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A Green Dream in Texas
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EvEn though shE livEs only 45 
miles (72 km) north of houston, susan 
Dally can truthfully say, “Mine is a green-
house, not a hothouse.” And although my 
husband, Joe, and i visited the built-in 
greenhouse in her house in July, it truly 
was comfortable. this was with no air 
conditioning running, because none exists 
in the greenhouse, nor does any mechani-
cal heating system. integrated fully into 
the design of the house, the greenhouse is 
100 percent cooled and heated by sustain-
able passive solar technology. 

aFTer  reTiremenT A few 
years ago, when Dally was working as 
a mechanical engineer at a chemical 
company in houston, she jumped at the 
chance to take an early retirement pack-
age. she has since stayed busy with her 

An Energy-Wise Greenhouse is Home to Orchids
by ann liggiO

[1]  The dally greenhouse provided a fairyland 

setting for a 2008 christmas party.

[2]  susan dally proudly displays her 

(Rhyncholaeliocattleya [syn. Brassocat-

tleya] mount hood ‘mary’ × Cattleya [syn. 

Laeliocattleya] nippon ‘livinza’), a large, 

fragrant unifoliate cattleya that she places 

as close to the ceiling as possible, where it 

will receive maximum light. 
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13-year-old son’s school activities, serving 
as president of her neighborhood garden 
club, working part-time as a graphics de-
signer and bookkeeper for her husband’s 
company, and mentoring newcomers in 
the houston orchid society. But probably 
her biggest project since retirement was to 
serve as general contractor for her house, 
where she and her family have now lived 
for five years. 

Working with houston eco-architect 
laverne Williams, AiA, lEED, AP, and his 
company, Environment Associates, Dally 
created an energy efficient house with a 
notably eco-friendly, built-in greenhouse for 
her orchids and other plants. the American 
solar Energy society has included the Dally 
home on its solar home tour several times. 
Williams says that Dally’s performance as 
general contractor, especially for the first 
time, was “extraordinary.” he adds that 
working with a mechanical engineer was 
great because, “We could speak the same 
language.”  

PassiVe  sOlar Dally says, “i 
didn’t think so much about making my 
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entire house green when i planned it, but 
laverne educated me, and now i more 
than see the value of it. i was focused on 
building a solarium that was not a major 
energy liability, and for the sake of my 
300 to 350 orchids, i didn’t want a ‘hot 
box.’” Williams says, “susan Dally let 
me design a greenhouse that costs almost 
nothing to operate energy wise versus the 
energy hogs that have been built in the 
past. she has set a wonderful example for 
others to follow.” 

Williams designed the Dally home es-
pecially for their 6½ acre (2.5 ha), sloping, 
mostly wooded lot in a subdivision near 
the tiny town of Pinehurst in Montgomery 
County, texas. the length of the house 

runs east to west to minimize the heat load, 
and the east and west walls of the house 
have few windows. Williams recommends 
that a greenhouse always be situated on an 
east–west axis. he adds, “Most greenhouses 
are situated on a north–south axis because 
that is what the manufacturers recommend. 
that provides maximum light for growing, 
but it is not energy efficient.” 

Dally’s greenhouse is a spacious 26 
× 21 feet (8 × 6.5 m), for a total of 546 
square feet (50 sq m), and is situated on 
the south side of the house. Much of the 
north interior wall is comprised of insulated 
glass windows and doors leading to the 
living room, providing a view from there 
and making the greenhouse one of the first 
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[3]  The small size of the lower windows com-

pared with the larger vents at the top help 

create a suction effect to help passively 

regulate temperature and keep the air 

circulating. illustration by susan dally.

[4]  Psychopsis (syn. Oncidium) memoria bill 

carter (mendenhall × papilio) grows in a 

clay pot and hangs high toward the back 

of the center rack to receive moderate 

diffused light. it is typically watered twice 

a week.
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things you see when you enter the house. 
the south side of the greenhouse, also 
constructed of insulated glass, provides a 
view of the patio, back yard and woods. in 
winter, when the sun is well to the south, 
her orchids receive much of their light 
through the clear, untinted glass making 
up the exterior south wall.

liKe casTle Walls the exterior 
walls of the house itself are built of 11-inch- 
(27.5-cm-) thick insulated concrete forms 
(iCFs) with a cultured stone veneer. typical 
insulation values of iCFs range from R-17 to 
R-26, compared with R-13 to R-19 for most 
wood-framed walls. iCF walls have high wind 
and seismic resistance, and wind resistance is 
important near the texas gulf Coast. 

to prevent temperature spikes, the 
interior walls of the greenhouse were faced 
with 5-inch- (12.5-cm-) thick natural stone 
(Arkansas multicolored and Blue hackett). 
the high-mass stone walls absorb heat 
during the day and release it at night, keep-
ing the greenhouse cooler in summer and 
warmer in winter.   

naTural lighT the day we visited 
Dally’s greenhouse the sky was sunny when 
we arrived, and then became heavily over-
cast — a precursor to a downpour that began 
as we were leaving. Despite the changes in 
weather, the lighting in the greenhouse was 
neither harsh while the sun was shining 
brightly or gloomy when it was cloudy, but 
rather was softly diffused and free of glare. 

[5]  From this angle, you can see the open 

windows along the lower part of the 

greenhouse, the Kalwall® roof above and 

the chamber with catwalk, which has 

open vents on the other side.

5

unlike tinted glass, the material compris-
ing the ceiling skylight panels provides a 
full spectrum of light for optimum grow-
ing. Dally says that when the moon is full, 
moonlight pours through the ceiling and into 
the living room and kitchen. 

these panels are an insulating, light-
diffusing architectural fiberglass called 
Kalwall®. not made of glass or plastic, 
Kalwall® is a composite sandwich panel 
formed by fiberglass-reinforced translucent 



The Venturi Effect

thE Venturi effect occurs when a fluid (gas or liquid) flows through a constricted open-
ing and experiences a decrease in pressure and increase in velocity. this effect can be 
used strategically for ventilation and circulation of air in a building. the intake area for 
the air, which in the Dally greenhouse is the lower windows, must be smaller than the 
size of the outtake area, which in the Dally greenhouse is the upper vents along the cat-
walk. laverne Williams, AiA, the architect, positioned the Dally home on an east–west 
axis, placing the greenhouse on the south side where there is a prevailing breeze from 
the gulf of Mexico. By doing this, he created areas where air pressure was predictable 
— high pressure on the windward (prevailing breeze) side, and low pressure on the lee-
ward side. Air entering the greenhouse does so at a high pressure that is lowered by be-
ing sucked through the constricted area of the lower windows, and the constriction also 
increases the velocity of the incoming breeze. As the air continues to move into the areas 
of low pressure, it is drawn upward, finally exiting through the larger vents above on the 
north (leeward) side. this suction helps cool the greenhouse by moving the rising hot air 
out. Because it is combined with the venturi effect, the cooling effect of convection cur-
rents — hot air moving upward and being replaced by cooler air — is greatly increased. 
this design also maintains the constant air circulation that is so important for orchids 
to flourish. The Venturi effect is named for Giovanni Battista Venturi (1746–1822), an 
italian physicist. — Ann Liggio.
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faces permanently bonded to an aluminum 
composite grid. it weighs less than 2 pounds 
(.9 kg) a square foot and is shatterproof 
— an asset in an area prone to hurricanes 
and tornados. Dally says, “unlike the typi-
cal commercial Kalwall® you may find on 
a church or school roof, our panels do not 
contain insulation bats in the sandwich, just 
a 3-inch- (7.5-cm-) thick air gap. this was 
necessary for greater light transmission to 
allow plant growth while still maintaining 
some insulating value.” the roof, another of 
the architect’s recommendations for Dally’s 
needs, reduces heat loss in the winter and 
controls solar heat gain in the summer. 

TemPeraTure cOnTrOl on the 
north side of the greenhouse that abuts the 
living room, the greenhouse roof extends 
to a venting chamber at a height of 25 feet 
(7.5 m), and then slopes down to the 11-
foot- (3.3-m-) high glass wall on the south. 
to get a closer look at the vents, we went 
upstairs and entered a cupola that has a door 
leading to a 4-foot- (1.2-m-) wide catwalk 
running the length of the north wall of the 
greenhouse. We were then looking down 
into the greenhouse from its highest point. 
the catwalk is lined with vents that can be 
manually opened from this location. 

the lower windows and upper vents of 

the greenhouse are open most of the year, 
and when Dally opens them, she does so 
completely, never just a few inches. if the 
temperature is below freezing, she closes 
all windows and vents. if the temperature 
is in the 40s F (4.5 to 9.5 C), she leaves 
one upper vent open and all the lower 
windows shut. As the temperature warms 
up, Dally opens more windows and vents. 
When watering on a cold winter day, she 
prevents condensation problems by open-
ing at least one vent to allow moisture 
to escape. All the windows and vents are 
manually operated.   

Because the Dally house is oriented 
longwise from east to west, the screened 
lower windows that run all along the bot-
tom of the south wall suck in the prevailing 
southerly breeze from the gulf of Mexico. 
Even if the air is still, hot air entering the 
windows always rises and exits through the 
upper vents, creating a thermal heat-stack 
effect that induces natural ventilation while 
removing excess heat. 

When a breeze is blowing, a low 
pressure zone is created at the top vents 

[6]  Views from several rooms inside take 

optimum advantage of the beauty of the 

greenhouse.

[7]  among the many orchids is the easy-

to-grow Dendrochilum magnum that 

perfumes the greenhouse with its fra-

grance. The plant is kept in a plastic pot 

to prevent its drying out and is typically 

watered twice a week. 
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because the heated air ascends faster than 
it can be replaced by air flowing in from 
its surroundings. Because air tends to flow 
into a low pressure area, this enhances 
the suction effect that draws air from the 
windows to the upper vents. in addition, 
the air being drawn through the relatively 
small area of the windows in relation to the 
larger size of the upper vents creates what 
is known as the venturi effect, decreasing 
air pressure above and further increasing 
the suction. the exceptional climate control 
in the greenhouse can be attributed to the 
architect’s using a combination of the heat 

stack and venturi effects, the heat capacity 
of the high mass walls and other essential 
design elements.    

Williams, the architect, notes that of 
the five passive solar greenhouses he has 
designed in texas, the interior temperatures 
of all of them have stayed approximately 
10 F (-12 C) lower than the peak outside 
temperature in the summer. Although Dally 
says she has seen as much as 11 F (-11.5 
C) difference, she notes that it appears to 
be dependent on several factors, including 
wind direction, sun angle and the reflec-
tivity of the patio outside her greenhouse 

[8]  double doors lead from the greenhouse 

into the living room. 

[9]  an atmospheric control panel by green 

air Products is hidden behind a half wall 

near the potting room. it can activate mis-

ters under the benches running along the 

lower windows on the south side, cooling 

and humidifying the incoming air.  

[10]  dally’s Tolumnia (syn. Oncidium) irene 

gleason (golden sunset × linda) is 

mounted on wood with moss on the 

roots and is typically watered every 

other day.
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Cooler vs. Cooker  

in her previous house, susan Dally had a glass-topped atrium surrounded by the house 
on four sides. she found it impossible to grow orchids there because the lighting varied 
from the extremes of full sun to deep shade, and in summer the atrium was like an oven. 
she had to grow most of her orchids outside, and found the atrium useful only for shel-
tering the plants during the truly cold winter nights, when she had to add heaters anyway. 
“From that experience,” she says, “i learned that having a solarium can be great, but it 
has to be designed the right way. When i started planning this house, i chose laverne 
Williams as architect because of his experience with solariums.” 
 Dally’s former ovenlike solarium could perhaps be compared to the first stove-heated 
hothouses in Britain during the 19th century orchidmania. the noted botanist John 
lindley, seeing how tropical orchids grew in their native ecosystems, began a campaign 
to convince orchid growers that super-heated dry environments were the reason their 
imported orchids were dying. Sir Joseph Paxton, the first avid orchid grower to adopt 
Lindley’s suggestions of surrounding orchids with flowing cooler air, saw his orchids 
thrive. As word of this spread, this became a turning point in orchid cultivation.  
— Ann Liggio.

windows. “the hotter it is outside, the 
greater the differential, but interestingly 
the greenhouse can be cooler on a 100 
degree day in August than on a 100 degree 
day in June.”    

the greenhouse has two large and 
two small circulation fans to ensure the 
orchids continually experience a breeze. 
there are also two ceiling fans, but Dally 
says they add more of a decorative effect 
than anything. 

An atmospheric control panel by green 
Air Products is mounted out of sight on a 
wall in the potting area. When it senses that 
the temperature is too warm or the humid-
ity is too low, it activates misters under 
the plant benches that run along the lower 
windows on the south side, thus cooling and 
humidifying the incoming air. under each 
plant bench is an opening in the concrete 
floor covered with decorative rocks that 
camouflage drains catching runoff water 
from the misters or hand watering. the 
water is transported into the woods behind 
the house, where it irrigates landscape 
plantings and native trees. 

rainWaTer TO cOme Dally sets 
her automatic watering system to water 
her vandas outside twice a day during the 
growing season, which is mid to late April 
through october. she sets the watering time 
for 35 minutes at 8 am and five minutes 
at 3 pm. inside the greenhouse, she hand 
waters most of her orchids once a week, 
a few twice a week and the mounted ones 
every other day. to prevent overwatering, 
she puts a green sticker on pots that don’t 
need watering as often. 

Dally has a rainwater collection system 
that is half built. She wants to finish the 
project because she knows it will be more 
“green” than using the local municipal wa-
ter supply, and also because the city water 
has a higher mineral content than is good 
for the orchids.  

Floors in a greenhouse or solarium are 
often prone to algae growth, which can 
result in a slick and dangerous surface for 
walking. To combat algae, Dally first tried 
bleach but found the odor objectionable, so 
she switched to pressure washing the floor. 
immediately after washing and periodically 
between washings, she sprays the floor with 
Consan triple Action 20®, an algaecide and 
fungicide that is biodegradable and nonpho-
totoxic (not harmful to plants). 

PracTical, TOO the combina-
tion of Dally’s engineering and artistic 
skills proved handy when she worked 
with a welder to design many of her plant 
benches and racks, some of them ornate 
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[11]  dally used both her engineering and 

artistic skills to design many of the plant 

racks, some of which can be raised or 

lowered for checking and watering the 

orchids.
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and multitiered and some suspended from 
ceiling rafters by steel cables. Many of the 
racks can be raised or lowered by means 
of pulleys for checking and watering the 
orchids. 

in the southwest corner of the green-
house is a windowed door that leads to 
Dally’s “potting shed,” a small, slate-
floored, air-conditioned room with sink 
and shelves. Dally says she would make the 
room twice as big if she were doing it over. 
When she realized she needed more work 
space, she added tables and equipment in 
the greenhouse just outside the door to the 
potting room. To camouflage the spillover 
work area, she erected a pergola over it, 
built a half-wall in front of it, and hung 
orchids from the pergola and above the half 
wall. the half-wall added an architectural 
accent, and on the nonworking side, created 
a nook just outside the living room where 
a colorful set of mosaic covered table and 
chairs now sit. 

dally’s  sysTem Dally spends a 
two-hour session in the greenhouse once a 
week, and spends about 10 minutes there 
almost every day. she calls the daily 10 
minutes “observing time,” and says close 
observation is the best tip she can offer 
novice orchid growers. observing usually 
goes on while she is doing some other 
chore. She sets out with a specific task to 
complete, and while she is doing it, she is 
always checking plants around her. “But 
sometimes,” she notes, “i’ll just be sitting 
at the breakfast table and notice that a plant 
way up high has come into bloom. then i 
have to go and look at it right then.”  

Dally’s daily, handwritten log is also 
critical to her system of keeping her orchids 
healthy. she rarely skips a day document-
ing temperature, humidity and everything 
she did that day, including which plants 
she watered and fertilized, which plants 
came into bloom and if a plant exhibited a 
problem. she grows her vandaceous plants 
and a few other orchids outside during the 
warm months, but moves them into the 
greenhouse when it gets colder. By record-
ing the date she moves them each year, she 
can start to pinpoint the optimum time for 
the relocation.  

she uses Dyna-gro™ products as a 
fertilizer, namely grow™ 7-9-5, Pro-teKt® 
0-0-3 and Mag-Pro™ 2-15-4 at a ratio 
of ¼ teaspoon (1.25 ml) per gallon (3.8 
l) of water. the main pest she struggles 
with is late springtime scale, and to fight 
it she uses neem oil, botanical wipes and 
alcohol. occasionally, she uses Merit® for 
an extremely serious infestation. Dally’s 

[12]  The greenhouse lends itself well to tall 

plants, such as Oncidium colon ‘Key 

lime Pie’, am/aOs (isthmi × sphacela-

tum), which flowers each spring. The 

plant, in a 6-inch (15-cm) pot, puts up a 

6- to 7-foot- (1.8- to 2.1- m-) inflores-

cence. above, a glimpse of the catwalk.

[13]  This Dendrobium lindleyi  

(syn. aggregatum) var. majus is mount-

ed on cork. This orchid is grown high in 

the greenhouse to receive the best light 

and is watered every other day. 
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potting medium is a mixture of six parts 
#3 spongerock, six parts medium charcoal 
and one part Pro-Mix®, a peat-based me-
dium by Premiere horticulture. she likes 
to experiment and is currently trying a 
semihydroponic method. 

Dally notes that phalaenopsis nearly 
always come potted in sphagnum moss, 
which holds too much water in her humid 
greenhouse so she always repots them. 
Because her sister, Carol Dowd, who lives 
near Dallas, also grows orchids, the two visit 
each other for a week at a time in spring and 
autumn to help with major repotting chores. 
“it’s so much more fun when you are doing 
it with someone else,” Dally says, “And it 
also helps to have another pair of hands 
when you are working with large plants.”

a  dream  realiZed When the 
Dally’s hosted a Christmas party at their 
home, the greenhouse solarium was the most 
popular room, easily accommodating all 20 

guests at once. the temperature was com-
fortable, and with a few net lights draped 
over the hanging racks and luminarias and 
candles mixed in with the orchids and on 
the tables, we could imagine that the green-
house looked like a fairyland that night. 

outside on the patio, we saw three deer 
in the woods no more than 50 feet (15 m) 
away, one of them half-grown. We all stared 
at each other, and then the deer bounded 
away. Dally commented that they also see 
feral hogs, raccoons, opossums and other 
wild creatures on their lot. looking back at 
the greenhouse, she says, “i have to pinch 
myself to realize i have this dream.”
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[14]  a decorative cart holds an assortment 

of cattleyas. 

[15]  using dally’s recorded data from 2008, 

this chart illustrates how the green-

house temperature varies throughout 

the year using passive heating and 

cooling. Over five years, the highest 

recorded temperature inside the green-

house was 95 F (35 c), which occurred 

only once. The lowest was 57 F (14 c) 

following several cold, overcast days 

outside.  chart by susan dally.
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