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Introduction:
S

0 Energy is significant for development
0 Urbanization & Technological advancement
0 World consumption will rise 28% (2015-2040) (eo,2017)

0 over 20% of world population, do not have access
to electricity

Number of people without access to electricity (in millions)

Africa \ 635.4
Developing Asia 5259
Latin America . 216

Middle East l 169

Transition economies & OECD 1
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Introduction

Contd...

~4 4 .
0 Bangladesh:
> Low energy consuming country per capita (siam et al,2014)

> Power shortage

GDP: doubled in Consumption increases 40% people lack access |

between 2010-2016 to 81.29% (2000-

to electricity (Hossain et
al.,2017)

(World Bank,2016) 2016) (Power cell,2017)
\

\ \

» Alternate Energy Source: SHS
> Up to May 2017, about 4.12 million SHSs
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Solar Home System:
=

< PICO-SOLARPV -~

”

3 MODULE i
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Introduction

Motivation and Obijective:
—

0 Thesis Motivation:

> Battery failure

> lIrregular use of panel

> No regular maintenance or monitoring

> Lack of awareness

Direct
download

0 Thesis Goal:

» Develop a low cost, low power datalogger Android
App
» User friendly, easy access able monitoring system
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Literature Review:
2

Literature Survey:

Data Transfer Mechanism

[

Controller

Sampling Intervals

>
>

> Monitored Parameters

>

> Program Development Software
>

Monitoring Method

0 3 main category :
« Hardware

« Communication

+ Monitoring Software
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Literature Review

Contd...

Hardware: Atmega, PIC, DAQ, PLC,
Arduino

Communication: RS232,PCl bus,
Satellite, RF, GSM, GPRS, TX5002,
Ethernet, Zigbee, Wi-Fi

= el Monitoring Software: Turbo C,
/Y N Assembly, LabView, Java, VB-SQL,
Matlab, Mplab, Autobase, Blynk,
‘|||| i |||||‘| Thinkspeak, EmonCMS, Adafruit

mm———
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Literature Review

Contd...
I

0 Lab-VIEW based real-time interface system:

“software tool that integrates several types of instruments into a single system which
can offer online measurements of all data sources and compare simulation results with
monitored data in real-time” (Aissa Chouder et. al.[6])

0 Arduino based data logger:

“open-source electronic platform was developed to solve the current problem of
monitoring photovoltaic (PV) systems especially for remote areas or regions in
developing countries”(M. Vivar et. al.[7])

01 Remote intelligent monitoring system:

“based on TinyOS for monitoring and management for PV power generation. This
system had implemented remote monitoring and reverse control by the host

computer, ARM gateways, wireless sensor networks and other components” (Jihua

et al. [8]).
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Literature Review

Contd...
B

0 Smart Remote monitoring system using 1OT:

Shri hari prasath et al., presented their research in [10] to design and implement a
Smart Remote monitoring system using |OT that can monitor the Solar PV PCU and
stores data in the cloud database through an easily manageable web interface.

0 Satellite based System:

An android based design of an electronic system for the measurement and control
of the physical parameters like water temperature, solar collector’s fluid
temperature, solar radiation level, etc. to monitor and consequently optimize
thermal-solar plant functioning is presented by J. M. Bright[12] .

0 loT and MQTT based System:

S. Begum et al. [13] have implemented an Operation & Maintenance (O&M)
system using predictive analytics and supervisory control and data acquisition
(SCADA) with the help of internet cloud along with loT devices.
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Example of Datalogger and Monitoring Software:

Data Logger Monitoring Software

solo/ll

N 7 ¢ Partly Cloudy /\ PV Demo

d
N\ =T Limidity: 87% Wind: 8 mph Cloud Cover: 50% I" System Online
S o
=
= ’
?// 1.64 kW % 354 Watts o Ve
L) . ectricity Yesterday
4 _,__@ 15l3p /hr | Exporting OW W v 2,50k
03 T Min 0.11kW
0.36kW
Total Energy Net Generated  Exported
_ Used — Cost  frogny 21kWh  04KkWh §) Solar Yesterday
1‘*‘“‘-“_d_ ;itm igsz g | e 76kh sk ¥ e e
“f‘j‘*’ eun e y | Lstlesk 447K 280k 4 e
(ast 7 Days 63, ‘ Last 30 Days 128.8kWh 75.4kwh # 2724
0 ok 518t ¥ sue el 29t0kwh 1360 kwh @)
Day : : S : ‘ : ‘ —_—
Days 2. Solar Financials @

Net  Total
. 4 Yesterday £1.71 £2.03
Last Week £10.10 £12.08
Last 30 Days:  £29.11 £35.47

i

!
@m alidl e
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Literature Review

Price Comparison:
e

“m ice (cAD

Geo Solo Il PV $126.97
Eco Eye Smart PV Eco Eye $130.36
Owl Intuition PV OwWL $135.45
Solar Cache Wi-Link Kit DSM Energy $659.02
Comprehensive Energy Monitor Control Ltd.

SMA Data Manager M powered SMA Solar Not found
by ennexOS Technology AG

Solarfox® Solar Display Systems SOLEDOS GmbH $575.78
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Literature Review

Available Commercial Systems:
B

Diata logzer

Advantages

IFisadyvantases

PICOL Oy
1012

2O Pro
300

CAMPEBEILL.
Sciemntific
CRE00

Relatively chesp (2000
Werns user friendly ircter-
face

Fepetitive wnlitnmited sasn-
ples wiith enigue Hls
narnes

Feal tirme mathermatical
calculations

12 imput analoge © digital
chantuels

2 output digital channels
Remote download

TTser frierdly intesface
Omboard memory for
mediunmm data storage

T=er finendly interface
Omboard mernmory oo
extensive data storaze
Femote dowmnload

4 output digital channels
Fesistance measurements
Pulss cowxmnter

Tirmme staryy peer sanyple
s sitee

Ihunst be permanently
commected to a POCT

hilodestly prices (EB007%)
B inpust analogue
chanmnels

L imated momber of
sanyples

hilathematical
calculations afier data
collecticr

Cine alamm outpart
reduces inypart channels
b 1

No remote dowrnload

Wer s expensie

= K nlaluyl

& single-ended
analogwms mput
chanmnels
hilathematical
calculations after data
collecticomn
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Literature Review

SHS in a Rural Area
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Load Estimation and System Sizing:
s

0 Load estimation:
Total |Hours/ Total
@] V2
Watts | Day Wh
LED Light [T RN AR B
Mobile 51
1 5 5 3 15
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Estimation & Sizing

Contd...

0 System Sizing:
Total kWh use by appliances per day

0 Panel size (m?) =
( ) ( solar hours per day) Xef ficeny factor

=0.1905 m? ~= 20Wop (is 0.2056 m?)

0 Battery capacity in Amp-hours (Ah)

__energy reqirement in Wh per day X days of autonomy

battery DoD X system voltage (V)
- 18.75 Ah
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Estimation & Sizing

Contd...
2

i
- Light
g 1+ 3
PV MPPT ST 5
Mabile
charging
point

System Block Diagram
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Estimation & Sizi

ng

Homer Simulation and Optimization:

E quipment to consider

LED
36 wfhed
9w peak

mobile charger
15'whid
W peak

Resources

B | Solar resource

Document

Dle—

Add/Remove...

[@le—p—17]

W

+—— 3|
HFD30T

(]
Other =

@ Econamics
ﬂ System control
ﬂ Ermnizzions
@ Constraints

Authar |

MHates

il

Simulation Results

System Architecture:  0.02 k' PV
1 Hamko HPD 30T

Cost Summary | Cash Flow FElectrical l PY

] Eaﬂery] Emizsions ] Hourty Data]

Total MPC: 810
Levelized COE: § 4.430/kWh
Operating Cost: § 624

Praduction kb 4 Consumption ki kS Cuantity kwdhr k4
284 100 DOC primary load 186 100 Eucess electicity 5139 183
28.4 100 Tatal 18.6 100 Urmet electric load 0.00 U]
Capacity shortage 0.00 0.0
Quantity ' alue
Renswable fraction 1.00
0.004 Monthly Average Electric Production .
0,003 — —] | ] —
5 S
=
g 0.0024 — — —— | — — — ] —
o
0.001 4 — — —— | — — — ] —
0.000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mowv Dec
#¥ML Fepart | HTML Feport | Help Cloze

System Modeling of 20 Wp SHS in HOMER
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Estimation & Sizing

Equipment to conzider

| Add/Remove...
Dle—f—7]
LED P
90 'whid
18 peak.
Sl
mobile & T4 HFDB0T
45 'whid
10 peak, oC
Resources Other
EI Solar regource QI Economics
EI Syztem contral

Document

i | Emiszions
@l Canstraints

Avthar I

Hotes

i
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Sirmulation Results

Syztem Architecture:  0.075 khw PY
1 Hamko HFDE0

Production |

T

| =

Cost Summary | Cash Flow Blectrical |F"ur I Elaﬂeryl Ernissionsl Houry Datal

Total WPC: $1.642
Levelized COE: $ 3.393/kMWh
Operating Cozt: § 127/

lifhpr Consumption | ldhur | % Quantity | kbt | 4
iPMamay 106 100 DT primary load 433 100 Eucess electriciy 465 437
Total 106 100 Total 43,3 100 Unmet electric load 0.a0 0.0
Capacity zhortage 0.00 0o
Guantity | Yalue
Renewable fraction 1.00
0.018 Monthly Average Electric Production
’ PV
00121+ [ [ ] [ |
g ]
Eo.nna ] ] - o
o
0.0041] - - - 1 - - - - I
0.000
Jan Feb hdar Apr May Jun Jul Aug Sep Ot MNow Dec
*hL Repart | HTHL Repart | Help Close

System Modeling of 75 Wp SHS in HOMER



E quipment to consider

&ddfﬂemnve...l

Sle—tfe—1]

LED

105 'whid

21 peak
Pl—te—r |

mobile & TV HFD130T

45 \whd
10 peak. DC
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ﬂ Syztem control

Document
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Author |
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Estimation & Sizing

Simulation Results

Systern Architecture; 0013 kK PV
2 Harmko HPD 130T

Cost Summary | Cash Flow Electrical lP‘u’ ] Eaﬁery] Ernissions] Hourly Data]

Total MPC: $ 2,963
Levelized COE: § 5.509/kWh
Operating Cost: § 2034w

Production kxaheyr 4 Caonzumption kiw'hidyr % [uantity kb z
184 100 DC primary load 4.7 100 Eucess electricity 118 B4.2
134 100 Tatal 47 100 Unmet electric load 0.0o 0.0
Capacity shortage 0.00 n.o
Quaritity W alue
Renewable fraction 1.00
0.025 Monthly Average Electric Production .
0.020 1 - - - 1 - 1 |
foost| - 4 HH{ 4 - I - NN N
EO.D‘ID - - - - - - 1 - I 1 - 1 |
0.0051 - - - - - 1 - I 1 - 1 |
0.000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNow Dec
=ML Report | HTHL Repart | Help Close

System Modeling of 130 Wp SHS in HOMER




Data Logger Design:

v i
-‘.:-

v
Temp.
Sensor

Light Sensor

Yoltage
Sensor

-I*-
Curremnt
SEensor

.

L 4
ADC ADC
E5P32 SPI f&—— 5
DI Do :|
i
lil E WIFI sSD Card
Switch i
LED htto
Web
Interface

Block Diagram of Designed Data Logger
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Data Logger Design

Micro-controller & Sensors:

Analog Out GND

10 mV/°C LM35

LDR
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Data Logger Design

Schematic Diagram:

Load

il
battery
®

PV MPPT

-
i

T
Vb

; 36 39 16 38 37

SparkFun ES

VCC
7

1 -
=
N_“
WiFi = O =9 n
0D=Z500 0
\ » >

SCLK N
3V3

MOSI

CS

}J

Switch

N
—
HTTP

Laptop
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Data Logger Design
°
°

Hardware Prototype
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Experimental Setup:
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Data Logger Design

Data Logger Design Flowchart:
i

START

) 4

CHECK_SWITCH

ADC SAFE TO REVOME
READY SD CARD,
LED ON
1
Q TAKE
INPUTS WRITE_SD

CARD

DELAY_10S
DISPLAY -

PARAMETERS
ON WEBPAGE

Refresh
WEBPAGE
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Data Logger Design
°
Coding:

2z 3

Data logging

Web server

88 testcode | Artuing 124

- X 88 testcode | Artuing 124
e Edt Seech Tocls Help

- 8 X
Fle Edit Sketch Tools Help

Arduino IDE
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Data Logger Design

Web Server:

- 19216841/ X
<) - X ® 192.168.4.1 v O W Y ¢ ®@IN@D =
} ., datalog(3)xt 7 )
LOCG I So'ar Home System v = Unknown time left — 35_.8 KB (2.2 KB/seq) - o
Se rve r I P Show All Downloads ‘
Weather is SUNNY \ ‘
Temperature,Deg C =7
Charging Current,lc = 1.97
Battery Voltage Vb = 13.15
Output Power W = 25.85 Downloaded
text file
Click HERE to Downl oad Data
Direct Data Local
Download Server

Waiting for 192.168.4.1...
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App Design Conclusion

Introduction  Literature Review Estimation & Sizing

Plot on Excel:

Plot of PV Parameters

250
200
(0]
=2
O
. !
100
50 Iq ll '| Pr— - — —
o |
. L M 1 = “\AALUL
0
13:15:10 13:19:25 13:23:40 13:27:55 13:32:10 13:36:25
Time
\ P
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Android App Design:
o

Webh Server

8 .))) (((.

ARDUINO

Android
ESP 22 App

Android App Development Architecture
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App Design

App Design Flowchart:
I

App
initialization
Plot Vvb,Ilc,P -
v
Connect ¢
webpage Compare Vb with
(192.168.4.1) threshold value
I
I
h 4
o
Get PV
parameters
a1
start
delay_10s start counter
Delay =10 sec o
a1
Display PV
parameters
Send text
sSMS
Xaxis < Plot o

Clear plot, reset all
counters

width
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Scratch Code:

pattem




App Design

Hardware Setup:
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App Design

Plot on Cellphone App:

onitoring App PV Monitoring App P onitoring App

- - —
Monitoring Parameters: Monitoring Parameters: Monitoring Parameters:

13.0 132
7.6 3.48
99.4728 46.075
21 1911 2119 12 | TR25 3 3 8 1B-20—
Y AL T T il e L R
40— 1 ! ] [ T :. : 40 | i ! :.
} | e = !
! | : |
3B L 3p 11 —+1
20 ! 20
‘. 4 ’ ' 4 ‘ 4 + 4 !
idw | Arima | (AL PO
. 4 4 4 " - " + 4 " 4 4
_[14:8 [ 114:9 [ [T14:9 [ 1470 [1}4:12 || g 14 4:15 14016 | 11417 |14:18 | 14:1D | 14120 | 14§21 | 14:22 [114:P3 |
Battery Voltage Charging Current Output Power Battery Voltage Charing Current Output Power Battery Voltage Charging Current Output Power

N

5/28/2018 02:13:17 p.m. 5/28/2018 02:23:56 p.m.
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App Design

Text Message Alert Feature:
I

OFO.a[461%8E 12:16 a.m. Koodo 51B/s @ & .1l 86% B 11:52 PM

6048092040 o 7097706890

Saturday, 5 May 2018

@146 pm Battery Draining B ALY

_— Battery Draining
@151 pm DBattery Draining

5/5 © Today 11:51 PM

Battery Draining

sent text message received text message
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Conclusion

Cost Calculation:
B

Quantit

\\[e] ltem Price Per Unit Price
Y
1 Voltage Sensor 1 11.64 11.64
2 Current Sensor 1 2.76 2.76
3 Resistors 300 4.56 0.106
4 ESP32 1 19.95 19.95
5 Software Arduino IDE === Free -——--
6 Software Al2 For Android App .
== ree ===
(IDE)
7 LM35 1 0.9
8 LDR 50 1.49 0.029
9 LED 500 4.68 0.009
10 Micro Switch 10 0.94 0.094
11 SD Card Socket 1 3.95 3.95
12 3D Card witpAgswteC Osthnption of Devf§ped System 2-98
13 Micro USB 1 1.93 1.93
2.
6 ,,78 50.45
(Initial .
Total Cost C$ (Per Unit Cost)
Cost)

Overall System Cost Calculation
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Conclusion

Power Consumption & % Error:

. Voltage
Device

Source

| EsP32 | 3.3V 150mA 500 mW
Sensor
| im3s 3.3 40mA 130.6
Voltage 5V 13mA 65 mW
Sensor
SD-Card 3.3V 0.15mA 0.5 mW
Total Power Consumption 758.6 mW

Power Consumption of Developed System

Parameter Name Measured Value Actual Value Error (%)

Charging Current 2.06 A 2.16 A -4.6%

- Battery Voltage 13.22V 13.06 V +1.07%

Error Calculation
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Conclusion

Future Work:

0 Larger PV and Community Based System
01 Graphics on the Web Page

0 File Removal Process for SD Card

0 Database Option in the Monitoring App

1 Customization for other Location
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