
Solar Energy for the 
21st Century
Morton Archibald, Jr. PE, CEM

LearningQUEST, February 13, 2014

Huntsville

© Affordable Energy Solutions LLC 2013



Welcome!

Visit:

the Affordable Energy Solutions LLC
website at www.GetAffordableEnergy.com for 
more about solar energy 

and
the Alabama Solar Association website 
at www.AL-Solar.org/tech for a 
complimentary copy of the slides and 
loads of additional information! 2



Reminders

Breaks

Restrooms

Mobiles

 Internet

Trash

Smoking
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Morton Archibald, Army Corps of 
Engineers, Retired

• Certified NABCEP Installer, 
Certified Energy Manager & 
Licensed Professional 
Engineer

• Past President of Alabama 
Solar Association

• Founder of Affordable Energy 
Solutions

• Solar Consultant & Installer

• BCE Auburn University Class of ’66

• 28 yrs in US Army - Civil Engineer & Energy Conservation SME

AES Team solar garden installation in 2012
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Introductions

 Who are you?

 Why are you here?

 What is your interest in solar?

 What does your family or 
workplace currently do to 
encourage green living?
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Where would we be without

energy?
6
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We are in the third global energy crisis!

Oil is running out

Food prices are on the rise

Global unrest is building

19731941 2008
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2014

We are in the third global energy crisis!

So what do we do?

19731941 2008
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Objectives

 Solar potential

 How the history of world energy use affects us today

 Why we American citizens need to change our habits to a more 
sustainable lifestyle and how we can do so with minimum lifestyle 
changes.

 How natural light can replace electric lighting, how affordable 
equipment can convert solar power into electricity and heat, and 
how solar energy can save you money electricity and natural gas 
from your utility company all while improving the environment.

 How you can save money with conservation and renewable energy.
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When you leave this class, you will know:



Agenda
Solar potential

Big secrets

Why renewables?

Improving building efficiency

Natural light

Geothermal 

Solar thermal

Photovoltaics

Making it work for you
13



Exercise

Stand up.

Find a partner
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What will you so with your 240 
watts of solar power?
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Two ways to lower utility bills

• Conservation • Make your own 
electricity
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Every dollar you spend on conservation can save 
you three to five dollars on a new PV System



1 TW = 
1,000,000,000,000 watts

Reduce your carbon 
footprint with 
alternative energy 
sources.

Think “Green!”
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The Secrets of Renewable Energy Use
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Use whatever you need, 
but only what you need.



In the 21st Century
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History of Energy

Early BC, Human power used
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History of Energy (continued)

Fire
Photosynthesis
Sun + water + CO2= fuel + O2

40,000 to 20,000 BC



History of Energy (continued)

5,000 BC, Sailboats on the Nile

200 BC, windmills in China

BC, Coal discovered
Hydropower used

347 AD, First known oil well in China
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Wind 
Power

1492
24



History of Energy (continued)

1700’s AD, Whale oil used

1800’s AD, “City gas” used in homes

1893 AD, Rudolph Diesel invents engine 
to run on peanut oil.

1908 AD, Henry Ford designs the Model 
“T” to run on ethanol.

Energy picture still pretty “Clean” 25



Let’s go for a rollercoaster ride!

1941 to present
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(in 2010 dollars)

And Then, . . . !



And Then, . . . !

Mid-20th Century:
o 1941, Japan attacks USA over access to oil

o 1945, Nuclear energy explored for power

o 1973, OPEC restricts oil exports
World begins using renewable energy

 1980’s, Cheap oil causes recession
Renewable energy no longer cost effective.

BUT, . . . 

 21st Century
o Oil is running out, world prices climb

o Renewable energy reemerges as viable option

o Mid-Eastern countries shifting to renewables
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1820 1860 1900 1940 1980 2010

Biofuels

Hydro

Nuclear

World Energy Consumption
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Source, US Energy Information Administration, www.eia.gov



30

We’re giving $700 billion a year to folks who 
don’t like us very much.

John McCain

And, we’re choking on our own pollution!

Morton

“We’re addicted to oil.”

T Boone Pickens



Masdar City, UAE
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www.masdar.ae/en



Gas prices 
predict electric 
rates.
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Regular:  $7.57 per gallon



Over the Years, World Energy Prices 
Have Followed the Price of Oil
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Source, US Energy Information Administration, www.eia.gov
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Renewable Energy Is 
Homeland Security.

Conservation 
Is Renewable 
Energy.



Renewable Energy is cheaper in 
the long term, but it’s about more 
than just obvious costs.
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Your Carbon Footprint

All the carbon that your product or service releases into the 
atmosphere from cradle to grave
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Global Warming/Climate change

C + O2 CO2

Deforestation < O2

The atmosphere on Mars is mostly CO2 37
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What is the carbon footprint 
of a basket of strawberries?
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Your carbon footprint includes:
1. Driving to the store to buy the berries

2. Oil to make the plastic container

3. Factory energy to make the container

4. Plant Generically-modified strawberry plants

5. Fertilize the plants and berries

6. Labor to pick the strawberries

7. Transportation from Mexico to the distribution center

8. Transportation from the distribution center to the store

9. Refrigeration to keep berries cool

10. Labor to stock strawberries and dispose of excess

11. Energy to recycle container

12. Energy to remove waste from home.
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Bucket of strawberries
Option 2

Your carbon footprint includes:
1. Driving to the Lacy’s Spring to pick the berries and back home

2. Energy to wash the reusable bucket

3. Labor to compost organic waste
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At what point did it become advantageous to dig up “sunshine” buried millions of 
years ago, use more buried “sunshine” to move it to a refinery, use even more 
buried “sunshine” to convert it to the proper chemical formula, more “sunshine” 
again to haul it to another factory, use still more energy to shape it into the 
proper form, haul it across an ocean through distribution centers to store 
shelves, where still more buried “sunshine” is needed to get it to our home, and 
claim that this process is more convenient than just washing the spoon?



How about if we can save money 
while reducing our carbon 
footprint and improving our 
health?

What’s a better way than 
“business as usual?”
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Why not solar (renewables)?
Renewable Energy Myths:

• It’s too expensive.

• I don’t understand it.

• They say on TV we don’t need it.

• Global warming is a bunch of nonsense.

• We’ve got plenty of oil left.

• Natural gas is a clean fuel.

• Coal keeps the lights on.

43



Renewable Energy Potentials

• Photovoltaics

• Solar thermal

• Wind 

• Photosynthesis 

• Geothermal
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Solar 1973 to present

• 1973, Oil embargo, dependence on foreign oil, 
people installed solar

• 1980’s, cheap oil, cheap electricity, forget it

• 1990’s, Solar systems failing, removed from 
roofs—nobody wants these things

• Now oil is expensive, so is electricity.

• Now folks want them again.
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What’s our solar 
potential here in 
Alabama?
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Source: www.nrel.gov



Building Performance

Every dollar you spend improving a 
building’s energy efficiency will save 
you three to five dollars on a new PV 
system.
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Sunday, 
September 11, 2005

Picayune, Mississippi

Katrina plus
12 days 
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What solar do you see?
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Sealing the Building 
Envelope

Why???
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The building envelope

Ventilated
Attic

Semiheated
Storage

Conditioned
Space

Unconditioned
Space

Ventilated
Crawlspace

Exterior Envelope

Semi-Exterior Envelope Which envelope?
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Insulation slows the 
movement of heat.  Heat 
moves in three ways:

Convection

Conduction

Radiation



Your first line of defense

is a roof over your head.
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Consider a new roof as part of your overall energy improvements.
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www.Metalroofing.com
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97% reflectivity

Works with metal or 
Asphalt-shingle roofs

www.atticfoil.com
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Attics R>= 38
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Evolution of Walls
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Attic Knee 
Walls

Can steal up to 
½ ton of HVAC

The best approach for creating an 
energy-efficient knee wall is to 
insulate and air seal the rafter 
space along the sloping ceiling of 
the knee wall attic space:

1. Insulate the rafters at the 
recommended insulation levels 
or R values.

2. Cover the rafters with a sealed 
air barrier, such as drywall or 
foil-faced hardboard. Caulk the 
barrier to the top plate of the 
knee wall itself.

3. Seal any other cracks and 
holes.



Sealing the building envelope

1. Insulation goes a long way.

2. Seal building envelope spaces

62



What can you do with solar?

• PV—Make electricity

• Natural lighting

• Solar thermal

• Solar hot water

– Domestic, pool, or commercial hot water

– Heating

– Cooling 

63



Natural light

• Oldest solar technology

• 100% efficient—requires no conversion

• Most overlooked form of solar
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Solar Hot Water
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Have you ever used 

a solar hot water heater?
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Sun Tea



Solar Water Heater Components
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Storage

Distribution
Collection

Solar Radiation

Storage
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Rooftop Thermosyphon System in 
Israel
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Saves Israel 2 
billion bbl per year. 



Thermosyphon SHW
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Cold water in

Solar 
Collectors

Hot water 
out

Insulation
Hot water to Storage

Hot water out



Open-Loop 
Drainback 
System
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Drainback 
Reservoir

Storage Tank

Collectors

Alternate Energies Technology, 
www.aetsolar.com



Closed-Loop System
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Simple PV SHW System
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24 VDC
Pump

Cold 
Water In

Hot Water 
Out

SHW 
Collector

PV Panel

The sun is the controller; the brighter 
the sun, the faster the system pumps. 

CAUTION:  Match pump 
to PV array.

May produce scalding hot water



Very efficient, . . . 

but only if you need hot water
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Photovoltaics

• Grid-tied

• Grid-tied with battery backup

• Off-grid
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PV Components

• Modules

• Inverter

• Racking

• Wiring

• Monitoring 
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Simplest PV System
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Solar
Panel

DC
Lamp

What’s wrong with this picture?

DC
Fan



Solar Battery Charger
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+
-

Controller

To DC Load 

DC Breakers

+
-12

VDC
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Charge batters by day, 

Menominee Lighthouse
Menominee, Michigan

use light by night.



An Off-Grid PV System
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Add an inverter for AC power.
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A More Practical Solar System

An off-grid system

+
-

+
-

Load Center

To DC
Loads 

DC Breakers
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24-Volt Battery Bank

Inverter
24

VDC

110
VAC

110
VAC

Breaker Panel
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Grid-Tied System
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+
-

Load Center

To DC
Loads 

DC Breakers

Inverter
24

VDC

110
VAC

To Power Grid 

Breaker Panel

To AC
Loads 

Utility company 
control box and 

meter.



Grid-Tied System with 
Battery Backup
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-

Load Center
To DC
Loads 

DC Breakers

Inverter/
Charger

120/240 VAC

To Power Grid 

Breaker 
Panel

To AC
Loads 

Utility company 
control box and 

meter.
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24-Volt Battery Bank

Charge 
controller
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Grid-Tied System with Battery and 
Generator Backup

8585

-

Load Center
To DC
Loads 

DC Breakers

Inverter/
Charger

120/240 VAC

To Power Grid 

Breaker 
Panel

To AC Loads 

Utility company 
control box and 

meter.
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24-Volt Battery Bank

Charge 
controller Generator



PV Mounting Options

• Roof-mounted

• Ground-mounted

• Fixed-tilt

• Movable

• Tracking 
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PV Mounting Options
Flush 
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Low-profile

High profile



Not enough roof?
Not a problem.
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Pole-Mounted PV Systems

• Fixed

• Moveable

• Tracking 
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Paying for a PV System:

• 30% Federal Tax Credit

• Accelerated depreciation (business)

• $1,000 TVA connection credit

• $0.04 per kWh TVA green Power Provider Bonus

• 30% up to $3,000 Federal Grant (if you can make 
your house or business an energy-efficient 
structure)
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PV Cash Flow
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PV Production, Energy Cost Escalation, 
and Inflation over Time

Years



Cumulative Cash Flow

Years

Cumulative Cash Flow



North American Board of Certified 
Energy Practitioners
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http://www.nabcep.org/

The North American Board of Certified Energy Practitioners 
(NABCEP) is the worldwide standard for PV and Solar Heating 
Installation and PV Technical Sales Certification. Raising 
industry standards and promoting consumer confidence, 
NABCEP offers certification and certificate programs to 
renewable energy professionals throughout North America.



NABCEP Certifications:

• Solar PV Installer

• Solar heating Installer

• Geothermal Installer

• Small Wind Installer

• PV Technical Sales
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http://www.bpi.org

America’s existing housing needs help. Many of the 130 million 
homes in this country were constructed before modern energy 
and building codes were established. These homes often suffer 
from performance problems ranging from inflated energy 
consumption to poor thermal comfort to indoor air quality issues.

The Building Performance Institute, Inc. (BPI) is the nation's 
standard in development and credentialing residential energy 
efficiency retrofit work. We are helping build an industry, create a 
workforce, and support programs through professional 
certification, contractor accreditation, and quality assurance 
services.



What are the last two words in a book?
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“The Beginning”

“The End.” Right?



Useful webpages
to help your journey:

• Affordable Energy Solutions LLC, www.GetAffordableEnergy,com

• Alabama Solar Association, www.AL-Solar.org

– www.AL-Solar.org/tech

• Masdar City, www.masdar.ae/en

• US Energy Information Administration, www.eia.gov 

• National Renewable Energy Laboratory, www.nrel.gov

• Metal Roofing Alliance, www.Metalroofing.com

• Spray's, www.sprayspestcontrol.com

• Alternate Energies Technology, www.aetsolar.com

• North American Board of Certified Energy Practitioners, www.nabcep.org

• Building Performance Institute, http://www.bpi.org 
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Let us know 
how we can 
help you:

Morton Archibald, 256.658.5189
archi42@gmail.com
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Still Serving Veterans


