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Unit 1 Renewable Energy Commercialization

Introduction

Renewable energy commercialization involves the deployment of three
generations of renewable energy technologies dating back more than 100 years,
see Fig. 1.1 and Fig. 1. 2. First-generation technologies, which are already
mature and economically competitive, include biomass, hydroelectricity,
geothermal power and heat. Second-generation technologies are market-ready and
are being deployed at the present time; they include solar heating, photovoltaics,
wind power, solar thermal power stations, and modern forms of bioenergy.
Third-generation technologies require continued Research and Development
(R&.D) efforts in order to make large contributions on a global scale and include
advanced biomass gasification. biorefinery technologies, hot-dry-rock geothermal

power, and ocean energy.

Fig.1.1 The Wind, Sun and Biomass — three renewable energy sources

There are some non-technical barriers to the widespread use of renewables,

and it is often public policy and political leadership that helps to address these
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barriers and drive the wider acceptance of renewable energy technologies. As of
2010, 98 countries have set targets for their own renewable energy futures, and
have enacted wide-ranging public policies to promote renewables. Climate change
concerns are driving increasing growth in the renewable energy industries.
[eading renewable energy companies include First Solar, Gamesa, GE Energy,

Q-Cells, Sharp Solar, Siemens. SunOpta, Suntech and Vestas.

Data Source: Bloomberg New Energy Finance, UNEP SEFI, Frankfurt School,
Global Trends in Renewable Energy Investment 2011
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Fig.1.2 Global new investment renewable energy

Total investment in renewable energy reached $ 211 billion in 2010, up from
$ 160 billion in 2009. The top countries for investment in 2010 were China,
Germany, the United States, Italy, and Brazil. Continued growth for the
renewable energy sector is expected and promotional policies helped the industry
weather the 2009 economic crisis better than many other sectors.

U. S. President Barack Obama’s American Recovery and Reinvestment Act
of 2009 included more than $ 70 billion in direct spending and tax credits for clean
energy and associated transportation programs. Clean Edge suggests that the
commercialization of clean energy has helped countries around the world pull out
of the 2009 global financial crisis. Economic analysts expect market gains for
renewable energy (and natural gas) following the 2011 Japanese nuclear

accidents. Globally, there are an estimated 3 million direct jobs in renewable
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energy industries, with about half of them in the biofuels industry., According to
a 2011 projection by the International Energy Agency, solar power generators
may produce most of the world’s electricity within 50 years, dramatically

reducing harmful greenhouse gas emissions.

Lesson 1 Overview'"

Rationale for renewables

Climate change, pollution, and energy insecurity are among the greatest
current problems and addressing them requires major changes to energy
infrastructures. Renewable energy technologies are essential contributors to the
energy supply portfolio, as they contribute to world energy security, reduce
dependency on fossil fuels, and provide opportunities for mitigating greenhouse
gases. Climate-disrupting fossil fuels are being replaced by clean, climate-
stabilizing, non-depletable sources of energy:

. the transition from coal, oil, and gas to wind, solar, and
geothermal energy is well under way. In the old economy, energy
was produced by burning something — oil, coal, or natural
gas — leading to the carbon emissions that have come to define our
economy. The new energy economy harnesses the energy in wind, the
energy coming from the sun, and heat from within the earth itself.

A 2010 survey conducted by Applied Materials shows that two-thirds of
Americans believe solar technology should play a greater role in meeting the
country’s energy needs. In addition, three-quarters of Americans feel that
increasing renewable energy and decreasing U. S. dependence on foreign oil are
the country’s top energy priorities”. According to the survey, “67 percent of
Americans would be willing to pay more for their monthly utility bill if their

utility company increased its use of renewable energy”.
Three generations of technologies

The term renewable energy covers a number of sources and technologies at
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different stages of commercialization. The International Energy Agency (IEA)
has defined three generations of renewable energy technologies, dating back over
100 years:

+ First-generation technologies emerged from the industrial revolution at the
end of the 19th century and include hydropower, biomass combustion,
geothermal power and heat, These technologies are quite widely used.

+ Second-generation technologies include solar heating and cooling, wind
power, modern forms of bioenergy, and solar photovoltaics. These are now
entering markets as a result of research, development and demonstration
(RD&.D) investments since the 1980s. Initial investment was prompted by energy
security concerns linked to the oil crises of the 1970s but the enduring appeal of
these technologies is due, at least in part, to environmental benefits. Many of the
technologies reflect significant advancements in materials.

+ Third-generation technologies are still under development and include
advanced biomass gasification, biorefinery technologies, concentrating solar
thermal power, hot-dry-rock geothermal power, and ocean energy. Advances in
nanotechnology may also play a major role,

First-generation technologies are well established, second-generation
technologies are entering markets, and third-generation technologies heavily
depend on long-term RD&D commitments, where the public sector has a role to

play.
Growth of renewables

In 2011, UN under-secretary general Achim Steiner said: “The continuing
growth in this core segment of the green economy is not happening by chance.
The combination of government target-setting, policy support and stimulus funds
is underpinning the renewable industry’s rise and bringing the much needed
transformation of our global energy system within reach.” He added:
“Renewable energies are expanding both in terms of investment, projects and
geographical spread. In doing so, they are making an increasing contribution to
combating climate change, countering energy poverty and energy insecurity”.

During the five-years from the end of 2004 through 2009, worldwide
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renewable energy capacity grew at rates of 10-60 percent annually for many
technologies ( Table 1.1). For wind power and many other renewable
technologies, growth accelerated in 2009 relative to the previous four years. More
wind power capacity was added during 2009 than any other renewable technology.
However, grid-connected PV increased the fastest of all renewables technologies,

with a 60 percent annual average growth rate for the five-year period.

Table 1.1 Selected renewable energy indicators

Selected global indicators 2004 | 2005 | 2006 | 2007 | 2008 | 2009 2010

Investment in new renewable

30 38 63 104 130 | 160 | 211 billion USD

capacity (annual)

Existing renewables power
capacity, including 895 930 (1,020(1,070(1,140(1,230| 1,320 GWe

large-scale hydro

Existing renewables power
capacity, excluding large 200
hydro

[S]
n
<

312 GWe

Hydropower capacity

erd 950 | 980 | 1,010 GWe
(existing)

Wind power capacity
12 48 59 74 94 121 | 159 | 198 GWe
(existing)

Solar PV capacity

. 7.6 | 16 | 23 | 40 GWe
(grid-connected)

Solar cell production (annual) 6.9 11 24 GWe

Solar hot water capacity

. 77 88 105 120 130 160 | 185 GWth
(existing)

Ethanol production (annual) 30.5 33 39 50 67 76 | 86 billion liters

Biodiesel production (annual) 12 17 | 19 billion liters

Countries with policy targets

45 49 68 79 89 98
for renewable energy use
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In 2008, for the first time more renewable energy than conventional power
capacity was added in both the European Union and the United States,
demonstrating a “fundamental transition” of the world’s energy markets towards
renewables, according to a report released by REN21, a global renewable energy
policy network based in Paris.

According to a 2011 projection by the IEA, solar power generators may
produce most of the world’s electricity within 50 years, dramatically reducing the
emissions of greenhouse gases that harm the environment. Cedric Philibert,
senior analyst in the renewable energy division at the IEA said: “Photovoltaic and
solar-thermal plants may meet most of the world’s demand for electricity by 2060
— and half of all energy needs — with wind, hydropower and biomass plants
supplying much of the remaining generation”. “Photovoltaic and concentrated

solar power together can become the major source of electricity,” Philibert said.
Economic trends

As of 2011, there have been substantial reductions in the cost of solar and
wind technologies;

The price of Photovoltaic (PV) modules per MW¢ has fallen by 60 percent
since the summer of 2008, according to Bloomberg New Energy Finance
estimates, putting solar power for the first time on a competitive footing with the
retail price of electricity in a number of sunny countries. Wind turbine prices have
also fallen — by 18 percent per MW in the last two years — reflecting, as with
solar, fierce competition in the supply chain. Further improvements in the
levelised cost of energy for solar, wind and other technologies lie ahead, posing a
growing threat to the dominance of fossil fuel generation sources in the next few
years.

The International Solar Energy Society (ISES) argues that renewable energy
technologies and economics will continue to improve with time, and that they are
“sufficiently advanced at present to allow for major penetrations of renewable

y

energy into the mainstream energy and societal infrastructures”. Indicative,
levelised, economic costs for renewable power (exclusive of subsidies or policy

incentives) are shown in the Table 1. 2 below.
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Table 1.2 Renewable power generation costs 2010

Typical electricity costs

Power generator Typical characteristics (U.S. cents/(kW + b))
Large hydro Plant size: 10- 18,000 MW 3-5
Small hydro Plant size: 1-10 MW 512
Onshore wind Turbine size: 1.5~ 3.5 MW A 5-9
Offshore wind Turbine size: 1.5-5 MW 10-14
Biomass power Plant size: 1-20 MW 512
Geothermal power Plant size: 1 - 100 MW 1-7

Peak capacity: 2-5
Rooftop solar PV y 20-50
kilowatts-peak

) Peak capacity: 200 kW to
Utility-scale solar PV 15-30
100 MW

Concentrating solar

50 = 500 MW trough 14-18
thermal power (CSP)

As time progresses, renewable energy generally gets cheaper while fossil
fuels generally get more expensive. Al Gore has explained that renewable energy
technologies are declining in price for three main reasons: :

First, once the renewable infrastructure is built, the fuel is free forever.
Unlike carbon-based fuels, the wind and the sun and the earth itself provide fuel
that is free, in amounts that are effectively limitless.

Second, while fossil fuel technologies are more mature, renewable energy
technologies are being rapidly improved. So innovation and ingenuity give us the
ability to constantly increase the efficiency of renewable energy and continually
reduce its cost.

Third, once the world makes a clear commitment to shifting toward
renewable energy, the volume of production will itself sharply reduce the cost of
each windmill and each solar panel, while adding yet more incentives for

additional research and development to further speed up the innovation process.
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Lesson 2 First-generation Technologies™

First-generation technologies are widely used in locations with abundant

resources. Their future use depends on the exploration of the remaining resource

potential, particularly in developing countries, and on overcoming challenges

related to the environment and social acceptance.

Biomass

Biomass for heat and power is a fully mature technology which offers a ready

Fig.1.3 Biomass heating plant in Austria

disposal mechanism for municipal, agricul-
tural, and industrial organic wastes. Take
biomass heating plant in Austria for
example (Fig. 1. 3), the total heat power
is about 1,000 kW. However, the
industry has remained relatively stagnant
over the decade to 2007, even though
demand for biomass ( mostly wood )
continues to grow in many developing
countries. One of the problems of biomass
is that material directly combusted in cook
stoves produces pollutants, leading to
severe health and environmental consequ-
ences; although improved cook stove

programmes are alleviating some of these

effects. First-generation biomass technologies can be economically competitive,

but may still require deployment support to overcome public acceptance and

small-scale issues.

Hydroelectricity

Hydroelectric plants have the advantage of being long-lived and many

existing plants have operated for more than 100 years. Hydropower is also an
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extremely flexible technology from the perspective of power grid operation. Large
hydropower provides one of the lowest cost options in today’s energy market,
even compared to fossil fuels and there are no harmful emissions associated with
plant operation. The Hoover Dam in America is shown in Fig. 1. 4.
Hydroelectric power is currently the world’s largest installed renewable
source of electricity, supplying about 17% of total electricity in 2005. China is

the world’s largest producer of hydroelectricity in the world, followed by Canada.

Fig.1.4 The Hoover Dam when completed in 1936 was both the world’s
largest electric-power generating station and the world’s largest

concrete structure

However, there are several significant social and environmental disadvant-
ages of large-scale hydroelectric power systems: dislocation of people living where
the reservoirs are planned, release of significant amounts of carbon dioxide and
methane during construction and flooding of the reservoir, and disruption of
aquatic ecosystems and birdlife. There is a strong consensus now that countries
should adopt an integrated approach towards managing water resources, which
would involve planning hydropower development in co-operation with other

water-using sectors.
Geothermal power and heat

Geothermal power plants(Fig. 1. 5) can operate 24 hours per day, providing
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baseload capacity. Estimates for the world potential capacity for geothermal
power generation vary widely, ranging from 40 GW to as much as 6,000 GW
by 2020.

Fig.1.5 One of many power plants at The Geysers, a
geothermal power field in northern California,
with a total output of over 750 MW

Geothermal power capacity grew from around 1 GW in 1975 to almost 10 GW
in 2008. The United States is the world leader in terms of installed capacity,
representing 3. 1 GW. Other countries with significant installed capacity include
Philippines (1. 9 GW), Indonesia (1. 2 GW), Mexico (1. 0 GW), Italy
(0. 8 GW), Iceland (0.6 GW), Japan (0.5 GW), and New Zealand (0. 5 GW).
In some countries, geothermal power accounts for a significant share of the total
electricity supply, such as in Philippines, where geothermal represented 17
percent of the total power mix at the end of 2008.

Geothermal (ground source) heat pumps represented an estimated 30 GWth
of installed capacity at the end of 2008, with other direct uses of geothermal heat
(i.e., for space heating, agricultural drying and other uses) reaching an
estimated 15 GWth. As of 2008, at least 76 countries use direct geothermal

energy in some form.



