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= 1. Global warming

= 2. Global warming

= 3. Global warming
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= By 2016, all new houses in the United Kingdem
will'have to be carbon neutral or net zero energy.

= The American Institute of Architects AIA has called
for all new buildings to be carbon neutral by 2030

= Saskatchewan currently may have the highest
carbon footprint of any jurisdiction in the world (72
IOINES of carlon dioxide percapita.peryean)thes.
_ World averagensrabout 7 tonnes per capita per
“year]




* How many homes in Nairobi

are solar heated?
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Nairobi Saskatoon,
Saskatchewan

Annual Average . 2.0
Temperature
(°C)

Annual Selar
[Rediation onra
Horizontal

Surface (GJ/m2)

Altitude (meters
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= Nairobi is considerably warmer and
considerably sunnier than Saskatoon




Comparisen eiClimates

(clattz frorn wwwLreiscreen, ca
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Nairobi Saskatoon,
Saskatchewan

Outdoor Design -35.0
Temperature for
Heating
Systems (°C)
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day. (Normally the snow will blow or melt off.)
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Nairobi Saskatoon,
Saskatchewan

Outdoor Design +35.0

Temperature for
Cooling
Systems (°C)
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= |s‘there a more idealiclimate in the world than
Nairehi?

= Nairoebl Is very sunny, not too warm and not too
cold, gets adequate rainfall, is not too humid, and
it never snows. A well-designed building, in this
climate needs neither space heating nor space
cooling. Extremely few places in the world can
make that claim.

=R besign with Climate by Victor@lgyay: has an
. EXCEllentidisElSSIonRranoliarcnitectural design
wand-climate around' the world.




- _Olg_yay’s Four Bioclimatic Zones

= Temperate
= Coo
= Hot Humid
“wHot DIy
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= Kenya has all 4 zones!




= Space heating
= Space cooling
= Domestic Hot Water

= Cooking

= | AME (Lighting, Appliances, and
~ Miscellaneous Electricity) =
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= Domestic Hot Water

= Cooking

= | AME (Lighting, Appliances, and
~ Miscellaneous Electricity)
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Curtain\Wallin a Het, Sunny.Climate. = Bigi Coeling
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= 1977 Saskatchewan Conservation House

Regina, Saskatchewan, Canada




Note: Active Solar System Vacuum
Llog Collectors orl 0L slcde, 2rlc
SUIAURESHUHETS OSEHUTIREGYSE




— =

= A good rule of thumbis that solar collectors should
face toward the equator.

= The tilt angle from the horizontal should be equal
to the latitude angle plus or minus about 20

degrees.

= |n Saskatchewan, the latitude angle of the major
cities Is about 50 degrees.

"\ Saskatchewanwe. often tilt Siar collectors at™
S abneunTo degrees to favour solar collection in the
winter and to help keep snow off the collectors.




= Saskatoon:

= Horizontal Surface 5.1 GJ/m?
= South facing surface

= tilted at 70 degrees to the horizontal
6.5 GJ/m?
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" Nairobi Horizontal 7.8 GJ/m?




CEILING COMNTAIMS R CELLULOSE FONRE
LR &O)

THERMAL Door (k)

GREY WATER
HEAT EXCHAMNGER

COMTAIH 12" FIDREGLASS l 1% - 'y L F ~ _' WATER COMDITOHER

POLYETHYLEHE VAPOR BARFIES

FLOOR COMTAINS qyz
CELLULCAE FIBRE (R30)

HEAT STORAGE TAHK E{HIHI:!“—l
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= 1. Passive features worked very well.

= On sunny days the space heating was
mostly covered by passive solar gain from
the modest south windows, which,were

double glazed with exterior insulating
shutters.

2. Miuch more work was needed terreduces
S demesticheiwaterleoads and electricity
usage (LAME)

= 3. Active solar system was too complicated.
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= 1. “The best insulated house in the world” (at the
time it was built in 1992)

Attic insulation (600 mm of cellulose fibre-- R80)
Wall insulation (400 mm of blown cellulose—R60)

Basement wall insulation (400 mm—R60)

Basement floor insulation (235 mm—R35)

R

AP proximatelyasitennes oficelltiose nsulation
~ wsed in the house
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= 2. Fligh Periermance Windows

"=Tiriple glazed with two low e coatings, two argon
gas fills, non-metallic spacer bars, wood frames
and casement design

= 3. Well-sealed building envelope (0.47 air changes
per hour at 50 pascals)

= 3. Passive direct gain solar system (11.6 square
Lmetnes; ofisputh,window)

", 15,6 squanemmeters of.activersolar glycol based™
splarcollectors with a 3000 litre water based heat
storage tank.
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= 5. High effectiveness (85%) air to air heat
exchanger with low energy use brushless direct
current motors.

= 6. Relatively energy efficient appliances

= /. Compact fluorescent lighting
= 8. Relatively low water use appliances and exterior
_landscaping
RO Detachedeaiageawith esiisioped toraccept
S phetoveltaic'panels at a later date

= 10. Low embodied energy through use of wood
products (roof, siding, finish flooring, preserved
wood foundation, cellulose insulation [8 tonnes])




= 1. Insulation and passive features worked
well.

= 2. A greater passive solar contribution could

be achieved with somewhat largersouth
facing windows and newer windows with
wabetterlow.e coatings and gas fills.
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= 3. More enengyreiiicientappliances would
“be helpful.




= Saskatchewan home designed to use 90%
less energy and 50% less water than the
average Saskatchewan home




“With rising energy costs, we are pleased
to be involved in this project. We expect
significant energy and power savings with
a reasonable payback period.”

- Rolf Holzkaemper, Factor 9 homeowner
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“sustainability.
=Uture world population growth: Factor 1.5

—uture world consumption growth per
nerson: Factor 3

—uture reduction needed In world GHG
Preduction:. 2
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Active Solar | hermal Panels are in a
henzeniallsaneabiesnicEhelghheRinEISoUn
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Tanks in the Crawl Sp
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| NOTE ADD DRYWALL TO

INSIDE OF INTERIOR WALLS FOR MASS

GAEAT ROOM

AICORING AS PER OWRIER
' PLYWOOD SHEATHING
18" ENGINEERED ALODR TRUSSES
SUSPENDED CEILNG

FLOORING AS PER OWNER

3" MDF UNDERLAY
& MIL POLY

34" PLYWOOD SHEATHING
14" ENGINEERED ALOOR

R-12 BATT. [NSULATION |
K PLYWOOD SHEATHING |

TR

PLASTIC BLADDER CISTERMN
FQIR RANWATER STORAGE
' |

smil POLY AIR/YAPOUR BARRER
UNDISTURBED SCHL




Thermal ReS|stance
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=-Attic —R80 (RSI 14)

= Walls — R34.5 (RSI 6.1)

= Basement Walls — R50 (RSI 8.8)
= Basement Floor — R11.4 (RSI 2)
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= Passive solar space heating thrc;ugh south
“WIndows

= Active solar space and water heating

through south vertical solar heating panels
(21 sg.m.) with 2400 litre heat storage tank

Le=a@rnientation. of the roof to, the south so. that

- 'phptovoitaicpanels canpemelaced as the
WS Cost comes down

= Extraction of cooling from the 15 ft (4.5
metre) deep pilings under the house




Enérgy Star White' Appliances
Compact Fluorescent Lamps
Drain Water Heat Exchanger

AlIr to air heat exchanger with brushlessiDC
motors

= _Jhe Energy Detective™ whole house electricity
~monitering device -
"NE=AR coil with'oversized heating/cooling coil and

brushless DC fan motor




loeriz, 2007-2008
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R 100 (RSI 17.6)
= \Walls R 56 (RSI 9.9)
= Basement Floor R24 (RSl 4.2)

= Triple (S) and Quadruple (N,E,W) glazed windows
with low e and argon gas

L= Passive solar space heating
= Active splafspace and waterhieating
*"Photovoltaic system for electricity generation




- Enérgy Star' Appliances
= Compact Fluorescent Lamps
= Drain Water Heat Exchanger

= Alr to air heat exchanger with:high
effectiveness

S E=RWhoele house.electricity moepitenng devicer ==
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|verdale Net Zero Home: October 200
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= Grid connected photovoltaic system will generate
Leeneughrenengy.in a year to compensate for all the
purchased enengyausedbythermouse. No natural™
— gas or other fossil fuels are used on site.




- _N'e>_<t page shows “live™ summary of the
output of the 6.2 kilowatt peak photovoltaic
system for the day of September 2, 2009

= Availlable at www.riverdalenetzero.ca
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As of: 8:25pPM
Generating

viekarm Siros & AW T
System Size: 5.6 kW DC

i

Local Weather

Historical &
Generated

Greenhouse Gases Avoided
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26.2 kWh

11 484 kn

Today Week ~Month— Year ~ Lifetime -
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Equivaient to:

ﬂm The energy to

~ == The pollution an average
: passenger car emits over
& =7 419 days.

- 1] operate a TV for
=% 79,814 hours.
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Purchased Annuai
Energy (kWh/m?)

Saskatchewan Conservation House
(1977)

76 (24,100 Btu/ft?)

Dumont Residence (1992)

(14,900 Btu/ft?)

L Eactor® Home (200i7)

— - —F,'
—

33 (9,500.Btu/ft2)

—

RiVerdale Net Zero (2009)
Sold and occupied in 2009

O (projected) (O Btu/ft?)




[0 Rvalues

Code Sk Cons

Dumont Factor9 Net Zero



Approximate Incremental

Cost (excl. land) & Net Annual
Purchased Energy Performance

Dumont Residence (1992)

p—

7% (14,900 Btu/ft?)

R ———

IFactor 9 Home (2007)

1206 (9,500 Btu/ft?)

Riverdale Net Zero (2009)

3506 (0 Btu/ft?)

(Estimated incremental cost of
about $110k, mostly for PV and
active solar systems




= Address: 9805 84t Ave
= \/ery high energy conservation levels
= Simplified mechanical design emphasizing

more passive solar
= | ower incremental cost
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View from Southeast in July with, the solar awnings

(Note now ire
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solar snading Is accurately gerierated

by Sketchup) — —
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View. from Southeast In
Decermoer Wit priotovoltaic
panelsup~— ——










Integrated Design of South
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= $65 k vs about $110k for the Riverdale Net Zero House

= Why are costs so dramatically reduced even though
houses are roughly the same size?

= A. Greater use of passive systems (more high
performance South glass)

= B. More thermal mass (primarily concrete floor topping)

R

=L@, Size ofi active.solan thermal sysiemwas reduced —

"D Gost e phiotovoltaic panels has dropped about 40% in
the last year.




= Factor 9 Home
= \WWW.factor9.ca

= Riverdale Net Zero Home
www.riverdalenetzero.ca

M|II Creek K eUSEs —

ﬁ"p //qreenedmonton ca/mcnzh-solar-awning-part-
01




ow many homes in Nairobi are solar heated"
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= They all are. All'homes in Nairobi are already
about 99%% solar heated

= (The temperature in Nairobi would be

-273 °C If the sun were not there)

R

Al that Nairehisispaceheatingisystems have to
S des raise the temperature of homes an average
of about 3 °C.




S|mat|ng eormance |

=WWRETFSCREEN.ca
= Modules to estimate annual performance of
= Domestic Hot Water Systems

= Solar Swimming Pool Systems

wesRassiverSelar Heating Systems
= Solar Phivieveliaic Systems™
= Wind Energy Systems




RETScreen”® Sclar Resource - Solar Air Heating Project

Site Latitude and Collector Orientation Estimate
Mearest location for weather data Mairobi/Dagoretti
moc - dabtitndo of reoissblss sttt e o N L. .- ﬁ
=] e B e e s T 0.1
. = N R - S B e = S F'D‘

Fraction Monthly average Mon

of month daily radiation on aver

used horizontal tempe
surface

) Month (0 - 1) (KVWh/m*/d) (=
0 January 1.00 b.45 18
(5 February 1.00 b_55 18
4 March 1.00 65.19 19
2 Agpril 1.00 5 25 19
a M ay 1.00 4 _ 64 17
3 June 1.00 4.19 16
5] July 1.00 3.59 15
- E August 1.00 3.93 15
3 September 1_00 0 20 17
5 Oictober 1.00 5. 61 18
4 Movember 1.00 5_31 18
1 December 1.00 5.13 18
al Ann
. Solar radiation (honzontal) YW hTM® 1.
2 Solar radiation (tilted surface) MWWV M ® 1.
(5 Average temperature > 17




= Garissa
= Kitale
= Lodwar

= Mandera

= Mombasa

R

= Nairobi
ol
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= 1. Net Zero Energy Homes have now been
built in Canada and the U.S.A.

= 2. The technology has been proven.

= 3. Costs of photovoltaic panels are
declining.
= 4. ] he world will not be sustainable without
- sustalnable buildings, becauserburldings =
BConsumese much energy: bothiin their

construction and in their ongoing energy
USE.
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“ nowegement o ponsors

= Office of Energy Conservation, Government
off Saskatchewan

= Communities of Tomorrow, Saskatchewan

= Saskatchewan Research Councll
= Natural Resources Canada
wsCanada Mortgage and Housing Corporationy
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*"Their participation is gratefully
acknowledged




