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Where do good ideas come from?
Some say thev're the result of collaboration between people whose collective wisdom is greater
than that of any individual. Others believe the best ideas happen when a brilliant mind pursues a
singular vision that hasn't been watered down by groupthink.

Either way, bold ideas are the currency of our knowledge economy and the lifeblood of our
advancement as a culture. We don't always grasp the importance of one when we see it for the first
time, but we recognize them in hindsight. (How did we ever carry our bags before someone invented
wheeled luggage?)

As part of our focus on innovation, CNN is honoring 10 emerging ideas in technology and related
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Introduct on

In this class, our nterest s h the engneerng of energy
related devices.

We will start with fundamental concepts of solid state
physics to study PN junction diodes that are manl
used for many optoelctronic energy devices (ex, PVs
and LEDs). Then we will cont nue our study for energy
storage devices (ex,SCs and Batteries).

As an ntroducton of the class, energy m arkets and hot

research topics of energy enghneerng will be briefly
reviewed.
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(fossil fuels are lin ited resources)”.
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Energy product on stillrelies on 0il (~35%),gas (~26%) and coal (~17%) (in total~78%).
M ost of consumption s due to ekctricity generation (~38%) and transportation (~27%).
Driving forces for new energy sources are environmental issue (CO, em ission)” and dilprice

Power generat on relying on nuclkar react on has risks of accidents (Fukushin a disaster).
Novelrenewab ke, clean energy (eg.hydro,wind,geothermal,biom ass,and solar) is required.
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'_ Renewab k Energy Sources

G eotherm alPower

Magma rsing from themant ks brngs unusua lly hot
materalnear the surface and heat from themagma s
used for generat ng ekctriity.

Hydro Power

R ight cartoon shows a cross-sect on of a typical
hydroekctric dam .Water fbws down the penstock, turns
the turbne bldes which power the ekctricity generators.
There are concerns of environm entaldestruct obn.

W nd Power

Inmost phces, the cost of comm ercia lw nd power on
a krge scak s not now econom ically com pet it vewith
convent bnally generated ekctricity.

— Large construction s required for above three cases



" B bm ass

B om ass energy s derimed from organic matter.
Stoves that burn wood are the chssic exam p k-

B bfuek differ from other renewab ke energy sources,
such as w nd,hydroekctric,geothermaland sokr,as
they are primarily used n the transportaton sector-
and are dered from recently Ivhgmatter,both
phant and anm al.

Some nsikts that bofuel s destruct ng forests and
eventua ly causes dam ages to our environm ent .




'_ Sohlr Energy

Sohkr celk convert lght nto ekctricity.

The cost of current solr cels (poly Si) s highbut &
beng reduced and the efficency of cells 5 up to 23%
and s cont huously mproving (GRD parity in some
bcatons - Europe).

Sohr panek are situated on roof ofbuidhg —

InUS ,sokr power generat on facility 8 bcated n
desert for high ntensity and bng sunlight hours.

Sohr energy B ckan energy. It produces no hazardous
sold, liguid or gas wastes.

They are used to power the space staton (GaAs)and 75" e
to provide ekctricity n rem ote areas on Earth
(A frica,Mountan).

Ih summary, tomake sokr energy truly useful for
Brge-scak power generat on:

We need more effcent sohlr celk.

We ako need better ekctricity storng devices.




" N Shak Gasand Tght Ol
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'_ US G as Product bn

Shak gas kads growth n totalUS gas product bn through 2040 .

US gas price i decreasing and m any energy—requirng ndustry (such
as steel hdustry) is com g back to US.
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'_
US product bn of tight oilhas grown dram at ically over the past few

vears (t ght oilstillrequires m ore process ng than convent bnaloil
for gasolne product on)
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" A
US and SaudiAraban crude oiland petrokum liguids product bn

(m illon barreks per day)

Now US & beng changed from an oikFm port hg country toan oik
export ng country - becomes twomaprs.
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'_ Conclusion of New Energy Sources

Current ly,solr energy provide kss that 0 5% of the U S .power needs,but even
with exist ng technobgy, it could provide up to % (majr technobgy n ckan

energy resources).
Shak gas /oilwillopen new opportunit es n convent bnalenergy area.

Exemplary Path, global primary energy consumption
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'_nergy Effcent E kctronic Devices

Each subsequent mprovement n lghtng ked tomajpr
m provem ents n the energy efficency of the lght

Candk:0 05 Umens perwatt

Gasbmp:05 Umens perwatt

candescent” L ghtbub
B umens perwatt
(5% efficent)

This bub B no bnger avaibbk
h Korea (aw)




Why does lghtng inpact
energy conservat on?

" Light hg consum es 22% of
the electricity generated n
theUSA. | M
That's 8% of the totalenergy J R
consum pt ion _ - AR
Costs $50 billion per year

Relkases H0 m illion tons'of'_- '
CO, nto the atm osphere
each year

M uch of it 8 Bthcentury
technology w ith poor
-efficiency




" Light Em ittng D iodes

horganic sold state lght ng —Com pos it bn determ nes cobr

Colored LEDs:
Sem iconductor Red -G aAs
Bandgap B ue,Green - InGaN

Determ nes Cobr
White LEDs:

Red + Green + B e,
or B ue + phosphor

—-W ith app lied voltage posit ive and negat ive
charge carriers recom bine

—Energy may be rekased as light or heat

—Theoretically they can be 00% efficient
with unlim ited life!

(com pared to ncandescent which is 5%
efficient,2000 hour life)

—CommercialLEDS can be expected to reach
50% efficiency and possbly more

Buckingham Palkce,lLondon,England
Lit by Lum ilkeds LEDs




" A Energy S torage Devices

Energy storage provides energy at a different time than when it was generated.
For exam pk, renewabk energy i often nterm ittent (lkew nd and sun),and
storage albws use at a convenent time.

Convent bnalstorage system s such as batteres cont nue to dom nate.

Short-term storage or energy-sm oothng devices lke ultracapacitors workwell n
the 0 -second tm e range.

D Merse needs for storage of ekctricity

*Primary power source:personalekctronics,autom ot Me,m crosystem s and
autonom ous devices, mpAnts, ...

» Tem porary storage: tem porary storage of excess ekctricity for smart power
arid (hterm ittent power product bn),em ergency back-up prin ary power source
(hospitalks, term hak,...)

« Buffering: for improved effciency and distrbution (smart solr moduks,
ekctricalvenicks, )



Storage capacity
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Double-fayer caps= electrolytic
Uitra-capacitors = solid-state

Energy S torage Devices

Batteries

Ultra cap.
Double-layer cap.

2V- 3V
1 sec

-—— —— Super=capacitors-

* | ow retention time .e. no

Ragone plot long term storage
10 100 1000
Power Density (W/kg)

Maximum current
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" A Energy S torage Devices

Supercapacitors Batteries

Electrolyte
Lithium Salt
Dissolved in

Qrganic, Solvent _

AN Cathode Current Collector
e Aluminium

Anode Current Collector
Copper

Anode /»" “. Cathode
Carbon e Separator | inium Metal Oxide

S torage capacity s determ ned by S torage capacity s determ ned by
surface area voblum e (m ass) of cathode/anode
charge s ekctrostaticaly stored charge s ekctrochem ically stored
on surface nside themateral

Best suited to storage periods of Best suited to storage periods of

0 .1second to 10 seconds 1second to 60 days



" N

p-Batteries

Small form

<~]1g
<~0.lcm
10uAh-1mAh

disposable &
autonomous
systems

Emerging
Technologies

Batte rx,tacks

Mobile
~1kg-100kg
0.1-1m’
10Ah-100Ah
automotive
transportation

Portable

~10-100g
1-10cm
10mAh-1Ah

portable
electronics
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Teslo-Roadster (340km)

Lrion batzery pm:- -
Beell $50kg (200KW)

Li-ion battery pack:

14.4Y, TIWh

AR FTEV, S6Wh (eq. BL pax)

4800 cells (1 8mmxbSmm)

TN

T 1]
- *

Energy S torage Devices

Storage

Large scale

~1ton-100 ton
10m~-100m
10kWh-MWh

backup power
power grid

==

Vanadium redox flow battery
A.5Ix2. Iwxd.db; 10 ron
42V (DC), 1 00kWh (20004kK)



'_ Energy S torage Devices

* Largest battery energy storage station in Zhangbei, China

LiFePO, batteries (BYD) for 36 MWh



" Conc s bn

Convent ona | Technobgy (0 iland Nuclear)

Transportaton — hternalCombust on Engne (G asolne /0 il)
Heatihg—LNG (methane)or LPG (propane or butane) /0l

E kectricalPower Generatbn —Coal,Gas (0il),Nuckar,0thers

Novel Technobgy (Shak,Solar,LED and SC/Battery)

New O iland G as Technobgy —Shak Gas /Tight(Shak) Ol

New Transportat bn Technobgy —E kctricity Based Engine (M otor)

NowvelE kctricity Generaton W ind,Hydro,G eotherm al,B om ass,Sokr (hcreasing)
E ectricity Storage (Power Supply Smoothing) —Battery,Supercapacitor

Energy Efficent Devices —LED ,Low power consum pt bn ekectronics

CNN 10: IDEAS
el The CNN 10: Ideas
S cope Of the COU [Se DAVLE—TT SAVINGS

Photovoltaic Devices (& PD) [

MIND CONTROL

Energy Efficient Devices (LED) suromon cors NN

S to rage (S C / B T) D ev bes THINKING TECH

THE WHEEL




