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Photovoltaic market by segment

Segment Application Typ. Power Range | Nett Power Exporters
Off Grid Remote applicationswithout grid To 30kW N/A
connection...
Chargersfor battery powered <100W N/A
equipment — telecoms masts and traffic
signageetc
Mobile applications such assmall boats | <1kW N/A
Domestic Rooftop ( without and with storage) 1-15kW Possibly
Commercia Office Windows and rooftop 10-150kW Yes
Public building rooftop 15kW-30MW Yes
Agricultural rooftop 15kW-5MW Yes
Industrial rooftop 20kW-5MW Possibly
Utility Industrial Roof 200-2000kW Yes
Field 500-500MW Yes
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World Electricity Figures

The world’s Electricity - installed generating capacity is equal to 5,144,000,000 kW
Datasource: CIA - The World Factbook

List of conntries by Electricity - installed generating capacity

Country Name Global Rank ~ | Region & Regional Rank Electricity - installed generating capacity kW

China ool ! East Asa & Pacic 1 1,146,000 013
United States E i 2 North America 1 1,025,000,00 03
Japan 2ol 3 Exst Asa & Pacic |2 28450000 s
Russia m i 4 Euope & Central Asa | 23,100,000 013
India - 5 Soufh Asiz 1 189,300,000 03
Germany o ] Furope & Cental Asia |2 153,200,000 013
Canada ol 7 North America |2 131,500,000 013
Tl Il g Europe & Cenrl s 3 122,300,000 e
France 1l 9 Furope & Central Asia |4 119,100,000 s
> afn - ca | L 20U, 2
Brazil i 10 Latin America & Carbean | 106,200,000 013
= ;
Spain | 1 Europe & Centra Asia| § 102,500,000 03
United Kingdom ‘; ][] 12 Furope & Central Asia| 6 88,020,000 2013
Korea N | 3 East Asia & Pacifc |3 30,590,000 2013
Mexico o 14 Lati America & Carbbean 2 59,330,000 013
Austrila ol il 15 East Asa & Paciic 4 36,940,000 0
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Residential Rooftop Systems

» Grid-connected Photovoltaic (PV) differs from stand-
alone

» Usually no batteries—power fed straight into grid
— Cheaper
— More reliable
— More efficient

* Why install grid-connected PV if grid available?

— provide consumers with a means of producing
clean electricity

— Limited peak shaving capability ( generation
matches with air conditioning loads)

— No transmission and distribution loss

— The complementary nature of solar vs hydro-
availability (for example in Kerala)

 |deally suited to urban rooftops
» Very popular in Europe, Japan ,USA, Australia




Grid Connected Solar Power System

2. Mounting Frames 1. Solar Panels

Utility
Service

V

6. Main Switch Box

7. Power 5. Inverter X
Meter l 3. Marshaling
Enclosure
N i
Consumer 4. AC & DC
Loads [solation
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Grid connected Solar Power System

e Sunlight > PV - DC electricity = inverter -> AC
electricity = grid

e System connected at same point as loads

 Loads supplied from grid in normal manner

PV array inverter  switch

DC grid
Y L ~—p meter

AC

loads
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Typical Average Daily Consumption, Australia

Daily Load Profile - 21kWh
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The carbon emission ( mostly CO,) is about 10 Metric tons per year.




Typical Daily Power Consumption and

Solar Availability
16 Power (kW)
‘ Domestic load vs PV 5 5
1.4 —{==Demand (21 kWh) =PV (1.5 kW) =PV (1 kW) 7 .
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Rooftop Solar-String Type

Photovoltaic
{Solar Cell) Modules

A phnlwﬂﬂ:n:

transicfrm solar
eneigy into
elactricity.

Inverter

(Power Conditioner)
Thea inverter converts DC electncity
genarated by the photovoltaic
rvodule into AC electricity and
automatically contrals the entire
System,
.

#

Indoor Distribution
Panel
The panal delivers appropriate
electric loads to household
electrical appliances,
LN
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Watt-Hour Meters
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Typical Residential Load Profile ( Kerala) : Energy
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Commercial Grid connected PV Systems

Typical Grid Connect PV

,  Commercial Grid Connected

Solar PV System

A — Solar Panels.
B — Inverter.

C- Utility Meter.

D- Electrical Panel.
E- Utility Grid.

F- Online System
Monitor



Community Solar
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Commercial Solar PV Installation-100k\A

Rated as “ Above and Beyond Standards” by
GSES in the “ The Good. The Bad and The Ugly
presentation” , Clean Energy Council Conf., 2013
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¥ Daily Overview
310413

Reporting loss
of power
generation and
revenue
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40kW Tilted Installation, Dubbo, NSW, Aus




40kW — Worst Winter Month (Dubbo-NSW)
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ILLAWARA 40kW

Solar Power

Faad-in Povwar Bac 26,47 kw
Fenerator B1,02 24T, 664 kiw
Inverter Eficiency n 58 Y

Sratus 2w MEBR Power &
Error E

Wighs

Specific Yiald B.43 kwhkwp
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L

e
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Tatal amount of avoided COs amissions: 16,71 ¢
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Thangam Hospital, Palakkad, Kerala
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Mar Basilus College, Trivandrlgy,
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MACFAST College, Tiruvalla
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Mar Baselios College of Engineering & Technology, Thiruvanthapuram,Kerala,India.
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Solar Panels

Inverters

PV Supply Chain — Large Commercial and Utility

_ _ Large Rooftop and
Technical/Commercial . ;
T - Field Installations

Developer

*System
- eLand s e Owner ELECTRICITY
I—I *Finance == — Operator 2

*Regulatory s
el [ Utility /

eInsurance Brokers
*Grid
Connection

Integrator
EPC

*System

Integrator/Developer Relationship Developgr/OO Relationship
*Transactional *Whole life PPA
«Initial system approval *Etc.

*Systems Engineering etc

Developer wants:
*Highest possible yield
eLow life cycle costs

Integrator wants:
eL.ow component costs
*Short lead times

OO/ Utility/Broker Wants:
eLow cost of energy
*Reliable power delivery
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Central Inverters comes with Shelters




String Connection Boxes

Field mounted box which marshals /
combines the currents from a number
of strings (typically 10 — 24).

Each string is protected by a fuse
String diodes usually aren’t fitted

A main DC switch to open circuit the
feed to the inverter is usually fitted.

Overvoltage protection is fitted to
guard against EMP due to lightning

Often string currents are measured
allowing the plant operator to localise
failed modules

PV generator

| P i i sing diodes
vl V] V] [V & I I T isolators
string fuses
& g g : inverter
V] [ Ul —=
$ g DC main cable
g g E.st:'ngfuses
‘I‘ ‘|‘ T T T isolators




String
Boxes
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Frantriane
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Current power

Current sun radiation |

Thermometer




Components of a 3MW Solar F
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PV Modules
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Off-Grid Grid Applications



Diesel Generator Fuel Consumptio

Characteristics

Fuel Curve
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U.S. Department of Energy
National Renewable Energy Laboratory

P03 180

Figure &1







‘Inauguration of Renewable Energy Pilot Project
————HA. Uligan, 07th January 2008
i 13 i Vs




Case Study : Eco Wilderness Resort , Broome, \Western
Australia

Location : 2 hoursdrive from Broome, 2200 km north of Perth

r

+=100kms m Kimberley
& =MNorth " Pilbara

.Google:
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Modes of operation : Inverter stand-alone
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Fuel Efficient Variable Speed Generator
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Hybrid-Gen Fuel Consumption

Fuel Consumption L / hour Optimum Speed Curve
2.50
6kW
output 8kw
200 1300 rpm 7KW output
' 4kwW 1.82L/h output 1500 rpm
ALY 2.18L/h
150 3kW 1.35L/h
' output bK:N t
1160 rpm outpu
LW 1.10L/h 1250 rpm
output 1.61L/h
100 1100 rpm
0.72L/h
2kW
050 output
1130 rpm
0.82L/h
0.00 | I I I 1
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Model Rated Rated Number Dimension (mm) Weight

Voltage capacity of terminal (Kg)
Orwe ery V) {Ah) post with Length  Width Height Total haight

like polarity L W h H
GFMIJ-800 2 800 2 191 210 645 677 64.5

Constant current discharge table-continued unit: A

Model anc Final Discharge time (min)

specificationdel voltage =
(Viunit) 5 15 30

GFMJ-800 190 684 599 404 392 376 312 248 220 172 144 124 8 72 3708 9.67 &20
185 721 630 470 440 399 344 272 236 183 152 130 90 75 40.78 1018 864
180 773 762 649 560 448 416 344 266 200 164 139 9 82 4281 1053 894

175 804 778 744 624 497 448 378 278 208 168 141 98 83 4452 1079 9.16

Relation curve between discharge depth and cycle service life

8000

7000

6000

th
o
(=]
=1

Cycle service life (time)

VRLA Gel Battery
Discharge depth(%) ShOtO OpZV 800

Cycle Data




Containerised Power Supply
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Households

PV module
on container

PV module
on ground

Mounting it
Ground fixture

Electreity

transmitting On-grid inverter
facilities

Regen customized
hybrid container
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Energy Balance in a Micro-grid System

Load supplied by Solar.
Excess energy used to charge

[\
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R A == Solar kW
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Mt Gambier TAFE , South Australia :
Solar/Wind Installaﬂrgn
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Pulau Ubin Microgrid

Sustainablie Power Solutions

S REGEN




_ Design example ; 100kWp —Bangladesh village

Daily Profile

15

Load (kW)
=

£n

=

12 18 24| °
Hour

a 8

MMMMM

200 household and 150 shops is as
shown above. The maximum load Is
taken as 15kW and energy




General Schematic of 100kW PV .
Hybrid System for Bangladesh

M

6 Charge
Controllers

VRLA -2000Ah 240V

A 4

Bidirectional Inverter
Charger 2*15kKW

W

Bidirectional
Inverter Charger
1*15KW

15KW DC
HybridGen

Li-Ton -
240V, 50ARh

Reszsidential Load
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Hybrid Off-Grid Power System <§
Telecom Application
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Average rate of fuel
consumption (litre/hr)

Average running hours Average daily fuel
per day (hours) consumption (litres)

O HybridGEN
B Conventional Generator

Figure 8-1: Graph on fuel consumption analysis
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|sland, Singapore
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o System installed in Sept 2011
o Battery bank size: 1200AN.
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BTS Schematic diagram

Solar Panel

Wind Turbine




Energy Equilibrium

3.00 :
PV Charging Battery
250 Hybrid-Gen & Battery ///////// Hybrid-Gen & Battery
Supporting Loads Supportl ng Loads
2.00 \ /
1.50 \ m -=-|_oad kW
l' ‘"‘*u-..,l.~ —o—Solar kW
§~'~\

\,./ N

0.50
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Solar Hybrid Drinking Water Plants™
for Remote Communities




Solar Water Pumping

PV Module
Solar Pumping Inverter

Solar Pumping System

A REGEN




Solar Powered Swimming Pool F

HAYWARD
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Schematic of asimple RO Plant

MEMBRANE
HIGH ASSEMBLY
PRESSURE
Saline i \I;ngsell
> POST-
Feedwater PRE- TREATMENT
=3 TREATMENT
Fresh Water
Concentrate
Discharge

Removes:

* more than 96% dissolved solids

* more than 99% organic substances
* more than 99% colloid

* nearly 100% bacteria




AgquaSmart : Solar Powered drinki
for remote communities




Major Component

flowchart 2011 1. 21. 11: 7:56

ﬁuFU Manual

| o

actiwated ? )
i harcoal ALET dEGUTILY
Taw WilET parcz Filrer L :
5 : FMilter dpltener FMilrer

Submerzible Fuomp b Fump

Driginal tank

Inler Splenoid Yalue

Wazhing Pump

dir
&£ compressor

High prezsurs TEVBTEE peopgid
pump .

WAELET DUL

Pyre mgler

e
U grterilizgr EI gl

Pure water pump
- T 3 Pure wiler oput

=) 1 Al Y=l W

Sustainable Power Solutions

| 2

Wazhing Splenpid Yalue DI0NE EEMETHLOT

+




- Hope for Energy Security.......




