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Top Countries with Installed Renewable Electricity by Technology (2012)

© China © Germany O Spain © United States | | © China | © United States |

© Erazi © italy © United States © Philippines © United States | | @ Brazi ‘
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© Canada O China ‘ ;—0 Egypt/Morocco —;ge-xloo O Spain ]| Oé;nnany

© Russio © sapan O Austaka 0y Onds | |@Sweden
Sources: ELA, RENZI S0 Global Renewable Energy Development | October 2013
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Residential Thermal solar Production

Technology

Cold Water Reservoir
Cold Water

Cold water reservoir -> Consume

Hot Water Reservoir
Hot Water

Plates ->Hot water reservoir

Hot Water

Hot water reservoir -> Consume

Cold Water

Cold water resevoir ->
Hot water reservoir

Heat collector plates

Cold Water

Hot water reservoir ->
Heat collector plates

fiedler.arq.br

Price vary between RS 800,00 to RS 1.500,00
(5260.00 to $500.00)

HOT
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VALVE

SHUTOFF
VALVE

\

INSULATED HOT-
WATER TANK

BACKUP
HEATING
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\ TEMPERING
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COLD SUFPLY
FROM HOUSE

Source: energiatecsolar.com & pacificenergysales.com
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Incentives

* The first step is educate people!
* Show
1. Cost to install the system
2. How much could be save on water heating costs
3. Pay back period = cost / annual savings
4. Life cycle of the system

Save Money Conserve Energy Reduce Greenhouse Gases
5ave up to 75% percent on your sunlight is abundant, free, Reduce your carbon footprint and
home's water heating costs.  forever renewable and inflation- be part of the solution!
proof.

Source: energycenter.org
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Incentives

The California Solar Initiative

Sample Residential System Cost

m Average Cost of a Residential Solar Water Heating System $7,300

9 Less Average CSI-Thermal Natural Gas Rebate -3,300
susToTAL  $4,000

g 30% Federal Tax Credit (54,000 x 30%) -1,200

NET sysTEM cosTTocusTomeR -~ §2 800

Source: energycenter.org
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Residential Solar (PV)

Technology

(usually building mounted)

AC mains supply

Source: energycenter.org
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The California Solar Initiative (CSI)
Advantages
Energy Independence

Home value increases
Leasing

30% on Solar Investment Tax Credit

Incentives

* Upfront Cost
$35,000 *%4—.4%7 $20,000 First Year Cost
INTERNAL Awesome $12,177
RATE OF Incentives
$28,000 RETURN $7,823
621,000 Solar Purchase Return \ /
' on Investment
$14,000 I I
$7,000 I I $30,445 profit from 2025-2039
I I I I I I I EEN  $22 462 increased home value
S0 SU N H L ‘l‘l‘ ja,BBRE2H EEEN  $94 monthly bill savings
I I I 120 happy trees
-$7,000 - nt
1 e
ar of comm\““. will
-$14,000 Fe sing comPanies ¥
: wany \: rchase YoUL oo
\etY°“ end of your ease”
000 $18,745 2 o
‘ SAVINGS OVER S
CA 25-YEAR LEASE
$16,000
Immediate savings!
$12,000 mmmmm  $18,745 profit from 2015-2039
’ . mmmmm  $94 monthly bill savings
Solar Lease Savings 120 happy trees
$8,000
1
Y 4
$4,000 N C I
30 ‘ ’ ~

% figure does not include increased home value

www . SolarPowerRocks.com
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Technology

PV Solar Parking Photovoltaic wall near Barcelona

Sources: sunvie.eu & newindianexpress.com
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Concentrated Solar Power (CSP)

* Use the sun light to generate electricity or heat
* Generate temperature between 400 and 10002C
e Curved mirrors that reflect the sunlight onto a receiver tube

Parabolic Trough System

ﬁm condenser

/
_Thermal . /
Storage Tanks G

L

&) \ Electricity

o
\

* Solar Energy Generating System (SEGS)
* Mojave Desert, California
* Potential of 354 MW

Sources: wpi.edu & seia.org
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Concentrated Solar Power (CSP)

CSP Tower System

* lvanpah Solar Power Facility
e San Bernardino County, California
e Potential of 392 MW

Sources: wpi.edu & seia.org
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Concentrated Solar Power (CSP)

Linear Fresnel Reflector System

Generator ™38,
Turbine

Reflectors

Puerto Errado
* Spain
Potential of 31.4 MW

Sources: wpi.edu & seia.org
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CONCENTRATING SOLAR POWER ROADMAP International

. Energy Agency

.creasing cost and increasing production
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W North America WlAfrica W India [T Middle East [l South America [l Central Asia Bl China [ Pacific IEU + Turkey
— DNI 2000 (USD/MWh)  — DHNI 2600 {USD/MWh)

DMl = direct normal iradianice

(DNI) is the amount of solar radiation received per unit area by a surface
USD/MWh Cost of electricity per MWh (dolars)
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Production and consumption of CSP electricity by 2050
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https://www.iea.org/media/freepublications/technologyroadmaps/foldout/csp_roadmap_foldout12010.pdf
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The DOE Loan Guarantee Program creates jobs and reduces the cost

of solar energy for Americans. Similar bipartisan programs for

other technologies and industries have existed for decades, e \ong-term cq,

Y‘tt\c\“l to ““““es "ac(s

growing the U.S. economy. What's the best thing ‘Q\a‘\‘ \e¢
about loan guarantees for solar power plants? 5 ‘os’-\
There's a built-in revenue stream P

that pays back the loan. @ { = r \ &

lectric
tilities

.

\&
© Nvestors contribute ot

% of the project C@
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Photovoltaic Solar Plant (PV)

* Three largest PV power plants are located in US

= At 9.5 square miles, Topaz falls
:‘: ..................................... - g somewhere in between a
! = small city to multiple parks.

1) SMA control invarters [Suney Cantrol (21 SMA Tronsformer Compoct Skation 5 Cantrol Canter [oparator or uliy| o« Direct cotrmnt
CP serios) {hrom arra: iy 1o Invarfer! )
3) SMA Powwe Plant Contreline &) Array *+ Allarnating currant
{brom inv the gnd|
(4 ) Substation 7 Madivmoltage of hgh-volage grid *+ SMA Power Plant Control System
{plant manitoting cnd ramote control]

* Solar Star (579 MW) — Rosamond, CA
* Topaz Solar Farm (550 MW) — San Luis Obispo County, CA
* Desert Sunlight Solar Farm (550 MW) — Riverside County, CA

Source: gigaom.com
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Solar PV Capacity and Additions, Top 10 Countries, 2013

Gigawatts
40
+3.3
- M Added in 2013
30 2012 total
+12.
20 12.9 +1.5
-
+6.9
+4.8
. in
+
0S s og
m +1.5 +0.8 +0.2
() j— I
0
Germany  China Italy Japan United Spain France United  Australia Belgium
States Kingdom
REN21885s0,
REN21. 2014. Renewables 2014 Global Status Report (Paris: REN21 Secretariat). HEAPE0
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Photovoltaic Solar Plant (PV)

7000 S 18%
=
£ 6000 - 16% %
E, 14% g
c 5000 - &
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1 000 204 i
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Source: eia.gov
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The Renewable Energy Act — EEG — BEE‘@

Bundesverband
2y o p Erneverbare Energie e V.
e Priority grid access for Renewables
installations e i
Money

B e e LR R A

e Each kWh must be purchased and
remunerated by the utility / grid
operator (with defined exceptions)

* Fixed feed-in tariff paid for 20 years

e Annual (monthly for Pv) degression for
new installations (a fixed percentage or a
defined mechanism)

 Differentiated support according to
technology, size and site quality

e Costs are passed on to all electricity

consumers (specific exceptions for energy
intensive industry)

e Regular evaluation and amendments

http://www.slideshare.net/Kestavatalous/ekskursio-german-renewable-energy-federation-bee
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Wind Power Capacity and Additions, Top 10 Countries, 2014

Gigawatts
120 +23.2
M A in2014
100 dded
2013 total
80
+4l9
60 I
+5.3
40
|
~0 +2.3
20 —_— +1.7
: +1. +
—= *19 +1.0 +0.1 4,5
|
0
China United Germany  Spain India United Canada  France Italy Brazil
States Kingdom
Additions are net of repowering. REN21 Renewables 2015 Global Status Report
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HAWT complexity '
and inaccessible

e

% drivetrainincrease 0 N
O&M costs y 4 m§en5|-tivnt\.(to
B wind direction
\‘ allows for
: h large rotors
&= \
\@zn |
i

~VAWT simplicity and
accessible drivetrain
High HAWT reduce O&M costs
C.G.increases
substructure
costs

HAWT Components
1 Blade Pitch System
T VAWT Components
Lower VAWT 1 Gearbox
C.G.decreases 2 Generator
substructure
costs

2 Yaw System
3 Gearbox
4 Generator

Source: solar.excluss.com




Technology Evolution

__A Height (m) 6000 kW

185
Taille d'une éolienne en fonction de la puissance
e 3000 kKW

SOy Rt 2012 - www, enargyiic oom

e e y— Pr— —
2002 2004 2006 2002 <010

02003 2005 2007 200 2012

Fixed speed and stall control Variable speed and pitch control
Vitesse fixe et pales non orientables - Vitesse variable el pales orientables

2012

Source: energythic.com

—

N
1 2 G EN I Global Engery
Network Instisute



On-shore Off-shore

4,5 -
4.0
3,5 1
3,0
2,5
2,0
1,5
1,0
0.5
0,0

O Financial Barriers
B Administrative Barriers
b Social Barriers

Wind On- Wind Off- Total Wind

shore shore Source: Coenraads et al. (2006)
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Off-Shore

London Array Farm

- ; England, UK

More than 70 km (12 miles)
175 turbines

Potential of 630MW
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On-Shore

Gansu Wind Farm Alta Wind Energy Center
e China e Kern County, California
* Potential of 7,965 MW (20,000 MW) * Potential of 1,320 MW

r . .
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Global Investments in Renewable Energy 2014

Investment Amount
China = $83bilion
Europe [ 58
Asia (excluding Chinaand India) 1 43
United States | 36

Middle East and Africa . 13

Americas (excluding U.S, and Brazil) | 12
Brazil | 8
India |17

USNEWS| Alan Neuhauser for USN&WR; Source; UNEP
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LED vs Icandescent

60 watt Incandescent 14 watt CFL 12 watt LED

$58 Lifetime

.
f

-

‘ ’ Savings

over an

$200 Lifetime
Savings

over an
incandescent
with the

same brightness

incandescent
with the
same brightness

f_-u_\_h
T T R Ee———

Brightness|{Lumens) - 800 Brightness{Lumens) - 800 Brightness{Lumens) - 800
|Bdh Lifetime- 750 Hours ..ifelime - 10,000 Hours _
A@verled

Source: Forbes.com
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Fan vs Air Conditioner

Energy Expenses (Average use—10 hours)

COST PER DAY

CEILING FAN ROOM AIR  CENTRAL AIR Font: directelectricco.com

CONDITIONER CONDITIONER

Fonte: bellacor.com & directelectricco.com
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Solar Powered Exhaust Fan

* Uses mechanical devices (fan) to
distribute stored thermal energy

* Stored water or air on the roof,
heats it, and then pumps it
through the building

* Use the electricity from sun to
move

$ 349.00

Source: farmwholesale.com
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Shop ENERGY STAR Certified Products

=~ L 9 @

Refrigerators Washers Dishwashers

Energy Star

ENERGY STAR

How Much Can Your Family Save? Ti—
Air Conditioners Televisions Blu-ray & DVD
$700 Players
$600 -
g $500}
=
L < 1
g se00f _
E %300 | Laptops Monitors Printers
= $250
= $210
£ by $170
$125
s100. 310 b
30 —
2.6% 3 4 5 B
Telephones
Family Size
*2.6 oceupants per household |s the LS. averags, L. 5. Cansus, 2006 | Font: energy Sta r.gOV
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Energy Monitoring System

© Anal i Lisage b e L Sl
-y .
Spart 4a- o £30 o -
£2.32 ‘ -
Hirm - ]
Lafrraicd D WCPETFPAERTEIF EAMTETFARETE P RidmT
i 10.000 kW £31.32 o Wi e = o

REAL-TIME USAGE

Saa your currant Sat a target and

COST 50 FAR USAGE HISTORY

Discover how much oo the amount of enargy
vou hiava spent in conelumed per day and maonth as
rea-ima well a5 the cost of that enamy

POWEr LEA]e accurataly track your
iretantly in raal-time parfomanca

Source: efergy.com
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The Change Worth

QUICKEST RETURN ON INVESTMENT!

Return on investment’ Energy savings percemage’
(In Years)

QuietCool Fansm '
Energy Star A/C 1"
Replacement windows © "

Tankless water heater |1
Attic barrier &30 ’

“Based on estimated industry everages

QuietCool Fans
Energy Star A/C
Replacement windows
Tankless water heater
Attic barrier

Source: directelectricco.com
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Electric Car

Electric vs. Gasoline

» DRIVING ON ELECTRICITY CAN BE CHEAPER
No Tailpipe Emissions i mGreenhouseGases/Pollution 180
&)
2
Utility Company gk | "Rl OPEC | s140 | 310
[
100+/- Mile Range | | | | s 300+ Mile Range §T $120 =
2 $102
Hours to Recharge ’ - Minutes to Refuel gi $100
:| $83
. ssee . T $80
2 cents per mile oo ssee 12 cents+ per mile d‘f; s68
3| $60 380
O
3| $40
ul
Z s20
g 206 3
s $0 i
Gasoline Battery Electric
Car Vehicle (BEV) Electric Vehicle

(PHEV)

Source: California PEV Collaborative (CG4-1)




