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Path to Net Zero HomesPath to Net Zero Homes

• The main issue – Balancing energy use versus 
energy supply

• Does Your Use Pattern Matter?  ( You Bet! )
• Cost Effective Path – getting the greatest benefit for 

every dollar we invest



3

““ Net Zero Energy Homes?”Net Zero Energy Homes?”

Many definitions but, narrowly defined,
“A home where the onsite usage of 

energy is balanced by onsite generation 
of energy (typically from non-fossil wind 
and solar energy) on an annual basis.”
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Focus on Climate …Focus on Climate …

… and wise stewardship of our resources.
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2008 Revised City Climate Goal:2008 Revised City Climate Goal:
Climate Change Climate Change -- Community Change? Community Change? 
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What do You do First?What do You do First?
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The Mantra:The Mantra:

“Evaluate your Lifestyle First “Evaluate your Lifestyle First ––
Embrace Conservation, Seek Embrace Conservation, Seek 

Efficiency Opportunities Next, Use Efficiency Opportunities Next, Use 
Green Power After that.”Green Power After that.”
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Balance?Balance?

Your Energy Usage versus the Supply of that Energy?
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• Sustainability on the Global Stage
– Target: 2000 W avg. rate of energy use –

for EVERYTHING (shelter, travel, food,…) !

– Bangladesh - 300 W
– India – 1000 W
– China – 1500 W
– W. Europe – 6000 W
– US/Canada – 12,000 W

– New Yorker article, “Island in the Wind”,
July 7th, 2008, Swiss Federal Inst. of Technology

““ 2000 Watt Society” ?2000 Watt Society” ?
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Fort Collins Residential Use HistogramFort Collins Residential Use Histogram

~ 1100W avg. rate of use
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Energy Use Energy Use -- Where do You Fall?Where do You Fall?
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After Lifestyle, What’s Next?After Lifestyle, What’s Next?
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““ Conservation, then Conservation, then EfficiencyEfficiency , then , then 
Solar.”Solar.”
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Efficiency Efficiency -- Lots of ways to get from Point A to B …Lots of ways to get from Point A to B …

Ton-Miles/Gallon

6

12

400

( Piggyback Auto Train )



15

Energy Efficiency In the Home Energy Efficiency In the Home ––
One Example:One Example:

Save up to 75% on electricity for the same level of  lighting
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““ Conservation, then Efficiency, then Conservation, then Efficiency, then 
SolarSolar .”.”
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Solar by the NumbersSolar by the Numbers

• A representative home – 10,0000 kWh per year
• Photovoltaics (PV) – 1,500 kWh per kW installed per 

year in Ft. Collins (from monitoring)
• PV Cost - $8000 per kW installed,

let’s say $4000/kW after rebates and tax incentives
• Without energy use reduction - $26,700 for 6.7 kW
• With conservation and efficiency investments (50%)

- $13,300 for 3.3 kW
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Balancing CostsBalancing Costs

Simple 20 Year Electric Cost Comparison
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Near Zero Homes Near Zero Homes ––
Many Design Possibilities …Many Design Possibilities …
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OR ?OR ?
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A Great Case StudyA Great Case Study

• SOLAR TODAY, Nov/Dec 2008, “The Zero-Energy 
Home Challenge”

“Whole Building Thinking!”

• www.ases.org,   navigate to Solar Today, then 
“Features”
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Solar RebatesSolar Rebates

• Residential PV – rebates up to $9,000 (higher 
incentives for high performance households).

• Applications accepted at FC Utilities starting 
February 16th.

• More information at:
WWW.FCGOV.COM / SOLAR-REBATES
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FC Utilities Resources:FC Utilities Resources:

“www.fcgov.com/conservation”
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THEN:THEN: “Conservation may be a sign of personal virtue but it is “Conservation may be a sign of personal virtue but it is 
not a sufficient basis for a sound, comprehensive e nergy policy.not a sufficient basis for a sound, comprehensive e nergy policy. ”    ”    

Dick Cheney, 2001Dick Cheney, 2001

Use less, Be Smart, Go Green …

NOW:  “What is needed are societal decisions, 
technological innovation, and individual resolve …”      
the 2000 Watt Society

“…each day brings further evidence that the ways we use energy 
strengthen our adversaries and threaten our planet.”

“… our time of standing pat … putting off unpleasant decisions —
that time has surely passed.”

Barack Obama, 20 January, 2009
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Zero Energy Homes

Paul Norton
National Renewable Energy Laboratory 

(NREL)
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Who is NREL?Who is NREL?

• Department of Energy National Laboratory
• Located in Golden, CO
• Staff of about 1200 (and growing quickly)
• Research centers for ...

• Residential and Commercial Buildings
• Wind Energy
• Advanced Vehicles and Fuels
• Photovoltaics 
• Biomass
• Geothermal......
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Zero Energy Homes

Paul Norton
National Renewable Energy Laboratory 

(NREL)
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What is What is 
Building AmericaBuilding America

• The DOE’s residential 
research program

• Cost neutral zero energy 
homes by 2020

• www.buildingamerica.gov



29



30

����������	��
���
�

�	����	�����
������	���
������������

�������	�
	�
��	������
�������

��������������

��
����������
���
���
�
����������	
���

������	����

����������	�

���������
�
���
�����
���
���



31

Zero Energy Homes 
consume NO energy!

What is a What is a 
Zero Energy Home?Zero Energy Home?
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Zero Energy Homes 
produce as much energy 

as they consume
on an annual basis.

What is a What is a 
Zero Energy Home?Zero Energy Home?

Zero NET Energy HomeZero NET Energy Home
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Zero Energy Homes 
produce as much energy 

as they consume
on an annual basis.

What is a What is a 
Zero Energy Home?Zero Energy Home?

• NET zero energy 
• Zero energy �  zero utility bills
• How to make a zero energy home 
• Examples of zero energy homes
• What about my existing home?
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NET Zero Energy:NET Zero Energy:
Daily Energy FlowDaily Energy Flow
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NET Zero Energy:NET Zero Energy:
Daily Energy FlowDaily Energy Flow
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Energy Efficiency
+ Energy Supply 
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Zero energy Zero energy �  zero utility �  zero utility bills bills 

Net metering

Net billing
Feed-in tariffs
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Net MeteringNet Metering

44 States now have net metering laws

Fort Collins customers have net metering
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Zero energy Zero energy �  zero utility �  zero utility billsbills

• Fixed electricity rate  ($3.91/month in Ft. Collins)
• Fixed natural gas rate 
• Excess is zeroed-out annually 
• Payment for excess energy at zero-out
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Energy Efficiency
+ Energy Supply 

� � �
�

Zero Energy Home

How to make a ZEHHow to make a ZEH
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Successful Zero Energy Homes:

1. Efficiency 
2. Efficiency
3. Efficiency
4. Solar
5. Solar
6. Solar

How to make a ZEHHow to make a ZEH
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Successful Zero Energy Homes:

1. Efficiency - Envelope: walls, roof, foundation
2. Efficiency - Equipment: heating, cooling and hot water
3. Efficiency - lights and appliances
4. Solar - passive techniques
5. Solar - active thermal systems
6. Solar - electric systems (photovoltaics)

How to make a ZEHHow to make a ZEH



45

Successful Zero Energy Homes:

1. Efficiency - Envelope: walls, roof, foundation
2. Efficiency - Equipment: heating, cooling and hot water
3. Efficiency - lights and appliances
4. Solar - passive techniques
5. Solar - active thermal systems
6. Solar - electric systems (photovoltaics)

How to make a ZEHHow to make a ZEH
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Energy Use in Habitat BA Benchmark House 
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Will it Will it reallyreally be ZERO??be ZERO??
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Energy use depends on us!Energy use depends on us!
...the occupants...the occupants
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• Lighting – CFLs? Off when not in use?
• Thermostat – setback at night and/or unoccupied?
• TVs – How many? How big? Plasma or LCD? TEVO boxes?, game 

boxes?
• Refrigerator – Newer ones can use much less energy
• Computer and peripherals – Screen shut off? Power strip shutdown?
• Freezer? Hot tub? Pool? Aquarium?
• The list goes on.......

The choices we makeThe choices we make
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Ideal Homes ZEHIdeal Homes ZEH

• Near Oklahoma City, OK
• 1584 ft2, 3-bedrooms, 1-story
• 5.3 kW
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Hickory, NCHickory, NC
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Patterson, NJPatterson, NJ
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Frisco, TXFrisco, TX
8kW PV8kW PV
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Washington StateWashington State
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EuropeEurope
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Tucson, AZTucson, AZ
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Solar RowSolar Row
Boulder, COBoulder, CO
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NREL/Habitat for Humanity Wheatridge, CONREL/Habitat for Humanity Wheatridge, CO

• 1280 sq ft
• 4 kW PV
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Home FeaturesHome Features

1. Make it HIGHLY Efficient!
• Superinsulated, tight building envelope, Wall R-40, Ceiling R-60

• Low-e windows

• Heat recovery ventilation
• Tankless back-up water heater 

• Energy Star refrigerator and clothes washer

• Compact Fluorescent Lighting

2. Meet ALL of the Remaining Energy Needs with Sola r
• Solar tempering with orientation specific windows
• 96 sq. ft. drainback solar water heating system

• 4 kW PV system
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Solar TemperingSolar Tempering

• Window distribution

• Orientation specific 
glazing

• 3’ overhangSouth ElevationEast Elevation

West Elevation North Elevation
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Energy Recovery VentilationEnergy Recovery Ventilation
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Hybrid NG/Electric Space Hybrid NG/Electric Space 
Heating SystemHeating System

• Direct vent, 
single point NG 
heater

• Small electric 
baseboards in 
bedrooms
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Solar Water Heating SystemSolar Water Heating System

• Drainback system

• 96 sq. ft. collector

• 200 gal storage tank

• Tankless backup heater
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PV SystemPV System
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NREL/Habitat ZEHNREL/Habitat ZEH
PerformancePerformance
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Zero Energy RetrofitsZero Energy Retrofits

Can my existing home be converted 
to a Zero Energy Home?
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Yes…. But it’s not cheap

Zero Energy RetrofitsZero Energy Retrofits
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Step 1: Do the most cost effective changes first.
How? …. Get some expert advice!
• Energy Audit
• Home Energy Rating (HERS)
• Home Performance with Energy Star (HPwES)

Zero Energy RetrofitsZero Energy Retrofits
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HERS Rating and Projected HERS RatingHERS Rating and Projected HERS Rating

• Compares your home to IECC 2004.
• Can be used for Energy improvement Mortgage
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Home Performance with ENERGY Home Performance with ENERGY 
STARSTAR®®

Contractor does home 
energy audit AND can 
perform the work
http://coloradohomeperformance.org

National average spent on an energy 
upgrade: $9,000

Average energy savings:
25%
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The Devil is in the details….The Devil is in the details….

• What about using off-site renewable energy production?
• Site energy vs. source energy
• Use and offset natural gas?
• Utility issues

– Variability of renewable energy
– The power is supplied on an unscheduled basis
– Peak demand is as important as energy production
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Alphabet soupAlphabet soup

ZEH
NZEH
NZEH 
ZENH 
ZEMH 
ZEN
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Alphabet soupAlphabet soup

ZEH – Zero Energy Home
NZEH – Net Zero Energy Home
NZEH – Near Zero Energy Home
ZENH – Zero Energy New Homes (California)
ZEMH – Zero Energy Manufactured Homes
ZEN – Zero Energy Neighborhood

Passivhaus – Passive House (Germany)
Factor9 home – Canada
Green homes
Carbon neutral homes
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Fort Collins’ first and (still) only NetFort Collins’ first and (still) only Net --Zero Zero 
electric energy homeelectric energy home4��
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Extreme production: not cost effectiveExtreme production: not cost effective
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• Electric cooking
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• Family computing
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• hottub
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Electric Power and Energy UnitsElectric Power and Energy Units

• Power = Watts (W)
– Other common power units: 

horsepower, BTU-hr

• 60 W           15 W

• Energy = kilowatt hours per month 
(kW-hr)

– Other common energy units: 
gallons of gasoline, therms of 
natural gas

• 60 W lamp on for 24 hrs 
consumes 44 kW-hr / mo

• Fort Collins average home 
consumption = 725 kW-hr / month 
~$50

• 1 Watt continuous = 0.73 kW-hr per month
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PrePre--2005 consumption and Goal2005 consumption and Goal
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PrePre--2005 Consumption and Goal2005 Consumption and Goal

• “Before makeover” consumption = 960 kW-hr / month
• Overarching goal: Be Net Zero Electric

– BHAG
– Architecturally fits on Mountain Avenue

• Electric energy goal = 375 kW-hr / month
– Arrived at this number by calculating roof area and estimated 

energy production
• Must eliminate 585 kW-hr / month



112

Where do I start?Where do I start?

• Measured 97 plug-in and hard-wired electric devices in 
the house
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Household Energy by CategoryHousehold Energy by Category
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• Heating = hot tub, clothes dryer
• Phantom = non-useful energy consumption such as electronics in 

“waiting” state
• Lighting = all lighting
• Refrigeration = food storage
• Cooking = oven, microwave, etc
• Electronics = entertainment
• HVAC = vent fans, circ pumps, controls
• Appliances = dish and clothes washers, misc
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Heating LoadsHeating Loads

• Hot tub = 330 kW-hr / mo including 22% phantom load
– Action: change to thermal solar and NG heat and 

reduce circulator pump duty cycle
– Result: 7 kW-hr / month total

• Clothes dryer = 35 kW-hr / month
– Use high-extraction clothes washer

• Frog tank = 31 kW-hr / month
• Hair dryer = 8 kW-hr / mo



116

PhantomPhantom LoadsLoads
• Any energy consumption with no useful benefit
• Before makeover: 253 kW-hr / month (24%)
• After makeover:     35 kW-hr / month

• Top 10: Total 225 kW-hr / mo
• Hot tub 73 kW-hr / mo
• Comcast dual-tuner DVR 30 kW-hr / mo
• Bread oven 29 kW-hr / mo
• In-floor heating controls 16 kW-hr / mo
• Remote window operators 15 kW-hr / mo
• Surround-sound amplifier 13 kW-hr / mo
• Sony laptop computer 12 kW-hr / mo
• 2 x Garage door opener 10 kW-hr / mo
• Water heating controls 9 kW-hr / mo
• Heat recovery ventilator 8 kW-hr / mo
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PhantomPhantom Loads …Loads …

• Next 10: Total 56 kW-hr / month
• Lawnmower charger
• Microwave oven
• 2x cordless telephone charger
• Sprinkler controller
• Desktop computer speakers
• entryway motion detector
• doorbell transformer
• Vent fan motorized timer
• 4x bedroom clocks
• Playstation 3
• Plasma TV
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• Insidious phantom loads are more than eating up the energy saving 
gains of appliance and lighting efficiency improvements.

• Phantom loads can usually be significantly reduced by design, 
however this adds a slight cost to products and is not encouraged by 
either consumer demand or government policy

• In lieu of design improvements, phantom loads can only be 
managed by switching off power to the appliance completely or 
intermittently
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Phantom Load #1: continuous running motorsPhantom Load #1: continuous running motors

• Circulator pumps 
(heating, cooling, 
fountains…)
– 1/15 HP pump =115 

W = 84 kW-hr / mo
• Reduce duty cycle if 

possible
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Fans: ventilation, refrigeration, radon mitigation,  septic, elecFans: ventilation, refrigeration, radon mitigation,  septic, elec tronics tronics 
cooling, …cooling, …

• 94 W fan (HRV low) = 69 
kW-hr / mo

• Reduce duty cycle when 
possible
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• Radon mitigation fan 100 W = 
73 kW-hr / mo

• Reduce duty cycle?
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Motorized timers, valves, dampersMotorized timers, valves, dampers

• Motorized damper or valve: 7 W = 5 kW-
hr/mo

• Motorized timer: 5 W = 4 kW-hr / mo
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Phantom Load #2: AlwaysPhantom Load #2: Always --on transformerson transformers

• Voltage converting, 
conventional HVAC 
control, doorbell, 
inexpensive power 
supplies
– Typically 5 to 10 W 

each phantom load
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AlwaysAlways --on Transformers, on Transformers, con’tcon’t
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Phantom Load #3: alwaysPhantom Load #3: always --on electronicson electronics

• A fast growing category of convenience gadgets
• Communications, wireless networks
• Everything with a clock or remote control
• Load varies widely with quality of design

– Best are less than 0.5 Watt
– Worst (A/V equipment) over 20 W each
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Most audacious alwaysMost audacious always --on offender: Dualon offender: Dual --
tuner DVRtuner DVR

• 44 Watts (32 kW-hr/mo) continuous, either “on” or “off”
• Only slightly less energy consumption than a modern refrigerator
• Combined audio and visual equipment uses more energy in 22 

hours “off” than 2 hours “on.”
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• A/V Solution: electronic off timers
– These more expensive timers feature a warning beep 

before turn-off
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Phantom Load #4: Devices not turned off Phantom Load #4: Devices not turned off 
when not in usewhen not in use

• Humans do not seem to be wired to turn things off
• Must install automatic turn-off controls
• A must-have feature to include in new designs and 

new construction
• Broad and simple opportunities for retrofit
• Worst offenders: lighting, computers, entertainment 

electronics
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LightingLighting

• Naturally use efficient lighting, but most important is 
to turn it off

• Widespread use of automatic timers required: 
mechanical, electronic, motion sensing
– do not allow overriding of timing function

• Caution: electronic timers add their own phantom 
load
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RefrigerationRefrigeration

• Decommission old refrigerators (>10 years) and 
consider replacing middle-age units (5…10 years old)

• Mini-fridges use the same amount of energy as a full-
size unit

• External ice dispensers add 20% to energy 
consumption
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CookingCooking

• We chose electric cooking because it is the best option for 
renewable-energy cooking

• Magnetic Induction cookers are 80% efficient, add no combustion 
byproducts to the indoor air, and exceed gas cooking speed of 
adjustment performance 
– Drawbacks: expensive, some cooling fan noise, and less even 

heating than gas
• Surface electric cooking is much less efficient, though embedded

element appliances are quite good (rice cookers, sandwich grills, 
teapots, …)

• Microwave matches induction cooking efficiency
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Hybrid cooking islandHybrid cooking island
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ElectronicsElectronics

• Don’t overbuy on performance, and make sure it is 
turned off automatically when not in use.

• Computers left on 24 hours per day are very 
wasteful.  Make sure the power management settings 
allow auto-suspend, typically after 15 minutes of non-
use.
– Many auto-update programs defeat this feature!



136

HVACHVAC

• Electric resistance heat = monstrous consumption
• Avoid continuous running pumps and fans
• Eliminate, combine, or seasonally turn off magnetic control 

transformers
• Get aggressive with shading and night-time cooling, can 

eliminate need for AC
• Automatic turn-off on bath vent fans improves air quality and 

eliminates fan overrun
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South and East facing South and East facing 
patio shadingpatio shading
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East and west window shadingEast and west window shading
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Household Energy by CategoryHousehold Energy by Category
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Most successful conservation actionsMost successful conservation actions

• Move space and water heating loads to alternative 
energy sources

• Eliminate constant-running mechanical systems
• Install automatic turn-off controls on nearly everything
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Solar Energy in Solar Energy in FortFort CollinsCollins

• Example: 20 panels Sharp 175 W = 3500 W peak
• Typical capacity factor 16% = annual production of 4906 kW-hr or 409 

kW-hr / month
• Our house capacity factor 14.8% due to winter shading = 4538 kW-hr / 

year or 378 kW-hr / mo
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Typical monthly PV productionTypical monthly PV production

PV Energy by Month
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Typical daily PV production for various monthsTypical daily PV production for various months
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Meter Reading, kWhr
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Results of carbon emission reducing electric Results of carbon emission reducing electric 
energy tactics for this familyenergy tactics for this family

• Conservation reduced consumption by 638 kW-hr per 
month, investment < $10,000

• Solar energy reduced energy purchase by 375 kW-hr per 
month, investment $28,000
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Million dollar questionsMillion dollar questions

• Why do we require, by law, renewable energy production 
by our utilities and only suggest conservation?

• Why are there numerous solar installation startup 
companies and very few energy conservation 
specialists?

• Are you interested in a Triple-Bottom-Line profitable 
entrepreneurial venture?
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Random conclusions and author opinionsRandom conclusions and author opinions

• Conservation first: while not as glamorous or simple as adding a
photovoltaic solar system, conservation is a far more cost effective 
way to reduce greenhouse gas emissions due to electric energy 
production for our personal needs.

• Most households and businesses can achieve 20% to 50% 
consumption reduction without drastic lifestyle changes.
– Remember, it’s a BHAG
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ResourcesResources
• EnergyFederation.org

– Energy monitors, auto-switching power strips, high efficiency 
lighting, other controls

• RPElectronics.com
– Electronic power supplies to replace transformers

• Intermatic
– Spring wound, programmable, and solar timetable timers
– Available at home supply outlets
– Wide range of spring wound timers available but typically special 

order


