
RENEWABLE ENERGY 
TECHNOLOGIES

PART I: TECHNICAL FUNDAMENTALS 

Baltic-American Freedom Foundation

A.M. KANNAN,  Professor 

ARIZONA STATE UNIVERSITY

OCTOBER 12, 2015



ALT 360

“The sun will be the Fuel of the Future”

Anonymous, 1876, Popular Science
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 In 90 minutes, enough 

sunlight strikes the earth to 

provide the entire planet's 

energy needs for one year. 

While solar energy is 

abundant, it represents a 

tiny fraction of the world’s 

current energy mix. 

This is changing rapidly & 

is being driven by global 

action to improve energy 

access and supply security, 

and to mitigate climate 

change.
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Total Energy Resources

Solar Energy is the largest Energy Resource and it is 

inexhaustible 
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Energy Fluxes Circulation
 Renewable energy flux has a closed character while the fossil 

energy has an open character. 

 In the case of RES use the energy flux generated by the environment 

is transformed with the help of conversion unit into another form of 

energy necessary for the consumer. Then it reverses in the same 

environment and its thermal balance remains unvaried.
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Depending on the 

origin, RES are 

divided into 

groups include 

Solar energy & its 

derivatives –

Wind, Hydraulic, 

Biomass energy, 

Tide energy, 

Thermal energy 

of the planet’s 

ocean.

Main Forms of Solar Energy
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Renewable Energy Sources 
RES are “energy of the future”. 

World reserves of renewable energy are enormous.

 But, only part of this energy can be converted.

• Renewable energy conversion 

systems possess multi-

functionality, in the case of 

remote consumers, 

particularly.

• For example, water pumping 

into storage tanks when 

electricity is not demanded, 

hydrogen production, etc.).
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Global electricity production in 2050

Variable renewables 

could represent one-

third of total electricity 

generation by 2050.

Clean electricity can 

replace many fossil 

fuel uses.
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An Integrated Approach to the Development of 

Solar Energy in Buildings 

Energy 
Efficiency and 
the Solar 
Energy 
Technologies 
should be 
closely 
associated
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There is nothing that you cannot do with SOLAR



ALT 360

Utility Scale PV Price Forecast

Module costs will soon represent only one-third 

of utility-scale PV systems.
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New PV installations in Germany, from October 

2009 to October 2010

In Germany, where some 8.5 GW were 

installed in 2010, the growth rate still 

exceeds that which would be consistent 

with the 2020 targets (about 3.6 GW/y)
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Generating Electricity from Sunlight

Sunlight PV Module Electricity 
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Photovoltaics Effect
PV Systems directly convert Light into Electricity
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PV Markets & Applications Module

 Photovoltaics (PV) markets

Advantages and disadvantages of PV systems

Different PV terminologies (panel, module, array)

Types of PV Applications
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▪ The overall energy consumption grew to 97.3 quadrillion Btu 
in 2013, a 2.4% increase from 2012. 

▪ Electric power sector energy consumption grew to 38.4 
quadrillion Btu in 2013, a 0.6% increase from 2012. 

▪ Installed renewable electricity capacity exceeded 171 gigawatts 
(GW) in 2013, generating 534 TWh. 

▪ In 2013, solar electricity was the fastest growing electricity 
generation technology, with cumulative installed capacity 
increasing by nearly 66% from the previous year. 

▪ Wind electricity generation increased 20% in 2013, while 
wind electricity capacity grew 1.8%. 

Renewable Energy Growth in USA



Global Renewable Energy 
Development

▪ Cumulative global renewable electricity installed capacity grew by 108% 
from 2000 to 2013 (from 748 GW to 1,560 GW). 

▪ Renewable sources accounted for 23% of all electricity generation 
worldwide (5,095 TWh) in 2013. 

▪ Wind and solar electricity have been the fastest growing renewable 
electricity technologies worldwide. Wind electricity generation grew by a 
factor of 18 and solar electricity generation grew by a factor of 68 
between 2000 and 2013. 

▪ In 2013, China led the world in cumulative total renewable electricity 
installed capacity, as well as cumulative wind and hydropower capacity. 
Germany led the world in cumulative PV installed capacity. 

▪ The United States led the world in geothermal and biomass installed 
capacity.



Global Renewable Energy Capacity



Global Annual Installed Renewable 
Electricity Capacity Growth



Top countries for Renewable 
Electricity Installed Capacity (2013)







▪ In the United States, wind electricity experienced limited growth, 
with only 1.1 GW of new capacity added, a 92% reduction from the 
record-setting 13.1 GW installed in 2012. 

▪ At the end of 2013, there was more U.S. wind power capacity under 
construction than at any time previously: construction activity was 
started on more than 12.0 GW of projects .

▪ China continued in 2013 to lead the world in cumulative installed 
wind capacity, with more than 91 GW installed as of the end of 2013. 

▪ Global cumulative installed offshore wind capacity surpassed 7 
GW in 2013. 

▪ While projects have been proposed, no commercial offshore wind 
turbines have yet been commissioned in the United States. 

Wind Electricity









▪ Solar electricity generating capacity grew by a factor of 35 between 
2000 and 2013 and currently accounts for 0.5% of annual U.S. 
electricity generation. 

▪ PV cumulative capacity increased 65% in 2013 .

▪ Countries with extensive solar policies—such as Germany and 
Spain—lead the world in solar PV and CSP deployment, respectively. 
Similarly, U.S. states with extensive solar incentives led the United 
States in both cumulative and annual installations in 2013 (California, 
Arizona, New Jersey, North Carolina, and Massachusetts).

▪ 410 MW of new CSP capacity came online in the United States in 
2013, an increase in cumulative capacity of 81%. Approximately 400-
500 MW of CSP capacity is currently under construction and expected 
to come online in 2014 and 2015, while another 3,600 MW is under 
development.

Solar Electricity









▪ The United States leads the world in installed geothermal 
electricity capacity and generation, with most of that 
capacity installed in California, followed by Nevada. 

▪ U.S. geothermal electricity capacity has remained 
relatively stable, increasing at a 2.4% compound annual 
growth rate (CAGR) since 2000. 

▪ As a base load source of energy, geothermal is distinct 
from variable renewables, such as wind and solar, because 
it can provide consistent electricity throughout the day and 
year. 

▪ Five Enhanced Geothermal System (EGS) technology 
multi-year demonstration projects were active in 2013.

Geothermal Electricity







▪ In 2013, biopower electricity generation accounted 
for 11% of all renewable energy generated in the 
United States. 

▪ • Biopower electricity comes primarily from wood 
and agricultural residues that are burned as a fuel 
for cogeneration in the industrial sector (such as in 
the pulp and paper industry). 

▪ • U.S. installed biopower electricity capacity has 
grown recently, with a compound annual growth 
rate (CAGR) of 3.8% from 2007 to 2013.

Biopower Electricity









▪ Hydropower capacity has remained essentially 
constant since 2000, with less than a 2% total 
increase. 

▪ Hydropower remains the largest source of 
renewable electricity generation, primarily large-
scale hydropower, which accounted for 6.6% of U.S. 
electricity generation in 2013. 

▪ Additional hydropower capacity was installed in the 
United States in 2013. 

▪ However, generation from existing hydropower 
facilities has been declining since 2011. 

Hydropower Electricity









▪ U.S. interest in advanced water power—such as tidal, river, 
ocean current, and ocean wave energy—continues to 
steadily grow with many prototype projects in testing 
stages and permits for production facilities being filed with 
the Federal Energy Regulatory Commission (FERC). 

▪ There were no new tidal power project licenses issued by 
FERC in 2013. However, in September 2013, Ocean 
Renewable Power Company’s Tidal Energy Project became 
the first tidal power project to deliver power to an electric 
utility grid in the United States. 

▪ • Advanced water power development activity is 
concentrated in the North America and Europe.

Advanced Water Power Electricity







▪ The cumulative installed global fuel cell capacity for stationary power 
increased by a factor of 3 between 2008 and 2013, reaching 
approximately 150–160 MW in 2013. 

▪ In 2013, global electrical generation capacity from stationary fuel 
cells increased by nearly 25% from the previous year. 

▪ In 2013, global fuel cell shipments increased approximately 25% from 
the previous year. 

▪ In 2013, revenues from fuel cell systems shipped increased by more 
than 30% over the previous year. 

▪ In the United States, nearly 9 million metric tons of hydrogen are 
produced today, mostly serving the petroleum refining and 
chemicals industries; there are more than 1,500 miles of hydrogen 
pipelines. 

H2 and Fuel cells Electricity



▪ The world’s largest fuel cell power plant was opened in Hwasung City, 
South Korea in 2013. The 59 MW facility will provide baseload power 
to the electricity grid and high-grade heat for district heating. 
Another fuel cell power generation plant (19.6 MW) is being planned 
for construction in Seoul City, South Korea. 

▪ In the United States, a 15-MW fuel cell power park was completed in 
Bridgeport, Connecticut and is delivering baseload power to the 
electricity grid. 

▪ Globally, more than 5,000 fuel cell units have been installed or 
ordered for backup power applications. These units have a successful 
startup rate greater than 99.7%. 

▪ Globally, more than 8,200 fuel cells have been ordered or installed in 
forklifts.

H2 and Fuel cells Electricity





▪ Global new investments in renewable energy have grown 
dramatically in the past decade, but have seen an 11% 
decrease since 2011, with $254 billion in new investments in 
2013. 

▪ New investment in clean energy in the U.S. totaled $36.7 
billion in 2013. 

▪ In 2013, solar experienced the highest levels of new 
investment, followed by wind. 

▪ Global venture capital and private equity new investment 
in clean energy has increased from $1.4 billion in 2004 to 
$4.4 billion in 2013. 

Investments on RES







Jobs in Renewable Energy



THANK  
YOU

• Thanks to Technological advances, 

policy support and improved 

understanding of deployment 

potential.

• We are increasingly powering our 

electricity and transportation systems 

with clean, RES.

• A clean energy future is here and 

expanding. 


