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Reducing Carbon Emissions

• Buy RECs and offsets

What are consumers currently willing to do?

• Change consumption 
habits

• Drive hybrid cars

• Support clean energy



From a climate change perspective, we 

cannot afford not to afford these and other 

measures to move toward carbon neutrality.

On the one hand:



• Affordable

• Appealing

• Accessible

Consumers have to want to afford 

these measures

So measures must be:

But on the other hand:

• And, Proven:
—Lower energy bills

—More comfortable

—Safer



Energy Efficient & Carbon Neutral 
Homes Speak for Themselves

“Profitably Decarbonizing” – the new lingo

• Comfortable

• Safer 

• Healthier

• Beautiful

• Desirable 

• Durable

• Valuable

• Cost Neutral



Average U.S. Family’s Greenhouse Gas 
Emissions Sources

Transportation
58%

The house
42%

Source: City of Boulder Office of Environmental Affairs

Future plug-in Hybrid

Solar electricity from 
panels on house



• Principal

• Interest

• Taxes

Cost Neutrality
Means

Same Cost of Ownership

Zero annual energy bills or less P.I.T.I.E. & W.

• Insurance

• Energy

• Water



All new construction 5000 SF+
Will be ~ HERS 20

One city’s response:  
Boulder’s Green Points Revision 

(PASSED TUESDAY 10/30/07)



One county’s response: 
Boulder County Commissioners will soon pass 

the most stringent energy code in the nation

Every home 5001 SF+ must be
zero energy AND zero carbon



Boulder County’s BuildSmart (cont.)



Boulder County’s BuildSmart (cont.)

Dealing with Retrofits and Additions…



Building Science Education is a crucial element that must be included in 
every green building program or regulation

WHAT CAN WE DO:
• Classes, seminars and webinars for builders?  A “scared straight” program?
• Mandatory yearly class attendance in order to apply for permits?
• Written test with each permit application? 
• Homeowner/builder walk-through and maintenance education courses or resources?
• Mortgages & financing more readily available to homes built by “certified” builders (a 

dream); permit fees for builders who have completed and demonstrated training?

CERTIFICATION, CLASSES AND TESTS:
• Joe Lstiburek, Building Science Consultant www.buildingscienceconsulting.com/
• John Krigger, Saturn Resource Management www.srmi.biz/
• Building Knowledge Consulting (see below) www.buildingknowledge.com/

Building Homes that Last:
What Builders, owners, designers and 

regulators need to know



THIRD PARTY VERIFICATION and QUALITY CONTROL SPECIALISTS
Should be consulted with before building begins

• Professional Investigative Engineers (“PIE) www.callpie.com/
• The Architectural Alliance Group, LLC www.aag-adr.com/
• Ian Mackinlay Architecture (Cold and Snow Experts) www.ima-arch.com/

BUILDING SCIENCE RESOURCES
• Building Science Corporation

www.buildingscienceconsulting.com
• Building Knowledge www.buildingknowledge.com/
• Saturn Resource Management www.srmi.biz
• HomeSmart www.home-smart.org/
• Best of Building Science www.bestofbuildingscience.com/

BUILDING AMERICA PROGRAM
• Building America Program

www.eere.energy.gov/buildings/building_america/
• Journal of Light Construction www.jlconline.com/
• Energy and Environmental Building Association www.eeba.org/

Building Homes that Last (cont.)

http://www.callpie.com/
http://www.aag-adr.com/
http://www.ima-arch.com/
http://www.buildingscienceconsulting.com/
http://www.buildingknowledge.com/
http://www.srmi.biz/
http://www.home-smart.org/
http://www.bestofbuildingscience.com/
http://www.eere.energy.gov/buildings/building_america/
http://www.jlconline.com/
http://www.eeba.org/


A key resource on tough 
building science topics:

19-page article with 
decision trees, details, 
assembly sections, and 
essential guidelines on how 
to build walls, floors and 
ceilings

See their website!
www.buildingsciencecorp.com

http://www.buildingsciencecorp.com/


12 Flat-Plate Solar 
Thermal Collectors

Textbook passive solar overhangs 
(2’ for 40º N.Latitude)

Super-insulating 
walls, windows, 

& ceilings

6.84 kW Roof-Mount PVs

Porous 
Pavement

High Performance 
Windows

Sunroom:  ~40,000 
BTUs/hr. solar heat 

Geothermal 
exchange

Solar Harvest Zero Energy Home
Boulder, Colorado    2005

Orientation: South
Passive Gain: High
Design Heat Load: ~29,000 BTU/hr 
= 1.8 W psf



Basic Principles for Comfort 
& Energy Efficiency

• Tight Building Envelope
• Super-insulation

• Continuous air barrier
• Passive and Active Solar Gain
• PVs and Electrical Efficiency
• Non-toxic construction materials 

and household products

Build Tight, Ventilate Right

~1.8 W PSF 
Design Heat Load



Doubling Insulation Value per Inch

Building Gain 25,274 BtuhBuilding Loss 59.285 Btuh

Reduce home’s overall heat loss by about 6% in homes 
with already thermally broken assemblies...doesn’t 
change mechanicals or renewables.

“It’s all about the windows and doors!”



Actual Solar Harvest Performance, 
Stories 11/05 – 9/06

Warm and toasty all winter, cool and refreshing this summer 

December dinner party:  One guest heard it was a “solar house” & 
came prepared – long underwear and flannel shirt...but with 
nighttime outdoor temp at 15° after a sunny day, and with radiant 
underfloor heat off, at the dining room table it was 73°…offered ice 
packs and wet towels to help him out, and opened a window…

February cold snap:  After last sun midday Tuesday, house held heat 
until midday Thursday before underfloor heat engaged.  Minus 18°, 
home stayed 68-70° and comfortable.

3 a.m. and minus 7°, bedrooms would stabilize at 64° – with radiant 
heat off – due to occupants generating ~400 BtU/hr.



EnergyNET Home Performance Monitor
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An Honest Assessment of Net Energy

• The analysis that every energy system and 
energy efficiency measure should be subject to…

• Home energy monitoring leads to VERIFIED 
PERFORMANCE.  This is how to make an 
honest assessment.

Solar Harvest:  TOTAL HOUSEHOLD ENERGY USE 
(Heating + Cooling + All Other) = ~2.1 kWh/sf/year



Points of Departure

Flat Panel Collectors

GRID-STORED cloudy 
cold-snap energy

From PVs on site

From… Solar Harvest To… Broomfield ZEH
Passive cooling

And most importantly…
ON-SITE cloudy cold-
snap storage 

large tank/water

High-efficiency 
mechanical cooling

Evacuated Tubes work in
Lower air temperatures
Lousier solar conditions

Whole-house radiant  
floor heat

Solar-heated hydronic 
forced air heat

More responsive



On-Site or Grid Storage?

Direct (passive) gain through 
glass, like at Solar Harvest

Gain through evacuated tubes 
and tank/fan coil/ducts

House will “CHARGE & 
COAST”: charge on a sunny day, 
coast through nights & cloudy days

CLOUDY 
COLD SNAP!

Use big-tank energy stored in 
water, sized to last 4+ days

Use solar electrical energy to run 
boiler, banked in utility grid



Lessons Learned

High embodied energy
(bamboo, quartz, recycled roofing) 

Long life spans, recyclable

From… Boulder Remodel To… the future
Mfrg. Effluents +Landfill 
Waste

Products w/ short life spans 
(avg. GE motor designed to last 5 yrs!)

Cradle to cradle

Local materials, smaller 
ecological footprint

Some petro-chemical 
products

All bio-based products

Shrinking greenspace Intentional communities, 
greenroofs, small farms

Water waste & pollution Greywater treatment



6.615 kW PVs180 evacuated tubes

High performance double-
heat mirror windows

Orientation: South-west
Passive Gain: VERY low
Design Heat Load: 22,000 BTU/hr or 2.4 W/sf
Site Conditions: Heavy shading
5,300 HDD

Super-insulated & airtight 
building shell

(entire new 2x6 wall built around 
existing structure)

SIPS Roof on 
Addition

Natural gas line 
capped at street

Clay plaster & other 
natural finishes 2 – 168 gallon tanks in 

basement

2.3 kWh/sf/year Total 
Household Energy





Projected energy use for elec. boiler backup: 1,300 kWh/year
Projected energy use for elec. stove, ERV & household:     5,000 kWh/year
Projected total energy consumption:    6,300 kWh/year
Projected total energy production: 9,600 kWh/yr
Projected net excess energy: 3,300 kWh/year
Expected to exceed zero-balance by: 52%/year

Sample net-energy balance data from 
Solar Harvest (April, 2007)



Miles of driving an electric car (est. 4 mi/kWh): 13,200 mi./year
Carbon emissions saved by electric car: 11,232 lbs/year
Carbon emissions offset at the electric power plant: 17,472 lbs/year
Therms of natural gas saved by going all-electric: 590 therms/year
Carbon emissions reduced by capping natural gas line: 6,907 lbs/year
Equivalent number of trees planted: 756 trees/year



• $25,000 for PVs
• $34,000 for Solar Thermal
• $44,880 for Insulation & Window/Door 

Upgrades

• $103,880 in Direct Costs
For remodeling to power the house and the car at 

1247 Scrub Oak Ave., Boulder







Grid storage of solar energy – what 
if everybody did it?•

• Would we make a difference on global carbon emissions, or would we still need the same amount of coal-fired power plants?
•
• What kinds of loads would we have in the winter?  Are these loads within the range of what we have otherwise?
• ---
•
• 20-30% of homes with solar is when problems will happen, for now, just do what you can
•
• Sure, at nighttime if we put more and more houses without battery packs, there is more demand on the grid, but are we using more energy at night than most 

houses?  Lighting better, better appliances.  Uses 2/3 compact fluorescent. LED for downward facing. Probably not
•
• In the short run, I don’t see any issue in the summer/winter.  A lot of people are using A/C energy, and you’re supplying clean energy, reducing that demand.  

So you’re extra winter demand isn’t such a big deal.
• When it comes to offset electricity, we are offsetting natural gas – smaller carbon footprint than coal – not really the carbon emissions from Colorado plants
•
• 4 pillars:
• 1. Energy efficiency
•
• 2. (intermittent) renewable energy
•
• 3. energy storage: electricity storage for large-scale utilities, utility-scale electricity (batteries in everyone’s house? With longevity, cost, reliability 

improving) 3-5 kW in each home.  Low grade heat in summertime – how to can and store it?  Wind-hydrogen.  Plug-in hybrids, charge when intermittent 
renewables are making electricity.  Austin Electric – lots of wind, overwhelming system at 2am, charge when wind is blowing.  Vehicles to Grid – batteries 
back up the grid.  Car can charge grid, would use fossil fuels – if only 1-2 years per year, we’re winning.

•
• 4. Energy management – appliances running when intermittent renewables are producing energy, don’t need to run randomly, can run only 12 hrs. only run 

when you are producing energy.
•
• **Energy storage of low-grade heat
• Chemical reactions: run one way and store heat, run other way and release
• Can’t do on a one-house level

Maybe on a district-level tank
• Water-source heat pump – intentionally freeze with heat pump, use heat to heat house.  Really cold water is very efficient in panels. When you store heat in 

water 1 lb = 1 BTU per 1 deg increase.  Heat infusion 144 BTUs per 1 deg heat change. Plastic balls filled with water, surrounded by antifreeze.  Cold is 
best for thermal panels.

•
• Full size house = 1000 gal tank for this system    Fuel cell = flow battery
• 1 kw – 1 car battery, some toxins Flow cell = a few tanks and an expensive thing in the middle pump from one to the other double the amount of electricity 

you can deliver, double the fuel cell. 



Grid Storage Big Picture Discussion (cont.)
• Hydrogen 1 side, water on the other, vent oxygen, makes heat and electricity and water.  Limit by tank you use.  Hydrogen fuel cells get poisons, very expensive 

(platinum as catylist), hydrogen doesn’t like to be stored.  
•
• Vinadium Redux VRB systems – batteries.  Products are relatively non-toxic, and will go back and forth 100000s of times with out
•
• Leave space for future solutions
•
• Money is not an issue, get a lithium ion battery
•
• GridPoint charge during day, discharge at night to zero out my load
•
• PVs as primary with ground source heat pump, small solar thermal
• Electric furnace
•
• Heat pump – exploits that temp under ground is stable
• Make heat pump more efficient – replace blowing air with pumping water (small amount of energy)
• Guaranteed source of 50 degree water
•
• Problem: 1.  size of groundfield cost linear, how do you know how big of a groundfield
• 2.  Run heat pump only to heat house, you can cool ground.  Recharge rate slow
• 3.  only really great in climates with equal cooling and heating days
• 4.  extra heat in summer, drive down well to recharge ground to avoid
•
• 3 panels charge ground in summer, heat pump plus panels direct to house in winter
• David Crestfield
•
• Wind in Colorado runs more in Winter than summer therefore summer is solar, winter is wind
•
• Coal fired power plants – 80% base load, don’t ramp up/down.  Renewables don’t interact well with base load power plants (coal, nuclear).  Natural gas is great –

very responsive
•
• Run ground source heat pump when you know when wind is blowing – Xcel doesn’t tell us.  Germany there is a text message service – tells you when to do 

laundry/when wind is blowing



Who can benefit from these 
performance goals?

• Any climate
• Any state
• Single Family 

Developments
• Multi-Family 

Developments

BEDZED zero-energy community (UK)



What will the future of housing 
look like?

“A house without solar collectors will be like a house without 
windows”

Will the beautiful countertops of today be the avocado green of 
tomorrow?

Market fairness: policies to encourage energy efficiency?  
“Carbon Management” will determine much of future housing

Healthy, safe, energy efficient homes available for people of all 
income levels?  

Modular, prefabricated & temporary homes?

Disaster-recovery zones; New Orleans, Louisiana



Lee Hill Dr. & 6th St., Boulder
3000 sf Net-Zero Energy Home

Design & rendering by:



Indian Hills, Denver:
4700 sf net-zero energy home



A Denver Solar Home
Appealing, Beautiful, Comfortable, and Not Affordable



NREL’s Zero Energy Habitat for Humanity Home: 
A Model for the Future of Affordable Housing



Nez Perce Zero Energy Manufactured Home Project



Cradle-to-Cradle Home Competition Winner





Other ZEH Projects 
for Reference & Inspiration

Louisville, Colorado: 1,500 sf ZEH built from stock plans (2006)
Norman, Oklahoma: first ZEH under $200K w/ 1,650 sf (2005)
Arvada, Colorado: Geos, a 300-unit zero energy home development 
(2008)
American Southwest: ZEH developments & communities on tribal lands 
(conceptual stages)
“Boulder’s Solar Harvest appears to be one of two or three actual net 
zero energy cold-climate homes in the country,” (Energy Design Update
Editor Martin Holladay, 8/06).
ACI Summit, July 2007:  “Moving Existing Housing Toward Carbon 
Neutrality” – how to reduce energy usage by 80% in US & Canadian homes in 
15 years – see Home Energy Magazine, Feb. 2008, for full details



In a children’s magazine (National Geographic Kids, 9/07)

When the kids get it, so will the rest of future society
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