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Solar Energy

Solar potential are unlimited and everlasting
Does not cost

Are Adomesticfi or

Are sustainable

Solar energy devices operate
without making noise

No mechanical
wear. No expensive
maintenance

Cleanest way for
energy producing

Do not harm the climate are emission
-free absolutely

Biggest potential for research &
development and market growth, worldwideé

commercially payable in near years

Added value and creating jobs for local region
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Solar Energy
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Solar radiation is as daylight when the Sun is above the horizont.
Direct sunlight includes infrared, visible, and ultra-violet light.
Local site insolation rate or solar irradiance on panels surface i
are very important factor for performance efficiency and designs of

photovoltaic power generation , concentrated solar power (CSP)

solar-thermal systems and plants,

Nord
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Solar Energy

Solar thermal
I for upgrading
DHW and HVAC,

simming pools, heat

store (stock).
Large CSP plants

Solar

Photovoltaic -
Electric DC power
generation and
converting to AC
systems and plants
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Brief introduction
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Brief introduction photovoltaic power (PV) for homes I RSN |

SUNLIGHT -
FRONT
ANTLREFLECTIVE CONTACT
COATING ~\ obuLE
SPECIALLY TREATED
SEMI.CONDUCTOR ™
MATERIAL

[

BACE CONTACT
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I Brief introduction photovoltaic power (PV) for homes I PRESEAEN

Photovoltaic energy (PV) uses energy from the sun to create electricity to run
appliances and lighting. Photovoltaic system requires daylight i not only direct
sunlight but also diffuse light i to generate electricity

The most important parts of a PV systems are:

Cells which form the Modules which bring Inverters used to
basic building blocks of together large numbers convert generated DC
the PV unit, collecting of cells into a unit 1 electricity into AC - a

the sunos then modules arrays form suitable for
everyday use
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I Brief introduction photovoltaic power (PV) for homes I ERBSIIEEIN

Raw material (Silicon)

Module Cells

European Photovoltaic Industry Association brochure Photovoltaic energy electricity from the sun, ww.epia.org
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I Brief introduction photovoltaic power (PV) for homes

Photovoltaic systems use cells to convert solar radiation into
electricity. The cell consists of one or two layers of a semi-
conducting material. When light shines on the cell it creates an electric
field across the layers, causing electricity to flow. The greater the
intensity of the light, the greater the flow of electricity is.

be determinate:
A Moecrysialline (Mono c-Si)

A P-orystglline (or - multi c-Si)

A Ribbon s hsheetcsS) (ri bl

Challenges for crystalline technologies are:

- Limited possibilities to reduce producing cost of crystalline modules and
reach PV energy price competitive to electric power produced by common
generating.

- Laboratory conditions for multiplex testing of ready made wafers, cells and
modules.

- Limited efficiency boundaries (<30%) appointed by scientific tests.

- Relatively high amount of primary energy is needed for purification of silicon.
(more than 50% of cleaned silicon are used in electronic production worldwide)
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I Brief introduction photovoltaic power (PV) for homes I TSR

PV modules main
technical
characteristics

Module Type) -

Max power
Pm(Wp)N6% -
Voltage Vmpp(V) -
Current Impp(A) -
Voc(V) -

Isc(A) -

Module size(mm) -
Weight NET(kg) - 11.9

Efficiency of the
Module

Solar cells: 36 pieces of 1561 156mm mono-Si
Layout: 41 9

Front Side: High-transmission 3.2mm tempered
glass

Back Side: TPT (tedlar/pet/tedlar) or TPE
Frame: Clear anodized aluminum frame
Connection box: Protection Class IP65

Operation Temperature Range: -403 853
Temperature coefficients of Im: +0.1 %/3 ; of Vm: -0.38 %/3
Maximum System Voltage: DC715/1000V

Standard Test Conditions STC: Radiation 1000 watt/m2 with a spectrum of AM 1.5 at a cell temperature of 25/C.

PP Intelligent Energy [ | EUrops
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I Brief introduction photovoltaic power (PV) for homes I TRERE SESEINS

Were Iinvented other cell types. |t O6s se

There are several other types of photovoltaic technologies developed and commercialised today or
just starting to being

Available
Innovative
photovoltaic
technologies

Thin Film modules

Multujunction thin-
film PV modules

Concentrated
photovoltaic

Flexible cells.

Tracking devices
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I Brief introduction photovoltaic power (PV) for homes I

Advanced PV technologies

Some of them are commercialized, and some still are at the research level:

Use of excess thermal generation (caused by UV light) to enhance
voltaaes or use of infrared spectrum to produce electricity even at night

Spray-On Solar power cells

The solar cells material uses
nanotechnology and are able to harness the
sun's invisible, infrared rays. Promising to
become five times more efficient than
current solar cell technology.

Solar cells material is sprayed like pai
window glass. The composite ¢

sprayed onto other material

portable electricity. Coated'in t

could power a cell phone or oth

devices. Could potentially conve

energy int O'éﬂ‘
recharge the battery. ‘

" Nano-solaritility parels .

- .
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Modifying spectrum or light rays
using Frensel lenses and mirrors
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I Brief introduction photovoltaic power (PV) for homes I TRERE SESEINS

Advanced PV technologies

Use organic semiconductor materlals for producmg flexible PV thln -tin modules
AR W s e /. i :
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I Grid connected photovoltaic and as supporting power for households appliances I —

Grid connected photovoltaic
and as supporting power
for households appliances

International training
AREnergy efficiency of buildings
6-8 December 2010, Sigulda, Latvia

Z Intelligent Erergy [ | Europs



' Photovoltaic power generation in the buildings. [
Building integrated photovoltaic i BIPV /_\/

| Grid connected photovoltaic and as supporting power for households appliances |~

1. Photovoltaic modules

2. Inverter DC/AC

3. Feed-in electricity meter
4. Consumption meter

Source :European Photovoltaic Industry Association brochure Photovoltaic energy electricity from the sun, ww.epia.org
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I Grid connected photovoltaic and as supporting power for households appliances I —
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Feed-in tariff i _key factor for PV market development

The Feed-in Tariff - the main driver of solar success.
Feed-in Tariffs (FiTs) are widely recognised as the most effective way to develop new markets for PV.

The concept is that solar electricity producers:

A have the right to feed solar electricity into
A receive a reasonable premium tariff per gener a
compensate for the current extra costs of PV electricity

A receive the premium tariff over a fixed period

— —
—_

Feed-in Tariffs in Great Britain on 1st April 2010

YO, Gu/:Use. the WecirioRy. J0u. e ta mesring Tariff levels, for technologies installed between 15th July 2009 and
R Soarl T 10 impur itom. e arte 31st March 2012 of most significance to householders
/ é  / Technology Scale Tariff level  Tarifflifetim
Electricity is created by solar ﬂ You exgorl electricily : A (p/kWh) e (years)
panels. Your electricity supplior fr——— back o the grid when Solar electricity (PV) 04 kW (retd4l3 25
U3 you for sedh unit pouslorvise N {5 Solar electricity (PV) 04 kW (nev36.1 25
of eleetricity you generate AR g o cradan 3 . .
export tariff \‘ ARG Wind O1. 5 k W 34.5 20
= NSENGS  wind >1.5- 15 kW 26.7 20
*ﬂur°;'eng:d*dszﬂu;al':i: P Micro CHP 02k W 10.0 10
Hydroelectricity 015 kW 19.9 20

Tariff levels, for technologies installed between 15th July 2009 and 31st March 2012 of most significance to householders

Tariff levels vary depending on the scale of the installation.

The tariff levels shown in the table above apply to installations completed from 15th July 2009 to 31st March 2012 for the lifetime of the tariff. After
this date, the rates decrease each year for new entrants into the scheme.
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I Grid connected photovoltaic and as supporting power for households appliances I —

How do feed-in tariff mechanisms work in practice?

If you install a PV system at home, all electricity generated can be injected and sold to the electricity provider at higher price
than the price paid in your monthly electricity bill. This mechanism enables you to pay-back your investment in a short
time. The country which has best succeeded to develop photovoltaic energy today is Germany. Spain, Italy, France

and Greece have also developed this system and step by step electricity consumers, aware of the importance of renewable
energies, are switching to solar electricity receiving a compensation for their effort.

Some other systems exist to develop and support renewables (green certificates, tendering, tax credit) but they have not
proved to be as efficient in particular when they depend from State budgets.

More information is available on www.epia.org.

1.0 EUR/KWh
In the long run no more -
support will be required to
help the development of 08 | }
photovoltaic electricity. With . PV-ENERGY COST NORTHERN EUROPE

increasing sales leading to
scale economies and efforts 0E_
realised by producers to
reduce the cost of Ll -
photovoltaic products, it is T "7~ PV-ENERGY COST SOUTHERN EUROPE

expected that photovoltaic el e

will be competitive with - e O
electricity prices in the South | TN Ty
of Europe by 2015 and in N T '
most of Europe by 2020. 0.0

1990 2000 <010 cizo 2030 c040
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I Grid connected photovoltaic and as supporting power for households appliances I

household
appliance

|_
"" ]
."' Inverter

PV - Modules

Drawing of a Grid-
Connected PV System
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These applications are located on residential homes, on large
industrial buildings such as airport terminals or railway stations.
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I Grid connected photovoltaic and as supporting power for households appliances I energy «

12vi24v : e 120V/220V
powe ' w Power supply
. oY [.:] for standard
E - appliances, etc.
e !
mconMIhr '""mr
% L a
g_l’ b r G
PV - Modules
Drawing of a Stand- > '::
Alane PY System
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I Grid connected photovoltaic and as supporting power for households appliances I - —

Hybrid systems

PV amay
i o

IIII [] Inveres Battery banik

: |

S [TTTTT ] ) L[ i y— PO i
' sl e ek o baeres

Hybrid Power Systems
Combine multiple sources to deliver non-intermittent
electric power Hybrid systems

A solar system can be
combined with another

- source of power - a
_ ] biomass generator, a
pi— wind turbine or diesel
generator - to ensure
Load a consistent supply of

S =gulation an \ electricity. A hybrid
Wind ]@[ system can be grid-
turbine i i connected, stand-alone

Battery bank or grid-support.
02979301m
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I Grid connected photovoltaic and as supporting power for households appliances I —

Consumer goods

Solar attic vent-fan, suitable
bots, cams, summer huts and
others

Air Sol
and ventilation premises.

SodurSheac
15006 panel

PV Kit - 1.35kW

Mastervolt XS2000 Grid tie inverter. AC and DC
Disconnect boxes. Six 225W MCS Approved
solar panels. Offgen approved meter; MC4
Connectors; 30 Meters of premium solar cable;
Roof mounting system
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I Grid connected photovoltaic and as supporting power for households appliances I —

Off-grid industrial applications
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PV world market expanding 2000-2010 & forecast until 2014, 2050

Despite word economy recession, PV sector has grows sine
2003, significantly i almost 30% annually.

The last decade has seen PV technology emerging as a
potentially major technology for power generation in the World.
Today, almost 23 GW are installed globally which produce about
25 TWh of electricity on a yearly basis.

Europe is leading the way with almost 16 GW of installed
capacity in 2009, representing about 70% of the World
cumulative PV power installed at the end of 2009 while Japan
(2.6 GW) and the US (1.6 GW) are following behind. China
makes its entry into the TOP 10 of the World PV markets and is
expected to become a major player in the

coming years.

25,000
22,878
=y
China [;l
20,000
Bl USA
Rest of the World
Bl Japan oy
15,000 | | P T B
=mEvy | =
MW ‘
10,000 9,550
[
6.956
5,361 —
5,000 3530 - 1
2,818 —
0 l_-_ll_-_lj_n.J
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
China 19 3 55 ! 68 80 100 145 ans i
N USA ) 275 365 479 624 831 1173 | 1,650
ROW /63 32€ H 1 ) 1,044 1.051 1,235 | 1,422 1,870 | 2,347
Il Japan 2 6537 1,132 1,422 | 1,708 | 1,919 | 2,149 | 2,633
=] 2 120 1334 | 2341 3309 (5279 10,338 | 15,943
Total I, 76 2,81 3,939 | 5,361 6,956 | 9,550 15,675 | 22,878

This progression in 2009 is mainly due to the development of the
German market which almost doubled in one year from 1.8 GW
in 2008 to around 3.8 GW installed in 2009, representing more
than 52% of the World PV market.

The Italian market installed 711 MW, making it clearly the second
largest market world-wide.

Impressive progress made Czech Republic and Belgium in 2009,
with 411 MW and 292 MW installed, respectively.
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PV world market expanding 2000-2010 & forecast until 2014, 2050

German Advisory
Council on Global
Change i WBGU has
calculated in the end
of this century Solar
energy will become
leading primary
energy source.
Regarding them
prognosis solar energy
share will exceed by
24% in 2050 , and 63%
in 2100. At the same
time portion fossil as
primary energy sources
significant will decrease
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