The Florida Advanced Technological Education (FLATE) Center wishes to make available, for educational and non-
commercial purposes only, materials relevant to the “ESTI1830 Introduction to Alternative/Renewable Energy” course
comprised of images, texts, facilitator’s notes, and other demonstration materials.

This instructional resource forms part of FLATE’s outreach efforts to facilitate a connection between students and
teachers throughout the State of Florida. We trust that these activities and materials will add value to your teaching
and/or presentations.

FLATE
Hillsborough Community College - Brandon
10414 E Columbus Dr., Tampa, FL. 33619
(813) 259-6575
www.fl-ate.org; www.madeinflorida.org; www.fesc.org

This material is based upon work supported by the National Science Foundation under Grant No. 0802434 and a Florida Energy Systems Consortium Grant. Any opinions, findings, and
conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation or the Florida Energy Systems
Consortium.

January 27,2011 FLATE-FESC 1



Introduction to Alternative and
Renewable Energy

EST1830

aaaaaaaaaaaaaa



4. Energy Efficiency

Why Energy Efficiency?
Building
Technologies

aaaaaaaaaaaaaaaaaaaaaaaa



Why Energy Efficiency?

[ ]
| B Lawrence Livermore

Estimated U.S. Energy Use in 2009: ~94.6 Quads National Laboratory

Net Electricity

Solar 0.01 Imports . 0.12
0.11
12.08
Electricity .
Generation
2.66 38.19 Rejected
. Energy
54.64

Residential
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6.74

https://flowcharts.lInl.gov/

Source: LLNL 2010. Data is based on DOE/EIA-0384(2009), August 2010. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate." The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527
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Energy Consumption by Sector

End-Use Sector Shares of Total Consumption, 2009

Residential Commercial

Industrial
Transportation
Primary and Total Consumption by Sector, 2009
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Residential Commercial Industrial Transportation Electric
Power

Total Consumption= Primary consumption +

electrical retail sales + electrical system losses.
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Supply Sources

Demand Sectors

Percent of Source Percent of Sector

72

Petroleum]!
353

Transportation
270

Natural Gas?

Industrial®
188

Residential %
Commercial
10.6

Electric Power”
383

P Nuclear“."‘\..___’__,_\_99 f e
" Electric Power |
<

U.S. Energy Information Administration / Annual Energy Review 2009

Primary Energy consumption by source,

FLATE-FESC http://www.eia.doe.gov/emeu/aer/consump.html
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Energy Consumption by Sector

Fnd-lise Sector Shares of Total Consumption, 2009 Total buildings (Residential + Commercial): 41% !!

Commercial

Residential

Total Primary Electrical Electrical

Consumption | consumption | Sales System

(Quad BTU) (Quad BTU) (Quad BTU) Losses
(Quad BTU)

Residential 21.21 6.61 4.65

/ Industrial Commercial 18.14 3.97 4.51 9.66

Transportation

Compare with Industrial Sector

Industrial 28.2 18.75 3.01 6.44

U.S. Energy Information Administration / Annual Energy Review 2009

83 Losses as % of total
consumption

Residential 47%

Quadrillion Btu

Commercial 53%

Compare with Industrial Sector

Industrial 23%

Residential Commercia) Industrial Transportation Electric
Power

Electrical System Energy Losses: The amount of energy lost during generation, transmission,

Total ption= Primary consumption + rical Sys Losses: The
and distribution of electricity, including plant and unaccounted-for uses.

electrical retail sales + electrical system losses.
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Buildings Matter

e 30-50% of US U.S. MID-RANGE ABATEMENT CURVE - 2030 [ Avatement

cost <§50/ton

Cost ~ Commercial Residential
. o/ Real 2005 dollars per ton COe Afforestalion pyildings -  buildings —
energy use: olN tcropans| Pse™ " R )
90 Coal power plants— e:glpmenl C;T.ll.pmml
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Industrial " | i
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2009 Fuel economy process Coal mining — iidings —  Active forest i P - Solar CSP |
¢ buildings Distibuted | | i
packages - Light PO LGl L Shell management solar PV | i |
€0 - trucks ments | mgmt ;

retrofits

* Large cost-effective [ | o= | oo Sl Mot

i buildings — bulldings — | new-

” | Combined Loovaer ool | build

potential for Bk e
reductions from ) | |

02 04 1§ |20 220 |24 is | 28| 3p | 32
efficiency in new don un | s ey || G
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. . ! Industry - | i o | builds on
eXIStI ng tomned H | ' | carbon-
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- = fo e | | | Colting  ocesses
L | llulosi i
b u I | d I n gs 1 ;:flxe?:lc Existin ; Swer Manufacturing — Car hybridi-
e || i plant 9 P HFCs mgmt | Goal power plants - CCS | | Sallen
00 k. | Residenlial Rt | i new builds with EOR ;
{ | buildings - ffici . ” " i |
[ ] M f th rrl t ! ] ooy { Onshore wind - Medium | |
a n O e O s - i New shdl improvements : pc:clra[i:ll'l\l - | | Coalto-gas
Commercial | improvements | | shift — dispatch of
electronics ] | Conservation Winter | | existing plants
cost-effective - Conrerc
= buildings - i i Coal power plants —
‘f CFLlighting | Reforestation | CCS rebuilds
H -230 Commercial ) i
Mmeasures are in buildings - Commercial |
LED lighting buildings — Natural gas Afforestation of Coal power
. . MNew shell pastureland
: and petroleum plants — CCS
u I I n S Fuel economy improvements Systens Rev builda
packages — Cars management

Source: McKinsey analysis

The vertical axis shows the potential total cost of a given technology. Technologies below the line are ones that save money. Technologies above the
line cost money. The horizontal axis shows the potential total amount of carbon (CO2) saved in gigatons.
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Consumption’ by End Use, 2005

Quadrllion Biu

Residential High Hitters

B-

Space Heating  Applian Water Heating Air Conditioning

Consumption® for Space Heating, 2005
4

3- 285

4.3Quad=2.95+0.75+ 0.28+ 0.32

Quadrillicn Btu

Matural Gas Fuel Oif Eleciricity LPGE

52

January 27,2011

' Does not incwd for both space heating and ambiance.

# For years not shown, there are no data available.
? Prices are not adjusted for inflation. See “Mominal Dollars” in Glossary.
* Distillate fuel oil and kerosene.

“Liquefied petroleum gases.
¥ Used for both space heating and ambiance.
Source: Table 2.5

U.S. Energy Information Administration / Annual Energy Review 2009

Consumption by Energy Source, 2005

G-

Quadrillion Btu

Matural Gas  Electricity Fuel Cil# LPGS Wood®

FLATE-FESC



Residential Uses

Figure 2.6 Household End Uses: Fuel Types and Appliances

Share of Households With Selected Appliances and Electronics, 1980 and 2005

10p— 100 100 33 99 58 99 O 1950 M 2005
88
a3
80— 74
5 60—
2
&
40— 38
32
20- 14
0 (@]
Refrigerator Range/Stovel Television Microwave Clothes Clathes Personal Dishwasher Separate
Owen® Cven ‘Washer Diryer* Computer Freezer
Share of Households With Other Selected Appliances, 1980 and 2005 Space Heating by Main Fuel, 2005
100-
1980 2005
80~ = |
Electricity
= B0-
=
-]
e
&
& 4pn-
Natural Gas Other®
%
20- Wood
3%
o \ PG
Range/Stove  Clothes One Two or Central  Window or MNone - Distillate
Oven Dryer More System  Wall Unit Fuel Cil
Gas Appliances® Refrigerator Air Conditioning Equipment*
" Matural gas and electric. °Ligquefied petroleum gases.
Mot collected in 1980 S Kerosene, coal, solar, other fuel, or no heat.
? Matural gas or liquefied petroleum gases.

Source: Table 26,
4 Houssholds with bath central and individual room units are counted only under “Central.”

54 U.S. Energy Information Administration ! Annual Energy Review 2009
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What Makes up Commercial?

Figure 2.11 Commercial Buildings Electricity Consumption by End Use, 2003

By End Use
1,500—

Wentilation Refrigeration Space Computers Water Office Cooking
Heating Heating Equipment

By Principal Building Activity

800-
733 710
500— [ Al Other Building Activities
I Cooling
B Lighting
400-

Trillion Btu (Cumulative)

5]

=]

[=]
I

Mercantile Office Education Health Care  Warehouss Lodging Food Service  Food Sales Public Service Other®
and Storage Azzembly
' Examples of "other” include medical, electronic, and testing equipment; conveyors, wrappers, * Religious worship. public order and safety. vacant, and buildings that do not fit into any of

hoists, and compaciors; washers, disposals, dryers, and cleaning equipment. escalators, eleva-  the other named categories.

fors, dumb waiters, and window washers; shop tools and elecironic testing equipment; sign Mote: Data are estimates for electricity consumption, excluding electrical system energy
motors, fime clocks, vending machines, phone equipment. and sprinkler confrols; scoreboards,  losses.

fire alarms, intercoms, television sets, radios, projeciors, and door operators. Source: Table 2.11.

64 U.5. Energy Information Administration / Annual Energy Review 2009

January 27, 2011 FLATE-FESC
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Where to focus?

e Data points to the following:
® RESidential http://www.energysavers.gov/

Good resource.

— Space Heating & Air Conditioning
— Water heating
— Appliance Efficiency

e Commercial
— Lighting
— Cooling & Ventilation,
— Refrigeration
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4. Energy Efficiency

Building
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Residential Efficiency Paths

Appliances & Electronics * Designing & Remodeling *

_,l - Buying Efficient Products - Pas=ive Solar
- Estimating Energy Use - Cool Roofs
_ Turning Off Computers _ Whole-House Design
- Uttra-Efficient Homes
- Log Homes

- Manufactured Homes
- Earth-Sheltered Homes

Heating & Cooling »

F - Reducing Electricity Use = - Selecting & Replacing Your System
i '.'l - Buying Clean Electricity mﬁ - Cooling Systems

2 - Making Clean Electricity - Heating Sy=ztemz

i I.‘l - Reading Electric Meters - Heat Pumps

- Thermostats, Ducts, & Meters

Insulation & Air Sealing + Landscaping =+

g 3 . _ Weatherstripping & Caulking - For Your Climate
- - Insulatien - For Your Microclimate
- Contrelling Moisture B - Shading
- Ventilation - U=ing Windbreaks

- Con=erving Water & Xerizcaping

Lighting & Daylighting
- Avrtificial Lighting \__L_ 1 ,‘
A=

- Selecting a Water Heater

- Types of Lighting - Solar Water Heaters

- Turning Off Light= -~ Demand (Tankless) Water Heaters
_ Matural Lighting ,\J' _ Reducing Water Heating Billz

- Swimming Pocl Heating

=]
Windows, Doors & Skylights =

——— !
HH - Energy Performance Ratings http://www.energysavers.gov/
ll - Selecting Windows
- Selecting Exterior Doors
_ Selecting Skylights
January 27,2011 FLATE-FESC
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Review of Heat Transfer

e Heat Moves in three
ways
1. Conduction

0 OUTSIDE 75" INSIDE

——2. Convection 1 B =

. ]’:'6}28105 2:52:35 PMe=0.96 FO\I: 24 'i',°i"

|  air conditioner
warm air [0 | warm air

.  Room Fasts ¥ Cooler 83"
Figure 9.15 Convection currents With Radiant Barrier  celing 4

in an air-conditioned room

January 27,2011 FLATE-FESC
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Energy Star Qualified Home

Energy Efficient Home Features

1. Effective Insulation

2. High-Performance
COMPONENTS OF A TYPICAL
EMERGY STAR® QUALIFIED Hﬂh1£ Wi n d OWS

3. Tight construction and
ducts

4. Efficient heating and
cooling equipment

5. Lighting and
appliances

i energstagounden bl lndes catrs o feaure 6. Third-party verification

Januar y 27,2011 FLATE-FESC 15



In Almost Any Home:

The Goal is to Reduce the amount of Energy it
takes to HEAT and COOL the Dwelling while at
the same time assuring that proper Indoor-Air-

Quality is maintained.

or
to Minimize the

Demand Heating Load
and the
DEMAND Cooling Load

of the Dwelling

presentation_section_seet_2007project_Building_an_Energy_Efficiency_and_Healthy_Home[1]

Januar y 27,2011
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-=> Definition: Building Envelope

« Components that separate
conditioned spaces from outdoors, or
unconditioned spaces

AN
]S
LT

st floor Garage

Basement

an_Energy_Efficiency_and_Healthy _Home[1]

aaaaaaaaaaaaaa
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Building Envelope Example

Same house, unconditioned

basement (note wall between sunroom and
basement included)

n_Energy_Efficiency_and_Healthy Home[1]
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Insulation

*Insulation materials are rated according to their ability to resist heat flow.
* This thermal resistance rating is commonly known as an "R-value.”
*The higher the R-value, the better the material is at resisting heat flow.

« Insulation is designed to

slow down conductive heat

loss through surfaces.

* Many different types of
insulation.

« Each type has strong and
weak points.

« All insulation can be
effective if it is properly
installed and coupled with
a continuous air barrier.

Januar y 27,2011

FLATE-FESC

*Continuous
*Full contact with
interior air barrier

*Fully enclose the

conditioned space

Resists Heat Flow Il

Air Flow 1R

...need Air Barrier

any solid material that blocks air flow
including sealing at edges and seams

19
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Common Insulation Materials

Batt Fiberglass (Standard and High Density)

Blown In Blanket (BIB) Fiberglass

Batt Fiberglass and BIB Fiberglass or Cellulose Combo
Blown-in Cellulose

Sprayed On Cellulose

Rigid Foam Board

Rigid Foam Board and Batt FG or Cellulose Combo
Sprayed On Foam (open cell or closed cell)

Sprayed On Foam and Fiberglass or Cellulose Combo
Insulated Panels “Stressed Skin”

Structural Insulated Panels (SIPS)

Insulated Concrete Form (ICF)

Rock Wool

Straw Bail Walls

Recycied B | u e J e a n S presentation_section_seet_2007project_Building_an_Energy_Efficiency_and_Healthy_Home[1]
Vermiculite, Pearlite, Sawdust, Seaweed, Newspapers, Corncobs, etc

FLATE-FESC 20



High-Performance Windows

The most important measurement numbers for windows are the

1. U-factor, which measures a window assembly’s overall
resistance to conductive and convective heat flow, and the

2. Solar Heat Gain Coefficient (SHGC), which measures how
much radiant heat is coming through the window.

Multiple panes

Low-E Glass Multiple Panes

Low-E coating
Special coatings reflect infrared
Gas fill light. keeping heat inside in

winter and outside in summer. middle. insulate much better
They also reflect damaging than a single pane of glass.
 mproved lﬂtl*a\'loller llght. wh%chl helps Some Energy Star-qualified
Bt e protect inferior furnishings from windows include three or more
fading. panes for even greater energy
efficiency. increased impact
resistance. and sound
msulation.

Two panes of glass. with an air
or gas-filled space in the

Warm edge spacers

Gas Fills

Some energy-efficient windows
have argon. krypton. or other

Warm Edge Spacers
Improved Frame Materials gases between the panes. These 8¢ 31

odorless. colorless. non-toxic A spacer keeps a window’s
Wood composites, vinyl. and gases insulate better than regular glass panes the correct distance
fiberglass frames reduce heat air.

apart. Today’s warm edge
spacers—made of steel. foam.
fiberglass. or vinyl—reduce heat

transfer and help insulate
better.

http://www.energystar.gov/index.cfm?c=bldrs lenders raters.nh features

flow and prevent condensation.

January 27,2011 FLATE-FESC




High-Performance Windows

. | il
Measured in u-value DusiGlazed

U-value means conductivity

U-value and R-Value are mathematically
inverse, two sides of the same coin.

The lower the u-value the more efficient
the window

U-values have dropped dramatically in the
last 10 years. The Average U-value in
1999 was about .50. (clear window) today
the average is around .36 (low-e or low-
e/argon)

presentation_section_seet_2007project_Building_an_Energy_Efficiency_and_Healthy_Home[1]

Januar y 27,2011 FLATE-FESC 22



Tight Construction and Ducts
Air Leakage

» Applies to leakage points between: )
— Conditioned space and outside H H
— Conditioned and unconditioned space
» Allow for differential expansion of dissimilar
building materials; use sealants such as:

— Caulk: silicone, urethane, foam, construction
adhesive

— Gaskets: polyethylene sill seal, EPDM, backer rod
— Tapes: 3M Builder’s tape, Tyvek tape (no duct
tape)

— Housewrap installed per manufacturer's
iInstructions

presentation_section_seet_2007project_Building_an_Energy_Efficiency_and_Healthy_Home[1]

— Blocking where building cavities pass from
conditioned to unconditioned space



Tight Construction and Ducts

Air Sealing \

« 30 Percent of heat loss In typical
home due to random air leaks

 Most cost-effective way to save
energy

» AIr leakage major factor in moisture
transport into building cavities and
attics

. Flberglass does not stop alr Ieaks

/_Efficie Healthy_Home[1]



Tight Construction and Ducts
Air Leakage Points

Door and window frames

At foundation/sill

Between wall and roof or ceiling; wall and
floor; between wall panels

- Roof
- = | : 1 25%
Penetrations of utility services through ; = T
wall, floor, ceiling/roof, wall plates
i o Wiz
Around/behind tubs and showers 2 S
®

At access doors/hatches #%

At recessed lights P

entation_section_seet_2007project_Building_an_Energy_Efficiency_and_Healthy_Home[1]

Januar y 27,2011 FLATE-FESC 25



Tight Construction and Ducts

Conditionad Air
Lost Into Attic

Ducts Leak at
Joints and
Connections

Lu

Leaks at Air !

Air Duct

¥

Supply —_

Handler Gabinet

and Access Panel Unconditioned
Alr Drawn

RIS Into System
ANV

XA A

/:\ ,/ ] /' s

3,?":8_[. IOV ;‘.z'/“/ ;r\/,\

SN SN NN S S / 7 \ N

January 27, 2011

Typical Piaces Where Ducts Leak

Ducts in Conditioned Spaces. Ducts operate
more efficiently in conditioned air at room
temperature. They do not work as well in

excessively hot or cold attics and crawl! spaces.

FLATE-FESC

*Ducts—known collectively as the air
distribution system—carry air from the
central heater or air conditioner to each
part of the home and back again.

*In a typical house about 20% of the air
that moves through the duct system is
lost due to leaks, holes, and poorly
connected ducts.

http://www.energystar.gov/index.cfm?c=bldrs lenders raters.nh features

SUPPLY AIR
DUCT

PLENUM—

i ‘:‘T'-"I:.'.’\fkf'lil-:b;'l AL LT r[;”:u')‘l)un’\,.,,\ .\): :"1"\ J

NSULATED ~AIR HANDLING E

BUILDING UNIT LOCATED

ENVELOPF. IN CLOSET

RETURN AR DUZT L_STABLE AR
TEMPERATURES

A Duct System Located in Conditioned Space 26



lon

AN ENERGY STAR
QUALIFIED HOME

Third-Party Verificat

T — Look for the ENERGY STAR
a blower door test. on the breaker box of your
http://www.energystar.gov/index.cfm?c=bldrs lenders raters.nh features ﬂEXt ﬂﬂmﬂ.

January 27,2011 FLATE-FESC 27
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Passive Solar Design

Five Elements of Passive Solar Design

Summer
sun ...

Distribution
Winter
Sun by
= % Control =
e N >
/ Absorber
Aperture ) Thermal
- Mass
//
| e

—

1]

Aperture (Collector): The large glass Absorber: The hard, dark
(window) area through which sunlight

enters the building. masonry wall, floor, phase

ened surface of

the storage element which could be that of a

change material, or

that of a water container—sits in the direct

path of sunlight.

http://www.energystar.gov/index.cfm?c=bldrs

lenders raters.nh features

January 27, 2011 FLATE-FESC

Control: Roof overhangs can be used to
shade the aperture area during summer
months.

Distribution: The method by which solar heat
circulates from the collection and storage
points to different areas of the house.

Thermal mass: Materials that retain or
store the heat produced by sunlight.

29



Geothermal Heat Pump

Summer Mode Geothermal Energy for the Home

Slinky Loop

= Vertical Loop Pond Loop

Winter Mode
Cold

GHP 125,200 BTU. 10 TON 30



Lighting

Category Type Overall Overall
Look for lumens luminous efficacy (Im/\V)|luminous eﬁiciency["-
. candle 0.3 0.04%
(llgh"' OUTPUT) on the Combustion 7 -

. i) - Q
pl"OdUCT packagmg to gas mantle 1-2 -. 0.15-0.3%
determine 100-200 W tungsten incandescent (230 V) 13.81"% 45 2l 20-22%
appropriate wattage. 100-200-500 W tungsten glass halogen (230 V) 16.7" 176" 198" |24 285 29%
For example, most 5-40-100 W tungsten incandescent (120 V) £-12 pl'Elq7 519 0.7-1.8-2.6%
60-watt i d t Incandescent =

wart incandescen 2.6 W tungsten glass halagen (5.2 V) 19.20'™ 2.8%
ESICE)T pr'owde around tungsten quartz halogen (12-24 V) 24 35%
umens. photographic and projection lamps 35118l 51%
white LED (raw, without power supply) 45150 DEROZEE 0.66-22.0%
4.1 W LED screw base lamp (120 V) 58.5-82.9"% B.6-12.1%
Light-emitting diode |6.9 W LED screw base lamp (120 V) 55 1-51.91% B.1-12.0%
7 W LED PAR20 (120 V) 28614 4.2%
Luminous Efficacy 8.7 W LED screw base lamp (120 V) £9.0-93.112°127] 10.1-13.6%
FOI“ ThIS example The e xenon arc lamp 305081 4.4-7 3%
H rc lam —
LUY\'\CHS/WGTT r‘a'hng . mercury-xenon arc lamp 5055020 7.3-8.0%
(or luminous T12 tube with magnetic ballast 60’ 9%
efficacy) is 13.33 9-32 W compact flugrescent 4675 8-11.45%""]
LPW=800L/60W. T8 tube with electronic ballast B0-1001 12-15%
Fluorescent =
PL-5 11W U-tube with traditional ballast g2l 12%
TE tube 70104 21554 10-15.63%
Spiral tube with electronic ballast 114-124 35 15-18%
1400 W sulfur lamp 100 15%
metal halide lamp B5—1151" 9.5-17%
Gas discharge - - =
high pressure sodium lamp g5—1501" 12-22%
low pressure sodium lamp 100-200EEE 16-29%

January 27, 2011
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http://en.wikipedia.org/wiki/Luminous_efficacy
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Uliraviolet radiation
Fluorescent Powder

Visible radiation
N

ES

Ferrite Core

Mercury atom

Primary Coil Cavity

Cavity-type Induction Lamp

Lighting

o IR I

1
isi iati NI
“lilb!l‘l‘!dll[lﬂh—hn B0 U0 v e pe

Fluorescent Powder

Mercury atom

~ Ultraviolet radiation

e—1p

External Coil Induction Lamp

LPW Rated Hour CRI Ignition Time  Color Temp. Major Drawback
Incandescence  11-15 1.5K - 5K 40 instant Very Inefficient — Short Life
MercuryVapor 13 -48 12 - 24K 2-15min 4000 Inefficiency
HPS 45-110 12 - 24K 25 2-15min 2000 Low CRI
LPS 80 - 180 10 - 18K 0 2 -15min. 1800 Low CRI
Metal Halide 60 - 100 10 - 15K 75 2-15min. 3000-4300 High Maintenance
Induction Lamp 61 -76 100 - 120K 82 .05 sec. 2600-6500 Relatively High Initial Cost.
LY . .
Typical Industrial
] Highbay Fixture
s | with Round 200W
Induction Lamp.
January 27, 2011 FLATE-FESC




Refrigerator Energy Consumption

(Average energy consumption of new refrigerators sold in the U.S.)

2000

18007

16007

1400 |

12007

10007

kwh/a

8007

6007

4007

2007

1972, first oil
price shocks.

1974, California Authorizes

Energy Efficiency Standards.

1986, Average UEC when first
US Standard 1s negotiated

| 1977, first California
standards take effect.

(1074 KWh)

Average 1980 model had
19.6 Cu. Ft. of capacity, and
used 1278 kWh per year.

Average 1961 model had

\ approximately 12 CU. Ft. of

capacity and used 1015 kWh
per year.

1990, First US Standard takes
effect (976 K'Wh)

By 1993, a typical model had 20.1 Cu. Ft. of

capacity, featured more through-the-door services

like ice and water, and used 48%0 less energy than

the 1980 models.

1993, Updated US
Standard (686 kKWh)

LENL Projections

2001, Second Update of
US Standard (476 kKWh)

1960

1965 1970

1975

1980

Year

1985

1990 1995 2000

Savings: ~1400 kWh/year * $0.10/kWh = $140/yr per household
*400 M households = $14 B!year Sam Baldwin, FESC Summit, September 2009

January 27, 2011

FLATE-FESC

Source:

2005

LBNL
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Home Energy Savings Network

January 27, 2011

» Electronic __— «Heat alarms
air conditioning » Time controls
controls "““*\\ {
T~ g

N T - /

/ 7. » Gas controls
,#7

* Heat alarms

= Automotive .
HVAC
controls

* Time controls

*Thermostats gl - o il ! P < ¥ « Gas controls
T« Electronic
ignition controls
*Zonecontrols—— S
e T~ Reversing valves
s Electronic = = Defrost contrals
ignition controls . Taﬂ;a over

thermostat

* Pressure control
* Bas controls * Humidstat and = Smoke alarm

motor speed controls

FLATE-FESC
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Home Energy Savings Network

These smart meters serve
as a gateway for Home
Area Networks (HANs) of
wireless devices such as
ZigBee thermostats, load
control devices, in-home
displays, and smart
appliances.

Collection Engine

Communication
Network

In-Home
Display

Smart Home
Appliances _ _ Gat?_?v

Meter Data
Management

Distribution
Operations

ITROM Corfidential - @ 2007 ‘

ZigBee is a specification for a suite of high level communication protocols using small, low-power digital radios based on
the IEEE 802.15.4-2003 standard for Low-Rate Wireless Personal Area Networks (LR-WPANs), such as wireless light
switches with lamps, electrical meters with in-home-displays, consumer electronics equipment via short-range radio.

Business
Systems

Thermostat -

January 27,2011 FLATE-FESC 35



