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What is driving the fast growth? 

The growth in renewables over the past decade is driven 

mainly by the following: 

 Global concern over the environment. Furthermore, 

fossil fuel resources are being drained. 

 Renewable technologies are becoming more efficient 

and cost effective. 

 The Renewable Electricity Production Tax Credit, a 

federal incentive, encourages the installation of 

renewable energy generation systems. 

 Many countries have Renewable Portfolio Standards 

(RPS), which require electricity providers to generate 

or acquire a percentage of power generation from 

renewable resources. 



US States with Renewable Energy Portfolio Standards.  
CA: 33% by 2020 

NV: 25% by 2025 

(EU: 20% by 2020) 



Why not produce more renewable energy? 

 Renewable Energy Technologies Are Capital-Intensive: 

Renewable energy power plants are generally more expensive to 

build and to operate than coal and natural gas plants. Recently, 

however, some wind-generating plants have proven to be 

economically feasible in areas with good wind resources. 

 Renewable Resources Are Often Geographically Remote: The 

best renewable resources are often available only in remote areas, 

so building transmission lines to deliver power to large metropolitan 

areas is expensive. 

 

Wind Availability and Demand 

Blue - high wind potential, 

Brown - large demand centers, and 

Green - little wind and smaller demand centers. 



Electricity production from renewables: 

Photovoltaics  





Growth in Solar Photovoltaic 

 The past decade has seen 

explosive growth in global solar 

photovoltaic installations. 

  Countries with the most PV 

capacity in 2010-2012 (MWp)  → 



Largest PV systems to date 

 Charanka Solar Park (India, 214 MW) 

 Agua Caliente Solar Project (Yuma, AZ, 200 MW) 

 Golmud Solar Park (China, 200 MW),  

 Perovo Solar Park (Ukraine, 100 MW),  

 Sarnia Photovoltaic Power Plant (Canada, 97 MW),  

 Brandenburg-Briest  Solarpark (Germany, 91 MW),  

 Solarpark Finow Tower (Germany, 85 MW),  

 Montalto di Castro Photovoltaic Power Station (Italy, 84 MW).  

 A number of larger plants (in the 500 MW range) are under 

construction in CA, USA.  



PV Installation Ranking (by State) 

(Source: https://openpv.nrel.gov/rankings) 

https://openpv.nrel.gov/rankings


PV Plants in Nevada:  

 50 MW (Eldorado Valley), 50 MW (Prim) 

 15 MW (1-axis tracking)  NAFB 

 Numerous distributed PV systems (few kW – 350 kW)  



Trend of average PV price/watt (peak) 



Trend of PV cell efficiencies  



Concentrating PV cells 

 One way to overcome the cost 

issue is to use these cells in a 

concentrator system, in which 

a relatively inexpensive lens is 

used to focus sunlight on just a 

small area of cells.  
 If a 10x10 cm lens focuses this 

area of incident sun onto a 

0.5x0.5 cm cell, the 

concentration factor is 400. 

This cell with the lens can 

produce as much power as a 

10-by-10-cm cell without a 

lens, but at nearly 0.25 % of 

the cell cost.  



Concentrating PV Systems in Southern Nevada: 

Concentrating PV System Testing @ UNLV 
Clark Station 

SNWA Pumping Station 



Electricity production from renewables: 

concentrating Solar power  



Concentrating Solar Power (CSP) 

 CSP technologies use mirrors to reflect and 

concentrate sunlight onto receivers that collect the solar 

energy and convert it into heat.  

 This thermal energy can then be used to produce 

electricity via a steam turbine or heat engine driving a 

generator. 

 CSP systems are typically classified by how the various 

systems collect solar energy. The main systems are 

 The parabolic trough system 

 The linear Fresnel reflector system 

 The power tower system 

 The parabolic dish system 

 



Parabolic trough systems 

 Linear parabolic collectors capture the sun’s energy with large 

mirrors that reflect and focus the sunlight onto a linear 

receiver tube.  

 The receiver contains a fluid that is heated by the sunlight and 

then used to create steam that spins a turbine driving a 

generator to produce electricity. 



Solar trough plant in Nevada: 

Nevada Solar 1 (65 MW) 



Linear Fresnel Reflector Systems 

 Herein, the parabolic trough reflectors are replaced by independently 

controlled, flat glass mirrors mounted on a horizontal axis. 

 Sunlight is reflected onto a fixed receiver mounted above the 

reflectors. 

 The receiver can accommodate a number of high temperature fluids 

such as thermal oil, molten salt, or water. 



Power Tower System 

 Herein, numerous large, flat, sun-tracking mirrors (heliostats), focus 

sunlight onto a receiver at the top of a tower. A heat-transfer fluid 

heated in the receiver is used to generate steam, which in turn is 

used by turbine generator to produce electricity.  

 Some power towers use water/steam as the heat transfer fluid. 

Other advanced designs are experimenting with molten nitrate salt 

because of its superior heat-transfer and energy-storage 

capabilities.  

Thermal storage makes it possible 

to shift the time of power delivery. 



Power Tower Systems  

(Spain and California) 

Southern Spain 

CA - NV Border @ I15 



Condenser Cooling for CSP systems: 
(Water is a big challenge in arid deserts) 

Wet Cooling Dry Cooling 



Power Tower CSP in Nevada: 

Crescent Dunes – 110 MW 

 Location: near Tonopah, NV 

 Completion date: 2014 

 The system will use more than 

17,000 heliostat mirrors to 

focus the sun's thermal energy 

to heat molten salt flowing 

from this 640-foot-tall solar 

power tower to underground 

storage tanks. 

 



Dish/Engine CSP Systems 

 A sun-tracking solar concentrator, or dish, reflects the beam of 

concentrated sunlight onto a thermal receiver that collects the 

solar heat.  

 The power conversion unit includes the thermal receiver and the 

engine/generator. A thermal receiver can be a bank of tubes with 

a cooling fluid— usually hydrogen or helium—that typically is the 

heat transfer medium and also the working fluid for an engine. 



Dish CSP  

 Currently, the most common type of heat engine used in 

dish/engine systems is the Stirling engine where the heated 

gas  moves pistons and create mechanical power. 

 Grid connection is through an induction machine. 

 
Heat engine concept 



Dish/Engine CSP Systems – (in AZ and NM) 



Dish-Engine CSP Testing @ UNLV 

Efficiency ≈ 35% 
(about half of the Carnot limit) 



CSP Efficiency 

 TH  and T° : heat source at 

temperature  and a heat sink 

temperatures (in  deg. Kelvin)   

 Qsolar, Qabsorbed, Qlost : incoming 

solar flux and the fluxes 

absorbed and lost by the solar 

receiver. 

 I, C, σ: solar flux, concentration 

factor, absorptivity (<1).  



Unlike PV, concentrated solar thermal systems 
depend only on direct irradiance! 

Solar thermal accepts 

only direct  irradiance  

PV accepts all  

solar irradiance  



Electricity production from renewables: 

Biomass 



 Biomass is organic material made from plants and animals 

(micro-organisms).  

 Biomass contains stored energy from the sun: Plants absorb 

the sun's energy through photosynthesis. The chemical energy 

in plants (in the form of glucose or sugar) gets passed on to 

animals and people that eat them.  

Biomass 



 The most common form of biomass is 

wood. Wood was the main source of 

energy until the mid-1800s. 

 Biomass can be used to make an energy-

rich gas or biogas - like natural gas. 

 Biomass can also be turned into a fuel like 

gasoline - corn and wheat can be made 

into ethanol. 

 Biomass can also be used to make 

electricity. Many towns, instead of putting 

the garbage in landfills, they burn it to 

make electricity.  

 Landfills can be a source of energy. 

Anaerobic bacteria that live in landfills 

decompose organic waste to produce 

methane gas. 

  

Biomass Energy 



 As of 2011, over 550 landfills have operating gas to energy 

projects in the United States.  

 

Source: http://www.eia.gov/biogas/ 

Biomass Energy from landfills 



Biomass in Nevada: 

CC Landfill Energy LLC :12.0 MW 



Some farmers produce biogas in large tanks called "digesters" 
where they put manure and bedding material from their barns. 
Some cover their manure ponds to capture biogas. Biogas 
digesters and manure ponds contain the same anaerobic 
bacteria in landfills. 
 

Biomass energy from animal waste 





US Bio-Power capacity  



Biomass – bioethanol production (2011) 



Electricity production from renewables: 

Wind 



Wind  Power … Inland and Offshore 



Installed Wind Capacity by Country (MW) 



US Wind Resource Map 



Wind turbines 

 Horizontal axis wind turbines (HAWT) are the most popular - 

compared to vertical axis wind turbines (VAWT). 

 3 blades used to minimize power pulsations (if <  3) and aerodynamic 

interference (if > 3). 

 The aerodynamic blades produce a lift force along the blade which 

produces a mechanical torque on the turbine shaft. 



Wind and Turbine Power 

 Power of the wind: Pw = (1/2)ρAvw
3 

 Where ρ is the air density, A is turbine sweep area, 

and vw is the wind speed. 

 Power extracted by the turbine: Pt = cpPw  

    where cp is the turbine performance coefficient.  

 The theoretical maximum value of cp  (derived from 
the conservation of mass and energy) is 16/27 ≈ 60%. 

 In practice cp is less than the above value and its 

varies with the tip speed ratio: λ = ωr/vw 

    where ω is the rotor speed r is the rotor radius and vw 

is the wind speed. 



Turbine Power 

 A typical cp - λ curve is shown below and is unique to a particular 

turbine design. Modern wind turbine design can reach 70-80% of the 

theoretical limit. 

 To extract maximum power, the turbine must be operated  at the 

peak of the curve (peak power tracking). 

 For a given wind speed vw  and the cp - λ characteristics, the turbine 

power can be calculated as a function of shaft speed. 

 



Turbine Power 

 For a given turbine cp, the turbine power can be graphed as a 

function of the wind speed as shown below. 

 The figure shows the cut-in speed (3-4 m/s), rated speed (12.5 

m/s), and shut down speed (around 25 m/s).  

 Turbines are typically designed to withstand wind speeds of up to 

50 m/s (180 km/hr) 

 



Average Power in the Wind 

 The average power in the wind is proportional to the 

average of the cube of the wind velocity, not the cube 

of the average wind speed. 

 

 

 

 Example: Calculate the cube of the average value and 

the average of the cube of the wind if  
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Wind intermittency: Important issue 

Source: NREL 



Largest wind turbine generator to date: 

 Manufacturer: Enercon 

 Rated power: 6 MW,  

 Rotor diameter: 126 m,  

 Total height; 198 m. 

  



Wind Power in Nevada: 
Spring Valley Wind (Pine County): 152 MW 



Electricity production from renewables: 

hydro 

HYDRO 



 Hydropower relies on the water 

cycle. Herein:  

 Solar energy heats water on 

the surface, causing it to 

evaporate. 

 This water vapor condenses 

into clouds and falls back onto 

the surface as precipitation 

(rain, snow, etc.). 

 The water flows through rivers 

back into the oceans, where it 

can evaporate and begin the 

cycle over again 

 

Hydropower 



 The amount of available energy in 
moving water is determined by its flow 
rate or fall. 
 Swiftly flowing water in a big river carries 

a great deal of energy in its flow.  

 Water descending rapidly from a very 
high point also has lots of energy in its 
flow.  

 In either instance, the water flows 
through a pipe, or penstock, pushes 
against and turns blades in a turbine to 
spin a generator to produce electricity.  

 

Hydropower 



 Hydropower is the renewable energy source that 

produces the most electricity in the United States. It 

accounted for 6% of total U.S. electricity generation and 

63% of generation from renewables in 2011. 

 Most hydropower is produced at large facilities built by 

the federal government.  

 Only a small percentage of all dams in the United States 

produce electricity.  

 Most dams were constructed solely to provide irrigation 

and flood control. 

 

Hydropower in the USA 



US Hydropower Capacity 

 345 large plants (>30MW) with a total rating of 67 GW 

 Nearly 900 small plants (1-30 MW) with total rating of 10 GW 



 As of 2010,  16.3% of global electricity production is generated from 

hydropower. 

 The Three Gorges Dam in China, has the world's largest generating 

capacity (22.5 GW), followed by the Itapúa Dam in Brazil (14 GW) 

Hydropower in the world 



Power of a hydro power plant 

 Ideal case 

 

 

 When friction losses in the 

penstock and in the turbine-

generator. 

 

 

 P: Power (kW) 

 Q: flow rate (m3/s) 

 HG: gross head (m) 

 η: turbine-generator efficiency 

 HN: net head (m) ( = gross head – head 

loss). Head loss depends on the type of 

material, diameter, flow rate, and length. 

 

 

GQHP 81.9

NQHP 81.9



Pumped-Storage Hydro 

 Used in bulk power storage applications 

where water is pumped up at night and 

released during the day. 

 Energy available in upper reservoir: 

 

 

 

 E: Energy (kWh) 

 ρ: water density (1000 kg/m3) 

 A: surface area of upper reservoir (m2) 

 Δh: Allowable change in surface level 

(m) 

 g: gravitational acceleration (9.81 m/s2) 

 H: average height between the two 

reservoirs (m). 

 

6106.3

)( hAgH
E







Small Hydro Power Plants in Northern Nevada: 

 Fleish: 2.3 MW 

  Hooper: 0.8 MW 

 Truckee Irrigation District: 4.0 MW 

  Verdi: 2.2 MW 

 Washoe: 2.2 MW 

Pelton Turbine 



Electricity production from renewables: 

geothermal 

GEO-

THERMAL 



 Geothermal energy is generated in the Earth's core. 

Temperatures hotter than the sun's surface are continuously 

produced inside the Earth by the slow decay of radioactive 

particles. The Earth has a number of different layers: 

 
o A solid inner core and an outer 

core made of magma (melted 

rock) 

o The mantle, made up of magma 

and rock, surrounds the core and 

is about 1,800 miles thick.  

o The crust is the outermost layer of 

the Earth, the land that forms the 

continents and ocean floors. The 

crust is 15 - 35 miles thick.  

Geothermal 



 Naturally occurring large hydrothermal resources are called 
geothermal reservoirs. Most geothermal reservoirs are deep 
underground. But geothermal energy sometimes finds its way 
to the surface in the form of volcanoes, hot springs and 
geysers. 

 In some cases, geothermal energy is used  directly to heat city 
districts  by digging wells and pumping the heated water or 
steam to the surface. For example, district heating system 
provides heat for 95% of the buildings in Reykjavik, Iceland. 

 

 

Geothermal 



 Dry steam plants use steam 
piped directly from a 
geothermal reservoir to turn the 
generator turbines. The first 
geothermal power plant was 
built in 1904 in Tuscany, Italy. 

 

 Flash steam plants take high-
pressure hot water from deep 
inside the Earth and convert it 
to steam to drive the generator 
turbines. When the steam 
cools, it condenses to water 
and is injected back into the 
ground to be used over and 
over again.  

Geothermal 





Source: OECD/IEA, 2010 

Top Counties with Geothermal Resources  



Geothermal in Nevada: 
Current Capacity: 385 MW  
(+ 150 MW in construction or development stage). 

Source: NV Energy Website 



Electricity production from renewables: 

Ocean power 



 Energy can be extracted from the power of the waves, from 
the tide, or from ocean currents 
 

Ocean Power 



Ocean power – technology development status 



 Solar energy creates uneven temperatures and pressures 

across the globe. This results in wind blowing from high 

pressure to low pressure areas. When wind comes in 

contact with the ocean surface, it creates waves.  

 Power of a wave per meter of distance along the ridge of 

the wave (under ideal sinusoidal conditions): 

 

 

 

 ρ: density of sea water (1,025 kg/m3) 

 g: gravitational acceleration (9.81 m/s2) 

 H: wave height (m) 

 T: wave period (s) 

 

Ocean Power - Waves 
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Scatter Diagram of Wave Energy 

 Both wave height H and wave period are variable.  

 The annual energy is calculated by multiplying the 

hours per year for each sea state (H,T) by the power at 

that state and summing the results.  



Attenuators: multi-segment floating structures oriented 

parallel to the direction of the waves. The differing heights of 

waves along the length of the device causes flexing where the 

segments connect. This motion is resisted by hydraulic rams 

which in turn drive electrical generators. 

4 Ways to Harness Power from Ocean Waves: 
attenuators, terminators, point absorbers, and 

overlapping devices 

Source: Pelamis Wave Power 

//upload.wikimedia.org/wikipedia/commons/6/6c/Pelamis_machine_installed_at_the_Agucadoura_Wave_Park.JPG


Ocean Power - Waves 

 Oscillating water column  is a form of terminator in which 

water enters through a subsurface opening into a chamber 

with air trapped above it. The wave action causes the 

captured water column to move up and down like a piston 

to force the air though an opening connected to a turbine 

Source: Oceanlinx, Australia 



A point absorber is a floating structure with components that 
move relative to each other due to wave action (e.g., a 
floating buoy inside a fixed cylinder). The relative motion is 
used to drive electromechanical or hydraulic energy 
converters. 

 

 

 

 

 

Ocean Power - Waves 

Source: Ocean Power Technologies 



Ocean Power - Waves 

 An overtopping device has reservoirs that are filled by 

incoming waves to levels above the average surrounding 

ocean. Gravity causes it to fall back toward the ocean 

surface. The energy of the falling water is used to turn hydro 

turbines.  

 

Source: Wave Dragon, Danmark 



 Ocean currents flow in complex patterns affected by the wind, water 

salinity and temperature, topography of the ocean floor, and 

gravitational forces exerted by the moon and sun. 

 While ocean currents move slowly relative to typical wind speeds, they 

carry a great deal of energy because of the density of water (837 

times denser than air).  

 Many industrialized countries are pursuing ocean current energy. 

Technical challenges include prevention of marine growth buildup, and 

corrosion resistance. 

 

Ocean Cower - Currents 

Ocean current power station in 

Northern Ireland (1.2 MW) 

P = (1/2)ρAv3 

//upload.wikimedia.org/wikipedia/commons/7/77/SeaGen_installed.jpg


 The tides are the result of the 
gravitational attraction between the 
earth and the moon as well as the 
earth and sun. The strength of the tide 
is greatly dependent on the earth-
moon system. 

 Depending on the location and time of 
year, one can experience two equal 
tidal cycles (semidiurnal), on tidal 
cycle (diurnal) or two unequal tidal 
cycles (mixed tide). 

 Enormous volumes of water rise and 
fall with the tides each day, and many 
coastal areas can take advantage of  
this free energy. 
 

Ocean power - Tide 

Tidal power plant in Brittany, France  (240 MW) 


