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Learning Objectives

Objective 1- Fundamentals of Solar Energy
» Application toward helping to develop long-term, sustainable energy

Objective 2— Economic and Market Factors of Solar Energy

» Economics of installation costs vs. energy-cost savings and pay-off tinfe

Objective 3— Example Solar Energy Systems and Applicatiors

» Applications will include disaster-recovery augmentation by instalati
of solar panels and hot water heating on Katrina cottages

Objective 4— Architectural Sustainable Designs in Small,
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Learning Objective 1:
Fundamentals of Solar Energy

Passive vs. Active Forms of Solar Energy Design

Basic operations of Solar Photovoltaic and Solar Thermal
Systems

Regional Environmental Considerations regarding Solar
Energy

Variability and Performance using M odeling Programs

Design considerations, Site selection, Commissioning, and
M onitoring

Examine the pros and cons of photovoltaics as a renewable
energy source

Space Research Institr Green and Blue Canferernce 2010, Aubum AL

What About Sunshine In AL?

Insolation maps rate locations by e s
their average daily peak sun hours p

&
» Varies by time of year i
Alhas ~20% less sunlight than the J’/
bestin the SW (“"‘"M 3

Plenty of sunshine

» Poweris produced on rainy day

» Solar cells produce less power
when they are hot

Al is better than the NE, with
major newinstallations now

Salad dgaouics e & AR -platy ool
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Solar thermal energy systems convert solar radiatio
heat energy

» Ex. making water hot using the rays of the sun

» The system doesn't make any electricity

» Uses working fluids that are heated in solar collectors

Photovoltaic (PV) involves sunlight being converted
directly into electricity
» Uses the unique properties of certain semiconductors Solar thermal
Produce a small direct current when exposed td ligh
» PV installations are those pretty blue or gray panels you
see sometimes up on the roof
» An array consists of individual PV modules that are
electrically connected to produce a desired voltage, curre
and power output
Modules range in outputfrom 10-300 W
» Can be grid-connected or stand alone

Solar PV

Space Research Insttute Green and Blue Canference 2010, Aubum A

Reserch

Concentrated Solar radiation convert
into BOTH thermal and electrical ene
» Concentrated PV makes electricity

» Thermal energy collected to heat water
» Increases overall net energy eficiency 4-
» Requires sun tracking hardware

» Faster ROI (Return on Investment)

Prosiacey 8§ 50 by | re g o 9 apsiaiors 5
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‘ How Solar Thermal Systems Wo

Collector usually mounted on roof
» Does not need a “hot” day
» Works well in Winter too!
» Just needs sunlight
Water flowing through the collector is heated agimed to holding tank
» Hotwater heater
» Radiant floor heating
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-
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How Solar PV Systems Work

A PV system includes:
» PV modules in an array

e.g. thin-film or crystalline,
semi-transparent, or opaque

» A charge controller (optional)
If needed for battery storage
> An energy storage system (optional)
Batteries
“Utility Grid” — Virtual storage by selling power
» An inverter — converts to AC electrical
Converts the PV modules' DC output to AC
compatible with the utility grid
Appropriate support and mounting hardware, wiring,
and safety disconnects.

M

M
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Photovoltaic System Decisions ! g

What are the primary projects goals ?

What outcome is desired ?

Which PV installation locations are available/feasible ?
What the pros & cons which those locations ?

What are the trades in cost & performance ?

How much PV system power output can we afford to build
in those locations with our budget ?

Future Expansion options ?

Local permits and covenants ?

Space Research Insttute Green and Blue Canferernce 2010, Aubum AL

Types of Mounting Structures !g

. Sunpower T-20 1-axis racking syst&@5° tilt
Sunpower T-10 roof mount system,10° tilt

-~

[ - |
SRI ground mount, any tilt | i T
,.-'"-'.--.. ‘I; Y L

SolarDock roof mount system, up to 25° tit

Wattsun 1-2-axis tracking system any tilt
Space Research Instiute Green and Blue Conferernce 2010, Aubum AL
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Solar energy collectors enhance solar
energy by focusing it on a smaller area
through reflective or refractive
surfaces or lenses
» Increased efficiency
» Reduced size
Must have direct sunlight
» Not practical for the southeast
Best used in areas with little cloud
cover
Flat plate collectors can use any solar
radiation, direct or difuse that strikes
the surface

Concentrating solar thermal plant
Space Research Insttute Green and Blue Canfererce 2010, Aubum AL

‘ Types of Photovoltaic Power Pan 2 K,

120 W CIGS thin film

: . 11% eff.
i - 170 W | tall
Zlol\év_zsll&)n;sﬂtallne 0 135_'12‘3&3":6%5 al€  ighest eff. for thin film cells
Terrestrial leader
Photovoltaic Options 70W CdTe thin film

: - ~9% eff.,
» Single crystal silicon most W/M | gwest cost, heaviest

» Thin film copper indium gallium
diselenide (CIGS) modules

» Cadmium telluride thin film modules

136 W;‘g/“oggho“& » Amorphous silicon thin film modules
~7% eff.
Space Research Instiute Green and Blue Conferernce 2010, Aubum AL
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Solar Array System Analysis
PV Module Comparison

Study done of photovoltaic modules curren™ |

available in the marketplace 200 — 2

» Compared ratio to highest power s R .

» Calculated costto power ratio 3$ v
System cost depends of module cost ($/W 72 —l.—L
$/m2, and type of mounting required) e P Modes

» Efficiency reduces BOS cost (less area) P wo m 2 0 350

Watt s

» Type of mounting impacts BOS costs

Photovoltaic Modules Ratio to Highest Power
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Spact

Roof Mounts

Must conserve roof warranty
» Firestone rubber roof: endorsed Sunpower T-10
roof mounts for flat roofs (Lee Co. Justice Center)

» Can be non-penetrating
Arrays can hook right in to metal or asphalt roofs
Most solar power systems are mounted on roofs

» Safe and out-of-the-way location for solar panels

» The main disadvantage is they are a little harderto
access

Fortunately solar panels requie very little
maintenance

» Structural support or weight load of panels is si
3 Ibs per sq ft approx.

100 sq ft of space needed per kilowatt
Solar roof shingles are a new option

Space Research Insiute Green and Blue Conference 2010, Aubum A
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Orientation

A surface receives the max amount of energy whelitiect
component of solar radiation is exactly perpendictd the surface

Fixedvs. tracking arrays
Optimal azimuth angle is due south
» Can be constrained by the orientation or roof pitch

» Theeflect of offazimuth orientation is much less at loweatigles
» Cloudy, difusive Southern skies reduce orientation sensitivity

Space Research Institute Image from "Photovotaic Systems”by James Dunlop  ree and Blue Canfererce 2010, Aubum A

Optimum Array Tilt Angles
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Energy production at certain times of the yearlzamptimized by adjusting the
array tilt angle

Longer summer days favor a lower tilt angle
Winter favors a higher tilt angle
Compromise is the latitude degree
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Test the accuracy of solar modeling programs
There are six test panels

» Five panels will be rotated in a single axis attih@angles of 20°, 25°, 32°
(latitude), 40° and 50°

» Another panelwill be a control panel that is fiX¥eding south at latitude tilt
Space Research Insttute
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Shadowing

Shadows can cause significant loss in power
» Cells in series so shadow on one cell causes
loss of power from row(s) of cells

» Caused by either natural or man-made
obstructions:
Trees, roof vents, other buildings, hills, poles,
chimneys, etc.
» Space arrays far enough apart so they don't
shadow one another

Space Research Insiute Image from “Photovolaic Systems” by James Dunlop Green and Blue Conferernce 2010, Aubum AL
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Inverters are used to convert solar array
DC to utility-quality AC
» Ex. Roof Array: Solectria PVI-13kW 438(

VAC, 3-phase

» EXx. Pole Array: SunPower SPR3000m
3kw, 208 VAC

» Environmental data obtained:

Performance data are used to monitor
system and compare to model predictions
This is all there is to a photovoltaic power
system!

Space Research Insttute

Solar irradiance

Module temperature
Ambient air temperature
Wind speed

Green and Blue Conference 2010, Aubum A

»

»

»

»

Sizing a Solar PV System

“Iflinstall a 5 kilowatt system on my house, how much elecriaitl! |
generate?”

Depends on the amount of sunshine your locatiosives per day
Insolation map
Let’s take Montgomery, Alabama
Charts indicate that for a fixed array installedyowir roof
4.49 hours of sun per day during February
5.6 hours during July
Average of 5.1 hours per day.
A 5 kW system running for 5.1 hours per day wiglgiabout 20-26 kWh
per day average
With less in February, and more in July
The lower number is because there is a small anafunss (20% or so,
called the derate factor) due to wire run and teversion from DC to AC

Space Research Insiute Green and Blue Conference 2010, Aubum A
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Load Analysis

Monitor your daily load
» Peaks during daylight hours matching the
generation cycle of the solar array
Used in solar power modeling program to
project system performance
Also used to determine electrical inverter
specifications
The people that benefit the most and get
best return on their investment are the on
who have large electric bills
» High electric bills are typically driven by at
least some of the following:

Raal Possr [d Dary Aserage]

] pit T,
Air Conditioning in a hot climate, Pools, & mw
Refrigerators (old inefficient ones and ;
multiple small ones throughout the home), .
Spas / Jacuzzis, Children, Computers, Video?
Games
Torss
Space Research Insttute Green and Blue Canference 2010, Aubum A

‘ Analysis of Power Production
(LCJC Example)

PV Watts vs. PV Design Pro-G
PV Pro-G and PV Watts Analysis of systeri_ﬁ“@s@ i
. . Pro-G I PV Watts PG I PV Watts
» Predict power performance based on climat¢; o AC Erergy (W) Yo 'AC Ereray ()
shadowing, PV arrays, wiring, inverters, etc.f—&& 155 4e—— 1% +
» Include 30 year weather data base for most % FECH 55z Ao P Pz
|OC&IIOnS May 1995 1958 May 239 227
Modeling results can be compared to - e LI e
. . ep P
experimental data to make sure system is [—ou 550 T | oo z %
operating correctly BT 1 1 —
. : R Year (ave 18,932 19,277 Year (ave 2,496 2,486
» Most inverters will provide output performan e T [TWh [ Dosion Pos]
Combined Annual Energy Production 1763 JKWh PV \Walls
S~ = s
" " - =
[ H H
FVLLLILINTTTE
D T T | -
# el anta
5
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Battery Storage

can be used eficiently by loads i o
» Energy supply and demand e
Lead-acid batteries are most ’
commonly used = N ==
Stand-alone PV systems used for —,
meeting small loads in remote off
grid areas kg o
» Utility service is cost prohibitive or '_.':"."!!"!"-HMJ
impossible
Batteries vary greatly in size, cost,
and performance

Use batteries to store PV power so s ‘g“

. ; Battery bank for PVstorage
Space Research Institute Image from "Photovotaic Systems”by James Dunlop  ree and Blue Canfererce 2010, Aubum A

‘ Reliability and Performance Issu

All PV panels in the marketplace today have met stringent environmenta
tests and certification
» Impact resistance: Hail 1” diameter at 52 mph
» Maximum load: e.g. 50 psf frontand back ( alsodiipading >100 mph)
» Temperature range: -40 °F to 185°F
Performance with temperature provided with panels
» Certifications:
IEC 61215, Safety tested: IEC 61730, UL listed (UL 1703), Class C fire rating
Reliability (PV panels)
» PV panel warranty: 25 years (limited power — allov#29% loss over time)
» PV panels rarely fail — the PV effect cannot wear ou
» The problemis in the panel packaging

Failure of sealants, impact damage to cover glass, etc.
Some failure of interconnections or junction boxes do occur

Space Research Instiute Green and Blue Conferernce 2010, Aubum AL
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Reliability and Performance Issugsg

Reliability (Inverters)
» Typical inverter warranty: 5years (10 years atitoltal cost)
» Inverters are the leastreliable part of the systaay

MTBF analyses apply (~4.7 years MTBF)
Major improvements in reliability are coming, limited field test data

Maintenance

» Minimal required here in Alabama — rain keeps thegb@clean

» Should check on power output occasionally to se@yfdramatic change
Monitoring and notification

» Theinverter does all the monitoring and notifioati

» Dependingon type of inverter, automatic warning@iroblem can be sent
via internet or to mobile phones

Space Research Institute Green and Blue Canference 2010, Aubum A

@ Learning Objective 2: Economic an
Market Factors of Solar Energy Syst

Relevant costing factors affecting Pay-Off time and
Return-on-Investment

How future, long-term energy savings offset higher, up-
front mortgage costs

Energy cost trends, carbon sequestration impacts, and
Grid-Parity

Federal, State, Local, and Power Utilities Incentives,
Regulations, and Legislation (DSIRE, APC, Southern Co.)
Use of Modeling Programs to capture these factors and
make economic predictions

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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What Do PVs Cost Today?

There is not a simple answer to this question!

» The cost of PV panels depends on the technologyerha

» And on the_.amounif power wanted and the ardmat is available
PV panels cost between ~$1.00 and $3.50/W today

» High efficiency panels cost more than low efficigqanels

» However, the installed costis an arekated cost

The more panels needed for the power desired, the higher the installed cost
> Mountings, wiring, connections, etc...

The installed cost at the LCJC was just under $8/W (No 30% Yebate
» Now the installed costs are about $5-$7/W for aysw/o rebates)
Depends on the type and efficiency of the PV panels chosen

» A detailed study would really be needed to gettadsanswer
In any case, starting small is OK

» It's easy to expand the system later to take adgenaf future reductions
Space Research Insttute

Green and Blue Conference 2010, Aubum AL

DSIRE — Incentives Database

www.dsireusa.org/

» On line Database of State Incentives f : -
Renewables and Efficiency DSIRE .'I:.__—_

» GREATRESOURCE...

Federal tax credit d30% for solar
water heating and photovoltaics
» Incentive programs will end

» Renewable energy will be competitive - -
with grid prices =grid parity 3 o 19 By
» Forms of incentives o e 1 B
Rebates and grants (one time paymer . = o
Loan programs with low or no interest .

Production incentive for every KWh e @
produced

=]
=
Tax incentives =
Continually changing

Alabama incentives: $500 solar hot

water heating
Space Research Instiute
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PV Expected to Reach U.S. Gri
ParityBetween 2010 and 2015

S WL K
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Space Research Insttute
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What are the Trendsin PV Cost

Ty o AR

Photovoltaic module costs have been
decreasing by ~20% with every doubling
of production

Installed cost = 2X the module cost

» "’$6'$7/W in 2009
There is a 2X oversupply of PV modules

With the 30% cost rebate the systems
provide electricity at near-grid prices

Space Research Instiute

==
Cost of electricity in Auburn has been
increasing a8% /year from '07 to ‘09
Federal government regulations on
carbon capture will increase costs
Without that, there appears to be a
crossover in ~2011 - 12 with PV cheaper
The installer infrastructure in AL is poor

Green and Blue Conferernce 2010, Aubum A
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Solar Hot Water Heating m

A N D S
g 3 il
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Solar hot water heaters typically run between 4-6K installed
Payback time ~5-8 years on average

Space Research Institute Imagefrom “The Queen of Green"by SandraWilams 60 and Blue Canfererce 2010, Aubum A

Learning Objective 3: Example Solam
Energy Systems and Applications

Lee County Justice Center Actual vs. Modeled
Performance (ARA, ADECA, Lee Co. Commission)

Energy Efficiency and Renewable Energy plans for future
Lee County projects (DOE proposal)

Projects completed by local solar installer
Example PV home systems worldwide

Katrina (Disaster) Homes with Solar Augmentation:
Thermal, and PV with Storage (FEMA, HLS)

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Performance Since June 31, 20(
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Total AC Energy provided to LCJC since June 31, 2009
» 12,850 kWh

Ofiset CQ emissions
» About 9.2 metric tons

Daily production varies based on weather patterns

Overall LCJC production tracks well with three solar modeling
programs

Space Research Insiute Green and Blue Conference 2010, Aubum AL
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AC Power Produced July 1218 :!

Week

demonstrates all
diferent types of
weather patterns

Power profiles
vary due to cloud
cover and storm
fronts

Space Research Insttute Green and Blue Canference 2010, Aubum A

3

s

2002 — First DoE Solar Decathlo

Space Research

Institute was an

integral part of
AU team

Held at National Mall, Washington DC
Auburn University’s 500 % house
» Won third place in competition
Plus BP performance, safety, and energy balance awards
Highest overall score in engineering categories
» House still on campus for 6 years and is still geised

Net-zero energy home

Space Research Institute Tours are available for interested individuals Green and Blue Canfererce 2010, Aubum AL

2/3/2010
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Delta System

The components:
» 22- Suntech 200W panels
» UNIRAC roof mounting system
» 1- Outback power combiner box
» 2- Outbackcharge controllers
» 2- Outbackinverter/chargers
» 1- Mate system controller
» 1- Hub to connect the components
» 12- Rolls-Surrette batteries
System performance
» Produces approximately 14.96 kWh per day
» Wanted to provide power to certain rooms and appha in
their home
» Inthe event of a local power outage they willl$tdve
power to essential appliances for a number of days

Space Research Insttute Green and Blue Canference 2010, Aubum A

Waverly System

The components: Cost: ~43K
» 24-Sanyo HIT Double 190W panels
» 2-Zomeworks trackers
» 1-Fronius IG Plus 6.0 grid tied inverter

Designed for maximum performance
» The panels absorb light from both sides
The tracking racks follow the sun’s path
throughout the day
Owners use ~10 kWh of power a day
The system produces (on the shortest days of the year)
approximately 25.17 kWh per day

» Expected output in summer will be much higher due t
longer daily panel exposure
The excess power will be sold to Alabama Power, as
part of their green power program
Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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@ Boy Scout Hut, Cordova AL

The components: Cost: ~$5,100
» 2- BP 190W panels
» 1- UNIRAC top of pole mount
» 1- Stecca 20a charge controller
» 1- Samlex power inverter
» 2- MK batteries

This system was designed to provide power to a boy
scout hut located far rom power lines

They wanted a small system to run small appliances and
lights for overnight use

The expected output of this system is approximately
1.292 kWh per day

» With battery backup this system should meet thelaee
of the boy scout troop easily

Space Research Institute Green and Blue Canference 2010, Aubum A

@ Some More BIPV Examples

Zero Energy homein FL Standing seam metal roof with
-Si panels Michigan, U.S.

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Some BIPV Examples

Solar Umbrella House Pugh + Scarpa Santa Monica California
Space Research Institute Green and Blue Canferernce 2010, Aubum AL

@ Some BIPV Examples

www.kingspanlighthouse.com
Space Research Instiute Green and Blue Conferernce 2010, Aubum AL
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@ Some BIPV Examples
2009 Solar Decathlon, Washington, D

1°tPlace: Darmstadt 2nd Place: U. lllinois, cost to
Germany, cost to build replicate: $250k to $450k
$2.5M, Cost to replicate:
$650k to $850k
Space Research Institute WWW.Sekardeeathibans@rg: 2010, Aubun A

Green, Sel-Powered Katrina Cottag

Solar—powered housing for disaster relief

Impact

» House first responders & displaced
residents

» Stand-alone“community” power

» Cost Benefits
Paybacktime <4-6 years with storage

» Develop Intelligent System Maragement
software

Time-of-day usage control
» Applicable to all Gulf Coast Regions

» 7000 KC’'s built— MS received $288M
from FEMA - Sizes: 400fand up

Space Research Insiute LR D LA - I S SN A A I AN 1A
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Purpose

Upgrade Katrina cottages (KC) —expand their usefulness
» Mississippi Park Model 1 A is energy efficient, but
» Reduce energy usage and apply solar technologigsiiaconnected
Solar domestic hot water
Photovoltaic array
Implement upgrades in stand-alone, solar-powered units
» Supports local energy independence from the grid
» Benefits first responders, reduces need for dgeetrators
» Reliable office space plus water
Seeking a demonstration build to confirm benefits
» Demonstrate benefits to victims, U.S. Governmedt@mmercial
entities
Rapid installation with stand-alone energy
Reduced long term costs PLUS undefined political benefits

Rapid access to marketplace
Space Research Insttute Green and Blue Canference 2010, Aubum A

Timeliness

Why is it possible and practical now?
» Energy crisis, fuel costs, weather instability, PV explosive drowt
» Minimal modifications to existing cottage designs fom DHS pilot

Reduced operating costs

» With latest FEMA-specified ruggedized manufactured homes
25,000 units would use ~250 GWh/yr = >$32M at $khA
Energy improvements lead to savings of ~$25M*

» Enhances FEMA rapid response/responders
Fully functional, grid-independent habitat on aatiat site

* “Improved Specifications for Federally Procured Ruggedized Manufactured Homes for Disaster Relief in
Hot/Humid Climates”, Thomas-Rees et.al., Florida Skar Energy Center, 2007

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Disaster Response Issues

First responder needs
» Access to power, communications and water
» Housing from which to function effectively (air aditioned)
» Work effectively without operating electrical grid
Limit need for noisy diesel generators
Displaced resident issues
» Where to be housed temporarily (ughdmonths)
» Quality living conditions with power, water and &ation
Katrina response issues
» Housing notreadily available
» Siting, large numbers of trailers stored in Hopekahsas
Not in use, formaldehyde buildup
» Not energy efficient, require grid power

Space Research Institute Green and Blue Canference 2010, Aubum A

@ Mississippi Park Model 1A

Baseline for modeling
» Energy eficient design —
396 12, 1 bedroom
Energy Std? appliances
Install anywhere
» R-111loor, R-19 walls,
R-30 ceiling
» Vinyl low-e windows,
steel energy-saver door
» 30 gal. hot water heater

» Can be built by modular
home manufacturers AL

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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‘ Park Model 1 A Improvement St

Add solar hot water heating
» Easiest way to save significant electrical energy
» 16 ft? system with existing 30 gallon hot water heater
Adds ~$3kto the cost, reduces electrical energy
Add photovoltaic power system with inverter
» 2 kW with 4 kW inverter, south facing, 30° normabf tilt
Allows continuous ventilation in storage, plus excess power
Roof area (210 #j limits PV area— can double area with shed design
» Cost dependson PV modules chosen
Increases up front costs but reduces Life Cycle Costs
» Can be united into an energy efficient communitihatdisaster site
Add battery storage system for grid-independent operation plus night pow
» Provides emergency responders a living place/ergyrgiem
Adds ~$4k to the cost

Space Research Insttute Green and Blue Canference 2010, Aubum A

er

Energy-10 Modeling Results
MS Park Model 1 A (Mobile, AL)

ThermallLoad

Life Cycle Cost
g 50 2 $45,000
£ 40 2 340000
[ @
g a0 :
2
F 10 $30,000
- Reference Low Enegy LEI+ LEI +
0 Insuln SDHW SDHW +2
Reference Low EnergyLEl+ SDHW LEI + SDHW (LEI) kw PV
Insuln (LEI) +2 kW PV
Eectrc Energy Usage These energy calculations suggest:
5000 » Total electrical energy savings_=_104

g 4000 GWhiyr for 25,000 units,
T 3000 » 10,000 stored units produce_=11 GWh/yr
g 2000 Or a savings of $1.6M at $0.15/kWh price
B 1000 . .
g, PV Design Pro-G (Maui Solar Software)

Ref Low Ei El+ SDHW LEI + SDHW i imi

eference m;"ﬂn ?L‘E*lgf- * +2;WPV gives similar results

Space Research Insiute Green and Blue Conference 2010, Aubum AL
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‘ Stand-Alone Photovoltaic Syste

Used PV Design Pro -8 study Mobile, AL location

» First responder comparison

» 2.1 kW PV Katrina Cottage vs. 3 kW Tactical Quietr@rator (TQG)
3kw, 60Hz TQG

» Specific fuel consumption: 0.33 gal/hr, 4 gal taagacity

» 500 hr MTBF (maintenance and repair notincluded)

» Assumedcost of diesel fuel delivered in an emergency: @&al

» Cost of electricity - $0.72/KWh
2.1 kW Katrina Cottage

» 11— BP 3195 panels, 2.14 kW, $899/panel ($4.61/W)

» Concorde Sun-X-Tender 255 Ah, 2 x4 batteries 9%59(!)

» Trace 5548 Inverter

» Cost of electricity: $0.165/kWipayback time: 3.92yrs, IRR =95%

With no credits: CoE: $0.289/KWh, paybacktime: 4.91 yrs, IRR = 80.6%

Space Research Insttute Green and Blue Canference 2010, Aubum A

Grid Connected Photovoltaic Syst

Used PV Design Pro — @ study locations subject to hurricanes

» Costal locations across FL (5), AL (4), MS (2), /) and TX (6)

» Roof angle fixed at 30°

» Arbitrary house loads totaled 6,330 kWh/yr
(vs 3,113 KWhlyr for ParkModel 1 A)

Sizing study — 2.1 kW photovoltaic system

» Forthe 21 locations noted above:
2.1 KW system supplies 39.9 to 44.4% of load (avg. 41.7%)

Effective cost ~$0.241/KWh (for a 195W module costing $899)
> Cost with no sales tax and 45% tax credit = $0/Q\83

» PV system cost with inverter ~$18,000 (assumingaxcredits or sales tax)
» Pay back time ~9.3 yrs with lifetime of PV mod &5 yrs

Continued modeling and design studies are desirable
» But pilot project necessary for validation

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Proposed Project

Build a 10-unit demonstration of MS Park Model In#proved design
» Solar hot water (SDHW), 2 KW PV, inverter and battery storage
» Locate in the Gulf coast hazard zone with inhabitants

Demonstrate several options:
» Stand-alone (SDHW + PV + B) —first responders

» PV grid connected (SDHW + PV)— family living/community benefit
Turn off PV to simulate solar hot water only (SDHW)

» Include intelligent control system in all
Monitor system over 12-24 months

» Compare to model predictions, get cost data and energy benefits
Well instrumented, comprehensive energy usagey pesthce reports

» Demonstrate benefit to local community/power company
Prepare plans for mass production
» PV grid-connected systems and stand-alone
» Include MS ParkModel 1 B for increased PV power and living space

Space Research Insttute Green and Blue Canference 2010, Aubum A

Benefits to Alabama

Enhances existing Emergency Preparedness Plans
» Supplies additional base of operations support
Power for emergency communications and services
Does not require fuel supply logistics & infrastructure
Quiet, and efficient energy source
Cost effective, rapid deployment, long life

Immediate housing forstresponders
» Does not displacementrefugees held up in hotetelmo
» Easily re-sited to adjust to support needs
Temporary local government operations
» Police, City — County personnel
Near-term housing for displaced refugees
» Easily movedto re-establish communities
» Semi-permanent or Permanent; expandable

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Benefits to the Housing Industr

Can lead to a substantial increase in business
» Enhanced product offerings for manufactured housing
Benefits the consumer
» Can increase production in the U.S. PV industry
Supports system studies that prove benefits of solar to economy
» Can lead to new grid-independent communities alisasters
» Reduces national dependence on oll
Opens new commercial opportunities
» New housingin renewal areas/BRAC
» New options for manufactured housing
» Creates an add-on package to existing line of Lew@trina cottages

Mountain retreat, vacation cabin, guesthouse, etc. (grid independent and
connected)

Provides instant access to the marketplace

Space Research Institute Green and Blue Canference 2010, Aubum A

Sustainable Designs in Small, Affordabl

@ Learning Objective 4Architectural
Housing: Form and Function

Why go Green?

Building-integrated photovoltaic (BIPV)

Net-Zero Energy homes and potential for application to
affordable housing (Oak Ridge ZEH-DOE)

Affordable Housing with cost-effective energy strategies
including renewables (NSF SEED & AU Architecture)

Space Research Instiute Green and Blue Conferernce 2010, Aubum AL
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‘ 4 Reasons to Install a Solar Syst

Electric rates seem to keep going up

» What happenswhen energy prices soar....can you nmadsereeet?

» No one predicts that electricity rates will drop

» The price of solar electricity does not go up
You pay a fixed price on the system and you know what that exact amount is ahead
Solar electricity is free after you pay for the system

> Most panels guaranteed for 20-25 years (dependsaorufacturer)
> Guarantee to be operating at 80% of original caypadtill work after that timeframe!

It protects you against future rate hikes
You start saving money as soon as your panels are connected

Prices have dropped on solar panels
» Primarily based on "supply and demand*

» The demand has dropped overseas and a lot of n@Misrs are starting to
manufacture the expensive solar cells

The Federal tax credit pays for 30% of total price of your system
It lowers carbon emissions from fossil fuel burning plants

» Reduces the need for nuclear energy

» Reduces our dependence on foreign sources of energy

Space Research Insttute Green and Blue Canference 2010, Aubum A

Inclusion of Photovoltaics in Building

Why have a building-integrated photovoltaic (BIRMwer system?
» Provides electricity every day — even when it's raining
» Integrates seamlessly into the buildings’ electrical system
Virtually maintenance-free
» Adds architectural interest to the building
» Demonstrates commitment to “Green” energy savings
A BIPV system integrates PV modulesinto the boidgenvelope
» By simultaneously serving as building envelope material and power generator, BIPV
systems can:
Provide savingsin materials and electricity costs
Reduce use of fossilfuels and emission of ozo péatiag gases
The majority of BIPV systems are interfaced with thility grid
» BIPV systems generate power at the time of building’s peakloads (and that of tfje utili
hence other benefits accrue
Any power generated in excess of need, goes direntb the grid
This is a seamless integration with today’s techgwl

Energy storage can be beneficial in some cases
Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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BIPV Basic Principles

BIPV systems should be considered where:
» Energy conscious designs have been employed istrtheture
PV systems should be viewed in terms of life-cycle cost
» Not just initial, first-cost because:
They can provide savings in building materials and electricity costs
Design considerations for BIPV systems must include:
» The buildings’ use and electrical loads
» Its location and orientation
» Appropriate building and safety codes
» Ensure that the design, installation, and mainte@gmofessionals
involved with the project are properly trainedelised, certified, and
experienced in PV systemswork
BIPV systems can easily be designed to blend with traditional building
materials and designs

» Your imagination and creativity will lead to new opportunities
Space Research Insttute Green and Blue Canference 2010, Aubum A

Zero Energy Homes

A Zero Energy Home (ZEH) combines
high levels of energy eficiency with
renewable energy systems to annually
return as much energy to the utility as it
takes from the utility —resulting in a net-
Zero energy consumption for the home

» Decreased demand for energy

» Produce energy from renewable resources

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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The Pursuit of Zero-Energy Hous

Oak Ridge National Laboratory

» Jeff Christian

Belief that energy eficient homes should
be afordable to working families
Partnered with Habitat for Humanity

Zero-energy homes subdivision

» Homebuyers did not seek ZEH but like it
once they have it, plus they brag aboutit

» Given two “equal” subdivisions the ZEH
subdivision sells better thanthe
conventional subdivision

» More home buyers want tofitinto the
community, i.e. “Deep Green”
development

Space Research Institute Green and Blue Canference 2010, Aubum A

@ The Pursuit of AffordabléNet Zero
Energy Homes

Advancing Energy Performance in Afordable Housing
» NSF Joint proposed project between:
Auburn University School of Architecture, Space Research Institute, & Dept.
of Agricultural Economics & Rural Sociology
Proposal aims to prove that the proper incorporation of energy
generation and management strategies into the afordable housing
sector will result in acceptance by builders and homeowners leading to
reduced cost of ownership to inhabitants ofisetting rising energy prices

The challenge is to realize this through the keyhole of first-cost
restrictions that rame the design and construction realities ahost
challenging building sector; afordable housing

This proposal aims to bring the best of emerging technologies and
building science to those in our society who need it most

Space Research Instiute Green and Blue Conferernce 2010, Aubum A
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Summary

Solar power systems are viable in Alabama today
» Our experience with the T.K. Davis Justice Centewps that!
» There’s plenty of sunshine here all year long
Costs of PV panels continues to drop
» DOE projects “grid parity” by 2010-2012
» Reliability of the panelsis very good
Inverters are the least reliable part of the system
» Minimal system maintenance is required
An “infinity” of architectural design options exist
» Your creativity brings them to life and use
» Skilled, certified installers are currently a weéiak in AL
Codes are generally in place and licensing required

» Today is only a first step, let us know more dstaitd we can provide
better insights

Space Research Institute Green and Blue Canference 2010, Aubum A

@ Additional Information

Local Installers

» R.E.M. Solar - Lanett

» Solar Technology Alabama — Birmingham
» Southern Solar - Huntsville

» Tiger Green Power — Auburn

» Turnsol Energy — Athens, GA

Good Informational Resources

» Photovoltaic Systemd'?Ed. by James Dunlop
» www.dsireusa.org/

» http://www.nrel.gov/solar/

» http://www1.eere.energy.gov/solar/

» http://www.energystar.gov/taxcredits
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THANK YOU !

Please visit...

solar.auburn.edu
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