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Video: How do solar panels work? - Richard Komp

HTTPS://WWW.YOUTUBE.COM/WATCH?V=XKXRKHT7CPY



https://www.youtube.com/watch?v=xKxrkht7CpY
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Initial Development of Solar Power

» The development of photovoltaic (PV) technology, began during the Industrial
Revolution when French physicist Alexandre Edmond Becquerellar first
demonstrated the , or the ability of a solar cell to convert
sunlight into electricity, in 1839

» About four decades later, American inventor Charles Fritts created the world’s
first rooftop solar array in New York in 1883, one year after Thomas Edison
opened the world’s first commercial coal plant.

» Fritts coated the panels with selenium to produce a very weak electric current.
However, the process of how light produces electricity wasn’t understood until
Albert Einstein wrote a paper explaining the photoelectric effect in 1905

» Becquerellar’s and Einstein’s research formed the basis of future
developments in solar technology.

http://instituteforenergyresearch.org/analysis/history-of-solar-power/



» The modern photovoltaic (PV) cell was developed by Bell Labs in 1954

» while solar power remained too costly for commercial use, the
funded research on PV technology’s potential to power satellites in the 1950s

» The U.S. Naval Research Laboratory launched Vanguard I, the first spacecraft
to use solar panels, in 1958

» NASA launched the first satellite equipped with panels that tracked the Sun,
Nimbus I, in 1964.

» The U.S. government pioneered much of the early PV technology.

» Congress passed five energy bills in 1974, two of which cited solar power as a
potential solution to the energy crisis

» PV first mass-produced in 2000, when German environmentalists and the
Eurosolar organization got government funding for a ten thousand roof
program
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Worldwide growth of photovoltaics
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Worldwide installed photovoltaic capacity in "watts per capita” by country. Estimated figures for year 2014 (see details in File history below). | none or

unknown || <10 watts per inhabitant || 10-100 watts per inhabitant || 100-200 watts per inhabitant [Jill 200400 watts per inhabitant [JJf >400 watts per inhabitant As
of the end of 2014, world leading nations in terms of installed PV capacity per capita were Germany (474), ltaly (308), Belgium (275), Greece (235), Czech
Republic (203), Japan (183), Australia (179), Bulgaria (140), Switzerland (133), Slovenia (124), Spain (115), and Denmark (107). For comparison: Canada

(48), Chile (20), China (21), France (86), India (2), Ireland (0.2), Malaysia (5), Mexico (1.5), South Africa (17), South Korea (47), Thailand (19), Turkey
(0.7), United Kingdom (80), United States (57).



grid parity

v' The term “grid parity” is meant to describe the point in time, at
which a developing technology will produce electricity for the same
cost to ratepayers as traditional technologies.

v That is, when the new technology can produce electricity for
the same cost as the electricity available on a utility’s
transmission and distribution “grid”.

http://www.renewable-energy-advisors.com/learn-more-2/what-is-grid-parity/



Countries where solar PV achieved grid parity (residential, industrial
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grid parity for a particular technology differs widely from location to location.

O A technology that produces power at a given cost is likely to be above grid parity
in some locations and below grid parity in others

L Wind, Solar and Geothermal produce power at different costs in different locations.
Solar power is less effective in Germany, for example, than in Utah because Utah gets
more sun than Germany. Solar power in Northern Utah may be less effective than
solar power in Southern Utah

) Installation costs vary from location to location. Because of higher labor and
permitting costs, it is more expensive to build a renewable energy plant in California
for example than in Utah

O The value of variable power sources like wind or solar depends in part on the amount
of correlated capacity already installed in the region.
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http://www.renewable-energy-advisors.com/learn-more-2/what-is-grid-parity/



Types of Photovoltaics

Photovoltaics

Woafer-based Silicon Thin Film Hybrid

Conventional Thin
Film
2nd Genration

Emerging Thin Film
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Crystalline Silicon Tandem, Hetero- and Multi-junction
1st Generation Technologies
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International Energy Agency Photovoltaic Power System Programme’s
(IEA PVPS)

» Asof April 8, 2016,
« China remains the world’s biggest market, with 15.3 GW
* EU and the U.S. with more than 7 GW each

* India, with 2 GW, as “the rising star in the PV sector.”

» The PV market grew by 50 GW while total capacity has reached at least 227 GW around the globe
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FIGURE 2: EVOLUTION OF ANNUAL PV INSTALLATIONS (GW - DC)
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Top 10 countries in 2015 based on Top 10 countries based on added PV
total PV installed capacity (MW)["] capacity in 2015 (MW)(™!

China: 43,530 MW (22.5%)
Germany: 39, 700 MW (20.6%)
Japan: 34,410 MW (17.8%)

United States: 25,620 MWV (13.3%)
ltaly: 18,920 MW (9.8%)

United Kingdom: 8,780 MYV (4.5%)
France: 6,580 MW (3.4%)

Spain: 5,400 MW (2.8%)

Australia; 5,070 MW (2.6%)

India: 5,050 MW (2.6%)

China: 15,150 MW {34.6%)
Japan: 11,000 MW (25.1%)

United States: 7,300 MW (16.7%)
United Kingdom: 3,510 MY (5.0%)
India: 2,000 MW (4.6%)

Germany: 1,430 MW (3.3%)
South Korea: 1,010 MW (2. 3%)
Australia: 935 MWW (2.1%)

France: 879 MW (2.0%)

Canada: 600 MW (1.4%)



TABLE 1; TOP 10 COUNTRIES FOR INSTALLATIONS AND TOTAL INSTALLED CAPACITY IN 2015

TOP 10 COUNTRIES IN 2015 FOR TOP 10 COUNTRIES IN 2015 FOR

ANNUAL INSTALLED CAPACITY CUMULATIVE INSTALLED CAPACITY
1 Bl chine 15,2 GW 1 il china 43,5 GW
2 | @] Japan 116w 2 MW Germany 39,7 GW
3 B USA 73 GW 3 |@] Japan 34,4 GW
¢ BB WK 3,5GW = 25,6 GW
5 mim  India 26W s B ity 189 GW
6 WM Germany 1,5 GW 6 SI% UK 8,8 GW
7 | Korea 16W 7 Bl France 6,6 GW
§ &M Australia 0,9 GW 8 T Spain 5,4 GW
9 'l France 0,9 GW 9 Bl Australia 51GW
10 I canada 0,6 GW 10 s India 5 GW

http://www.iea-pvps.org/fileadmin/dam/public/report/PICS/IEA-PVPS_- A _Snapshot_of Global _PV_- 1992-2015 - Final_2_02.pdf
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FIGURE 4: NATIONAL PV PENETRATION IN % OF THE ELECTRICITY DEMAND BASED ON 2015 CAPACITIES
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How Much Do Solar Panels Cost Today?

It

"9 The cost has fallen tremendously within the past Solar Panel System Diagram
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lower than they were back in 1977.

% Solar became much cheaper in the past 7-10
Years (85%)
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% The cost of electricity varies widely across the
USA, from as low as $0.07/kWh in West
Virginia to as much as $0.24/kWh in Hawaii.
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https://cleantechnica.com/2014/02/04/current-cost-solar-panels/




WHAT YOU COULD SAVE EVERY MONTH

By going solar, people around the country are saving money each month that would have gone to utiity
companies. Just how much are they saving? In some places, over $100 each month,

o N HOW MUCH SOLAR COSTS IN YOUR STATE

/’ Think solar is out of reach? Think again. Real solar estimates show state, regional, and local incentives
/ are helping bring the cost way down. In many states, you can go solar for less than $10,000. Here's a
look at the average cost to go solar in each state.
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What would you do with an extra $20K? That's how much the average solar system will save you over / Q Seems like a no-brainer: High cost equals long payback time, right? Not exactly. A state with good
20 years. Residents in some states with high electricity prices can expect to save much more than // incentives can mean a low net cost, but if electricity is cheap in that state (like Arizona or Louisiana), the
payback period can still be pretty long. Conversely, a system may cost more in a given state, but if

that — consider Hawaii, where residents save on average $64,000 after 20 years.
electricity prices there are high, the payback period may actually be pretty short.
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https://cleantechnica.com/2014/02/04/current-cost-solar-panels/




% Intensification of space race in the late 50’s, three

American space orbiting satellites, Vanguard I,
Vanguard Il and Explorer Il as well as the
Russian Sputnik-3 were launched into space fitted
with solar PV arrays.

% In 2000, astronauts at the International Space
Station (ISS) began installing new solar panels on
what is now the largest solar PV array ever
installed in space.

% A crew aboard the ISS is continuing this spirit, by
testing out a new 3D solar PV cell, which it hopes
to have higher efficiency than current solar cells.

https://blog.urthecast.com/company/international-space-stations-solar-

panels-have-a-no-fail-mission/

2. http://www.solarsystems-usa.net/the-fascinating-history-of-solar-
photovoltaics/



https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
https://blog.urthecast.com/company/international-space-stations-solar-panels-have-a-no-fail-mission/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/
http://www.solarsystems-usa.net/the-fascinating-history-of-solar-photovoltaics/

i ]
The energy management system
installed at the Navy's Pacific |

Missile Range Facility in Hawaii
holds the system's main
controller, advanced batteries

http://www.nrel.gov/defense/projects.html

NREL and the U.S. Department of Defense (DOD)
working together on energy projects that demonstrate
and validate energy efficiency and renewable energy
technologies

NREL is helping the Army assess and deploy energy
efficiency and renewable energy technologies in
support of nine Net Zero Energy Installation (NZEI)
pilot programs. Energy managers at each Army
installation are working to achieve net zero energy use
by 2020 by working with NREL

The National Center for Photovoltaics (NCPV) at the
National Renewable Energy Laboratory (NREL)
focuses on technology innovations that drive industry
growth in U.S. photovoltaic (PV) manufacturing

Army Office of Energy Initiatives (OEI) was
established by the Secretary of the Army to serve as the
central management office for partnering with U.S.
Army installations to implement cost-effective, large-
scale renewable and alternative energy projects, 10
megawatts or greater, leveraging private sector
financing.

As of early 2013, there were more than 130 megawatts
(MW) of solar photovoltaic (PV) energy systems
powering Navy, Army and Air Force bases in at least
31 states and the District of Columbia.




OEIl Large-Scale
Energy Security Projects

as of 30 Nov 2016

Installation Project Status:
Yakima Training Center: 80 MW % Relialgellticliny PhaSlr‘ 1 Assﬂ!-:qmt"
Mxrognd-ready onsiie genaration, b @ Controis Phase 2: Validation
feeds the extemal grid bl Storsos Phase 3: Contracts
Phase 4: Construction

Phase 5: Operations & Support

s & Agre

Rock Island Arsenal: 8.5 MW Ft. Drum: 60 MW -
D onsite non-condngent Access to onsfie confingent

generation on through a micrognid @
: ————amamm

Ft. Detrick: 15 MW . .
| ey X Ft. AP, Hill: 191 MW .
1 consngent generation Microgn onsile generation, X

X

*Ft. Gordon: 30 MW -

Microgridready onsite generation, X

feeds the extemal grid X

® Fr. Benning: 30 MW Ft. Benning 2: 13 MW -
Micrognd-ready onsite generation Microgrid-ready onsite generation, X
feeds the external grid > axte X

Ft. Huachuca: 18 MW L
Micrognd-ready onsite generation, X
feeds the exdernal gnd X

AK "Ft. Stewart: 30 MW .
- Microgrid-ready onsile generation, X
W 15005 the extemal gnd X
HI
Camp Shelby: 14 MW hd >
Microgrd -ready ansile generaton feeds X Solar ¢ Geothermal o Natural Gas
the extemal grid X O wind ) Hydro €) Microgrid
*Operational. swating final documents © Biomass Q) CHP O Battery

——————————————————  ASSiStant Secretary of the Army (Installations, Energy & Environment)
Office of Energy Initiatives UNCLASSIFIED 3

http://www.asaie.army.mil/Public/ES/oei/docs/Industry%20Day_ArmyEnergy_Final.pdf




Advantages Disadvantages

« Helps to slow/stop global warming « Some toxic chemicals, like cadmium and
arsenic, are used in the PV production
process. These environmental impacts are
minor and can be easily controlled through

« Saves society billions or trillions of dollars
« Saves you money

* Provides energy reliability recycling and proper disposal.
 Provides energy security « Solar energy is somewhat more expensive to
« Provides energy independence produce than conventional sources of energy

due in part to the cost of manufacturing PV
devices and in part to the conversion
efficiencies of the equipment.

« Solar power is a variable energy source, with
energy production dependent on the sun.
Solar facilities may produce no power at all
some of the time, which could lead to an
energy shortage if too much of a region's
power comes from solar power.

 Solar power creates jobs

http://www.energybc.cal/cache/solarpv/iwww.cetonline.org/Renewables/PV_pro_con.html
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Course On Solar Design & Installation
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Training Methodology About lacharya Silicon Limited

The course will be delivered online in a IACHARYA SILICON LIMITED (ISL), Chennai is a
combination of lecture/PPT/multimedia/video  solar energy engineering, consultancy and
formats, including design exercises, case studies training company. The training division works
and virtual onsite installation videos. with National Institute of Solar Energy (NISE)
Who Should Attend ? for the Suryamitra programme and SRRA, NIWE
People already working in the solar industry, new for online training programmes.
enterpreuners, students and graduates looking to Overview of the course

update themselves with current best practices. The two-week course covers various aspects
Installers, engineers, [Tl/diploma holders, project of solar PV feasibility studies, basics of design,

managers and electricians. installation, operation and maintenance of
Medium of Instruction solar power plants.

The course is currently being offered in Hindi  Successful candidates shall have vast

and English. opportunities for employment in the solar
Hiehlld'\ts dtm‘fmmmm industry. The course will enable participants
Basics of photovoltalc systems to effectively work on design, integration and
«Basics of electroma ic nd radiation st x ) e SR -
ST et et spectroy s tadiation sody mdw&rmm It also
«Designing of solar power systems prepares candidates to become new
«Grounding and bonding concepts entrepreneurs in the Solar Energy sector.
«Civil construction and lightening protecti

e e P Piitn Assessment and Certification
+Operations and maintenance Successful candidates will receive a joint
«Personal protective equipment certificate from MNRE and lacharya.

«Virtual onsite training
New no:39, (Old no 48), Thirumurugan fiats, 5th Cross Street, Trustpuram, Kodambakdam, Chennai, India 600024
+91-9790889451 / 9790881904, 044-43565238, www.iacharya.com | www.iacharya.in email: training®iacharya.in
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