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CNN selected 20 13 top 10  innovative ideas

PVs

LEDs

PDs
BT, SC



Introduction

In this class,our interest is in the engineering ofenergy
related devices.

W e willstart with fundam entalconcepts of solid state
physics to study PN junction diodes that are m ainly
used for m any optoelectronic energy devices (ex, PVs
and LEDs). Then we will continue our study for energy
storage devices (ex,S Cs and Batteries).

A s an introduction ofthe class,energy m arkets and hot
research topics of energy engineering will be briefly
reviewed.



2012 US Energy Production
- Energy production stillrelies on oil(~35%),gas (~26 %) and coal(~17%) (in total~78 %).
- M ost ofconsum ption is due to electricity generation (~38 %) and transportation (~27%).
- Driving forces for new energy sources are “environm entalissue (CO 2 em ission)”and “oilprice

(fossilfuels are lim ited resources)”.
- Power generation relying on nuclear reaction has risks ofaccidents (Fukushim a disaster).
- Novelrenewable,clean energy (eg.hydro,wind,geotherm al,biom ass,and solar)is required.



G eotherm al Power

M agm a rising from  the m antles brings unusually hot 
m aterial near the surface and heat from  the m agm a is 
used for generating electricity.

H ydro Power

Right cartoon shows a cross-section of a typical 
hydroelectric dam . W ater flows down the penstock, turns 
the turbine blades which power the electricity generators. 
There are concerns of environm ental destruction.

W ind Power

In m ost places, the cost of com m ercial wind power on 
a large scale is not now econom ically com petitive with 
conventionally generated electricity.

Renewable Energy Sources

→ Large construction is required for above three cases



Biom ass

Biom ass energy is derived from  organic m atter.     
Stoves that burn wood are the classic exam ple.

Biofuels differ from  other renewable energy sources, 
such as wind, hydroelectric, geotherm al and solar, as 
they are prim arily used in the transportation sector 
and are derived from  recently living m atter, both 
plant and anim al.

Som e insists that biofuel is destructing forests and 
eventually causes dam ages to our environm ent.



Solar Energy

Solar cells convert light into electricity.

The cost of current solar cells (poly Si) is high but is 
being reduced and the efficiency of cells is up to 23% 
and is continuously im proving (G RID parity in som e 
locations – Europe).

Solar panels are situated on roof of building→

In US, solar power generation facility is located in 
desert for high intensity and long sunlight hours.

Solar energy is clean energy. It produces no hazardous 
solid, liquid or gas wastes.

They are used to power the space station (G aAs) and 
to provide electricity in rem ote areas on Earth 
(Africa, M ountain).

In sum m ary, to m ake solar energy truly useful for 
large-scale power generation:

W e need m ore efficient solar cells.

W e also need better electricity storing devices.



Shale G as and Tight Oil



Shale gas leads growth in total US gas production through 2040.

US gas price is decreasing and m any energy-requiring industry (such 
as steel industry) is com ing back to US.

Associated with oil
Coalbed m ethane

Tight gas

Shale gas

Alaska

Non-associated onshore

Non-associated offshore

ProjectionsHistory 2011

US G as Production



US production of tight oil has grown dram atically over the past few 
years (tight oil still requires m ore processing than conventional oil 
for gasoline production)



US and Saudi Arabian crude oil and petroleum  liquids production 
(m illion barrels per day)

Now US is being changed from  an oil-im porting country to an oil-
exporting country – becom es two m ajors.
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Currently, solar energy provide less that 0.5% of the U.S. power needs, but even 
with existing technology, it could provide up to 15% (m ajor technology in clean 
energy resources).

Shale gas / oil will open new opportunities in conventional energy area.

Conclusion of New Energy Sources



Each subsequent im provem ent in lighting led to m ajor 
im provem ents in the energy efficiency of the light

Candle: 0.05 lum ens per watt

G aslam p: 0.5 lum ens per watt

“Incandescent” Lightbulb
15 lum ens per watt

(5% efficient)

This bulb is no longer available 
in Korea (law)

Energy Efficient Electronic Devices



14

Lighting consum es 22% of 
the electricity generated in 
the U.S .A .

That’s 8 % of the total energy 
consum ption

Costs $50  billion per year

Releases 150  m illion tons of 
CO 2 into the atm osphere 
each year

M uch of it is 19 th century 
technology with poor 
efficiency

W hy does lighting im pact
energy conservation?



Colored LEDs: 

Red -G aA s

Blue, G reen – InG aN

W hite LEDs: 

Red + G reen + Blue, 
or Blue + phosphor

Inorganic solid state lighting -Com position determ ines color

-W ith applied voltage positive and negative 
charge carriers recom bine

-Energy m ay be released as light or heat

-Theoretically they can be 10 0 % efficient 
with unlim ited life!

(com pared to incandescent which is 5% 
efficient, 20 0 0  hour life) 

-Com m ercial LEDs can be expected to reach 
50 % efficiency and possibly m ore                      

Sem iconductor 
Bandgap

Determ ines Color

Negatively
charged carriers

+_

Postively charged 
carriers

Buckingham  Palace, London, England 
Lit by Lum ileds LEDs

Light Em itting Diodes



Energy Storage Devices

Energy storage provides energy at a different tim e than when it was generated. 
For exam ple, renewable energy is often interm ittent (like wind and sun), and 
storage allows use at a convenient tim e.

Conventional storage system s such as batteries continue to dom inate.
Short-term  storage or energy-sm oothing devices like ultracapacitors work well in 
the 10-second tim e range.

Diverse needs for storage of electricity
• Prim ary power source: personal electronics, autom otive, m icrosystem s and 
autonom ous devices, im plants, ...
• Tem porary storage: tem porary storage of excess electricity for sm art power 
grid (interm ittent power production), em ergency back-up prim ary power source 
(hospitals, term inals,...)
• Buffering:for im proved efficiency and distribution (sm art solar m odules, 
electrical vehicles, …)



Energy Storage Devices



Energy Storage Devices

BatteriesS upercapacitors

Storage capacity is determ ined by 
surface area
charge is electrostatically stored 
on surface
Best suited to storage periods of 
0.1 second to 10 seconds 

Storage capacity is determ ined by
volum e (m ass) of cathode/anode
charge is electrochem ically stored 
inside the m aterial
Best suited to storage periods of 
1 second to 60 days



Energy Storage Devices



Energy Storage Devices



Conventional Technology (Oil and Nuclear)

Transportation -Internal Com bustion Engine (G asoline / Oil)

Heating -LNG  (m ethane) or LPG  (propane or butane) / Oil

Electrical Power G eneration -Coal, G as (Oil), Nuclear, Others

Novel Technology (S hale, S olar, LED and S C/Battery)

New Oil and G as Technology -Shale G as / Tight(Shale) Oil

New Transportation Technology -Electricity Based Engine (M otor)

Novel Electricity G eneration -W ind, Hydro, G eotherm al, Biom ass, Solar (increasing)

Electricity Storage (Power Supply Sm oothing) -Battery, Supercapacitor

Energy Efficient Devices -LED, Low power consum ption electronics

S cope of the Course

Photovoltaic Devices (& PD)

Energy Efficient Devices (LED)

S torage (S C / BT) Devices

Conclusion


