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Next…

You must skate to where the puck is going
not to where it is now. Wayne Gretzky

1. Energy Performance Modelling

2. Design Choices

3. Expected House Performance

4. Costs and economics

5. What we’ve learned…
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House Time Constants
The “time constant” of a house is the amount of time that the house’s air 
temperature take to respond to 63% of a change in the outdoor air 
temperature.  It is an important measure of the energy security of a house.

Its value depends on the amount of heat stored by the house structure (its 
thermal mass) and the heat loss rate of the house envelope (walls, ceiling, 
floor, windows, doors, and air leakage).

Overall time constants in houses comprise a number of time constants for 
the air and the structure in the house.  The air temperature responds more 
quickly than the house structure.

In the winter of 2008/09, the house was heated with one 1500 W portable 
electric heater (equal to 1.5 hair dryers) (and two heaters when it got cold).

An informal time constant test was conducted in 2008 December using 
4 thermocouples – mounted near the ceilings in the upper floor, main floor, 
basement and outdoors under a bush.
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Turned off electric heaters on Dec 13 at 16h
Turned on electric heaters on Dec 16 at 11h
Time constant was calculated to be ≅ 8 days
– This means that with no heat or solar input at -32°C, it would 

take the house 1.5 days to reach +10°C and 4 days to freeze.

Evaluating the House Time Constant
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2008 December 30, -20°C
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Once in a while solar doesnOnce in a while solar doesn’’t workt work

Of course, when the big light in the sky turns off, the solar Of course, when the big light in the sky turns off, the solar 
production systems donproduction systems don’’t work t work –– passive solar, active solar and passive solar, active solar and 
solar PV solar PV –– so instead we draw electricity from the electric grid.so instead we draw electricity from the electric grid.

2008 November 20, 19:262008 November 20, 19:26
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The solar window:
Where most of the 
sun's energy 
comes from…

Path of the sun 
across the sky

All electrons are Some electrons are black, Your choice…
not created equally. some are green. but everyone's consequences.

Sun's path
December 21 Sun's path

June 21

NorthSouth

East

West

3pm

10am



#173

The maximum annual solar energy production occurs around a 53° tilt 
for grid-connected solar PV and 64° tilt for solar thermal.
Edmonton tilt angle’s can be from 18° to 80° and still be within 10% of 
the maximum.

Edmonton
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Snow cover?
Reflection from snow fields?
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Optimum Winter Solar Tilt Angle

Edmonton

% of 
energy 
from 
optimum 
winter tilt 
angle
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The maximum winter solar energy production occurs at around a 83° tilt.
Edmonton’s tilt angle can be from 50° to 90° and still be within 10% of 
the maximum.

Snow cover?
Reflection from snow fields?
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Optimum Winter Solar Orientation Angle

% of 
energy 
from 
optimum 
winter 
orientation 
angle

If the goal is to maximise the winter energy production, which occurs at 
a due-south orientation angle, you can locate the orientation 30° either 
side of south and still be within 10% of the maximum.
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Source of Energy – Space Heating (at RNZ)
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Summary of Energy and EmissionsTotal fossil-fuel use

40,300 
kWh

RNZ with 
conventional 
construction

65% 
savings

Energy efficiency, 
internal gains, 
heat recovery

Passive solar 
heating

Active 
solar 
heating

Solar 
PV

76%

86%

-620
102%

Total operating emissions

Conventional 
home

Solar 
PV

Energy 
efficiency, 
internal gains, 
heat recovery

61%

103%

14,300

9,800

5,600

16,040 
kg

6,300

-510

Summary
of 

Riverdale
NZE

68%

5,100

Passive solar 
heating

71%

4,000

Active solar 
heating

natural 
gas gas gas elec.
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Next…

Where there is a will, there is a way…
It's not about economics.  It is about a will.

1. Energy Performance Modelling

2. Design Choices

3. Expected House Performance

4. Costs and economics

5. What we’ve learned…
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Conventional 
construction

Active solar heating

94% 

Solar PV

Capital costs: $15k $50k $45k

$2560

$660

52%

Energy efficiency, internal gains, 
heat recovery, passive solar heating

$640

67%
$850

-$ 50

Supplementary 
heating:
natural gas natural gas electricity $170

$2000

Utility connection fees
$560 /year}

$1200

(as of 2007, the numbers will 
change a bit as we learn 
more about the house and its 
costs and performance)

Total Energy Bill – Riverdale
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Results: Annual RNZ Home Energy Bills

Natural gas bill: $0 no gas line needed, also
saves $520 per year in
connection fees (in 2010)

Electricity costs: surplus ~$40 ranging from $150 surplus 
to $100 deficit per year 
depending on homeowner
electricity consumption 
choices

plus standard electricity
grid connection fees of $245 (in 2010)
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* 2.7% to 12%9 $25~$3000$109,000Overall house

1.7% /year27 $76~$700$54,000Solar PV

1.6% /year26 $71$582$36,700Active solar space 
& water heating

$185

$1000
$260

$550

Savings
$/year

…from the building 
envelope

difficult to determine 
as a separate item…

$2,400Passive solar 
space heating

$12,000
$1,750

$1,800

Upgrade 
Cost

9% /year0.9 $2.60Building envelope 
efficiency

15% /year1.1 $3.10Water efficiency

30% /year1.6 $4.50
¢/kWh         /GJ

Electricity 
efficiency

Return on 
investment

Energy price 
(simple analysis)

plus 18,000 kg 
GHG savings

* depending on government policies on fossil-fuel 
subsidies, environmental emissions and green loans

Riverdale NZE House Component Economics
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Financial Challenges
House cost
– some $70k to $110k extra to build because of NZE features

Energy bill savings
– around $3000 per year (increasing every year)

Return on investment (simple analysis)
– Perceived to be 2.7% to 4.3% per year (23 to 37 year payback)
– Not including mortgage costs
– But at 4% interest, this is $2800 to $4000 per year in loan payments

Government regulatory polices regarding
– Selling house electricity into the grid (participant costs, low value)
– Lack of policies and value placed on the environmental sustainability
– Subsides of fossil fuels – Reduce the savings and benefits of

(implicit and explicit) energy efficiency and solar energy
– Mortgage costs – Increase the operating costs for the 

house
– Result in a minus 4% per year ROI (payback is never).
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Policy Solutions

If government regulatory polices
– Allowed full cost recovery of all electricity fed into the grid (no fixed fees, 

provided equal import and export prices)
– Removed fossil fuel subsides (such as natural gas rebates)
– Required fossil fuels to pay for their environmental damage (air pollution 

and health care budgets)
– Provided ultra-low interest green loans (< 1%)

Then…
– The energy operating cost of the house would be zero
– The benefits of energy efficiency and solar energy would be fully valued
– Would result in a +5.2% per year ROI (18 year payback).

The changes to achieve this relate to 
how we want to organise ourselves, 
they are not technical.
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Incremental Costs to NZE – Coming Down

Costs will continue to decline as solar PV prices drop 
and as we discover better ways to utilise solar heating

Mill Creek  ~$67,000

Envelope

~$16,000

Solar thermal 
~$9,000

Solar PV 
~$50,000

Deduct avoided costs 
~$8000

Belgravia  ~$58,000

Envelope 

~$16,000

Solar thermal 
$0

Solar PV 
~$50,000

Deduct avoided costs 
~$8000

Riverdale  ~$110,000
(per unit)

Envelope
~$15,000

Solar thermal 
~$50,000

Solar PV 
~$45,000

(minus Alberta’s $10k incentive for an EnerGuide 86 house)

(updated costs)
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Next…

Money talks, and until it starts telling the truth about the consequences of fossil fuels, 
we're kidding ourselves that we can make any significant headway against climate change.

1. Energy Performance Modelling

2. Design Choices

3. Expected House Performance

4. Costs and economics

5. What we’ve learned…



#187

Some of what we’ve learned…

Keep it simple
active solar thermal space heating
can get very complex very quickly

Look for systems 
that can provide more than one service

Challenge:  
need better builder-friendly modelling software

In many ways our future is passing us by, Gary Lamphier
… and our energy riches may one day look like fool's gold. Edmonton Journal
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Design Challenges

Amount of roof and wall space available…
is there enough unobstructed area available for all the 
– solar-thermal liquid collectors?
– solar-thermal air collectors?
– solar PV modules?
and
– view windows? (which also provide passive 

solar heating)

Budget
– always a restriction
– how can we make it simpler and cheaper?
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There are several strategies and technologies 
to get to the net zero energy goal…

Radiant Floor Heating
– did not consider
– more expensive than low-speed forced air heating
– do not see the advantage in a net zero energy house 

– don’t have to distribute much heat around the house

Window Shutters (inside or outside)
– did strongly consider but the technology is not as well 

developed as we would like
– concerns with:

condensation ▪ air sealing ▪ cost
rattling in the wind ▪ effective R-value ▪ durability
They are only effective when they are used…
would they be used consistently?…

Other Technologies Not Used …/1
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Other Technologies …/2

Active solar air-thermal for space heating
– did not consider
– didn’t know much about it

Solar PV-thermal air for space heating
(recovery of heat by running air behind the back of a PV array)

– did not consider
– were not aware of modelling software or case studies 

to give us confidence to try this
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Other Technologies …/3

Heat pump
Ground-source: – did consider it 
(also called – found it to be too expensive for the small additional
geothermal) amount of heating that we still needed

– could be good on a larger house or in the Arctic 
– could be good if we did not have much passive solar 

heating or solar thermal space heating
– complicates and increases cost of the heating system 

compared to electric baseboards

Air-source: – did not consider 
(like an air- – we perceived that it would not work in winter in Edmonton
conditioning – It could be worth re-evaluating.
system)

Water-source: – did not consider for an urban house

Solar-source: – could be used.  We are not certain of its performance.
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Evacuated Tube Solar Collectors (ETC)
– don’t need the higher temperatures that it can provide
– more expensive than flat-plate collectors at the time
– concern about performance claims
– concern about durability

Heating zones
– not needed in an ultra-efficient house
– too complex
– uses too much electrical energy to control it
– the house responds too slowly to make this effective

Night set-back thermostat
– likely not enough energy could be saved in a net zero 

house to make this worthwhile
(instead, we use a manual thermostat)

Other Technologies …/4
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Steps to take to achieve NZE

The design steps are iterative:

First choice is ultra-high levels of energy efficiency. 

Include as much passive solar heating as available.

Consider solar thermal and geothermal
(make sure you get reliable performance #s).

Solar electricity is used to achieve the NZE goal.

If solar electricity is too large or too expensive then 
increase the energy efficiency, solar thermal and 
geothermal, then recalculate solar PV.
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Next…

We can't solve problems by using the same kind of thinking 
we used when we created them. Albert Einstein

1. Net Zero Energy in Juneau

2. Net Zero Energy in Fairbanks

3. Net Zero Energy in Wasilla

4. Net Zero Energy in Anchorage
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Potential NZE House in Juneau  -- PV only

From HOT-2000 or any house modelling software, the house needed:
– space heating: 5532 kWh
– domestic water heating: 3022 kWh
– domestic electricity: 3833 kWh
– total energy deficit: 12,387 kWh

If this total deficit were to be generated by solar PV, 
the PV system would be:
– 13.9 kW, tilted at 43° optimum
– using 14.2% efficient PV module:  98 m2 (1050 ft2), cost: $84k installed
– issues:  cost, roof area is only 75 m2 (810 ft2)
– challenge:  how can the size and cost of the PV system be reduced?
– using 17.1% efficient PV module:  82 m2 (880 ft2), cost: $103k installed
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NZE House in Juneau – add solar thermal

Let’s look at how we could reduce this with solar thermal DWH.
From RETScreen, a 2-collector solar thermal DWH system at 43° tilt 
could produce:
– domestic water heating: 1460 kWh
– net energy deficit: 10,927 kWh
– cost:  $8k installed

If this net deficit were generated by solar PV, the PV system would be:
– 12.3 kW, tilted at 43° optimum
– using 14.2% efficient PV module:  86 m2 (930 ft2), cost: $74k 

installed, total with solar thermal = $82k ($2k saving)
– using 17.1% efficient PV module:  72 m2 (780 ft2), cost: $91k 

installed, total with solar thermal = $99k ($4k saving)
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NZE House in Juneau – add geothermal

Let’s look at how we could reduce this with a geothermal heat pump.
With just basic calculations about a GTHP performance:
– Would need 2 to 3 boreholes (depending on the soil conductivity)
– If the GTHP has a COP of 3, then it would 

provide 7100 kWh and use 2400 kWh
– Net deficit of 6200 kWh
– Cost of GTHP = $20k (???)

If this net deficit were generated by solar PV, the PV system would be:
– 7 kW, tilted at 43° optimum
– using 14.2% efficient PV module:  49 m2 (530 ft2), cost: $45k 

installed, total with solar thermal + GTHP = $73k ($8k saving)
– using 17.1% efficient PV module:  41 m2 (441 ft2), cost: $55k 

installed, total with solar thermal + GTHP = $83k ($16k saving)
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Next…

Our self-interest is also the self-interest of the community & environment within which we operate.
We have no choice but environmental and social responsibility. Anonymous

1. Net Zero Energy in Juneau

2. Net Zero Energy in Fairbanks

3. Net Zero Energy in Wasilla

4. Net Zero Energy in Anchorage
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Potential NZE House in Fairbanks -- PV only

From HOT-2000 (or use any house modelling software), the house needed:
– space heating: 12,799 kWh
– domestic water heating: 3417 kWh
– domestic electricity: 3833 kWh
– total energy deficit: 20,049 kWh

If this total energy deficit were to be generated by solar PV, 
the PV system would be:
– 19.2 kW in capacity, tilted at 53° optimum
– using 14.2% efficient PV module:  135 m2 (1455 ft2), cost: $115k installed
– issues:  cost, roof area is only 75 m2 (810 ft2)
– challenge:  how can the size and cost of the PV system be reduced?
– using 17.1% efficient PV module:  113 m2 (1213 ft2), cost: $142k installed
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NZE House in Fairbanks – add solar thermal

Let’s look at how we could reduce this with solar thermal domestic water 
heating.
From RETScreen, a 4-collector solar thermal domestic water heating 
system at 64° tilt could produce:
– solar domestic water: 2712 kWh
– net energy deficit: 17,337 kWh
– cost:  $9k installed

If this net deficit were generated by solar PV, the PV system would be:
– 16.6 kW, tilted at 53° optimum
– using 14.2% efficient PV module:  117 m2 (1258 ft2), 

cost: $100k installed, total with solar thermal = $109k ($6k saving)
– using 17.1% efficient PV module:  97 m2 (1049 ft2), 

cost: $123k installed, total with solar thermal = $132k ($10k saving)
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NZE House in Fairbanks – add geothermal

Let’s look at how we could reduce this with a geothermal heat pump.
With just basic calculations about a GTHP performance:
– Would need 3 boreholes (depending on soil conductivity)
– If the GTHP has a COP of 3, then it would

provide 13,504 kWh of heat energy 
and use 4500 kWh of electrical energy

– Net deficit of 8300 kWh
– Cost of GTHP = $30k (???)

If this net deficit were generated by solar PV, the PV system would be:
– 8 kW, tilted at 53° optimum
– using 14.2% efficient PV module:  56 m2 (605 ft2), cost: $52k installed, 

total with solar thermal + GTHP = $91k ($18k saving)
– using 17.1% efficient PV module:  47 m2 (504 ft2), cost: $63k installed, 

total with solar thermal + GTHP = $102k ($30k saving)
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Next…

Going to a junkyard is a sobering experience…
There you can see the ultimate destination of almost everything we desire. Roger von Oech

1. Net Zero Energy in Juneau

2. Net Zero Energy in Fairbanks

3. Net Zero Energy in Wasilla

4. Net Zero Energy in Anchorage
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Potential NZE House in Wasilla -- PV only

From HOT-2000 (or use any house modelling software), the house needed:
– space heating: 5678 kWh
– domestic water heating: 3192 kWh
– domestic electricity: 3833 kWh
– total energy deficit: 12,703 kWh

If this total energy deficit were to be generated by solar PV, 
the PV system would be:
– 11.2 kW in capacity, tilted at 53° optimum
– using 14.2% efficient PV module:  79 m2 (848 ft2), cost: $67k installed
– issues:  cost, total roof area is 75 m2 (810 ft2)
– challenge:  how can the size and cost of the PV system be reduced?
– using 17.1% efficient PV module:  66 m2 (708 ft2), cost: $83k installed
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NZE House in Wasilla – add solar thermal

Let’s look at how we could reduce this with solar thermal domestic water 
heating.
From RETScreen, a 4-collector solar thermal domestic water heating 
system at 64° tilt could produce:   (12 m2, 130 ft2) 
– solar domestic water: 2784 kWh
– net energy deficit: 9919 kWh
– cost:  $11k installed

If this net deficit were generated by solar PV, the PV system would be:
– 8.8 kW, tilted at 53° optimum
– using 14.2% efficient PV module:  62 m2 (662 ft2), 

cost: $53k installed, 
total with solar thermal = $64k ($4k saving) (still covering whole roof)

– using 17.1% efficient PV module:  51 m2 (553 ft2), 
cost: $65k installed, total with solar thermal = $76k ($7k saving)
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NZE House in Wasilla – add geothermal

Let’s look at how we could reduce this with a geothermal heat pump.
With just basic calculations about a GTHP performance:
– Would need 3 boreholes (depending on soil conductivity)
– If the GTHP has a COP of 3, then it would

provide 6090 kWh of heat energy 
and use 2030 kWh of electrical energy

– Net deficit of 5860 kWh
– Cost of GTHP = $20k+ (???)

If this net deficit were generated by solar PV, the PV system would be:
– 5.2 kW, tilted at 53° optimum
– using 14.2% efficient PV module:  36 m2 (390 ft2), cost: $34k installed, 

total with solar thermal + GTHP = $65k ($1k MORE)
– using 17.1% efficient PV module:  30 m2 (330 ft2), cost: $41k installed, 

total with solar thermal + GTHP = $72k ($4k saving)
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Next…

You can never solve a problem on the level on which it was created, 
[especially when] conventional wisdom wed to the status quo
[act as] powerful sedatives. ~ Albert Einstein, Ray Anderson

1. Net Zero Energy in Juneau

2. Net Zero Energy in Fairbanks

3. Net Zero Energy in Wasilla

4. Net Zero Energy in Anchorage
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Potential NZE House in Anchorage – PV only

From HOT-2000 (or use any house modelling software), the house needed:
– space heating: 5678 kWh
– domestic water heating: 3192 kWh
– domestic electricity: 3833 kWh
– total energy deficit: 12,703 kWh

If this total energy deficit were to be generated by solar PV, 
the PV system would be:
– 14.1 kW in capacity, tilted at 49° optimum
– using 14.2% efficient PV module:  99 m2 (1066 ft2), cost: $84k installed
– issues:  cost, total roof area is 75 m2 (810 ft2)
– challenge:  how can the size and cost of the PV system be reduced?
– using 17.1% efficient PV module:  83 m2 (889 ft2), cost: $104k installed
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NZE House in Anchorage – add solar thermal

Let’s look at how we could reduce this with solar thermal domestic water 
heating.
From RETScreen, a 4-collector solar thermal domestic water heating 
system at 63° tilt could produce:   (12 m2, 130 ft2) 
– solar domestic water: 2264 kWh
– net energy deficit: 10,439 kWh
– cost:  $11k installed, will deliver 71% of the domestic water heating

If this net deficit were generated by solar PV, the PV system would be:
– 11.6 kW, tilted at 49° optimum
– using 14.2% efficient PV module:  81 m2 (876 ft2), 

cost: $69k installed,
total with solar thermal = $80k ($4k saving) (still covering whole roof)

– using 17.1% efficient PV module:  68 m2 (730 ft2), 
cost: $85k installed, total with solar thermal = $96k ($7k saving)
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NZE House in Anchorage – add geothermal

Let’s look at how we could reduce this with a geothermal heat pump.
With just basic calculations about a GTHP performance:
– Would need 3 boreholes (depending on soil conductivity)
– If the GTHP has a COP of 3, then it would

provide 6606 kWh of heat energy 
and use 2202 kWh of electrical energy

– Net deficit of 6030 kWh
– Cost of GTHP = $20k (???)

If this net deficit were generated by solar PV, the PV system would be:
– 6.7 kW, tilted at 49° optimum
– using 14.2% efficient PV module:  47 m2 (506 ft2), cost: $43k installed, 

total with solar thermal + GTHP = $74k ($6k saving)
– using 17.1% efficient PV module:  39 m2 (422 ft2), cost: $53k installed, 

total with solar thermal + GTHP = $84k ($13k saving)
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Potential NZE House – next steps

Challenge:
– These estimates do not include snow cover!

Snow cover makes the solar PV system larger by about 10%
but how do you obtain reasonable information on snow cover?

Next steps:
– Make the house even more energy efficient
– Source out cheaper and more efficient solar PV modules
– Get a cheaper geothermal heat pump
– Use air-source heat pump ????

(but where to buy it?  How does it really work?)



#211

Prepare for the near future…

1. Get ready for high energy prices
(how else are we going to clean up our energy act?)

2. Get ready for cheap solar electricity: 
Make buildings “solar PV-ready”.

3. Housing that is “net-zero energy ready”
(which means ultra efficiency minus solar electricity) 
is likely the cheapest cost option in a house right now.

Please take care of the Earth,
its the only planet with chocolate!
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Opportunity for “Net Zero Ready”…

We are finding that “net zero ready”
(ultra efficiency plus passive solar) 
is likely the cheapest-cost energy option 
for our new houses…

– 73% energy reduction
– 58% emission reduction
– 54% utility bill reduction
– yet only 4% of the costs of a new house…

The infrastructure of “net zero ready” houses 
leaves homeowners and cities with a 
positive legacy 
instead of a future retrofit burden…

Ask not:  what would it cost me to do this? Bruce
Ask rather:  what would it cost my grandchildren if I did not do this? Karney
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NetZero Ready on a House being Designed

Make your house as energy efficient and solar friendly as possible!

House orientation 
– roof lines from SW to SE

Amount of solar collection area
– Area of south windows, area of roof, roof tilt angle

Landscaping
– Well-placed trees, deciduous trees on the south

Space from basement to attic
– Conduit for electrical cables, "Chase" for 2 solar hot water pipes

If you don't like change, you're going to like irrelevance even less.             General Eric Shinseki
Chief of Staff, American Army
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Where are we going…?

Socialism collapsed
because it did not allow the 
market to tell the economic truth.

Capitalism is heading in the direction of collapsing
because it does not allow the 
market to tell the ecological truth.   

Quote Øystein Dahle
former VP, Exxon Norway

Is this the outcome we want 
just because the market forces are not allowed to tell the truth?



#216

Net Zero Energy Housing
… can we really afford anything less?

Gordon Howell, P.Eng.
Howell-Mayhew Engineering

Edmonton
Phone: +1 780 484 0476

E-mail: ghowell@hme.ca
©1995-2011Photo credits: Gordon Howell and several others

Download this 
presentation and 

others from
www.hme.ca

/presentations

We welcome any feedback, questions, suggestions, 
comments and challenges to anything we present.

www.riverdalenetzero.ca

www.greenedmonton.ca

www.habitat-studio.com

www.solaralberta.ca

Calvert Island 
north of 

Vancouver Island




