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2. Renewable Energy Sources

The major sources of this section are:

2010 Renewable Energy Data Book, U. S. Department of Energy, September 2011.

Renewable Energy Projects Handbook, World Energy Council, 2004

Charles Kim, “Lecture Note on Analysis and Practice for Renewable Energy Micro Grid Configuration,” 2013. www.mwftr.com

Renewable Energy Sources and Characteristics

Our focus
Wind Power

Solar Power

Applications
Home and cottage

Mobile, RV and Marine

Commercial Industrial

Major Resources
SWERA (Solar and Wind Energy 
Resources Assessment)

http://maps.nrel.gov/SWERA

http://en.openei.org/apps/SWERA/

National Renewable Energy 
Laboratory (NREL): 
http://www.nrel.gov/

Windfinder: www.windfinder.com
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Brief on Electricity  

1. Power Plant 2. Transformer (Step-up)                     
3. Transmission Line     4. Power Tower                          
5. Transformer (Step-down)    6. Distribution Line          
7. Transformer (neighborhood)   
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Electricity Crossword
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Electricity Crossword - SOLUTION
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Renewable Energy Sources in US - Summary 
In the United States, the installed global renewable energy capacity has 
more than quadrupled between 2000 and 2010.
Including hydropower, renewable energy represents nearly 12% of total 
installed capacity and more than 10% of total generation in the United 
States in 2010. 
Installed renewable energy capacity (including hydropower) is more than 
137 gigawatts (GW). 
Not including hydropower, 2010 renewable electricity installed capacity has 
reached about 59 GW in the United States.
In 2010 in the United States, wind and solar photovoltaics (PV) were two of 
the fastest growing generation technologies. 
In 2010, cumulative wind capacity increased by 15% and cumulative solar 
PV capacity grew 71% from the previous year.
Worldwide, wind energy is one of the fastest growing renewable energy 
technologies—between 2000 and 2010, wind energy generation worldwide 
increased by a factor of 11. The United States experienced even more 
dramatic growth, as installed wind energy capacity increased by a factor of 
nearly 16 between 2000 and 2010.
In the United States, in 2010, renewable energy accounted for more than 
25% of all new electrical capacity installations in the United States—a large 
change from 2004 when all renewable energy captured only 2% of new 
capacity additions
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U. S. Energy Production and Consumption 
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U. S. Electric Generation
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U. S. Energy Consumption by Sector

U. S. Energy Consumption - Details
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Capacity and Generation --- All Renewables

Excluding Hydropower

Generating Capacity by Source

Excluding Hydropower
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CSP ?

CSP (Concentrated Solar Power): PV with mirrors and 
lenses to concentrate a large area of sunlight on to a 
small area.

Heliostat

Renewable Generation Capacity by Technology
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Top States for Renewable Electricity Installed Capacity

w/o Hydro                         w/ Hydro
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Top States for Renewable Electricity Capacity
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Financial Incentives by State for Promotion
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Financial Incentives by State
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Turbine Manufacturing
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Wind Turbine Installations (US) by Manufacturer
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Turbine Size (US)
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Wind Power by State
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U.S. Solar Capacity
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Solar Energy by State
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Geothermal by State
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Biopower by State
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Hydropower by State
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Global Renewable Energy Development - Summary

Global renewable electricity installations (excluding 
hydropower) have more than quadrupled from 2000–
2010.

Including hydropower, renewable energy accounts for 
21% of all global electricity generation; without 
hydropower, renewable energy accounts for 3.8% of 
global generation.

Wind and solar energy are the fastest growing 
renewable energy technologies worldwide. Wind grew 
by a factor of 11 and solar PV generation grew by a 
factor of more than 28 between 2000 and 2010.

In 2010, Germany led the world in cumulative solar PV 
installed capacity. The United States leads the world in 
geothermal and biomass installed capacity. China leads 
in wind, and Spain leads in CSP. 32



Renewable Energy Capacity (w/o hydro)
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Main Characteristics
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Renewable Energy Generation by Technology
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Top Countries with Renewable Electricity
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Top Countries
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Wind Energy Capacity
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Turbine Manufacturing
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Annual Installed Offshore Wind Capacity
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Solar Installed Capacity by Country
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Solar Manufacturing by Country
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PV Manufacturing
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Geothermal by Country
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Global Advanced Power (tidal, river, ocean current)
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Sample of Commercial and Pilot Plants
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U. S. Hydrogen Stations
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Hydrogen - Electricity
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Public Renewable Energy Index
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Barriers and Success Factors
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Barriers and Success Factors

51

Technology Specific Barriers and Success Factors
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Technology Specific Barriers and Success Factors
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Technology Specific Barriers and Success Factors
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Technology Specific Barriers and Success Factors
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Average Capital and energy cost by technology
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Project Stages
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Electricity Generation in Korea
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Renewable Energy Source Potential
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Renewable Energy Production (2011)
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Renewable Energy Development in Korea (2010)

Policy
Aims to generate 5% of energy from renewables by 2011, increasing to 11% by 2030. This 
is compared with a current figure of 2.4%, therefore achievement of these targets would 
more than double energy from renewables by the end of next year.

South Korea already has Financial Incentives in place for wind and solar power; however, 
from 2012 these will be replaced by a Renewable Portfolio Standard (RPS), approved by the 
South Korean Assembly in March 2010. This RPS will require 14 state-run and private 
power utilities with capacity in excess of 500MW to generate 4% of energy from renewable 
sources by 2015, increasing to 10% by 2022. This program, which will become effective in 
2012, will mandate 350MW/year of additional RE to 2016, and 700MW/year to 2022.

South Korea’s Government has announced that a total KRW40t (€25.8b, US $34.2b) will be 
invested in RE by 2015. This includes KRW22.4t (€14.4b, US $19b) to be invested by the 
nation’s 30 largest industrial groups by 2013. The Government will contribute approximately 
KRW7t (€4.5b, US $5.96b) and the remaining KRW10.6t (€6.8b, US $9b) coming from other 
areas of the private sector. South Korea has already seen substantial financial investment in 
RE in recent years, including KRW2t (€1.3b, US $1.7b) from Government in the last two 
years.

Further, all RE technologies receive a 5% tax credit, and in 2009, import duties were halved 
on all components/equipment used in RE power plants. The Government also provides 
subsidies to local governments of up to 60% for the installation of renewable facilities, as 
well as offering low interest loans (5.5%-7.5%) to RE projects, including a 5-year grace 
period followed by a 10-year repayment period.
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Renewable Energy Development in Korea (2010)

Wind
Wind power is currently supported through a FIT of KRW107.29 (€0.07, US $0.09)/kWh, 
decreasing annually by 2% from October 2009. However, this FIT will be replaced by the 
RPS from 2012 onwards. It is estimated that South Korea has potential reserves of 
186.5TWh per annum. The current installed capacity is around 348MW and there is a 
substantial project pipeline including Hyundai Heavy Industries’ 200MW wind farm due to be 
operational by 2012 and costing KRW500b (€322m, US $426m).

The country has also seen investment by turbine manufacturers in a bid to develop a strong 
domestic supply chain. Samsung has already started operations, with scope to produce 
turbines with 500MW per year in generation capacity.

Offshore wind
South Korea aims to be the world's third largest offshore wind power generator. At the end 
of Q3, it was announced that the country will launch a KRW9.2t (€5.9b, US $7.8b) offshore 
wind farm project in the Yellow Sea. An initial testing phase will install 20 5MW turbines by 
2013, but the site will have an estimated generating capacity of 2.5GW by 2019 and it is 
reported that domestic companies will build the 500 turbines required.
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Renewable Energy Development in Korea (2010)

Solar
Solar FITs were first adopted in 2006 and were considered to be quite generous. A decision 
was made in 2008, however, to reduce the rate by up to 30% as a way of encouraging local 
production. Rates now range from KRW572 (€0.37, US $0.48)/kWh for systems smaller than 
30kW to KRW509 (€0.33, US $0.43)/kWh for those larger than 1MW capacity.

As with wind, the solar FIT scheme will be replaced in 2012. In addition to the RPS
enforcement, utility companies will be given a separate solar energy production quota of 
120MW in the first year, gradually increasing to 200MW in 10 years, after the rules are 
enacted.

Grid-connected solar PV totalled 430MW at the end of 2009, including Samsung's 18.4MW 
plant and Conergy's 19.6MW plant (reported to be Asia's largest in 2008). The European 
PhotoVoltaic Industry Association (EPIA) has estimated the country’s solar PV market could 
grow to 1.3GW by 2013, and the current pipeline includes SunEdison’s 400MW of solar 
plants to be built across the country,

Hydro
It has been estimated that South Korea has a small-scale hydro potential of up to 1.5GW, 
and that 198MW could be generated by 2012. Installed capacity represents less than 5% of 
the domestic potential, indicating significant untapped resources. The project pipeline 
includes five small hydro plants as part of the Four Rivers Project.
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Nuclear Power
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Campaign for “Less Nuclear Power”

70

Charles
Rectangle



Other Fallouts from Fukushima

IEEE Spectrum Nov 2013: Nuclear Power Plummets
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Other Fallouts from Fukushima – Carbon Emission Increase

IEEE Spectrum Nov 2013: The closure of nuclear power plants left Japan short on 
power. Fossil fuels, rather than renewables, were used to bridge the gap. The 
increased use of fossil fuels to generate electricity is largely behind the rise in 
Japan’s green house gas emission. 72



What Kyoto?
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Less Nuclear and More LNG
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Are Utilities Dying Dinosaurs?
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Threat to the Existing System
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Slow death of EU utilities?

77

German Situation
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Existential Threat to EU Utilities?
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And Higher Cost of Electricity

“ …. British 
government 
predictions of 
sharply 
increased 
electricity 
prices in the 
next decades 
are getting 
renewed 
attention these 
days, …”
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