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Agenda
• World energy needs
• Recent 2018 UN-IPCC report
• Importance of renewable energy in meeting world energy

demand, REN 21, 2018
• Renewable energy sources provide a sound solution to

reduce CO2 emissions world wide
• Comparison of carbon foot prints for all energy sources
• Brief discussion of renewable energy sources
• Walk away message
• Additional information

 



World energy needs
Facts:

– 1.2 Billion people on our plant have NO electricity
– About 2.8 Billion people are without clean cooking

facilities
•How do we make the world work for everyone?
•A sound solution that also helps our environment is to
INCREASE the supply of renewable energy while reducing
dependence on fossil fuel
•PWC data: projects the world economy to grow at an
average of just over 3% per annum in the period 2014 – 50,
doubling in size by 2037 and nearly tripling by 2050
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World energy needs
• A global revolution is needed in ways that energy is

supplied and used in the coming decades
 

• A statement of fact: As we increase the supply of
renewable energy in the world in the future, the fact
remains that:

– Fossil fuels and nuclear power will play a role in
providing energy to the people in the world

 
• Renewables are an integral part of the world energy

supply, they are low in carbon emissions
 

• Some data
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Projected global energy consumption from 1990 to 2040,
Statista

0



2030, world energy consumption
Note: Non OECD VS OECD consumption
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EIA report, 2017 electricity generation
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UN IPCC Releases Dire Climate Change Report

• Oct 2018, IPCC, a UN organization issued a new
report warning of dangerous consequences of climate
change

• The report claims that the world only has a dozen years to
keep global warming at a cap of 1.5 degrees C (2.7 degrees
F) above pre-industrial temperatures)

• The planet is currently at 1 degree C above pre-industrial
temperatures

• According to the report, capping warming at 1.5 degrees
requires reducing carbon emissions by 40 to 50 percent by
2030 and ensuring the world is carbon-neutral—not adding
any additional greenhouse gases to the atmosphere—by
2050
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Importance of renewable energy in meeting world energy
demand, REN 21, 2018

• Renewable power accounted for 70% of net additions to
global power generating capacity in 2017

• The Renewables 2018 Report reveals two realities:
– one in which a revolution in the power sector is driving

rapid change toward a renewable energy future
– And another in which the overall transition is not

advancing with the speed needed
• The total renewable energy capacity rose by almost 9%

over 2016
• The year 2017 was another record-breaking one for

renewable energy, characterized by the largest ever
increase in renewable power capacity and falling costs
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Renewable Energy cont
• The top countries for renewable power capacity at year’s

end were China, the United States, Brazil, Canada, and
Germany

• By region, the BRICS (Brazil, Russia, India, China and
South Africa) nations accounted for 36% of total global
renewable power capacity and almost 27% of non-hydro
renewable capacity

• 138 nations have defined renewable energy targets
• Support policies are in place in 127 countries, two-thirds of

these are developing and emerging economies
 
Why are the Renewable Energy sources, with low carbon foot

prints, important for meeting world energy needs?
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CO2 Footprint
Energy source                   gCO2/KWh
----------------------------------------------------------------------------

• Coal                        >1000
• Coal gasification                    800
• Oil                            650
• Gas                            500
• Biomass                        25-95
• Photovoltaics                    35-58
• Wave/tidal                        25-50
• Hydroelectric                    10-20
• Geothermal                    15-20
• Wind                        ~5-10
• Nuclear                        ~5-10

 
Note:
Coal produces ~ 200 times more carbon footprint than wind or

nuclear
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Biomass
• Biomass is an important source of renewable energy

 
• Biomass is a major contributor to global final energy demand,

providing nearly 13% of the total, the traditional use of
biomass in developing countries for cooking and heating

 
• California produces more than 60 million tons of biomass

each year: 5 million tons is burned to make electricity
 

• Using biomass and replanting helps close CO2 cycle, if no
replanting, then burning of plants in biomass process emits
CO2 to our environment    

 
• Biomass can be used to produce ethanol, a liquid fuel, can be

used in cars



Wind
• In 2018, wind power had its third strongest year ever, with

more than 52 GW added for a total of 539 GW
 

• The offshore wind sector had its best year yet, as total
capacity increased 30%

 
• Wind turbines 500 KW to > 4 MW

 
• Today, five countries account for 73% of global installed wind

capacity: Germany (24%), United States (18%), Spain (16%),
India (8%) and China (6%), predominately onshore
installations

 
• In high winds, ironically, the turbines must be stopped

because they are easily damaged
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Solar PV
• Solar PV is a well established technology

 
• Solar PV was the top source of new power generating

capacity in 2017, due largely to strong growth in China, with
more solar PV installed globally than the net additions of
fossil fuels and nuclear power combined

 
• Photovoltaic led the way, accounting for nearly 55% of newly

installed renewable power capacity in 2017
 

• Global solar PV capacity increased nearly one-third, to
approximately 402 GW, representing around 2% of global
power output

 
• By year’s end at least 29 countries had 1 GW or more

 



Concentrating Solar Power (CSP)• Global concentrating solar thermal power (CSP) capacity
reached 4.9 GW in 2017, with South Africa being the only
country to bring new CSP capacity online (100 MW)

 
• The 392 MW CSP installation is the largest solar power plant

in the world, located in the Mojave desert
 

• At year’s end, about 2 GW of new plants was under
construction; China (300 MW being built) and Morocco (350
MW) were particularly active

 
• CSP capacity is expected to double by 2022 and reach 10

GW
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Tidal-ocean
• Although the wave energy technology is still in an early

stage, the first commercial wave farm was constructed in
France in 1966 (240 MW) and in Portugal in 2008

 
• Of the approximately 529 megawatts of operating ocean

energy capacity at the end of 2017, more than 90% was
represented by two tidal barrage facilities:
 

– Sihwa Lake Tidal Power Station, located in South Korea,
is the world's largest tidal power installation, with a total
power output capacity of 254 MW, in 2011

 
– The world's first commercial-scale and grid-connected

tidal stream generator – SeaGen – in Strangford Lough
(east of northern Ireland)
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SeaGen – in Strangford Lough
• In Northern Ireland, since 2008, SeaGen has been fixed

to the sea bottom about 80 feet below the surface in a
narrow channel

 
• When SeaGen is operating, it generates enough

electricity to power more than 1,000 homes, producing
an estimated $5,000 per day in revenue

 
• See next slide
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Geothermal
• For about every 328 feet below the Earth's crust the

temperature of the rock increases about 5.4 F
• This the water can boil about 10,000 feet below surface
• An estimated 0.7 gigawatts of new geothermal power

capacity came online in 2017, bringing the global total to
around 12.8 GW (Indonesia and Turkey accounted for 75%
of it)

• The oldest type of geothermal power plant uses steam,
accessed in deep wells, to directly drive a turbine to produce
electricity

• Flash steam plants are the most common type of geothermal
power plants in operation today, use extremely hot water,
above 300 degrees F, which is pumped under high pressure
to generation equipment at the surface, steam generates
electricity
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Hydropower
• Global additions to hydropower capacity in 2017 were an

estimated 19 GW, bringing total capacity to approximately
1,114 GW

• China is the largest producer of hydroelectricity, followed by
Canada, Brazil, and the United States

• Approximately two-thirds of the economically feasible
potential remains to be develop, untapped hydro resources
are still abundant in Latin America, Central Africa, India and
China

• OECD countries today produce roughly half of the
hydroelectricity produced worldwide

• Currently, only three facilities over 10 GW are in operation
worldwide; Three Gorges Dam (China) at 22.5 GW, Itaipu
Dam (Brazil) at 14 GW, and Guri Dam (Venezuela) at 10.2
GW
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Walk away message
• At the rate the world population is increasing, the supply of all

energy sources cannot meet the demand world wide
• How can we reduce the number of people in the world without

electricity from 1.2 Billion today to may be half (800 million)?  
• We need a balanced portfolio of ALL renewable energy

sources plus nuclear energy and fossil fuels
 

The more renewable energy the world produces, the less we
depend on fossil fuel

 
EVERY one has responsibility to protect the
environment by reducing one’s carbon footprint

     Everything has an impact
 



Additional Information
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References
• References, data varies depending on source such as:
• US - DOE-EIA
• IEA, Paris based
• OECD - NEA
• IAEA
• NEI
• REN 21 (The global Renewable Energy policy network,

based at UNEP in Paris)
• IRENA – International Renewable Energy Agency
• WEC - World Energy Council
• IER - Institute for Energy Research
• EPI - Energy Policy Institute
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Projected electricity generation worldwide from 2015 to
2050, in Trillion kilowatt hours, Statista
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IEA electricity production, 2017
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US-DOE Annual Energy Outlook 2018

Power Plant Type Cost (LCOE)
$/kW-hr

Coal with CCS      $0.12-0.13

CC Natural Gas $0.05
Oil $0.22

Wind onshore $0.093

Wind offshore $0.059

Solar PV $0.139

Solar Thermal  $0.063
Geothermal $0.165

Biomass $0.045
Hydro $0.095

Nuclear $0.093
0



Capacity Factors for Energy sources
Source                    CF %

•Biomass                    58
•Wind                    37

•Solar PV                    27
•Solar CSP                22

•Tidal-Ocean                20-35
•Geothermal                76

•Hydro                    45
•Coal                    54
•Gas                    55

•Nuclear                    92
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Mortality Rate by Source
• One TWh is equivalent to 5 billion barrels of oil per year

or 1 billion tons of coal per year
• Americans are heavy energy users, accounting for

roughly one-sixth of world energy consumption. That's
303 million Btu a year per
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Morocco Largest CSP
• Ouarzazate Solar Power Station (OSPS), also called Noor

Power Station is a solar power complex located in Morocco
• The entire Solar Project is planned to produce 580 MW at

peak when finished and is being built in three phases and in
four parts

• The total project is expected to cost $9 billion
• The plant is able to store solar energy in the form of heated

molten salt, allowing for production of electricity into the night
• Phase 1 comes with a full-load molten salt storage capacity of

3 hours
• Noor II, commissioned in 2018, and Noor III, opening later in

2018, store energy for up to eight hours
• It will cover an area of 6,178 acres
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