o
Hydro(Electricity Generation Company) ="
¢ Annual weather condition is achieved from Nasa Prediction of T April June Ociober
Worldwide Energy Resources. Figure 5. Paradise River Annual Power
Consumption
s | o)
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Figure 7. Monthly Average Air Temperature Figure 6. Monthly Average Solar GHI for
for Paradise River Paradise River
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SIZING THE SYSTEM USING HOMER PRO
AC DC

Based on the optimization results: E'EEE%D%“" e~
% 186kW capacity PV array i:lmemi ) ‘_li‘
¢ 780 number of battery which means 13 strings with size of 60 IM4E$SkUL CS6X-325P

}4_, ”»r
> one diesel generator Cat 45 &'{Z] ‘_l s
< one IM 66kVA TR UL inverter i‘:ﬁgﬂm

[

** Renewable fraction is 77.6% —

Figure 8. Schematic diagram of the

» Excess electricity is 32.1% system
T-150

Architecture 32%

P CS6X-325P CAT-25 IM 66kVA TR UL « NPC COE CS6X o |0/ M G6LV
‘!’ a =2V o h'd W) Y | MOTIVET-105 ¥ (W) Y - (i I = U A o Jl ?é%‘{‘"*
E & = W) 186 450 780 27.5 $753,420  $0.380

Figure 10. Optimization results
CAT 45 (Fuel)

Figure 9. Cost Summary
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HR PS Dynamic Modeling and Simulation

DYNAMIC MODEL IN MATLAB/SIMULINK

A

UNIVERSITY
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Figure 11. Dynamic Simulation Hybrid Power System in MATLAB/Simulink software
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HR PS Dynamic Modeling and Simulation
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A -
Simulation has been done under different conditions »Interval 4 (5s -6s): During this interval: UNIVERSITY
and in different scenarios. The 7 different Scenarios - Solar irradiation = 400 7'7\2/
have been defined in 9 intervals, as follows: - PV output power = 80 k
- Load Power = 62 kW

: . DG Power = 45 kW
Interval 1(0s — 2s): During this interval:

. I w . _ . e .
Solar irradiation = 700 — Interval 5 (6s -7s): At this interval:

PV output power = 135 kW Solar irradiation = 100 KZ
e B PV output power = 20 Kv

Load Power = 40 kW . Load Power = 62 KW
DG Power = 0 kW - DG Power = 45 kW
Interval 2 (2s — 4s): At this interval: »Interval 6 (7s -8s): At this interval:
Solar irradiation = 700 ¥ - Solar irradiation = 100 —;
olar irradiation = /Lo 75 - PV output power = 20 KW
PV output power = 135 kW - Load Power = 40 kW
Load Power = 40 kW - DG Power = 45 kW

DG Power =45 kW Interval 7 (8s -10s): Same as Interval 3.

« Interval 8 (10s -16s): Same as Interval 2.

Interval 3 (4s -5s): During this interval: « Interval 9 (16s -20s): During this interval:
- Solar irradiation = 0 KZ

- PV output power = 0'kw

PV output power = 80 kW . Load Power = 40 kW

Load Power =40 kW - DG Power = 0 kW

DG Power = 45 kW

Solar irradiation = 400 KZ
m
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HR PS Dynamic Modeling and Simulation
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DYNAMIC SIMULATION RESULTS UNIVERSITY
- ' ) '
0 2 4 6 8 N 10 12 14 16 18 20 2505 5 T . 5 TS VS VR v v-a
ime(s) ) T]'nl?(s)
[A] (a) PV Voltage [A] (a) DG Voltage
: : —
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 2
Time(s) Time(s)
(b) PV Current [W]s10% (b) DG Current
[Wleet .
0 2 4 6 8 10 12 14 16 18 20 0 2 1 6 8 10 12 14 16 18 20
Time(s) Ti.me(s)
(c) PV Power (c) DG Power
Figure 13. PV (a) Woltage, (b) Current, and Figure 12. Diesel Generator (a) Output voltage, (b)
(c) Power Output current, and (c) Output power
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HR PS Dynamic Modeling and Simulation

Wava
DYNAMIC SIMULATION RESULTS UNIVERSITY
a0 | | _ _ | | |
N ]
360 L - - -
350 0 2 1 3 3 Ti.melég) 12 14 16 18 20
(a) Load Current
340 i i I I i i I i i . ' ] ‘ '
0 2 4 3 8 10 12 14 16 18 20
Time(s)
(a) Battery Voltage
50.05 - - | i i 1
0 > 1 5 8 10 12 14  1¢ 15 20
_/’——\~' Time(s)
g p—— [ [ | | | | | | (W], 10 (b) Load Voltage
49'950 2 clx EI‘. EI‘. ‘IID '|I2 ‘|I4 1IE- 1IE- 20 )
Time(s) 1
(b) Battery State of Charge of i | i i i i i i i 1
; 2 74 3 10 12 14 18 20
Figure 15. Battery (a) Voltage and (b) State of Charge ’ * 7 e .

(c) Load Power

Figure 14. Load (a) Current, (b) Voltage, and

Scz Power
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PV-Battery Bond Graph Modelin

PV-BATTERY SYSTEM FOUR MAIN PARTS

* PV Cell

X3 *l‘ DC
Energy Storage System o

% DC-DC Converter /—\
* Solar Panel

Battery

DC

HH

DC

%0 _ /
% Three-Phase Inverter U\\“‘ s

DC - Bus

AC

Filtre

1 \|l I ! \‘l l.l il IAl |

UNIVERSITY

—

Figure 16. A PV-Battery four main parts

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador

House load



PV-Battery Bond Graph Modelin

1 \|l I ! \‘l l.l il IAl |

BOND GRAPH MODELING UNIVERSITY

Advantages of Bond Graph Modeling.

(a,«l]ua.ﬁ_ag ﬁ

¢ Faster and easier than other methods to simulate different types I R T
of dynamic systems. T = 1 (U

* Versatile and reliable for modeling complicated dynamic @ wosw (b)
systems.

% The best tool to model systems which are a mixture of differen ~ 4—1—3—— T T
types pf systems, such as wind turbines(One part is Mechanical e | o

MSé:V 1 (c) (d)

system, the other part is Electrical System)
Figure 17. An RLC circuit three different bond graph
models

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador e
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Practical PV device UNIVERSITY

PV GENERATOR FIVE-PARAMETER MODEL

Advantages

¢ The effects of temperature is accurately
Illustrated.

< Results are similar to reality in different solar
irradiations.

v

Ve = Ky(T = T;) V=vp-V,

q V V —ng
I(1+Rg/ Rp) = —Nplsqc {€XP (AKTn )(n— +IR;) | —1¢+ Ny lpp — R—))
S S p

Figure 19. APV cell five-parameter bond graph model
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PV GENERATION SIMULATION RESULTS

Based on CS1U-Canadian Solar Module 2
specifications. )

< Higher temperature, lower efficiency.

< Lower irradiation, lower efficiency.

(a) Nominal Irradiation, at 25°

(b) 45% of nominal Irradiation, at 60°

Figure 20. PV cell bond graph model simulation results
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PV-Battery Bond Graph Modelin
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DC-DC CONVERTER - SYNCHRONOUS BOOST CONVERTER

L Synchronous
% Each switch has been modeled by two ' L1l

resistors and one capacitor, as the drain- z @) ‘|'_ S []

. T . = —— oa
source resistor, the parasitic resistor, and the — - o
drain-source capacitor, respectively.

. e Figure 21.Boost converter circuit topology
*» IRF150 specifications are used as the Power

Switch. | _
Vout _ 1 Iout _ —F dr“
- =1-D vi 1 o P 1 o) f vo
Vin 1-D Iin c T/
f —[ C <10 ——R
_ YourD C. = D =T 17T Lo
Airf 0 R(AVout/Vin)f R -Ol; T

SSSSSSS

Figure 22. Boost converter bond graph model
Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador e
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SYNCHRONOUS BOOST CONVERTER-SIMULATION RESULTS

e

< Operating at 50 kHz, up to 2 kW. =

Input Voltage=45 V.
At D 0.75:
Output Voltage = 140.

At D 0.65:
Output Voltage = 110
Product Summary
Part Number |Bvbss | Rbps(en) | ID f ———
IRF150 100V 0.055Q | 38A f/ -

(b) Duty Cycle 0.65
Figure 23. Boost converter bond graph simulation results

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador e
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DC-DC CONVERTER - SYNCHRONOUS CUK CONVERTER

LI il., Cl L: il.:
YYY\= K Y Y\
‘ iS1 ‘ isz V.( IR ‘
< IRF150 specifications are used as the Power y <+> s_|E S_lﬁ c== < |v
Switch. s 1 )
Vour _ _ D loy _ _1-D
Z"”_ VoutlD_D Zi”  Vout DD Figure 24.Cuk converter circuit topology
L™ pigaf 27 Nipof |
D D
C, = C, =
0 R(AVout/Vin)f 1 R(AV61/Vout)f [ :F

\Eﬁ— =
P<—O

b —
OOﬁlo

s2
quarel X{ ‘IR Square2 \/ x, ‘IR
0 C R O

C R

Par_CS2 Par_RS2
Par_CS1  Par_RS1 T/ T/
Se Se
Se2 Se3

Figure 25. Cuk converter bond graph model
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PV-Battery Bond Graph Modelin

SYNCHRONOUS CUK CONVERTER SIMULATION RESULTS

++ Operating at 50 kHz, up to 2 kW.

Input Voltage=45 V.
At D 0.7:

- _ AT {-

Output Voltage = 140.
(a) Duty cycle 1s 0.8

AtD 0.6:
Output Voltage = 110

Product Summary

Part Number | Bvbss | Rpsion) | ID _ \-

IRF150 100V | 0.055Q | 38A

(b) Duty Cycle 1s 0.7
Figure 26. Cuk converter bond graph simulation
results(Output Voltage and DS Voltage)

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador
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PV-Battery Bond Graph Modelin
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ENERGY STORAGE SYSTEM (LEAD ACID BATTERY)

R discharge(SOC)

P AVAYA% T

—NW—— -
Rs

“*Lead Acid battery model with different charging and
discharging series resistors as functions of State of Charge. 5

R charge(SOC)
Visoc) C Vbatt

“*Considering temperature effects on capacity and series Ideal diodes

resistor. -
R = Rgg — Ks(T — 25) Figure 27.Lead Acid Battery circuit Model
Rpischarge = —Rpo * In(S0C) Renarge = —Reo * In(1—-50C) Femprarare |
SOC = Capacity remaining in B.attery(state) [

Rated Capacity

25
C ty[A.H]x3600 d
Capacity,[F] = apacttyl 4] %NO\R

VOltage R_Discharge I R_Charge
Capacity(T) = Capacity, * (dy + d;T + d,T?) oo
Figure 28. Lead Acid Battery bond graph model

‘o IU%I-‘

charge Diode harge

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador




PV-Battery Bond Graph Modeling

UNIVERS| ';I'Y
ENERGY STORAGE SYSTEM SIMULATION RESULTS

os ol T— =]
° [ea]
os
o so00 10000 15000 2 2s000 30000 35000 e e e y = seon reoee oo
(a) Discharging by 10A (c) Discharging by 10A

z:ﬁ
(b) Charg:lsg by 30A (d) Charging by 30A
Figure 30. Lead Acid Battery bond graph simulation results Figure 29. Lead Acid Battery bond graph simulation results
(Output Voltage and State of Charge) at -10 degrees (Output Voltage and State of Charge) at 25 degrees

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador




PV-Battery Bond Graph Modeling

PWM Inverter

1o vy
E' &—l ﬂ Output Filter UNIVERSITY
THREE-PHASE INVERTER
a Ly iy N
v, :,:,: I |
—rrr— Load
The output phase voltage of the inverter can be S—l S—l S—‘I c, -]—_-u:l_———y
calculated by following equation: N
1% = |2Vdc [2 + cos (n E) — cos (n 2—”)” -
out.n 3nm 3 3 Figure 31.Three-Phase Inverter circuit model
n=1,3,57,11,13, ... G
o o o
After output filter: ;\OJ ;;\OJ /Z;;\o |
2V4 T " AN LR '
Voon = | - - AN Rad T °°°°°° : md T AN d I
21y 21 2 7
= R B~ e A
s L Sﬁl s L DA L 9 L
o \\ 0 o \ 0 wie ™ ‘\ O
[ ; J
]

Figure 32. Three-Phase Inverter bond graph model
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PV-Battery Bond Graph Modelin

s, [1On off off

Sac | On W [off ORI loff

Sib_[Off, I OR. off, monmm

%a| [Off |WNOAWN [Off WNGA

Sc il lof  EEREE ofi | »

S2b ORI Off Game  off, W

Vao E ‘Tvdc

wl | | |
— o

Vag o

L&

Figure 34. Three-Phase Inverter Waveform

: 1 dlg
'||.x_v1
t3cx—V&
{ TT3

3

(@) Output Current

p—

(B) Output Voltage

Figure 33. Three-Phase Inverter bond graph model simulation
results (outputs Current and Voltage)
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Cuk-Boost converter with Controller Desion and Modelin

VIE VIO R | A
UNIVERSITY

PROPOSED CUK-BOOST CONVERTER

411 ;)F
ﬁD B o d] 6 N d}

% Combination of Cuk converter and Boost . _ o @ o “’3”:

converter using shared component technique. —”f @_"i_
< Advantages: L =‘[{[J-I-(\) 0T
+» High conversion ratio, for High step-up : @

applications, e.g. PV systems. e ﬂb - rm\ |:
< High efficiency and no switching loss. «(®) 15 _|J me T co H
+** Reliable and compact

Figure 35. The proposed Cuk Boost converter topology
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Cuk-Boost converter with Controller Desion and Modelin

OPERATION MODES

1o

operation modes.

LLLLL

» 3 Switches

A
% This converter operates at 6 %) SH;:F

N |
s 1 Diode L 1 1
. !:II :i:r
% 2 main capacitors cv L b
_ o ———|| — ¢
% 3 snubber capacitors %) sqjl sql g
% 2 inductors :‘j ':F

Figure 36. Mode operations of proposed Cuk-Boost converter. (a) Mode 1, (b) Mode 2, (c)

iLx

] \|l I ! \‘l l.l il IAl |

UNIVERSITY

1ui

Mode 3, (d) Mode 4, (e) Mode 5, and (f) Mode 6

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador



Cuk-Boost converter with Controller Desion and Modelinm
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EQUATIONS

< Conversion ratio: « Components design:

VinD
Vour __ . D Ll = .
Vin  (1-D)(A-D-Dr) Atpif
. ] D+Dr
% \oltage stress across Switches and diodes: C, =
v R(AVOU,t/VO‘ut)f
Vs = —H 2
s1 7 1-p < %Vpsg—\/Z_CeVDﬂ)
_ Vi L, < - * Coe
Vo = 1-D 0 lil ff
DV;
Vss

~ (1-D)(1-D—-D1)

DV;
b = (1-D)(1-D-Dr)

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador e



Cuk-Boost converter with Controller Desion and Modelinm

| UNIVERSITY
SIMULATION RESULTS | Aums BARE A dnna SRRAN lux; | NSSRE anzaRE EEE;

«» C3MO0015065D as the switch,
and 80EBUO2 as the diode.

s 225 w output power.

s 24V Input voltage

+ -150 output voltage

¢ 100 kHz Switching Frequency

e

Flgure 37 Slmulatlon results (a) S1 Voltage and Current (b) 82 Voltage and Current (c) S3
\oltage and Current (d) D voltage and Current (e) L1 Voltage (f) Lo Voltage (g) L1 and Lo

Current ‘h‘ Vout and Vin %

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador




Others Cb, Co

8%
Con UNIVERSITY

Cuk-Boost converter with Controller Desion and Modelinm
\'i VIO RIA

EFFICIENCY ANALYSIS
27%

+* Semiconductors conduction loss

s Inductors conduction loss
caused by ESR. 9%

6%
Figure 38.Components power loss precentage

+* Capacitors conduction loss
caused by ESR

98

97 r

96
95

94

YoEfficiency

93

92

140 160 180 200 220 240 260 280 300 320
Output Power

Figure 39. Proposed converter efficiency in different output power
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Cuk-Boost converter with Controller Design and Modelin

A

Table 1. components values

e : UNIVERSITY
BOND GRAPH MODEL Parameters Values
Gate C S1,S2, S3 5.011 nF
Dramn C S1, S2. S3 289 pF
Parasitic Parallel Drain R S1, S2. S3 13e6
proposed converter. Dramn-Source on R S1. S2. S3 15 mOhm
R : . , Parasitic Parallel R Diode 4e6 Ohm
¢ To derive all semiconductors’ parameters, Parasitic Parallel C Diode 92 pF

datasheet documents have been used.

r—
=

(]

-

-

P—— 0
B -

0 10

.
| | Ntz

MSe — 11— 0—»Rk—0 ——i1 MSe —A1——0»Rik—0——1 MSe —A1———0—>»Rk—0k—1 Parcs4

\/ L s1 /\X ]\ NTl \/ Lsz z x ]\ NTZ \/ L SSZ& 'l'/ w
0 C R 0 0

C R C R

h]_[ R C  Parcst  ParRSL -l—/ R c Pares Par‘RSZT/ R C Par_CS3 ParR_Sl-l-/

R1 c2 Se hl[ R2 c3 Se h]_[ R3 c4 Se :]

Squarel Se2 Se3 GND Square4

Square2

Square3

Figure 40. Proposed converter bond graph model
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Cuk-Boost converter with Controller Desion and Modelinm
\' VIO RIA

UNIVERSITY

SIMULATION RESULTS

. 100
saa | i ha - _s o o oo oou von — vos o1 o3
g 2 Voltage
/in ¢) S1, S2 Voltage
Window 1
='S3vm
ot
=
.
o
e ,4,’ ‘, e ‘
o |
100
‘ |
!
- v 1T 17
200
s
2
s00

06
me (53
(d) S3 Voltage

(b) Output Current

Figure 41. Bond Graph Simulation results.(a) Output and Input Voltage. (b) output Current. (c) S1, S2 Voltage. (d) S3
voltage
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Cuk-Boost converter with Controller Desion and Modelinm
\'i VIO RIA

UNIVERSITY

STATE SPACE AVERAGING TECHNIQUE AND PID CONTROLLER

*

0 0
0 0
A=|i_p D
Cp Cp
1-D-Dr
0
| Co
Ve 7
Ly
Vep Vco
L L
B = 10 I ’
Io _ Ina
Cp Cp
_To
| Co
= [0 0O 0 1

Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador

*» By applying state space averaging
technique on small signal analysis:

+* Using following formula to calculate transfer function:

Vo(s) — _ At
LS =CISI-A"B
* Considering values which have been used in simulation, transfer

function is derived as:;
333.353+4e65%2+3.704€65+2.222e10

G(S) — Vout —
dr S%+1.66753+7.55652—1.48e55+5.926¢e7
Cb
Li I Lo D
i | i «

||

I
I7T

IFT
IFT

Qg ek T 0= O

/ \ 4 A — Vref
PWM Generat) < _/{ PID Controller )p(_®7
\ / )

S \

Figure 42. Proposed converter schematic with PID controller for Vout




Cuk-Boost converter with Controller Desion and Modelinm
V VIO RIA

PID CONTROLLER DESIGN USING SISOTOOL UNIVERSITY
Using Sisotool to obtain PID controller:
—1.9611e5 0.05e5 + (0.017¢5)i 0.05e5 — (0.017¢5)i 0.0139€5
K(s) = + ~+ ~+ +112.57
s+ 1.472e3 s+ (00001e3 + (0.0773e3)i) s+ (00001e3 — (0.0773e3)i) s+ 0.0143e3
‘. -
0| EESS g0 o X .
§180 15 \_

Frequency (rad/s)

Figure 43. Root locus and bode plot of the closed loop circuit of the converter
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Cuk-Boost converter with Controller Desion and Modelinm
V VIO RIA

UNIVERSITY

SIMULINK SIMULATION RESULTS
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Figure 44. Closed-loop converter Simulink model

Figure 45. Closed loop output and input voltage
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SCADA Svstem Desion and Implementation

1 \|l I ! \‘l l.l il IAl |

PROPOSED SCADA SYSTEM UNIVERSITY
Main purposes: s i Tnverte ﬂ
- - - - L — _l_
% Monitoring the system essential parameters real-time. }H:: A/~ —..EHE £ A Lot
% Providing warning signals related to any fault in the Bty Comn P Cument Load1_Curent
T Load2_Current AC Load 2
system. e i 5
H : . H N % - - Inverter Fault

*» Producing important controlling signals. Batery Ba Gen. Cament M @
< Saving are received data for any future study. ‘al — | .| ST

Advantages: Diesel Generator ’
<% Low-cost -

Wio Terminal
** Having remote access Node ) “

CSV
+» Wio terminal

Figure 46. Designed SCADA system for a Hybrid Renewable

\/
+» Open source Power System
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SCADA Svstem Desion and Implementation

- A

UNIVERSITY

COMPONENTS l e

STk NG i)z
s I Hit R

s Arduino Mega2560(1%t RTU)

% Wio terminal (2" RTU)

s ACS712 Hall effect (current sensor)
% F031-06 (voltage sensor)

J0KQ (R1)

Voltage Sensor

GND SR — S (Analog Pin)
\' &

LRIy Al —  (NC)

) o
Vee (0-25V) X -(GND)

-~

7.5K Q (R2)

Figure 50. F031-06 (voltage sensor) Figure 49. ACS712 Hall effect (current sensor)

Figure 48. Wio terminal
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SCADA Svstem Desion and Implementation

- A

SYSTEM SETUP _UNIVERSITY

Figure 52. Hardware setup Figure 51. System setup
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SCADA System Design and Implementation

UNIVERSITY
WIOTERMINAL SETUP

1. If (D6, D7, D8) is equal to (0, O, 0), target value is battery voltage.
. If (D6, D7, D8) is equal to (0, 0, 1), target value is battery current.
. If (D6, D7, D8) is equal to (0, 1, 0), target value is PV current.
. If (D6, D7, D8) is equal to (0, 1, 1), target value is generator current.

. If (D6, D7, D8) is equal to (1, 0, 1), target value is load current 2.
. If (D6, D7, D8) is equal to (1, 1, 0), target value is PV power.

2
3
4
5. 1f (D6, D7, D8) is equal to (1, 0, 0), target value is load current 1. -
6
7
8

. If (D6, D7, D8) is equal to (1, 1, 1), target value is generator power. Figure 49, Wio terminal

Figure 53. Node-Red flow
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SCADA Svstem Desion and Implementation
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UNIVERSITY

SYSTEM SETUP

Figure 55. Roof top solar panel
Dynamic Modeling and Simulation of an Isolated Hybrid Renewable Power System for Paradise River, Labrador



SCADA Svstem Desion and Implementation

- A

MAINTERMINAL UNIT (NODE_RED) - FLOW UNIVERSITY
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Figure 56. Node-Red flow
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Figure 57. Node-Red dashboard

SCADA System Design and Implementation
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Conclusion m
Y VIORIA

+» Paradise River climate and environment has been studied and annual power consumption has been

UNIVERSITY

obtained

+*» An optimized low cost HRPS has been design and sized with Homer pro

¢+ The system dynamic behavior has been studied and analyzed in MATLAB/Simulink

+ Four main parts of a PV-Battery system have been modeled and simulated using bond graph
technique

* Anovel efficient high step-up DC-DC converter has been designed and simulated

*» The bond graph model of the proposed converter has been studied

*» A PID controller has been obtained to control the proposed converter using state space averaging
technique with Sisotool and MATLAB/Simulink

% A SCADA system has been designed and implemented to monitor and control the HRPS
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Future works m
\i VIORIA

UNIVERSITY

“+ Bond graph model of all other components can been obtained using the manner and
procedure provide in this thesis.
% The implementation challenges of the HRPS can be studied.

¢ The proposed DC-DC converter implementation can be tried.
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