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Thank you for your leadership…

Always providing the leadership that we need,
showing the way for us to go, 
so that we can take the action …
that we need to take
in order to be effective.

A leader is someone
who causes others to take effective action.

lassothesun.ca



#3

The only thing that functionally counts in life is…

ACTION
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Intro:  Us, Our Work…

I am a professional engineer (electrical)
– solar energy since 1977 
– solar electricity since 1983

We design, supply and commission 
solar electric systems

We also work with anyone who wants 
grid-connected solar-electric systems

– net zero energy homes need to have 
a solar-electric system on it
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Our work with homebuilders

– Edmonton’s first 5 net-zero-energy homes:

– plus, under construction:

Effect Home Builders

Igloo Pre-built Homes

and others…

– total of 
~12 houses now in Edmonton 
~30+ across Canada…
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duplex
171 m2 (1844 ft2) per side
234 m2 (2519 ft2) including basement
3 bedrooms

Riverdale NetZero Energy Home 
– Edmonton

2008
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Single-family house

241 m2 (2300 ft2)

Not including area of 
finished basement 
with suite

Mill Creek 
NetZero Energy 
House – 2010
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177 m2 (1900 ft2)
not including basement suite
ultra-efficient house envelope
solar-electric system

Belgravia NetZero Energy House – 2011

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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Parkland 
NetZero Energy House 

– 2011

55% from passive 
solar heating
Electric hot water 
tanks for hot water 
and in-floor heating

371 m2 (4000 ft2)
single family home 
walk-out basement
rural acreage



#10

Parkland NZE House Solar-Electric System

16.8 kW solar-electric system with 
dual-axis tracking
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South Windsor Park NZE House – 2012

315 m2 (3400 ft2)
Single-family house with 
basement suite

12” wall
Radiant-floor heating
Forced-air heating
Geothermal heating
Solar domestic water heating
8.8 kW solar-electric system
2 natural gas fireplaces
Backup tankless natural gas 
domestic water heater
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Belgravia Green NetZero Energy House – 2012

143 m2 (1540 ft2) main floor + finished basement
R-48 NASCOR walls (EPS)
Passive solar provides 30% of space heating
12.5 kW solar-electric system
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Key Points in a NZE House…

What is the path to net-zero energy
– how do you get there?

Build an awesome building envelope
– where the affordability happens
– comfort and major savings:  the 1st value points

Evaluate renewable energy options
– the sizzle, but not the first thing to do…

Simplify all mechanical systems 
– what do you really need?

Going to a junkyard is a sobering experience…
There you can see the ultimate destination of almost everything we desire. Roger von Oech
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A house that generates at least 
the same amount of energy
as it uses on an annual basis…

Net zero energy is just the dividing line 
between 
– net deficit energy

and 
– net surplus energy (where the house is a benefit to the 

environment because it is operating)

It had never been done before in Canada until CMHC developed 
their EQuilibrium Sustainable Housing Initiative.

Why is it called a Net Zero Energy House?

(where you need to purchase energy 
because your house doesn’t generate 
sufficient of its own)



#15

only considers operating energy, 
not energy embodied in materials

is assessed over the year, not each day

any off-site energy that is imported
must be have an equivalent amount of 
on-site energy exported

is always connected to the electricity grid (so far)

typically is not connected to the natural gas grid

uses the electricity grid as an energy storage device

Key Concepts of NetZero Energy
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NetZero Energy – hit?… or miss…

net zero energy
– It is only a target, it is not a be-all and end-all concept

– It doesn’t matter if you achieve it exactly or not…

– If you miss it you’ll still end up with an awesome home

net zero energy-ready
– Ultra energy efficient now

– Ready to add solar systems in the future

near net zero
– Not defined by industry yet…

– Likely target of 90% of the way to the goal
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Health
– Indoor air quality

Emissions
Thermal comfort
Moisture
Particle control
Ventilation

– Daylighting
– Noise control
– Water quality

Energy
– Annual energy consumption
– Renewable energy strategy
– Peak electricity demand
– Embodied energy strategy

Resources
– Sustainable materials
– Durability
– Material efficiency
– Water conservation
– Adaptability / flexibility

Environment
– Land use planning
– Sediment and erosion control
– Storm water management
– Waste water management
– Solid waste management
– Air pollution emissions

Affordability
– Financing
– Marketability

Elements of EQuilibrium Housing
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Technology
– Products and systems
– Performance simulation
– Design
– Installation
– Operation
– Monitoring

Attributes of House
– Energy (house, food, transportation)
– Indoor environment (air, water)
– Outdoor environment (water, landscaping)
– Sustainability, materials, recycling
– Emissions (air, water, soil, land, waste)
– Costs, economics

Organisation of Society
– Policies and their goals and consequences
– Infrastructure (energy, housing, transport)
– Industrial capacity
– Incentives, barriers and standards
– Subsidies, green taxation
– Removing competing subsidies

Technology Transfer
– Communication
– Awareness
– Education
– Training
– Demonstration
– Marketing

Discussions about EQuilibrium Housing
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(after all, it’s pretty cold and dark here in the winter…)

In Edmonton, an average house uses:
– Around 6 times more heating fuel energy than electricity!

(ranging from 4 to 14 times)

– Biggest challenge is not in supplying 
household electricity…

– Instead … it is in supplying home heating!

The Design Challenge:
Is it possible to achieve NZ energy?

Bringing you a prosperous future American 
where energy is clean, abundant, reliable, and affordable. Dept of Energy
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Beautiful home,
as seen by the eye...

The Social Challenge:
Do we want to achieve NZ energy?



#21

Same home… as seen by its energy use

Infrastructure burden on society for decades…
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The most expensive way to achieve NZE…

0%

25%

50%

75%

100%

Conventional Efficient Efficient & 
Renewable

Conventional 
Energy

Add large 
amounts of 
expensive 

– solar thermal
– geothermal
– solar PV or
– wind energy

Net zero 
energy 
home

#2#1 #2

Renewable 
Energy

Net 
Purchased 
Energy

Inexpensive, 
reliable energy 

efficiency…

#1 #2

Cost:  $250k

Where is it?

Conventional
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Every House Can Achieve the NZE Goal…

But this will be the most expensive way to go…
Making the house energy efficient is far cheaper than 
solar thermal, geothermal, solar PV, wind and energy from the grid.

…if you have a 
large enough 
solar PV system 
on it.

Drawing credit:  Peter Amerongen
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0%

25%

50%

75%

100%

Conventional Efficient Efficient & 
Renewable

Net 
Purchased 
Energy

Conventional 
Energy

Add much 
smaller

amounts of 
expensive 

– solar thermal,
– geothermal,
– solar PV or
– wind energy

Net zero 
energy 
home

#3#1 #2

Inexpensive
energy efficiency

Efficient Efficient & 
Renewable

#1 #3#2

Cost:  $70k to $110k
(and decreasing)

The least expensive way to achieve NZE…

Conventional



#25

1st Design Guide… Keep it simple 

Not like this…
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Energy Flows – Any NetZero Home

===============================
#1. The first key 

to a net zero energy house
is to minimise and control

the house heat loss…

Appliances, lights, 
electrical equipment

© 1982-2012  Gordon Howell
Howell-Mayhew Engineering, Edmonton

Heat loss through 
envelope

Heat loss from 
ventilation air
(forced plus natural ventilation)

Heat loss from 
waste water

Home’s envelope
(walls, ceiling, floor, windows, doors)

Electricity used 
outside the home

===============================
#2. The second key 

to a net zero energy house 
is to minimise and control

the usage of electricity and water…

All electricity used inside the 
house goes to heat the house

…so from 
where does the 
energy supply

come?
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Energy Flows – Any NetZero Home

===============================
#3. The third key 

to a net zero energy house
is to maximise and control

the energy supply…

===============================
#1. The first key 

to a net zero energy house
is to minimise and control

the house heat loss…

Appliances, lights, 
electrical equipment

© 1982-2012  Gordon Howell
Howell-Mayhew Engineering, Edmonton

Heat loss through 
envelope

Heat loss from 
ventilation air
(forced plus natural ventilation)

Heat loss from 
waste water

Home’s envelope
(walls, ceiling, floor, windows, doors)

Electricity used 
outside the home

===============================
#2. The second key 

to a net zero energy house 
is to minimise and control

the usage of electricity and water…

Passive solar for 
home heating
– all windows

Active solar heat 
for water and space

Heat pump 
(ground-, air- or 

water-source)

Solar photovoltaics
(PV) for electricity All electricity used inside the 

house goes to heat the house
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===============================
#1. The first key 

to a net zero energy house 
is to minimise and control

the electricity usage…

Appliances, lights, 
electrical equipment

© 1982-2012  Gordon Howell
Howell-Mayhew Engineering, Edmonton

Heat loss through 
envelope

Heat loss from 
ventilation air
(forced plus natural ventilation)

Heat loss from 
waste water

Home’s envelope
(walls, ceiling, floor, windows, doors)

Active solar heat 
for water and space

Passive solar for 
home heating
– all windows

Solar photovoltaics 
(PV) for electricity Electricity used 

outside the home
===============================

#2. The second key 
to a net zero energy house
is to minimise and control

the house heat loss…

===============================
#3. The third key 

to a net zero energy house
is to maximise and control

the energy gains…

Surplus solar 
electricity 
exported to grid

Energy Flows – Any NetZero Home

Net Zero Goal:
Electricity imported from grid

minus
Electricity exported to grid

=
Zero when added up over the year

Heat pump 
(ground-, air- or 

water-source)

Coal- and natural gas-
electricity imported 

from electric grid
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Very difficult without aggressive energy efficiency 
and good solar orientation

First and most important:
– Minimise heat and electrical energy consumption

– Reduce by 65%+65%+ through energy efficient and water 
efficient design, construction and appliances

– This is the cheapest-cost option
– Cost range:  $15,000 to $25,000

Second:
– Maximise and control the contribution of energy sources

– Supply 35%35%-- balance of heat and electrical energy 
– Cost was $90,000 on first house ($50,000 on the next two)

and dropping in cost…

How do you plan 
for a net zero energy house?
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Total Annual Energy Use (kWh/year)

Total Solar Energy Production * (kWh/year)

Solar electricity
Active solar heating
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Total Annual Energy Use (kWh/year)

Total Solar Energy Production * (kWh/year)

Solar electricity
Active solar heating
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Electrical fixtures and appliances – electrical
Water fixtures and appliances – water
Building envelope – heating

Passive solar space heating…???
Active solar for domestic water heating…???
Active solar for space heating…???
Wood heating…???
Heat pump: ground, air, water, solar…???
Solar-electric heating: backflow air, electricity…???

Solar photovoltaics…???
Microwind…???    (likely not in urban settings)
Microhydro…???  (likely only in a few rural settings)

Ultra-high
efficiency 
technologies

Heating, 
cooling
technologies

Electricity 
technologies

}

}
}

– cheapest to most expensive

The Journey to Net Zero Energy
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Focus of NZE House Energy Supply 
– Space Heating

Direct-gain passive solar through south windows

Heat pump
– ground-source heat pump (geothermal)
– air-source heat pump (airthermal) 
– when passive solar is not sufficient 

(such as when shaded by trees, buildings, 
mountains or poor solar orientation)

Backup:  grid-electric resistance heating 
(e.g., baseboards or furnace)

If you don't like change, General Eric Shinseki
you're going to like irrelevance even less. Chief of Staff, American Army
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Focus of NZE House Energy Supply
– Domestic Water Heating

Active solar thermal 
– with flat-plate collectors 

using water or glycol in a drain-back configuration

Heat pump
– if it is also being used for space heating

Backup:  grid-electric resistance heating 
(e.g., standard electric water heater in a 
highly-insulated box)
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Focus of Our NZE House Energy Supply

Grid-dependent solar-electric system
– no batteries (whew!)

Backup:  grid electricity (every night)

Solar electricity is typically the most expensive energy source,
– goal of NZE design process is to minimise size and cost of 

solar electric system…
– design parameters are changing considerably because the 

price of solar electricity has dropped significantly…

Focus of NZE House Energy Supply
– Electricity
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Designing for Net Zero

7. Reduce the lighting and 
appliance loads

8. Examine and model solar DWH

9. Examine and model geothermal 
and airthermal

10. Size solar PV to meet remaining 
total load

11. Finish detailed architectural and 
system design

1. Do a site assessment

2. Do a preliminary design

3. Model energy performance 
in the HOT2000 software

4. Optimise the building 
envelope

5. Optimise passive solar

6. Reduce the DWH load

Energy efficiency is today’s biggest global economic challenge.
Office of Energy Efficiency, Natural Resources Canada
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Provides 
~40% of space heating

All south windows: 17 m2, 10% of floor area
Estimated production = 4400 kWh per year

Riverdale – Passive Solar Space Heating
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Provides 
83% of domestic water heating, 
21% of space heating

RNZ Active Solar Thermal Heating – Space & Water

Drainback collectors: 7, 21 m2, vertical 
DWH heat storage: 300 litres
Space heat storage: 17,000 litres
Heat distribution: fan-coil, forced-air
Supplemental: electric resistance
Estimated production = 4200 kWh per year
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Provides 
112% of electricity consumption,
6% of domestic water heating, 
11% of space heating

RNZ Solar Electricity – domestic and heating

PV array: 28, 33 m2, 5.6 kW, 53°tilt
Electricity storage:  “on the grid”

Measured production = 6600 kWh per year
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Maximise the south window area
South windows: 23 m2, 11% of floor area
Passive solar heating: 8300 kWh per year
Add thermal mass: 64 mm concrete floor overlay
Summer shading is really important

Passive solar 
provides 
~50% of 
annual space heating

Mill Creek – Passive 
Solar Space Heating
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Simple solar domestic water heating system

All other heating is solar PV-electric: 
baseboard + electric water tank

Mill Creek –
Active 
Solar 

Domestic 
Water 

Heating
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Moveable Solar PV Awning

Position
in August

Position
in December

Fixed 
PV array

PV
awning
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Passive solar provides
~60% of space 
heating

All south windows: 23 m2, 12% of floor area
Estimated passive solar = 8600 kWh per year
Other space heating is solar PV-electric baseboard

Belgravia – Passive Solar Space Heating

Under construction – PV awnings not yet installed
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No solar thermal system
All other heating is solar PV-electric: 
baseboard + electric water tank

Belgravia NetZero Energy House 
– Active Solar Domestic Water Heating
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Calgary:  Echo Haven NetZero Energy House
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Red Deer:  Laebon NetZero Energy House



#47

Red Deer: Avalon NetZero Energy House
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Effect of Energy Efficiency and Solar Supply

Base Case 
House

6. Install 
Solar 
Electric 
System

5. Install Solar 
Hot Water 
Heating 
System

4. Space 
Cooling

3. Reduce 
Lighting 
and 
Appliance 
Energy

2. Reduce 
Water 
Heating 
Energy

1. Reduce 
Space 
Heating 
Energy
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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 heat pumps 
(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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Residential Solar 
Domestic Water Heating
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Solar Domestic Water Heating

SolarSolar controllercontroller (one type)(one type)

HeatHeat exchangerexchanger

PrePre--heatheat hot water tankhot water tank

PipingPiping connectionsconnections

SolarSolar collectorscollectors

($1000 ($1000 eacheach))

Backup Backup 
hot water hot water 
tanktank
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A Heat Pump

A heat pump pumps heat from one place to another
– From a hot place that we want to cool

(called an air conditioning system, fridge or freezer)

– To a cold place that we want to heat up 
(called a ground-source, water-source, or air-source heat pump)

Its operation can be reversed between heating and cooling

fridge room

ground,
water,
air

HP

HP

Electricity to run it

Electricity to run it

house
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The Geothermal Heat Pump

Ground coils

Domestic 
Hot Water 
Heater

Warm Air 
to House

Cold Air 
Return
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The Ground Coils

Horizontal loop
- requires more land area

Vertical loop
- most common in cities

– remove solar-stored heat 
from the ground

– this is the top 150 m of the earth, 
not the core of the earth!!

Ground
coils

Ground
coils
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Solar PV module
…to generate 

DC electricity

Solar inverter
…to convert to 

AC electricity

Solar battery
…to store 

DC electricity

maybe…

Solar PV System – Major Components…
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Import
meter

kWh

kWh

Export 
meter

kWh

kWh DC

Electric Wires Company’s 
electrical distribution grid

AC

All electrical circuits in a house or building

1

2

3

4

Inverter

Exports to the grid
when there is a site surplus.
Imports from the grid 
when there is a site shortage.

How can you 
generate solar 
electricity into 

a house 
and also 

back into 
the grid?

©1995-2012

Solar electric 
array

DC to AC
Inverter

Solar 
electric
array
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2008 December 30, 12h47, -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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MicroWind Generators

Horizontal-axis turbines are a good technology for rural areas.

Key factors to a successful system include reputable
manufacturer, experienced supplier and experienced installer, 
plus proper siting, design, installation and performance 
modelling.

If you’re not complaining about the wind all the time, then likely 
there is likely not much energy to generate from it either…
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Example Net-Zero-Energy House
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Example House – Energy Consumption
Standard 

construction
(EG 70)

R-2000 
(EG 80-82)

Space heating

Water heating

Domestic 
electricity

Total energy 
consumption

kWh/year

28,000

5,000

8,760

41,700

Ultra-efficient 
(EG 86-88)

Net-zero
-energy

9,000

5,000

8,760

22,700

3,700
5,000

8,760

17,400

3,100
3,300
3,700

10,100

Utility bills **:
with no renewable energy

~$2800
/year

~$2300
/year

~$2100
/year

~$1500 
/year

** Using delivered energy prices of:
natural gas = $6.80 /GJ, 
electricity = 11 ¢/kWh;
and
grid-connection charges: 
$500 per year for natural gas,
$350 per year for electricity.
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Example House – Energy Supply for Standard Construction
No 

on-site 
energy**

Annual energy supplied by 
on-site production

from various combinations of sources

From the 
natural 

gas grid

From the 
electric grid

(71% coal, 
19% natural gas, 

2.5% wind, 
2.5% hydro, 

4% from BC, 
1% biomass)

Total energy 
consumption

kWh/year

36,800
**

8,760

45,600**

Geo-
thermal 
19,700

Solar 
DWH
3,500

Solar 
PV

18,700

41,800

Air-
thermal 
14,000

3,500

24,300

41,800

3,500

38,300

41,800

Cost of systems:
Annual utility bills: ~$2800

~$126,000
~$800 *

~$139,000
~$900 *

~$144,000
~$1300 *

41,700

~$148,000
~$1500 *

41,700

**including combustion 
efficiencies

* The home owner will still have electricity bills for the electricity grid-connection charges and because we don’t get credited for delivery charges when we export electricity.
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Example House – Energy Supply for R-2000 Construction
No 

on-site 
energy

Annual energy supplied by 
on-site production 

from various combinations of sources

Natural 
gas grid

Electric 
grid

Total energy 
consumption

kWh/year

15,200
**

8,760

23,960**

7,000

3,500

12,300

22,800

4,500
3,500

14,800

22,800

3,500

19,300

22,800

Cost of systems:
Annual utility bills: ~$2300

~$90,000
~$600

~$90,000
~$700

~$82,000
~$800

22,700

~$86,000
~$1000

22,700

Solar PV
Solar DWH

Geo-thermal Air-thermal

**including combustion 
efficiencies
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Example House – Energy Supply for Ultra EE Construction
No 

on-site 
energy

Annual energy supplied by 
on-site production 

from various combinations of sources

Natural 
gas grid

Electric 
grid

Total energy 
consumption

kWh/year

8,400
**

8,760

17,100**

3,400
3,500

10,600

17,400

1,800
3,500

12,200

17,400

3,500

14,000

17,400

Cost of systems:
Annual utility bills: ~$2100

~$66,000
~$600

~$70,000
~$600

~$62,000
~$700

17,300

~$66,000
~$800

17,300

Solar PV
Solar DWH

Geo-thermal Air-thermal
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Example House – Energy Supply for Net-Zero-Energy
No 

on-site 
energy

Annual energy supplied by 
on-site production 

from various combinations of sources

Natural 
gas grid

Electric grid

Total energy 
consumption

kWh/year

7,000
**

3,700

10,700**

2,400
2,800
5,000

10,200

1,800
2,800
5,800

10,200

2,800
7,400

10,200

Cost of systems:
Annual utility bills: $1500

~$44,000
~$500

~$45,000
~$500

~$40,000
~$500

10,100

~$43,000
~$600

10,100

Solar PV
Solar DWH

Geo-thermal Air-thermal
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Making Your New House Solar Ready
Three easy steps to become Solar Ready

Making a home Solar Ready can be done in three simple steps:

1. Leave space in the utility room
– for the solar heat storage tank: on the floor beside the conventional 

water heater, or
– for the solar electric inverter and switchgear: on the wall near the 

breaker panel.

2. Install a vertical chase or conduit
– from the utility room to the attic
– for the solar water pipes or electric cables.

3. Ensure that the house has a south-facing roof that is clear of 
obstructions and at a reasonable angle.
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Prepare for the near future…

1. Get ready for high energy prices (in Alberta)
(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.

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.
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Sources of Information:

We appreciate the following companies for the information 
they provided:

– solar thermal systems – cost and performance information:
Sol Source, Wetaskiwin, www.thesolsource.com

– geothermal systems – cost and performance information:
Threshold Energies, Edmonton, www.gothreshold.com

– airthermal systems – cost information:
Effect Home Builders, Edmonton, www.effecthomes.ca
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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
©1995-2012Photo credits: Gordon Howell, Peter Amerongen 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.greenedmonton.ca

www.riverdalenetzero.ca

Solar Energy Society
www.solaralberta.ca

www.ecosolar.ca
Eco-Solar Home Tour
2012 June 09


