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INntroduction

We are now seeing a rise in interest and development of electric vehicles (EVs) and renewable energy as people become

more conscious of the impact that fossil fuels and rising CO2 output have on our environment.

Furthermore, with the recent drive for a better environment, renewable energy is increasingly being used for power
generation.

Since 2016, an increasing number of nations throughout the world have pledged to uphold the Paris Agreement, whose

principal objective is to reduce greenhouse gas emissions.

Power plants powered by renewable sources such as solar, wind, hydro, and others are projected to surpass conventional

power plants powered by fossil fuels, since renewable energy is a major element in achieving the following goal.

Electric vehicles (EVs) will eventually replace fuel and hybrid-powered cars, resulting in a completely electrified ground
transportation system.

The major benefits of electric vehicles are that they produce zero emissions when powered by renewable energy, are

more powerful, quiet, and can function as mobile power banks
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INntroduction

 \Vehicle to Home and Vehicle to Grid

Solar — Electric Solar Electric .
System | Home Vehicle System Home Vehicle Grid
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Literature Review

Design of solar PV system for a home with V2H and V2G option

S.No Author Research Article Comments
1 G. M. De Vehicle to a Home evaluation in Brazil Discussed the use of EV to power a residence, it also explained how implementing V2H system
reduces the tariffs.
Lazari
2 M. S. Reliable and economy modes of operation Discussed the two different modes of operation of V2H system, under reliability mode the
. . . system works towards maximum reliability of the standard power source. In economy mode, it
Shemami for an electric Vehicle to Home (V2H) focuses on maximizing the production and powering the loads.
System
3 M. Longo Electric Vehicle Charged with residential’s Discussed about using renewable energy — PV to charge the electric vehicle to eliminate
emissions
roof solar photovoltaic system : A case study
in Ottawa.
4 R. Hemmati Mutual Vehicle-to-Home and Vehicle-to- Discussed the various modes of using EV to power the building and grid at the same time in
Grid Operation Considering Solar-Load V2H, V2G modes. Further, this was executed to reel power from the EV when the demand is
Uncertainty high to cut down on the daily energy cost.
5 F.M. Shakeel Vehicle-To-Grid Technology in a Micro-grid Discussed Architecture for implementing a V2G-G2V system in a micro-grid using level-3 fast
Using DC Fast Charging Architecture charging of Evs. . A dc fast charging station with off-board chargers and a grid connected
inverter is designed to interface EVs to the microgrid.
6 N. Z. Xu Reliability Evaluation of Distribution Discussed V2H and V2G as leverage for the improvement of distribution system reliability. Two

Systems Including Vehicle-to-Home and

Vehicle-to-Grid

topologies — centralized and dispersed EV charging were considered.
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Literature Review

Dynamic modelling and hardware implementation of solar PV
system for a home with V2H and V2G option

S.No  Author Research Article Comments

1 J.Gupta A Bidirectional Home Charging Solution for Discussed the working of the proposed charger in V2G and G2V mode.
an Electric Vehicle

2 X. Wu Stochastic Optimal Energy Management of Discussed the mode of operation of EV in V2H, V2G and G2V mode. Further, equivalent PEV
Smart Home With PEV Energy Storage battery models and trip time were used to calculate the amount of power that the EV could

reel to home or grid.

3 D.C. Urcan Integrating and modeling the Vehicle to Discussed a model for implementing V2G conceptin a microsystem that aims to charge the
GCrid concept in Micro-Grids electric vehicle battery based on renewable energy.

4 A. k.Verma Grid to vehicle and vehicle to grid energy Discussed a configuration of a single-phase bidirectional AC-DC converter and bidirectional
transfer using single-phase bidirectional AC- DC-DC converter is proposed to transfer electrical power from the grid to an electrical vehicle
DC converter and bidirectional DC-DC (EV) and from an EV to the grid while keeping improved power factor of the grid.
converter

5 E. Stark Adapter Implementation into Mozilla Discussed the Web of Things standard and also explained how to create an adapter for a new
WebTThings loT platform using JavaScript device using the Things Framework, that runs on the Raspberry Pi computer.

6 T. Tavade Raspberry Pi: Data logging IOT device Discussed the implementation of a data logger system which will act like a fault diagnostic

system for mechanical engine and log the data on the web server for remote access
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Research Objective

Objective 1
+ Todesign a PV power system for a selected house in Newfoundland, estimate load data, PV sizing, battery calculation, and size
the designed system for the most optimum design.
Objective 2
« To build a dynamic model of the solar energy system for a house with V2H option in MATLAB/ Simulink and develop a control
system to keep the system mode operating on different modes.
Objective 3
« To build a dynamic model of the solar energy system for a house with V2H and V2G option in MATLAB / Simulink and develop
a control system to keep the system operating on different modes.
Objective 4

»+ Todesign an loT interface for a solar energy system with a Vehicle to Home option for Newfoundland conditions.

Objective 5

« To design a hardware model for solar energy system for a house in Newfoundland with V2H and V2G option using Mozilla loT

to remotely monitor and control the execution through various modes.
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Design of PV system with V2H and V2G
option

Selected Site

The site selected for this

research was 13 Polina Road, Y
St. John's, Newfoundland,
Canada. It spans around an

area of 185.89 m?=
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Site's Load Requirement
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Solar Insolation, Annual load chart and daily
load chart of the selected site
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HOMER Schematic

The PV panel used is a Canadian Solar CSeU- 340M, the battery is a Trojan SAGM 12 105,
the inverter is a 20 kW, 10kW genset which serves only as a backup and has no dynamic
implications on the system, Nissan Leaf is added as deferrable load with 9.90 kWh/d with
6.60 kW peak and the home load profile is 57.80 kWh/d with a peak of 11.90 kW.

AC DC
10kW Genset| House Load | CS&U-340M

unb Al aed

57.80 kWh/d
11.90 kW peak

Missan Leaf | SAGM 12 105

L@ |-Em

9.90 kWh..'.’d
6.60 KW peak

20 kW

-
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PV Sattery

Canadian Solar CS6U - Trojan SAGM 12105

340M

Wh/day= 57804 Wh/day
PV array size = 48 Modules

Area needed = 90.24m?2 3 days = 57804 x 3 =173413 Wh

Area available = 185.89 m?2 40% DOD =173413/0.4 = 4335325

Bus voltage = 48 V WhTemp Cons (> 80F) = 433532.5 x 1= 4335325

Number of strings = 24 wh

Strings
Ah cap of Bt bank =433532.5/48 =9031.92 Ah
Panels per string =2

Number of Batteries = (9031.92/100)x4=360
Nos.
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Nissan Leaf

e/

b O — —
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Overall

V2H and V2G option

1
|
—p .
) Battery ) -
PV Panel Charger Battery
@ Current Sensor
LV1 Level 1 Charger
LV2 Level 2 Charger
L1 Line 1 (120V) 360V - 48V
Buck
L2 Line 2 (240V) converter

|

Block diagram of PV system with
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Switching control logic of PV system with
V2H and V2G Option

S11
-~
Dump
Load
s S3 S8 89
e | ’ —{ 1
_ 48V to :
PV Panel E;::‘:r l Battery 120V/240V :‘i“ House
= J Inverter ] Load
S1 PV breaker
52 Charge breaker
S3 Discharge breaker S4 < VS5 ~
S4 Nissan Leaf charge breaker S B _)f_ s —
- ) o 360V - 48V Leaf 4 Leaf
55 Level 1 charger Buck Charger :’,.9- Battery
S6  Level 2 charger cun.ver tor 48V/120V }_ 40kWh/
S7 Nissan leaf discharge breaker | 1240V —| 360V
S8 Total cutoff breaker ji?
59 Low load breaker
510 Iligh load breaker ) S12
S11 Dump load breaker VG _;,..
$12 V2G breaker Grid Inverter
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Control Logic of Simulated System

MODES Si

S2 S53 54 S5 S6 S7 S8 S9 S10 S

S12

Mode 1
Mode 2
Mode 3
(Level 1)
Mode 3
(Level 2)
Mode 4
Mode 5

Mode 6
Mode 7
Mode 8
(Level 1)

Mode 8
(Level 2)
Mode 9

ON ON ON OFF OFF OFF OFF
OFF OFF ON OFF OFF OFF OFF
ON ON ON ON ON OFF OFF
ON ON ON ON OFF ON OFF
OFF OFF OFF OFF OFFOFF ON
- ON ON - - - -
OFF ON OFF OFF OFF OFF OFF
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Mode 1 - Inhouse battery charge mode

INn this mode the output from PV is used for charging the inhouse battery and for
powering the loads. In this case the loads energy demand is low.

Switches| Sl S2 S3 S8 S9
Mode1| ON ON ON ON ON

S1 S2 S3 S8 89
. ] e 4 ]
48V to
, Battery . N I\ House
PV Panel Charger Battery ;ﬁge‘rﬁ ﬁ:l)\ —"=d| S10| Load

S1 PVbreaker 82 Charge breaker S3 Discharge breaker S8 Total cutoff breaker
S9  Low load breaker
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MPPT Algorithm

Yes

Increase
Duty

Start
f Measure V(t), )
I(t)
( V )
P(t) = V(t)*I(t)

|
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|

No

Increase
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Mode 1 - Inhouse battery charge mode

Low Load Voltage Low Load Current
T T I I I T T T T
— Voltage Measurement\ 15 I —Current Measurement\
150
q 10 N H
100
5
—~ S50+ 1 ~
3 <
@ et
g 0 g 0
= =
= S
-50 | B s |
-100 |
-10
-150
\ L | \ | \ | | | -15 | i i ! \ \ L 1 i —
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Time (seconds) Time (seconds)

19
Raghul Suraj Sundararajan | Mohammed Tariq Igbal m




Mode 2 — Inhouse battery discharge mode

INn this mode the output from PV is low compared to the load’'s energy demand.
IN this case the inhouse battery is used to power the load.

Switches| 83 S8 | SI10
Mode2l ON ON | ON |

51 52 53 58 89

= = = = =1 48V to &
,. Battery i A gk N
PV Panel 0 Battery 120V/240V -
Charger S10
Inverter |

83 Discharge breaker S8 Total cutoff breaker ~ S10 Iligh load breaker
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Voltage (V)

Mode 2 — Inhouse battery discharge mode

High Load Voltage

300 - —Voltage Measurement|

200

100

=

-100

=200 - i

-300 - 1

1.5 1.6 1.7 1.8 1.9 2 2.1 22 23 24
Time (seconds)

Current (A)

High Load Current

40 -

30 -

201

10 1

—— Current Measurement

1.6 1.7 1.8 1.9 2 2.1 2.2 23 24
Time (seconds)
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Mode 3 — Nissan Leaf charge mode

INn this mode output from PV is higher than the loads energy demand and the
iInhouse batteries SOC is greater than 60%, the system will charge Nissan Leaf
battery. The implemented charger also comprises of level 1 (120V, 14 A) and level 2
(240V, 20A) charging.

Switches| S1 | s2 | s3 | s4 | s5 | s8 | s9 |

Mode 3

Level 1 ON ON ON ON ON ON ON |

51 S2 83 S8 S9
- et e ="l 48V t0 -
. Battery | . . N House

PV Panel ) . Battery 120V/240% -

| Charger Inverter 510_ Load
51 PV breaker 55 Level 1 charger
52 Charge breaker S8 Total cutoff breaker j" Nissan :? Nissan
583 Discharge breaker 59 Low load breaker Leaf - Leaf
i . Charger |50 Battery
54 Nissan Leaf charge breaker 48V/120V [ 40KWh /

1240V - 360V

switches| s1 | s2 | s3 | s4  s6  s8 | 89
Jd* | ON | ON | ON | ON ON ON ON
s1 s2 53 58 59
. | - r ]
T| 48V to -
N Battery - e N House
PV Panel S Battery 120V/240V ) -
[ ‘ Charger ;’ | Lnverter 51“_ Load
S1 PV breaker S6 Level 2 charger
52 Charge breaker S8 Total cutoff breaker _;4 Nissan _“!;_ Nissan
83 Discharge breaker 89 Low load breaker | Leaf [N | Leat
~ Charger S6 Battery
S4 Nissan Leaf charge breaker 48V/120V j— 40KWh /
1240V -1 360V
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Mode 3 — Nissan Leaf charge mode
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Mode 3 — Nissan Leaf charge mode
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Mode 4 — Nissan Leaf discharge mode

INn this mode output from PV is less than the loads energy demand and the
iInhouse batterie SOC is less than 30%, in this case Nissan Leafis reels out the
stored power to the house to meet the loads energy demand.

Switches| $7 | $8 | s10 |
Mode 4| ON ON ON
S1 S52 83 ; 58 59
L. L. r
b Tl 48V to
. Battery -[ . , N House
PV Panel ‘ R Battery | 120V/240N = ’
Charger | | Inverter ]j S10 Load EI-L'
| \
H>0 >

S§7 Nissan leaf discharge breaker ‘* BE 1 H_ﬂ Eﬂg

' , aker S4 S5 3 e

S8 Total cutoff breaker Nissan _", Nissan c - — v Db

. . N . Ep—eo /[T - 1 Lu—]
510 Iligh load breaker 360V - 48V Leaf L >#_| Leaf d1] g 1 of X T ‘
Charger |S6 | Battery Nissan leaf — g Niasaniea! Drcharge?
Buck - e Py Nissanleaf Discharge | 1 i -
comverter 48V/120V [™] 40kWh/ b b A ] . L= g
1240V 360V = T [ T i ] D
= ! I 1 B [ ;
S . o <soc (%> |
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Mode 4 — Nissan Leaf discharge mode

Inhouse Battery SOC%
\ [

—<S0C (%)>),

tn
°
~1
|
|

Time (s)
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Mode 5 - Inhouse battery protection mode

This mode is incorporated to help in saving the inhouse battery by monitoring
the SOC of the battery. When inhouse batteries SOC falls to 30% SOC, the
30%SOC breaker goes HIGH and the 30% SOC charge on breaker goes HIGH to
charge the battery.

Switches S2 S3
Mode 5| ON ON
S1 S2 S3 S8 S9
J— J-- J—- 48‘7 tO —
'Y . )
PV Pancl ](S;t:f'; Battery 120V/240V [ s:\io House
e Inverter | Load
S2 Charge Breaker
1 a1 o . S4 e
S3 Discharge Breaker > Nissan _Sj_ —
’ r ~| Leaf | N | Leaf
— 360V - 48V '
Buck Charger _Sg Battery
—| converter 48V/120V _N/_ 40kWh /
1240V =1 360V
S7
/.
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Mode 6 — System iIsolation mode

In this mode output from PV is less than the loads energy demand, the inhouse
batteries SOC is less than 30% and the Nissan leaf SOC is less than 40%, [21] the
total cutoff breaker is turned ON

S1

PV Panel

e e

S2 Charge

Battery
Charger

S2
.

Breaker

Switch

S2

Mode 6

ON

S3 S8 S9
J_- 48‘7 tO —/—
. 7 7 —— N House
Battery 120V/240V | | S10
Inverter ol Load
S4 5
| Nissan _S/_ Nissan
7 7 o Leaf }_ Leaf
360V - 48V |- .
Buck Charger _S.g Battery
converter 48V/120V _N, | 40kWh/ P
1240V =1 360V
S7
S
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Mode 7 — Excess power handling mode

In this mode the power produced from PV is higher than the loads energy
demand, the inhouse battery and Nissan Leaf's battery is charged, a dump load

Is Implemented to dissipate the excess power.

S1
S2
S3
S4

S5

PV breaker S6

Charge breaker S7

Discharge breaker

Nissan Leaf charge

breaker

Level 1 charger

59

S11 Dump load breaker

|Switches|  S1 su |
| Mode7 ON  ON
S11
o
Dump
Load
S2 S3 S8 S9
H- ; — )
T1 48V to
Battery -[ Battery | 120v/240v [ N House
Charger Inverter S10 Load
L J ]
Level 2 charger
Nissan leaf discharge S4 Ni _S; Ni
eak Nissan | Nissan
breaker . , ~ Leaf || Leaf
Total cutoff breaker |~ 360V - 48V Charser  |S6 Battery
Buck Pl S ahiel
Low load breaker || converter 48V/120V [N 40kWh/ |4
1240V =1 360V
S10 High load breaker - 57
~
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Mode 8 — Nighttime Charging mode

INn this mode is the power stored in the inhouse battery is used to charge Nissan
leaf's battery at nighttime when the loads energy demand is considerably less
and the inhouse batteries SOC is greater than 60%.

Switches| S3 S4 S5 S8 S9
Mode 8
Level 1 ON ON ON ON ON (]
Mode 8
Mede* ' ON | ON | ON | ON | ON |
S1 S2 S3 S8 S9 (o] L.
" —~ = —"] 48V to 1 - [
PV Panel ?.‘:“f'-‘ _ Battery 120V/240V i\ House E B I B
‘harger Inverter S10 Load oo % o
J "Tlg -
S3  Discharge breaker S6 Level 2 charger S4 S
S4 Nissan Leaf charge breaker S8 Total cutoff breaker | L~_] -I\““t':'“ < I;Iiss;m n o
.ea 3 .ea
S5 Level 1 charger S9 Low load breaker Charger S6 Battery -
48V/120V [} 40kWh /
1240V 360V
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Mode 9 — Vehicle to Grid (V2G)

INn this mode the vehicle isolates
itself from home and reels power s
to the grid.

<S0C (%) .. |
s11 ==
b O=tu_
Dump Niowar T
Load
1 s3 S8 s i
7] 48V to " _,r[_r{‘_?
PV Panel (B‘]']::ﬂr;l Battery -I 120V/240V :I m Touse
= { Inverter 220 Load
DN NIy P
Switch S12 4 p
Mode 9 ON ' || Nissan Nissan - L ]m
360V - 48V Llcaf Lecat _ b I F’P [ |+3
g i ) Ruck Charger |! Battery }J
S12 V2 breaker oRvert A8V/120V 40kWh /
converter 1240V 360V Lo
F.' 1
5 O-f2—{1]

S12 =)

Grid VG —
He Inverter [t 3 D_L ]
S
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Dynamic Modelling of V2H system
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Dynamic Modelling of V2H and V2G system

DDDD

MPPT
Battery
Charger
Inverter
Level Tand i
level 2 EV
charger

DC-DC

converter
Switching

logic

V2G controller
V2G Inverter
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lOoT

“The Internet of Things (loT) is a framework in which a network of physical things, such as
devices, buildings, and vehicles, are connected with electronics, software, and sensors to

give unigue identities and the capacity to send data across a network.”
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Pillars of Layers of
loT loT

APPLICATION

PEOPLE & LAYER

PROCESS

TRANSPORT LAYE R]

INTERNET LAYER ]

p
COMMUNICATION NETWORK LAYER ]

Information flow
N loT

SMART DEVICE MOBILE DEVICE

ROUTER

PHYSICAL LAYER
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Implemented system — Block diagram

-------- IoT Connection
Hardware Connection Dashboard
@ Current Sensor 7 Y
@ Voltage Divider ;
Raspberry
Switches SLto 89— . ¥ Pi4 Model [¥-...._
.............. B
............... ? ""--.._....--
A y . A
ESP ESP ESP
Board 1 Board 2 Board 3

o
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Overall Sensing Algorithm

Initialisation
of Variable &
objects

NOILVSTVILINI

FUNCTION BLOCK
Sensor Sensor Function
Configuration | [Caliberation Loop

A

YES Sensing NO
l Loop
Sensor
Measurement JSON
w
= raral
“ conversion Updates data in .
Data ? ~ gateway -
ot = > g
Generation (& Thing 5
o Handshake S
Re-sensin =
Data L g 3
. 00p ol
Serialisation Data transfer 4
to gateway as

JSON
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Mozilla IoT Privacy

Vendor Private
Cloud

Open Internet

your data

1 1 |
your data

4. A
https tunnel / \/
- -

just web apps galore your loT devices

your loT devices
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Experimental Setup and Mozilla |o
Dashboard

PV_Energy measure  V2H_Energy measure Bt Energy measure
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Switching control logic

51 82 S3 87
—~— = <= 12V to < —
PV Panel E:t::::l Battery 120V | ;é f““j‘"

e Inverter | | oa
51 PV breaker .
52 Charge breaker 2!]_ Nissan .
S3 Discharge breaker j—l_ -I.e:;f ?f, Niﬂﬂ{ln
S4 Nissan Leaf charge breaker Battery 1~ ::;::I
S5 Nissan Leaf as load 123
56  Nissan leaf discharge breaker
S7 Low load breaker
S8 High load breaker
9 V2G breaker Grid V26 T

Inverter

MODES Sl S2 S3 S4 S5 S6 S7 s8 S9
Mode 1 HIGH HIGH HIGH LOW LOW LOW HICH LOW LOW
Mode 2 LOwW LOW HIGH LOW LOW LOW LOW HIGH LOW
Mode 3 HICGH HIGH HIGH HICH LOW LOW HICH LOW LOW
Maode 4 - - - - HIGH - - - i,

Mode 5 LOW LOW HIGH LOW LOW HIGH HIGH LOW LOW
Mode 6 - HIGH HIGH - - - - - LOW
Mode 7 LOw LOW HIGH HICH LOW LOW HICH LOW LOW
Mode 8 - - - - - - - - HIGH
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Inhouse battery Charge Mode
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Inhouse battery discharge mode
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Experimental Setup — inhouse battery In
discharge mode
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Issan Leaf charging mode
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Nissan Leaf charging mode
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Issan Leaf as loa
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Nissan Leaf as load

47
Raghul Suraj Sundararajan | Mohammed Tariq Igbal m




Nissan Leaf in discharge mode
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Nissan Leaf in discharge mode

49
Raghul Suraj Sundararajan | Mohammed Tariq Igbal




Nighttime charging mode
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Vehicle to Grid (V2G) mode
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Vehicle to Grid (V2G) mode
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Conclusion

Designed and simulated a solar energy system for a home with V2H option for
Newfoundland Conditions.
Designed and simulated a solar energy system for a home with V2H and V2G option for
Newfoundland Conditions.
Designed a hardware model for solar energy system for a house with V2H and V2G

option for Newfoundland through Mozilla |oT.
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Future Work

The work presented in this thesis points to new directions in the development of a reliable,
secure, loT-based solar energy system for a house with V2H and V2G options. However, the

system was intended and developed to be scalable, the following are some ideas for further

work:;

. Testing the proposed loT on a real system in St.John's
Implementing the designed system in EV parking lots

Connecting number of parking lots together to power several houses or a microgrid
or businesses or a city.

Implement V2X concept, where EVs can be used to schedule loads.

Providing this system as an application in the Smart Grid.
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