Welcome to this presentation about Passive Solar Design.
© Andy Lemann
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Throughout this presentation we will be using a small, infill housing project called
“The Greeny Flat” to demonstrate the principles involved in passive solar design.
The Greeny Flat is a living experiment built in Mittagong, NSW, to see if it is
possible to build a small, energy positive, and affordable house. The energy positive
goal for the project has been approached from both ends, i.e. from both the energy
conservation end and from the renewable energy production end. Passive solar
design is a huge component of the energy conservation aspect of the project. With
good passive solar design a home can keep itself warm in winter and cool in summer
with little or no additional heating or cooling.
Passive solar design also works well with the affordability goal because it doesn’t
add much, if any, to the cost of construction and, by dramatically reducing the
need for heating and cooling it helps to save an enormous amount of money over
the life of the building.
At the time of writing the Greeny Flat has been in operation for the worst four
months of the year in terms of weather in the Southern Highlands and it is proving
to be performing very well. In fact it has produced more than twice as much energy
as it has used.
More information about the project is available at greenyflat.com.au
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Passive Solar Design is a simple and commonsense approach to energy
efficiency.
When done correctly it can be a highly cost-effective way of
conserving energy and keeping buildings warm in winter and cool in
summer.
It requires a holistic approach to design. The 10 simple steps outlined
in this presentation ALL need to be considered and applied correctly
for a passive solar design to work properly. If even one of the steps is
done incorrectly serious problems can arise and the resulting building
can be hard to heat in the winter and/or hard to keep cool in the
summer.
It relies on the fact that the sun is in a different part of the sky in
summer than in winter. So passive solar design also requires an
understanding of how the sun moves through the sky at different
times of the day and year.
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SUN MOVEMENT BASICS (Southern Hemisphere – if you’re in the
Northern Hemisphere please stand on your head while reading this.)
WINTER – sun rises north of east, stays low in the sky, and sets north
of west.
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SUMMER – sun rises south of east, is high in the sky at noon, and sets
south of west.
This difference between the summer sunpath and the winter sunpath
is the foundation on which Passive Solar Design is built. With the
correct orientation, window placement, and eave overhangs the sun
will enter the building in the winter to warm it and stay out in the
summer to help keep it cool.
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1. Choosing the right site
2. Orientating the building for maximum solar gain
3. Placing windows and doors in the right place for winter heat gain
and summer ventilation
4. Correctly sizing the eave overhangs for winter sun and summer
shade
5. Locating rooms for natural light and sun during the day
6. Providing thermal mass for heat storage
7. Insulating for heat retention and comfort
8. Air sealing for energy efficiency
9. Ventilating for indoor air quality, summer cooling, and heat
distribution
10. Landscaping for shade and shelter
Please note that these guidelines are intended for cooler climates
such as the Southern Highlands. The same ten steps can and should
be applied to other climate zones but the priorities and resulting
building designs will be different.
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Location, location , location… the site for the building can make or break a passive
solar design. The ideal site will have good solar access. Preferably a gentle north
slope with pleasant views to the north. Look for protection from prevailing winds in
winter and from hot afternoon sun in summer. And beware of tantalizing views to
the west and/or south. You may be tempted to put too many windows facing the
wrong way.
Preferably choose an infill site (like the Greeny Flat site shown on this map) in an
already developed area to reduce sprawl, preserve open space/agricultural
land/habitat, maximize use of existing infrastructure, and reduce driving. Because
everything we need (including a train station) is within an easy walking distance of
the Greeny Flat we could easily live here without a car.
To give an indication of how important this is, the Greeny Flat uses an average of
3.62kWh per day and an average commuter uses about 40kWh worth of energy to
drive about 50km per day. In other words, it takes about ten times as much energy
to drive 50km/day as it does for us to run our entire house for a day. According to
our power bill, the average Australian home with 2 people uses 16kWh/day, so
driving 50km/day still takes more than twice as much energy as the average house
uses.
As you can see, living close to the things we need and walking or riding a bike
whenever possible can have a HUGE impact on our overall energy consumption.
Thus the location of our homes is critical for energy conservation.
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The site chosen for the Greeny Flat Experiment was the backyard of
an existing fibro cottage in Mittagong in the Southern Highlands of
NSW. It is a perfect site for a passive solar home with a gentle slope to
the north and east and good protection from the south and west.
To the north there is a nice view of Mount Alexandra and the excellent
solar access is protected by the street that runs past the house, i.e.
there is no neighbour on the north side who could build or plant
something that might take away our sunlight. A block to the north is a
park with a lake, walking tracks, a kids playground and tennis courts.
Beyond that (just far enough so that bushfire is not a likely threat)
there is bushland running all the way to Katoomba.
To the east is the existing house and good exposure to the morning sun
and to cooling easterly breezes in the summer. The solar PV panels are
placed on the double garage that sits between the Greeny Flat and
the existing house, serving both.
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To the south there are some taller shrubs and buildings that provide
good protection from the cold winter winds. And just three blocks to
the south is the main street of Mittagong with ample shops, cafes,
pubs, restaurants, and a hardware store.
One block to the west is a public primary school and four blocks away
is a large shopping centre. The land is a little higher to the west and
there are some taller trees which help protect the Greeny Flat from
cold winter and hot summer winds.
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A passive solar building should ideally be rectangular in plan and
oriented with the long axis running E/W. This allows one of the longer
sides to face Solar North to maximise solar gain in winter. This also
helps to minimise solar gain for the west wall in summer.
How to find find Solar North? 1) Drive a tall stake into the ground
(make sure it is plumb), 2) Observe the shadow of the stake at high
noon (1pm during daylight savings time), 3) That’s it…the shadow of
the stake points directly north/south.
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Fenestration is the placement of windows and doors in the exterior
shell of the building. Ideally the following percentages of glass area to
floor area should be met. (The actual percentages used in the Greeny
Flat are shown in the photos.
South wall 7-20% (depending on the amount of Thermal Mass –
discussed in Step 8)
North wall

<4 %

East wall

<4 %

West wall

<2 %

Use the best insulating (lowest whole-window U-value) windows that
you can afford. Double glazing costs more but the advantages in 1)
improved energy efficiency, 2) improved comfort, and 3) reduced
condensation (i.e. less chance of mould) are priceless. The material
that the frames are made of can also greatly affect the overall
performance of the windows. In the Greeny Flat we used double
glazing throughout with aluminium frames which do not have the best
energy performance but have the advantages of being very durable,
less expensive, locally made, fire resistant, and no-maintenance.
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For east, west, and south windows we used glass with a “Comfort
Plus” low-E coating that reduces both the heat gain in summer and
the heat loss in winter.
For west windows look for ones with the lowest SHGC to reduce heat
gain in the summer.
When choosing and placing windows it is important consider which
windows really need to open. Fixed windows are not only less
expensive but they seal a lot better and perform a lot better than
openable windows. On the other hand it is important to provide
openable windows in the right place for cross ventilation in summer.
This will be covered more in Step 9 but it is worth noting here that
not all windows need to open. Of the ten panes of glass that can be
seen on the north wall of the Greeny Flat, only three of them open,
the rest are fixed.
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Don’t forget to add insulating blinds or curtains. Top-down-bottom-up
cellular blinds (double or triple cell) provide good insulation as well as
excellent control of sun, views and privacy. These can be combined
with regular curtains for a more traditional look as well as a second
layer of insulation.
Be aware that while insulating blinds can help keep the inside of the
home warmer in winter and cooler in summer, they also have the
effect of making the windows themselves colder on a winter’s night
because less heat from the inside of the home can get to the
windows. This can create a serious condensation problem on the
windows if the house is not adequately ventilated. Another advantage
of top-down-bottom-up blinds is that they can be left a little bit open
at both the top and the bottom which allows a bit of warm air to
move behind them and can help reduce condensation.
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The correct amount of eave overhang along the north side of the
building is what makes passive solar design work in both winter and
summer. Referring back to the sunpath diagrams we see that in
summer the sun is high in the sky at noon so with a sufficient eave
overhang on the north side the sun can be prevented from entering
the building at all during the hottest times. But in winter the sun is
low in the sky at noon so, as long as there is not too much eave
overhang on the north side, the sun will angle in below the eave and
enter the building as far as possible to warm it up.
So the right amount of eave overhang on the north side is critical. Too
little and the building will get too much sun in the summer. Too much
and it won’t get enough sun in the winter.
So how do we determine the correct eave overhang?
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One way is to draw a scaled cross-section of the building showing the
height of the walls and windows and the width and height of the eave
overhang. Find the building site on Google Earth and record the
latitude, longitude, and elevation figures from the bottom left hand
corner. Enter the location figures into the Sun Angle Calculator on
susdesign.com/sunangle Find the sun angles for the site at noon on
the 21st of each month (this will include the summer solstice (Jun21
when the sun is highest in the sky at noon), winter solstice (Dec21
when the sun is lowest in the sky at noon), and the equinoxes
(Mar21/Sep21). Draw the calculated sun angles on the cross section to
determine the desired amount of eave overhang so that the sun comes
in when you want it and stays out when you don’t.
The above method works well and is relatively easy for considering
the noon sun angles at different times of the year. But it can be very
difficult to accurately draw the sun angles at different times of the
day. A better way, which we highly recommend, is to make a 3D model
using the free SketchUp® software. This software has a built in tool
that allows you to perform sun studies for any time of the day and any
day of the year, looking at different faces of the building, from both
inside and outside. This will give you a very good idea of how the sun
will affect your building, and it’s free!
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This is a picture of the SketchUp model made during the design of the
Greeny Flat. The blue box shows the “Shadow Settings” and you can
see that the sun angle is set for noon on the summer solstice. You can
also see that the model predicts that, with the right amount of eave
overhang on the north side, the sun will not enter the north facing
windows at all in the middle of summer. This is why passive solar
design works for keeping buildings cool in summer as well as warm in
winter.
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This is the exact same model from the same viewpoint and with the
same amount of eave overhang. The only thing that has changed is
that the “Shadow Settings” have been changed to noon on the winter
solstice. Now you can see that the model predicts that there will be
full sun in the north facing windows in the middle of winter.
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And this is an actual photo taken on the winter solstice, June 22nd,
2014. You can see that the model very accurately predicted how the
sun would affect the building.
So why does the Greeny Flat have a verandah along the north side
with part of the roof clear and part solid?
The Greeny Flat is built in a Heritage Conservation area and the
verandah along the whole north side was a request from our local
council’s Heritage Advisor. We like it because it provides a covered
walkway and a protected entrance to the front door of the flat. But if
we had made the whole roof solid it would have created too much
shade in the winter time. The horizontal line about two-thirds of the
way up the windows is the shadow of the verandah frame and gutter.
This shows how much of the windows would be shaded in winter if the
entire roof was solid. So we made enough of the roof solid to provide
shading to the wall and windows in the summer and made the rest
clear to give us more sun in the winter.
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In general, it is a good idea to place rooms that are used during the day
(e.g. living rooms, kitchens, home offices, etc) on the north side of the
house and rooms that are used at night on the south side (e.g. bedrooms,
bathrooms, dining rooms, etc.). This means that the rooms used during the
day are full of sun and natural light which makes them nice to be in and
saves energy because you don’t need to turn on lights. Utility and
mechanical rooms don’t usually need sun so can go on the south side. These
can also provide more insulation to the south wall.
Give thought to morning and afternoon sun. Some people like to wake up
with the sun shining in their room so their bedroom might go on the east
side.
All of the above depends on the specific site and client preferences. For the
Greeny Flat, the client prefers morning sun at the kitchen sink so the
kitchen is in the north-east corner. We wanted to keep all the plumbing as
close together as possible so the bathroom/laundry is in the south-east
corner. The living room and dining area are on the north side and the two
bedrooms are on the west end. The bedroom in the north west corner has a
nice view of Mount Alexandra and gets lots of sun and light in the winter
time. The back door leads to a covered porch which provides protected
access from the garage to the house.
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Thermal mass is vital for effective passive solar design. It makes it possible to store
the heat from the sun in heavy materials like concrete, brick, and stone. Thermal
mass evens out temperature fluctuations, too little and the temp. goes up and
down, too much and it’s very hard to heat.
In a passive solar house the thermal mass stores the heat from the sun that comes in
during the day in winter and slowly releases it at night keeping the interior at a
fairly even termperature.
To be effective the thermal mass must be INSIDE the thermal boundary (insulation
and air sealing layer). Bricks on the outside of a building do no good for energy
conservation. And solid brick, masonry, stone, or earth walls do not have adequate
insulation. There has to be an insulating layer on the outside of the thermal mass.
The amount of thermal mass must be balanced with the amount of solar glazing.
The more north facing glass you have the more thermal mass you need to store the
additional heat from the sun otherwise the interior could overheat, even in the
middle of winter.
See “The Solar House” by Dan Chiras (Pp.102-104) for details of Glass-to-Mass
Ratios.
In the Greeny Flat we have used the concrete floor as the thermal mass. We chose
not to insulate under the slab in order to allow the temperature of the earth
beneath the house to help moderate the interior temperatures.
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We have installed a weather station that monitors, among other
things, the interior and exterior temperature (circled in red).
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The weather station records the data and can produce graphs like this
one which perfectly demonstrates the effect of thermal mass on
interior temperature. The blue line in the middle is the exterior
temperature which, during these three days in July, was fluctuating
between 20˚C and -2˚C. The lighter line above it shows the interior
temperature which is staying fairly even between 15˚C and 25˚C. Not
only is the interior slower to cool down at night, it is also slower to
heat up during the day because a lot of the energy from the sun
coming in is being stored in the thermal mass of the floor and the
ground underneath it.
But thermal mass can only do its job effectively if the building has
good insulation and air-sealing to prevent the heat from escaping once
it is inside.
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For the Greeny Flat we used two layers of insulation in the walls. The
first is a reflective foil and foam product called “E-therm” which has
reflective faces on both sides of 8mm of foam. The foil helps to
reflect heat back the way it came (i.e. back out in summer and back
in in winter) while the foam provides a “Thermal Break” at the
framing members. Without it we would lose much more heat through
the wall framing because wood doesn’t insulate as well as the batts in
the cavities. This can be the biggest problem with steel framing as
heat will readily pass in and out of the building through the frame
unless an effective thermal break is installed.
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We placed the studs 600mm apart and used advanced framing
techniques (i.e. less wood) to allow for more insulation in the walls. In
the cavities we used R2 polyester batts made from recycled PET
plastic bottles. It’s nice to work with and doesn’t make you itchy but
watch out if you accidently drive a screw into it… it will spin into a
ball on the end of the screw and pull the insulation out of a sizeable
area around the screw hole.
Note that the plumbing lines are on the interior side of the insulation.
And don’t forget that the windows are also an important part of the
insulation and air-sealing layer.
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For the roof we used a structural insulated panel system (SIPS). The
panels are made of 150mm of polystyrene foam with corrugated steel
glued to the top side and flat white colourbond sheet glued to the
underside forming the ceiling.
The panels are structural which means that there is no framing in the
roof. They span from the ridge line to the eaves with no rafters or
other supports. They are quite expensive to buy but very quick to
install and once the roof is on, a lot of jobs are done including the
roof structure, insulation, finished roof and finished ceiling.
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Neither of these photos are from the Greeny Flat. In America and
Europe it is very common to insulate underneath concrete slabs as
well as around the edge of the slab. Our climate is much milder so
underslab insulation is probably not necessary unless you are using
heat pipes in the slab. Slab edge insulation will help prevent a lot of
heat loss but has to be very carefully detailed so as not to provide
easy access for termites into the building.
Of course if your building is up off the ground it is essential to insulate
and air-seal under the floor in our climate.
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Air sealing is essential for energy efficiency.
Insulation by itself is ineffective without good air-sealing (like wearing a
thick coat with holes in it on a cold, windy day) and air sealing by itself is
ineffective without good insulation (like wearing a plastic bag on a cold,
windy day).
To be effective the insulation should be in contact with the air sealing layer.
Good air sealing means that you have to pay careful attention to ventilation
to protect the indoor air quality (which we will cover in Step 9).
In the Greeny Flat the roof panels create an effective air seal in the lid and
the concrete slab creates an effective air seal in the floor. So we really just
had to pay attention to air-sealing the walls and the connections between
the different elements. For the walls we used the reflective insulation layer
as the air barrier. We taped all of the joints and holes and paid careful
attention to sealing around the windows, doors, and along the bottom edge.
And at the top edge we wrapped the reflective foam product up over the
top plate and then laid the roof panels onto it creating a good seal.
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Once the thermal boundary (insulation and air-sealing) was completed
we tested the air tightness of the whole structure with a Blower Door.
A Blower Door Test measures the relative tightness or leakiness of a
building in ACH50 (Air Changes per Hour at minus 50 Pascals). An
extremely well-sealed building might have an ACH50 of less than 1.0
while an extremely leaky building might be over 20ACH50. We were
hoping for 3.0ACH50 and came in at 3.25 so we were happy.
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To achieve good air-sealing there should be a continuous air barrier
around the entire thermal envelope. Particular attention needs to be
paid to the places where different materials meet. Where the roof
meets the walls, where the walls meet the windows, where the walls
meet the floor, etc.
The simpler the shape of the building, the less complicated it will be
to create an effective air seal.
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In a tight building ventilation is very important for:
INDOOR AIR QUALITY. It is important to remove stale humid air that may
contain pollutants and to provide a supply of fresh air to the interior. But if
you just make the building leaky or open a few windows you are at the
mercy of the weather. So some form of controlled ventilation is called for.
HEAT DISTRIBUTION. Without some form of air movement it can be difficult
in larger buildings to move heat from the north side when the sun is shining
to the rest of the building. Or from the second floor (where rising heat can
accumulate) back down to the ground floor.
SUMMER COOLING. In the Southern Highlands, summer cooling is best
accomplished by closing the house during the day and opening it up during
the night to allow cool air to flow through.
The Greeny Flat has three exhaust fans. One small fan in the bathroom that
runs continuously through the winter (when the house is closed up) and the
flow can be adjusted up or down as required. Another small fan in the
bathroom comes on at full speed whenever the lights are turned on. And a
small kitchen rangehood which is turned on whenever anyone is cooking. All
three of the these fans are ducted directly to the outside of the building via
hoods with dampers that face away from the prevailing winds.
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When any or all of the exhaust fans are running fresh air is drawn into
the Greeny Flat via an “Earth Tempering Tube”. In our case this is a
90mm PVC pipe that is laid as shown under the living room floor and
comes up underneath the refrigerator. The pipe runs under the part of
the slab that is warmed by the sun during the day so the incoming air
is warmed as it passes through the pipe. It is still cooler than the
interior air when it arrives under the fridge so it helps to cool the air
around the refrigerator. This helps to make the fridge more efficient
and the fridge helps to warm the air a bit more.
This is an inexpensive way to ensure that there is a constant supply of
fresh air to the interior. When we installed the pipe we also installed a
thin rope inside the pipe which allows us to pull a sponge through the
pipe to clean it so that the incoming air does not get contaminated as
it passes though the pipe.
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A better way to ventilate a well-sealed building (but more expensive
and hard to find around here) is a Heat Recovery Ventilation (HRV)
system (and I don’t mean one that takes warm air from your attic and
blows it into your house). A true HRV provides two, balanced air flows.
One that exhausts stale air from the building and another that
provides a constant supply of fresh air to the interior. As the two air
flows pass each other the heat is recovered from the stale air and
transferred to the fresh air via a heat exchanger.
An HRV is essential in a very cold climate and will probably become
more common in Australia soon.
Energy Recovery Ventilators (ERV) are similar to HRV but recovery
humidity as well as heat and are better suited to air-conditioned
buildings.
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One of the reasons why ventilation is so important in relatively tight
buildings is the potential for condensation. Here we see condensation
on a window in the Greeny Flat after a few days of not running the
exhaust fans enough. Condensation can lead to mould which can
become a serious indoor air quality and health problem. If you can see
condensation on your windows there’s a fair chance that there will be
condensation in other areas that you can’t see which could lead to
real problems. So condensation is a good sign that you need to
ventilate more.
The tried and tested formula for making buildings that are healthy,
comfortable, safe, durable, and energy efficient is to “Build Tight,
Vent Right”.
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It is also important to consider natural cross-ventilation for cooling
the building in summer. Any time the outside air temperature is cooler
than the inside it can be used to help cool the building. This only
works if adequate provision has been made for air to flow through the
building (even when, or especially when, bedroom doors are closed at
night). So bedrooms typically require at least two openable windows
in different walls and preferably as far apart as possible to allow
breezes to flow through the room.
In the Greeny Flat we anticipate that, in summer, we will be able to
keep the building cool by closing it completely during the day
(including the blinds) and opening it up at night to let the cooling
breezes through as shown. This should have the effect of cooling down
the floor slab at night so that the thermal mass can help to keep it
cool throughout the day.
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Correct landscaping and planting can help to maximize the
performance of a Passive Solar Design and can help solve all sorts of
problems with imperfect situations.
Deciduous trees and vines in the right place can help to shade the
building in the summer while letting in sun in the winter.
Evergreen trees to the south and south-west can help to shelter the
building from cold winter winds.
In the case of the Greeny Flat the site was already pretty perfect so
the main concern in the landscaping plan was not to mess things up.
We have raised beds around a patio on the north side for growing
herbs and vegetables for the kitchen and we have planted two small,
deciduous, apple trees on the north side. These will be kept pruned to
a low height to ensure they do not block any sun from the building in
winter. On the south side we have created a graveled courtyard
between the house and the retaining walls with a small area of lowwater use planting. In general the landscaping is minimal.
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Landscaping can be used to improve an imperfect site. When this
passive solar home was built in Glenquarry twenty seven years ago the
site had one major flow… it was very exposed to the south west and to
very cold winds in the winter time. Over the years the owners have
planted a thick forest of fire-resistant shrubs at the west end of the
building (the far end in this photo). This now provides a wonderful
wind break which makes the patio on the north side a much more
enjoyable place to sit even when the wind’s blowing.
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Thoughtless landscaping can render a Passive Solar design almost
useless. This photo reminds me of a house I inspected in Montana that
was designed and built as a very effective passive solar home way
back in the seventies. Unfortunately the original owners sold and the
next owners decided it would be a cute idea to plant their little
Christmas trees out in front of the house for a few years running.
By the time I saw the house the trees were about 150 feet tall and the
poor house got no sun at all.
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This image is meant as a reminder that the key to making passive solar
design work is to remember that all ten of the steps outlined above
have to work together. If nine are done perfectly and just one is done
wrong it can lead to a building that is energy consumptive, unhealthy,
uncomfortable, and/or unsafe.
The most common problem with bad passive solar design is too much
glass. This will cause the building to overheat during a winter’s day
and then lose too much heat at night. Remember that windows have
much worse insulation than walls so they lose more heat when the sun
isn’t shining.
Other common problems are: not enough eave overhang on the north
side (causes the building to overheat in summer); facing too many
windows towards a nice view particularly to the west or south (causes
too much heat gain on summer afternoons and/or too much heat loss
in the winter); planting evergreen trees in the wrong place (too much
shade in winter); and poor air sealing (wind blows through the house
and takes or brings heat with it).
Remember that the goal is for the building to stay warm in winter AND
cool in summer.
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Once the building envelope is made as energy efficient as possible it is
important to use energy efficient appliances. Things like reverse cycle
air conditioners, LED lights, and inverter fridges use much less energy
to do the same job as their traditional counterparts and thankfully
their price is coming down rapidly.
In the Greeny Flat we have no heating or cooling system and no dryer.
Instead we have good passive solar design (plus a little radiator to add
a bit of heat if it’s really needed) and two clothes lines (one in the sun
and one under cover for when it is raining. All our lights are LED’s, we
use solar hot water, and our fridge and washing machine are the most
efficient small units that we could find.
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Once everything has been done to reduce energy consumption the
remaining energy required can be produced with renewable energy
systems like solar PV.
On the Greeny Flat we way overshot the size of the PV system. We
installed a 3kW system and are making more than twice the amount of
energy we are using. Currently we export the excess to the grid but
soon energy storage systems and improvements to electric vehicles
will make it possible for us to use all of our power and be close to
energy independent.
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These principles can be applied to any existing building to make it
more energy efficient. Obviously, if the building doesn’t get any sun
then solar heat gain is going to be a bit difficult. In this case the most
important things are the insulation and air sealing, limiting the heat
loss through windows, and using very efficient equipment.
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Passive solar design principles can be applied to buildings of any size
and shape. In the Nishi Building in Canberra this has led to VERY
different treatments on different sides of the building depending on
the direction they face.
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More information can be found at greenyflat.com.au and questions
can be submitted via the Contact Form.
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