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Abstract. Renewable energy is energy that is collected from renewable resources, 

which are naturally replenished on a human timescale, such as sunlight, wind, rain, 

tides, waves, and geothermal heat. Opposition is the culprit behind many delays in 

renewable energy (RE).  Use of renewable energy is in the field of power generation, 

heating and Transportation. Renewable energy can reduce air pollution, Cut global 

warming emissions, create new jobs and industries, Diversify our power supply and 

Decrease dependence on coal and other fossil fuels.  Mainstream technologies is 

included wind power, hydropower, solar energy, geothermal energy and bio energy. 

Market and industry trends Is a source for Energy storage. Move America toward a 

cleaner, healthier energy future.  
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1. Introduction 

 Renewable energy is energy that is collected from renewable 

resources, which are naturally replenished on a human timescale, 
such as sunlight, wind, rain, tides, waves, and geothermal heat 

(Ellabban, et al., 2014) Renewable energy often provides energy 

in four important areas: electricity generation, air and water 
heating/cooling, transportation, and rural (off-grid) energy 

services (Sawin, et al., 2004). Renewable energy provided an 

estimated 19.1% of global final energy consumption in 2013.  
The share of modern renewable energy increased to 10.1%. 

The share of traditional biomass was of 9%, same as in 2012. 

Renewables accounted 27.7% of global power generation 

capacity and 22.8% of global electricity demand.  

•Renewables made up for 59% of net additions to global power 

capacity.  

•Total RE power capacity: 1712 GW, an increase of more than 

8.5% over 2013 (Komor, 2015). 

Renewable energy often displaces conventional fuels in four 
areas: electricity generation, hot water/space heating, 

transportation, and rural (off-grid) energy services: 

1.1 Power generation 

By 2040, renewable energy is projected to equal coal and natural 

gas electricity generation. Several jurisdictions, including 
Denmark, Germany, the state of South Australia and some US 

states have achieved high integration of variable renewables. For 

example, in 2015 wind power met 42% of electricity demand in 

Denmark, 23.2% in Portugal and 15.5% in Uruguay. 

Interconnectors enable countries to balance electricity systems 

by allowing the import and export of renewable energy. 
Innovative hybrid systems have emerged between countries and 

regions. 

1.2 Heating 

Solar water heating makes an important contribution to 
renewable heat in many countries, most notably in China, which 

now has 70% of the global total (180 GWth). Most of these 

systems are installed on multi-family apartment buildings and 
meet a portion of the hot water needs of an estimated 50–60 

million households in China. Worldwide, total installed solar 

water heating systems meet a portion of the water heating needs 
of over 70 million households. The use of biomass for heating 

continues to grow as well. In Sweden, national use of biomass 

energy has surpassed that of oil. Direct geothermal for heating is 

also growing rapidly(Gowlett, 2015). The newest addition to 
Heating is from Geothermal Heat Pumps which provide both 

heating and cooling, and also flatten the electric demand curve 

and are thus an increasing national priority (Kris Hirst, 2013; 
Density, 2013). 

1.3 Transportation 

Bioethanol is an alcohol made by fermentation, mostly from 

carbohydrates produced in sugar or starch crops such as corn, 

sugarcane, or sweet sorghum. Cellulosic biomass, derived from 
non-food sources such as trees and grasses is also being 

developed as a feedstock for ethanol production. Ethanol can be 

used as a fuel for vehicles in its pure form, but it is usually used 
as a gasoline additive to increase octane and improve vehicle 

emissions. Bioethanol is widely used in the USA and in Brazil. 

Biodiesel can be used as a fuel for vehicles in its pure form, but 

it is usually used as a diesel additive to reduce levels of 

particulates, carbon monoxide, and hydrocarbons from diesel-

powered vehicles. Biodiesel is produced from oils or fats using 
transesterification and is the most common biofuel in Europe. 

A solar vehicle is an electric vehicle powered completely or 

significantly by direct solar energy. Usually, photovoltaic (PV) 

cells contained in solar panels convert the sun's energy directly 
into electric energy. The term "solar vehicle" usually implies that 

solar energy is used to power all or part of a vehicle's propulsion. 
Solar power may be also used to provide power for 

communications or controls or other auxiliary functions. Solar 

vehicles are not sold as practical day-to-day transportation 
devices at present, but are primarily demonstration vehicles and 

engineering exercises, often sponsored by government agencies. 

However, indirectly solar-charged vehicles are widespread and 
solar boats are available commercially (Sartori, 2008). 

1.4 The power of renewable energy 

Renewable energy is a practical, affordable solution to our 

electricity needs. By ramping up renewable energy, we can: 

 Reduce air pollution 

 Cut global warming emissions 
 Create new jobs and industries 

 Diversify our power supply 

 Decrease dependence on coal and other fossil fuels 
 Move America toward a cleaner, healthier energy future 

(Boyle, 1997).  

1.5 Ramping up renewables: Energy you can count on 

Renewable energy is growing rapidly, with record numbers of 

new wind and solar installations coming online in the U.S. over 
the past few years. We can readily continue this rapid expansion 

of renewable energy by utilizing existing technologies, investing 

in improvements to our electricity system, and making smart 
policy decisions that move the country toward a clean energy 

future (Masters, 2013). 

1.6 History 

Prior to the development of coal in the mid-19th century, nearly 

all energy used was renewable. Almost without a doubt the 
oldest known use of renewable energy, in the form of traditional 

biomass to fuel fires, dates from 790,000 years ago. Use of 

biomass for fire did not become commonplace until many 
hundreds of thousands of years later, sometime between 200,000 

and 400,000 years ago (Marszal, 2011). Probably the second 

oldest usage of renewable energy is harnessing the wind in order 
to drive ships over water. This practice can be traced back some 

7000 years, to ships on the Nile. Moving into the time of 

recorded history, the primary sources of traditional renewable 
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energy were human labor, animal power, water power, wind, in 

grain crushing windmills, and firewood, a traditional biomass. A 

graph of energy use in the United States up until 1900 shows oil 

and natural gas with about the same importance in 1900 as wind 
and solar played in 2010. In the 1860s and '70s there were 

already fears that civilization would run out of fossil fuels and 

the need was felt for a better source. In 1873 Professor 
Augustine Mouchot wrote: The time will arrive when the 

industry of Europe will cease to find those natural resources, so 

necessary for it. Petroleum springs and coal mines are not 
inexhaustible but are rapidly diminishing in many places. Will 

man, then, return to the power of water and wind? Or will he 

emigrate where the most powerful source of heat sends its rays 
to all? History will show what will come. 

In 1885, Werner von Siemens, commenting on the discovery of 

the photovoltaic effect in the solid state, wrote: 

In conclusion, I would say that however great the scientific 

importance of this discovery may be, its practical value will be 

no less obvious when we reflect that the supply of solar energy 

is both without limit and without cost, and that it will continue to 

pour down upon us for countless ages after all the coal deposits 
of the earth have been exhausted and forgotten. 

Max Weber mentioned the end of fossil fuel in the concluding 

paragraphs of his Die protestantische Ethik und der Geist des 

Kapitalismus, published in 1905. 

Development of solar engines continued until the outbreak of 
World War I. The importance of solar energy was recognized in 

a 1911 Scientific American article: "in the far distant future, 

natural fuels having been exhausted [solar power] will remain as 
the only means of existence of the human race". 

The theory of peak oil was published in 1956. In the 1970s 

environmentalists promoted the development of renewable 

energy both as a replacement for the eventual depletion of oil, as 

well as for an escape from dependence on oil, and the first 

electricity generating wind turbines appeared. Solar had long 

been used for heating and cooling, but solar panels were too 
costly to build solar farms until 1980. 

The IEA 2014 World Energy Outlook projects a growth of 

renewable energy supply from 1,700 gigawatts in 2014 to 4,550 

gigawatts in 2040. Fossil fuels received about $550 billion in 
subsidies in 2013, compared to $120 billion for all renewable 

energies. 

 

 

 

2. Mainstream technologies 

2.1 Wind power 

Main article: Wind power 

 

Figure 1 The 845 MW Shepherds Flat Wind Farm near 

Arlington, Oregon, USA 

Airflows can be used to run wind turbines. Modern utility-scale 
wind turbines range from around 600 kW to 5 MW of rated 

power, although turbines with rated output of 1.5–3 MW have 

become the most common for commercial use. The largest 
generator capacity of a single installed onshore wind turbine 

reached 7.5 MW in 2015. The power available from the wind is 

a function of the cube of the wind speed, so as wind speed 
increases, power output increases up to the maximum output for 

the particular turbine. Areas where winds are stronger and more 

constant, such as offshore and high altitude sites, are preferred 
locations for wind farms. Typically full load hours of wind 

turbines vary between 16 and 57 percent annually, but might be 

higher in particularly favorable offshore sites.  

Wind-generated electricity met nearly 4% of global electricity 
demand in 2015, with nearly 63 GW of new wind power 

capacity installed. Wind energy was the leading source of new 

capacity in Europe, the US and Canada, and the second largest in 
China. In Denmark, wind energy met more than 40% of its 

electricity demand while Ireland, Portugal and Spain each met 

nearly 20%. 

Globally, the long-term technical potential of wind energy is 
believed to be five times total current global energy production, 

or 40 times current electricity demand, assuming all practical 

barriers needed were overcome. This would require wind 
turbines to be installed over large areas, particularly in areas of 

higher wind resources, such as offshore. As offshore wind 

speeds average ~90% greater than that of land, so offshore 
resources can contribute substantially more energy than land 

stationed turbines. In 2014 global wind generation was 706 

terawatt-hours or 3% of the world’s total electricity. 
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Figure 2. Estimation of renewable energy worlwide 

2.2 Hydropower 

Main articles: Hydroelectricity and Hydropower 

 

Figure 3. The Three Gorges Dam on the Yangtze River in China 

In 2015 hydropower generated 16.6% of the worlds total 

electricity and 70% of all renewable electricity. Since water is 
about 800 times denser than air, even a slow flowing stream of 

water, or moderate sea swell, can yield considerable amounts of 

energy. There are many forms of water energy: 

 Historically hydroelectric power came from constructing large 
hydroelectric dams and reservoirs, which are still popular in 
third world countries. The largest of which is the Three Gorges 

Dam(2003) in China and the Itaipu Dam(1984) built by Brazil 

and Paraguay. 

 Small hydro systems are hydroelectric power installations that 
typically produce up to 50 MW of power. They are often used on 

small rivers or as a low impact development on larger rivers. 
China is the largest producer of hydroelectricity in the world and 

has more than 45,000 small hydro installations. 

 Run-of-the-river hydroelectricity plants derive kinetic energy 

from rivers without the creation of a large reservoir. This style of 

generation may still produce a large amount of electricity, such 

as the Chief Joseph Dam on the Columbia river in the United 
States. 

Hydropower is produced in 150 countries, with the Asia-Pacific 

region generating 32 percent of global hydropower in 2010. For 

counties having the largest percentage of electricity from 
renewables, the top 50 are primarily hydroelectric. China is the 

largest hydroelectricity producer, with 721 terawatt-hours of 

production in 2010, representing around 17 percent of domestic 
electricity use. There are now three hydroelectricity stations 

larger than 10 GW: the Three Gorges Dam in China, Itaipu Dam 

across the Brazil/Paraguay border, and Guri Dam in Venezuela. 

Wave power, which captures the energy of ocean surface waves, 
and tidal power, converting the energy of tides, are two forms of 

hydropower with future potential; however, they are not yet 

widely employed commercially. A demonstration project 
operated by the Ocean Renewable Power Company on the coast 

of Maine, and connected to the grid, harnesses tidal power from 

the Bay of Fundy, location of world's highest tidal flow. Ocean 
thermal energy conversion, which uses the temperature 

difference between cooler deep and warmer surface waters, has 
currently no economic feasibility. 
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2.3 Solar energy 

 

Figure 4Satellite image of the 550-megawatt Topaz Solar Farm 

in California, USA 

Solar energy, radiant light and heat from the sun, is harnessed 
using a range of ever-evolving technologies such as solar 

heating, photovoltaics, concentrated solar power (CSP), 

concentrator photovoltaics (CPV), solar architecture and 
artificial photosynthesis. Solar technologies are broadly 

characterized as either passive solar or active solar depending on 

the way they capture, convert and distribute solar energy. 
Passive solar techniques include orienting a building to the Sun, 

selecting materials with favorable thermal mass or light 

dispersing properties, and designing spaces that naturally 
circulate air. Active solar technologies encompass solar thermal 

energy, using solar collectors for heating, and solar power, 

converting sunlight into electricity either directly using 
photovoltaics (PV), or indirectly using concentrated solar power 

(CSP). 

A photovoltaic system converts light into electrical direct current 

(DC) by taking advantage of the photoelectric effect. Solar PV 
has turned into a multi-billion, fast-growing industry, continues 

to improve its cost-effectiveness, and has the most potential of 

any renewable technologies together with CSP. Concentrated 
solar power (CSP) systems use lenses or mirrors and tracking 

systems to focus a large area of sunlight into a small beam. 

Commercial concentrated solar power plants were first 
developed in the 1980s. CSP-Stirling has by far the highest 

efficiency among all solar energy technologies. 

In 2011, the International Energy Agency said that "the 

development of affordable, inexhaustible and clean solar energy 
technologies will have huge longer-term benefits. It will increase 

countries' energy security through reliance on an indigenous, 

inexhaustible and mostly import-independent resource, enhance 
sustainability, reduce pollution, lower the costs of mitigating 

climate change, and keep fossil fuel prices lower than otherwise. 

These advantages are global. Hence the additional costs of the 
incentives for early deployment should be considered learning 

investments; they must be wisely spent and need to be widely 

shared". In 2014 global solar generation was 186 terawatt-hours, 
slightly less than 1% of the worlds total grid electricity. Italy has 

the largest proportion of solar electricity in the world, in 2015 

solar supplied 7.8% of electricity demand in Italy.  

 

 

 

 

 

 

 

2.4 Geothermal energy 

 

Figure 5. Steam rising from the Nesjavellir Geothermal Power 

Station in Iceland 

High Temperature Geothermal energy is from thermal energy 
generated and stored in the Earth. Thermal energy is the energy 

that determines the temperature of matter. Earth's geothermal 

energy originates from the original formation of the planet and 
from radioactive decay of minerals (in currently uncertain but 

possibly roughly equal proportions). The geothermal gradient, 

which is the difference in temperature between the core of the 
planet and its surface, drives a continuous conduction of thermal 

energy in the form of heat from the core to the surface. The 

adjective geothermal originates from the Greek roots geo, 
meaning earth, and thermos, meaning heat. 

The heat that is used for geothermal energy can be from deep 

within the Earth, all the way down to Earth's core – 4,000 miles 

(6,400 km) down. At the core, temperatures may reach over 
9,000 °F (5,000 °C). Heat conducts from the core to surrounding 

rock. Extremely high temperature and pressure cause some rock 

to melt, which is commonly known as magma. Magma convects 
upward since it is lighter than the solid rock. This magma then 

heats rock and water in the crust, sometimes up to 700 °F 

(371 °C). 

From hot springs, geothermal energy has been used for bathing 
since Paleolithic times and for space heating since ancient 

Roman times, but it is now better known for electricity 

generation.  

Low Temperature Geothermal refers to the use of the outer crust 
of the earth as a Thermal Battery to facilitate Renewable thermal 

energy for heating and cooling buildings, and other refrigeration 

and industrial uses. In this form of Geothermal, a Geothermal 
Heat Pump and Ground-coupled heat exchanger are used 

together to move heat energy into the earth (for cooling) and out 

of the earth (for heating) on a varying seasonal basis. Low 
temperature Geothermal (generally referred to as "GHP") is an 

increasingly important renewable technology because it both 

reduces total annual energy loads associated with heating and 
cooling, and it also flattens the electric demand curve 

eliminating the extreme summer and winter peak electric supply 

requirements. Thus Low Temperature Geothermal/GHP is 
becoming an increasing national priority with multiple tax credit 

support and focus as part of the ongoing movement toward Net 

Zero Energy. New York City has even just passed a law to 
require GHP anytime is shown to be economical with 20 year 

financing including the Socialized Cost of Carbon.  
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2.5 Bio energy 

 

Figure 6. Sugarcane plantation to produce ethanol in Brazil 

 

Figure 7. A CHP power station using wood to supply 30,000 

households in France 

Biomass is biological material derived from living, or recently 
living organisms. It most often refers to plants or plant-derived 

materials which are specifically called lignocellulosic biomass. 

As an energy source, biomass can either be used directly via 
combustion to produce heat, or indirectly after converting it to 

various forms of biofuel. Conversion of biomass to biofuel can 
be achieved by different methods which are broadly classified 

into: thermal, chemical, and biochemical methods. Wood 

remains the largest biomass energy source today; examples 
include forest residues – such as dead trees, branches and tree 

stumps –, yard clippings, wood chips and even municipal solid 

waste. In the second sense, biomass includes plant or animal 
matter that can be converted into fibers or other industrial 

chemicals, including biofuels. Industrial biomass can be grown 

from numerous types of plants, including miscanthus, 
switchgrass, hemp, corn, poplar, willow, sorghum, sugarcane, 

bamboo, and a variety of tree species, ranging from eucalyptus 

to oil palm (palm oil). 

Plant energy is produced by crops specifically grown for use as 
fuel that offer high biomass output per hectare with low input 

energy. Some examples of these plants are wheat, which 

typically yield 7.5–8 tonnes of grain per hectare, and straw, 
which typically yield 3.5–5 tonnes per hectare in the UK. The 

grain can be used for liquid transportation fuels while the straw 

can be burned to produce heat or electricity. Plant biomass can 
also be degraded from cellulose to glucose through a series of 

chemical treatments, and the resulting sugar can then be used as 

a first generation biofuel. 

Biomass can be converted to other usable forms of energy like 
methane gas or transportation fuels like ethanol and biodiesel. 

Rotting garbage, and agricultural and human waste, all release 

methane gas – also called landfill gas or biogas. Crops, such as 
corn and sugarcane, can be fermented to produce the 

transportation fuel, ethanol. Biodiesel, another transportation 

fuel, can be produced from left-over food products like 

vegetable oils and animal fats. Also, biomass to liquids (BTLs) 

and cellulosic ethanol are still under research. There is a great 

deal of research involving algal fuel or algae-derived biomass 

due to the fact that it's a non-food resource and can be produced 
at rates 5 to 10 times those of other types of land-based 

agriculture, such as corn and soy. Once harvested, it can be 

fermented to produce biofuels such as ethanol, butanol, and 
methane, as well as biodiesel and hydrogen. The biomass used 

for electricity generation varies by region. Forest by-products, 

such as wood residues, are common in the United States. 
Agricultural waste is common in Mauritius (sugar cane residue) 

and Southeast Asia (rice husks). Animal husbandry residues, 

such as poultry litter, are common in the United Kingdom.  

Biofuels include a wide range of fuels which are derived from 
biomass. The term covers solid, liquid, and gaseous fuels. Liquid 

biofuels include bioalcohols, such as bioethanol, and oils, such 

as biodiesel. Gaseous biofuels include biogas, landfill gas and 
synthetic gas. Bioethanol is an alcohol made by fermenting the 

sugar components of plant materials and it is made mostly from 

sugar and starch crops. These include maize, sugarcane and, 
more recently, sweet sorghum. The latter crop is particularly 

suitable for growing in dryland conditions, and is being 

investigated by International Crops Research Institute for the 
Semi-Arid Tropics for its potential to provide fuel, along with 

food and animal feed, in arid parts of Asia and Africa. 

With advanced technology being developed, cellulosic biomass, 

such as trees and grasses, are also used as feedstock’s for ethanol 
production. Ethanol can be used as a fuel for vehicles in its pure 

form, but it is usually used as a gasoline additive to increase 

octane and improve vehicle emissions. Bioethanol is widely used 
in the United States and in Brazil. The energy costs for 

producing bio-ethanol are almost equal to, the energy yields 

from bio-ethanol. However, according to the European 
Environment Agency, biofuels do not address global warming 

concerns. Biodiesel is made from vegetable oils, animal fats or 

recycled greases. It can be used as a fuel for vehicles in its pure 
form, or more commonly as a diesel additive to reduce levels of 

particulates, carbon monoxide, and hydrocarbons from diesel-

powered vehicles. Biodiesel is produced from oils or fats using 
transesterification and is the most common biofuel in Europe. 

Biofuels provided 2.7% of the world's transport fuel in 2010.  

Biomass, biogas and biofuels are burned to produce heat/power 

and in doing so harm the environment. Pollutants such as 
sulphurous oxides (SOx), nitrous oxides (NOx), and particulate 

matter (PM) are produced from the combustion of biomass; the 

World Health Organisation estimates that 7 million premature 
deaths are caused each year by air pollution. Biomass 

combustion is a major contributor. The life cycle of the plants is 

sustainable, the lives of people less so. 

2.6 Energy storage 

Energy storage is a collection of methods used to store electrical 
energy on an electrical power grid, or off it. Electrical energy is 

stored during times when production (especially from 
intermittent power plants such as renewable electricity sources 

such as wind power, tidal power, solar power) exceeds 

consumption, and returned to the grid when production falls 
below consumption. Water pumped into a hydroelectric dam is 

the largest form of power storage. 

 

 

 

 

 

 

- 417 -

https://en.wikipedia.org/wiki/Sustainable_biofuel#Sugarcane_in_Brazil
https://en.wikipedia.org/wiki/Ethanol_fuel
https://en.wikipedia.org/wiki/Cogeneration
https://en.wikipedia.org/wiki/Biomaterial
https://en.wikipedia.org/wiki/Lignocellulosic_biomass
https://en.wikipedia.org/wiki/Biofuel
https://en.wikipedia.org/wiki/Tree_stump
https://en.wikipedia.org/wiki/Tree_stump
https://en.wikipedia.org/wiki/Municipal_solid_waste
https://en.wikipedia.org/wiki/Municipal_solid_waste
https://en.wikipedia.org/wiki/Chemical_industry
https://en.wikipedia.org/wiki/Biofuel
https://en.wikipedia.org/wiki/Miscanthus
https://en.wikipedia.org/wiki/Switchgrass
https://en.wikipedia.org/wiki/Hemp
https://en.wikipedia.org/wiki/Maize
https://en.wikipedia.org/wiki/Populus
https://en.wikipedia.org/wiki/Willow
https://en.wikipedia.org/wiki/Sorghum
https://en.wikipedia.org/wiki/Sugarcane
https://en.wikipedia.org/wiki/Bamboo
https://en.wikipedia.org/wiki/Eucalyptus
https://en.wikipedia.org/wiki/Oil_palm
https://en.wikipedia.org/wiki/Palm_oil
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Biodiesel
https://en.wikipedia.org/wiki/Landfill_gas
https://en.wikipedia.org/wiki/Biogas
https://en.wikipedia.org/wiki/Algal_fuel
https://en.wikipedia.org/wiki/Butanol
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Mauritius
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/Biofuel
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Biofuels#Solid_biofuels
https://en.wikipedia.org/wiki/Biofuels#Ethanol
https://en.wikipedia.org/wiki/Biofuels#Biogas
https://en.wikipedia.org/wiki/Biogas
https://en.wikipedia.org/wiki/Landfill_gas
https://en.wikipedia.org/wiki/Synthetic_gas
https://en.wikipedia.org/wiki/Bioethanol
https://en.wikipedia.org/wiki/Ethanol_fermentation
https://en.wikipedia.org/wiki/Sweet_sorghum
https://en.wikipedia.org/wiki/International_Crops_Research_Institute_for_the_Semi-Arid_Tropics
https://en.wikipedia.org/wiki/International_Crops_Research_Institute_for_the_Semi-Arid_Tropics
https://en.wikipedia.org/wiki/Gasoline
https://en.wikipedia.org/wiki/Ethanol_fuel_in_the_United_States
https://en.wikipedia.org/wiki/Ethanol_fuel_in_Brazil
https://en.wikipedia.org/wiki/European_Environment_Agency
https://en.wikipedia.org/wiki/European_Environment_Agency
https://en.wikipedia.org/wiki/Vegetable_oil
https://en.wikipedia.org/wiki/Animal_fat
https://en.wikipedia.org/wiki/Transesterification
https://en.wikipedia.org/wiki/Energy_storage
https://en.wikipedia.org/wiki/Energy_storage
https://en.wikipedia.org/wiki/Grid_%28electricity%29
https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Tidal_power
https://en.wikipedia.org/wiki/Solar_power
https://en.wikipedia.org/wiki/File:Faz_S_Sofia_canavial_090607_REFON.JPG
https://en.wikipedia.org/wiki/File:Metz_biomass_power_station.jpg


A D  A L T A   J O U R N A L  O F  I N T E R D I S C I P L I N A R Y  R E S E A R C H  
 

 

 

 

2.7 Market and industry trends 

Main article: Renewable energy commercialization 

Growth of renewables 

 

Figure 8. Global growth of renewables through to 2011 

 

Figure 9. Comparing worldwide energy use, the growth of 

renewable energy is shown by the green line 

From the end of 2004, worldwide renewable energy capacity 

grew at rates of 10–60% annually for many technologies. In 
2015 global investment in renewables rose 5% to $285.9 billion, 

breaking the previous record of $278.5 billion in 2011. 2015 was 

also the first year that saw renewables, excluding large hydro, 

account for the majority of all new power capacity (134GW, 

making up 53.6% of the total). Of the renewables total, wind 
accounted for 72GW and solar photovoltaics 56GW; both 

record-breaking numbers and sharply up from 2014 figures 

(49GW and 45GW respectively). In financial terms, solar made 
up 56% of total new investment and wind accounted for 38%. 

Projections vary. The EIA has predicted that almost two thirds of 

net additions to power capacity will come from renewables by 

2020 due to the combined policy benefits of local pollution, 
decarbonisation and energy diversification. Some studies have 

set out roadmaps to power 100% of the world’s energy with 

wind, hydroelectric and solar by the year 2030. 

According to a 2011 projection by the International Energy 
Agency, solar power generators may produce most of the world's 

electricity within 50 years, 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. 

In 2014 global wind power capacity expanded 16% to 369,553 

MW. Yearly wind energy production is also growing rapidly and 

has reached around 4% of worldwide electricity usage, 11.4% in 
the EU, and it is widely used in Asia, and the United States. In 

2015, worldwide installed photovoltaics capacity increased to 

227 gigawatts (GW), sufficient to supply 1 percent of global 
electricity demands. Solar thermal energy stations operate in the 

USA and Spain, and as of 2016, the largest of these is the 392 

MW Ivanpah Solar Electric Generating System in California. 
The world's largest geothermal power installation is The Geysers 

in California, with a rated capacity of 750 MW. Brazil has one 

of the largest renewable energy programs in the world, involving 
production of ethanol fuel from sugar cane, and ethanol now 

provides 18% of the country's automotive fuel. Ethanol fuel is 

also widely available in the USA. 

Table 1. Selected renewable energy 

Selected renewable energy global indicators 2008 2009 2010 2011 2012 2013 2014 2015 

Investment in new renewable capacity (annual) (109 USD) 182 178 237 279 256 232 270 285 

Renewables power capacity (existing) (GWe) 1,140 1,230 1,320 1,360 1,470 1,578 1,712 1,849 

Hydropower capacity (existing) (GWe) 885 915 945 970 990 1,018 1,055 1,064 

Wind power capacity (existing) (GWe) 121 159 198 238 283 319 370 433 

Solar PV capacity (grid-connected) (GWe) 16 23 40 70 100 138 177 227 

Solar hot water capacity (existing) (GWth) 130 160 185 232 255 373 406 435 

Ethanol production (annual) (109 litres) 67 76 86 86 83 87 94 98 

Biodiesel production (annual) (109 litres) 12 17.8 18.5 21.4 22.5 26 29.7 30 

Countries with policy targets 

for renewable energy use 
79 89 98 118 138 144 164 173 

Source: The Renewable Energy Policy Network for the 21st Century (REN21)–Global Status Report 
 

 

3 ways to improve renewable energy communications 

Opposition is the culprit behind many delays in renewable 

energy (RE). Some is due to misconceptions, while others are 
legitimate environmental concerns. Because the growth of 

renewable energy seems inevitable, many governments and 

stakeholders worldwide have developed communications 
strategies to debunk myths and provide actual facts about RE. 

The IEA-RETD recently released “Communication Best-

Practices for Renewable Energy (RE-COMMUNICATE) – 
Scoping Study” analyzing 15 case studies on renewable energy 

communications campaigns and highlighting areas for 

improvement. Below are a few areas that the study notes can 
increase campaign success: 

1. Increase partnerships to increase RE communications 

campaign funding. Currently, the lack of funding resources 
represents a significant barrier to effective communications 

strategies. 

2. Thorough pre-campaign research aids in better understanding 

the public’s opinion on RE. This helps segment and define the 
audience allowing the creation of specific, targeted 

communications messages. 

3. RE campaign strategies should be developed in stages to 

maximize effectiveness and impact. 
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4. Behavioral economics should be taken into consideration 

when developing RE communications strategies. The goal is to 

influence attitudes, raise awareness, and change behaviors 

toward RE. 

5. For quality control, ongoing and post-campaign evaluation 
should be consistently applied at all stages of the RE 

communications process. The results can be used for future 

campaigns. 

6. Proactive communication strategies are key when responding 
to negative media coverage about RE. Increased communication 

with the media helps avoid misrepresentation of the facts. 

More targeted, effective renewable energy communications 

campaigns are possible through the use of consistent, and 
comprehensive approaches to pre- and post-campaign 

development. Read the entire case study here or visit 

International Energy Agency – Renewable Energy Technology 
Deployment (IEA-RETD).  
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