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Deep energy retrofit
A process of super-insulating older properties, and making the appropriate mechanical upgrades, so that energy
usage for heating and cooling is reduced very significantly, usually 50% to 95%. Beyond a green retrofit, a Deep
Energy Retrofit (DER) focuses primarily on energy conservation—seriously addressing a building's
enclosure—literally on all sides. It combines strategies of energy conservation, air sealing, moisture management,
controlled ventilation, and insulation so that dramatic energy savings are achieved alongside optimal building
performance. Durability, good interior air quality and energy efficiencies are attained by sound building science
practices. In a DER, filling a wall cavity with effective insulation also requires careful consideration of how that wall
will dry if moisture does happen to get past its skin. Using very high R-value insulation systems on the exterior of
the building enclosure is often one of the hallmarks of a DER. Where exactly the dew-point will fall in (or out) of
those thickened walls—and in what climate zone--becomes crucial. Careful detailing, flashing and air sealing of
windows and other building penetrations is also key to a successful DER. Systems thinking is required for these
kinds of retrofits, where highly efficient windows are "tuned" to their orientation, and mechanical systems and heat
recovery ventilation units are sized and integrated with how the walls, roof and basement are being air sealed,
moisture-managed and insulated.
The performance of a Deep Energy Retrofit can be tested with building diagnostic tools such as a blower door test
and an infrared camera. Rating systems in the U.S. such as the Home Energy Rating System, Home energy rating
tests residential performance on a numerical scale. Savings can be documented through an energy analysis, or simply
tracking one's energy bills and consumption. The definitions of the term continue to be refined and debated.[1] While
the cost-effectiveness of Deep Energy Retrofits is sometimes questioned,[2] the value of the method is being studied
through numerous test cases [3] [4] [5] , some of which have received support from energy utilities.[6] With the
addition of energy generating abilities (such as solar panels), a Deep Energy Retrofitted house can be readily
modified into a Zero Energy Home. Generally, the financials for a DER work better when another major renovation
to the building enclosure becomes necessary—such as when the siding or roof needs to be replaced anyway. Usually,
only Passive House standards can exceed the energy performance of a Deep Energy Retrofit. In cold climates where
heating costs can be extreme, the DER method shows great promise for widespread viability.
[1] http:/ / www. energycircle. com/ blog/ 2010/ 03/ 11/ what-deep-energy-retrofit-experts-nesea-conference-respond
[2] http:/ / www. greenbuildingadvisor. com/ book/ export/ html/ 16833
[3] http:/ / www. mass. gov/ Eoeea/ docs/ doer/ Zero_Net_Energy_Buildings/ Arlington%20Case%20FINAL. pdf
[4] http:/ / www. mass. gov/ Eoeea/ docs/ doer/ Zero_Net_Energy_Buildings/ Gloucester%20Case%20FINAL. pdf
[5] http:/ / www. buildingscience. com/ documents/ digests/

bsd-139-deep-energy-retrofit-of-a-sears-roebuck-house-a-home-for-the-next-100-years/ ?searchterm=deep%20energy%20retrofit
[6] http:/ / www. wright-builders. com/ images/ residential/ MA_NGrid_DER_Case_Study. pdf
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Solar air heat
Solar air heat is a type of energy collector in which the energy from the sun, solar insolation, is captured by an
absorbing medium and used to heat air [1] . Solar air heating is a renewable energy heating technology used to heat or
condition air for buildings or process heat applications.
Solar air collectors can be commonly divided into two categories: [2] .
• glazed (recirculating types)
• unglazed (ambient air heaters -transpired type)

Glazed Air Systems
Functioning in a similar manner as a conventional forced air furnace, systems provide heat by recirculating
conditioned building air through solar collectors - Solar thermal collectors. [3] . Through the use of an energy
collecting surface to absorb the sun’s thermal energy, and ducting air to come in contact with it, a simple and
effective collector can be made for a variety of air conditioning and process applications.

SPF Solar Air Heat Collector

A simple solar air collector consists of an absorber material, sometimes
having a selective surface, to capture radiation from the sun and
transfers this thermal energy to air via conduction heat transfer. This
heated air is then ducted to the building space or to the process area
where the heated air is used for space heating or process heating needs.

Collector types

Due to varying air-ducting methods, collectors are commonly
classified as one of three types:
• a) through-pass collectors,

• b) front-pass,
• c) back pass,
• d) combination front and back pass collectors.

Through-Pass Air Collector

In the through-pass configuration, air ducted onto one side of the absorber passes through a perforated or fibrous
type material and is heated from the conductive properties of the material and the convective properties of the
moving air. Through-pass absorbers have the most surface area which enables relatively high conductive heat
transfer rates, but significant pressure drop can require greater fan power, and deterioration of certain absorber
material after many years of solar radiation exposure can additionally create problems with air quality and
performance.

Combination Passage Air Collector

In back-pass, front-pass, and combination type configurations the air is directed on either the back, the front, or on
both sides of the absorber to be heated from the return to the supply ducting headers. Although passing the air on
both sides of the absorber will provide a greater surface area for conductive heat transfer, issues with dust (fouling)
can arise from passing air on the front side of the absorber which reduces absorber efficiency by limiting the amount
of sunlight received. In cold climates, air passing next to the glazing will additionally cause greater heat loss,
resulting in lower overall performance of the collector.

http://en.wikipedia.org/w/index.php?title=Solar_insolation
http://en.wikipedia.org/w/index.php?title=Renewable_energy
http://en.wikipedia.org/w/index.php?title=Solar_collector
http://en.wikipedia.org/w/index.php?title=Solar_thermal_collector
http://en.wikipedia.org/w/index.php?title=File:Solar_Air_Heat_Collector.JPG
http://en.wikipedia.org/w/index.php?title=Selective_absorber
http://en.wikipedia.org/w/index.php?title=Duct
http://en.wikipedia.org/w/index.php?title=Space_heating:
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Air Heat Applications
A variety of applications can utilize solar air heat technologies to reduce the carbon footprint from use of
conventional heat sources, such as fossil fuels, to create a sustainable means to produce thermal energy. Applications
such as space heating, pre-heating ventilation makeup air, or process heat can be addressed by solar air heat devices.
Further strides are being made in the field of ‘solar co-generation’ where solar thermal technologies are being paired
with photovoltaics[4] (PV) which increases the efficiency of a typical PV system by generating additional useful
energy in the form of both electricity and heat.

Space Heating Applications

Space heating for residential and commercial applications can be done through the use of solar air heating panels.
This configuration operates by drawing air from the building envelope or from the outdoor environment and passes it
through the collector where the air warms from conduction of the absorber and is then supplied to the living or
working space by either passive means or with the assistance of a fan.
Ventilation, fresh air or makeup air is required in most commercial, industrial and institutional buildings to meet
code requirements. By drawing air through a properly designed unglazed transpired air collector or an air heater
(such as an http:/ / en. wikipedia. org/ wiki/ Energy_recovery_ventilation energy and heat recovery ventilators
ERV/HRV]), the solar heated fresh air can reduce the heating load during daytime operation. Many applications are
now being installed where the transpired collector preheats the fresh air entering a heat recovery ventilator to reduce
the defrost time of HRV's.

Process Heat Applications

Solar air heat can also be used in process applications such as drying laundry, crops (i.e. tea, corn, coffee) and other
drying applications. Air heated through a solar collector and then passed over a medium to be dried can provide an
efficient means by which to reduce the moisture content of the material.

Unglazed Air Systems

Transpired Air Collector
Transpired air collectors are becoming the most popular type of solar air heating system in North America. These
unglazed solar collectors are low cost and primarily used to heat ambient air and not building air. Transpired
collectors only require one penetration into the building, or if existing fan inlets are used, then no additional
penetrations are necessary. The transpired air collectors are generally wall mounted to capture the lower sun angles
in the winter months, additional sun reflection off the snow and they also capture heat loss escaping from the
building envelope which is collected in the SolarWall air cavity and drawn back into the ventilation system. As of
2009, there are over 1500 transpired collector installations with over 300,000 square meters of collector surface.

Solar Heating Efficiency
Solar air collector heat loss is lowest when the temperature of the air entering the solar panel is equal to (or less than) 
ambient temperature. This occurs with transpired collectors designed to pre-heat outside air for ventilating a 
building. Space heating collectors are designed to reheat inside building air so the air entering the collector is warmer 
than outside air resulting in some heat loss through the glazing. Space heating systems must also heat the air above 
room temperature whereas with ventilation heating, it is only necessary to raise the outside air temperature to room 
temperature (20 C). On cold, overcast days, there may be insufficient energy for space heating but ambient air 
heaters may still be able to extract a few degrees of useful energy from the filtered sunlight. Transpired collectors 
will provide significant energy savings when heating ventilation air for buildings that have high fresh air 
requirements such as factories, schools, hospitals arenas etc. Transpired collector systems are generally day time
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http://en.wikipedia.org/w/index.php?title=Photovoltaics:
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http://en.wikipedia.org/w/index.php?title=North_America
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solar heaters without storage. Most homes have low ventilation requiements and need higher temperature air and
thus transpired collectors are not as popular for residential applications.[5]

References
[1] http:/ / tonto. eia. doe. gov/ energyexplained/ index. cfm?page=solar_thermal_collectors
[2] http:/ / www. eere. energy. gov/ de/ transpired_air. html
[3] http:/ / www. daviddarling. info/ encyclopedia/ F/ AE_flat_plate_solar_thermal_collector. html
[4] http:/ / www. merriam-webster. com/ dictionary/ PHOTOVOLTAIC
[5] "Transpired Collectors(Solar Preheaters for Outdoor Ventilation Air)" (http:/ / www1. eere. energy. gov/ femp/ pdfs/ FTA_trans_coll. pdf).

Federal Technology Alert. National Renewable Energy Laboratory (Federal Energy Management Program). April 1998. DOE/GO-10098-528.
. Retrieved July 25, 2010.

Annualized geo solar
Annualized Geo-Solar enables passive solar heating in even cold, foggy north temperate areas. It uses the ground
under or around a building as thermal mass to heat and cool the building. After a designed, conductive thermal lag of
6 months the heat is returned to, or removed from, the inhabited spaces of the building. In hot climates, exposing the
collector to the frigid night sky in winter can cool the building in summer.[1]

The six month thermal lag is provided by about three meters (ten feet) of dirt. A six-meter-wide (20ft) buried skirt of
insulation around the building keeps rain and snow melt out of the dirt, which is usually under the building. The dirt
does radiant heating and cooling through the floor or walls. A thermal siphon moves the heat between the dirt and
the solar collector. The solar collector may be a sheet-metal compartment in the roof, or a wide flat box on the side
of a building or hill. The siphons may be made from plastic pipe and carry air. Using air prevents water leaks and
water-caused corrosion. Plastic pipe doesn't corrode in damp earth, as metal ducts can.
AGS heating systems typically consist of:
• A very well-insulated, energy efficient, eco-friendly living space;
• Heat captured in the summer months from a sun-warmed sub-roof or attic space, a sunspace or greenhouse, a

ground-based, flat-plate, thermosyphon collector, or other solar-heat collection device;
• Heat transported from the collection source into (typically) the earth mass under the living space (for storage), this

mass surrounded by a sub-surface perimeter "cape" or "umbrella" providing both insulation from easy heat-loss
back up to the outdoors air and a barrier against moisture migration through that heat-storage mass;

• A high-density floor whose thermal properties are designed to radiate heat back into the living space, but only
after the proper sub-floor-insulation-regulated time-lag;

• A control-scheme or system which activates (often PV-powered) fans and dampers, when the warm-season air is
sensed to be hotter in the collection area(s) than in the storage mass, or allows the heat to be moved into the
storage-zone by passive convection (often using a solar chimney and thermally-activated dampers.)

Usually it requires several years for the storage earth-mass to fully preheat from the local at-depth soil temperature
(which varies widely by region and site-orientation) to an optimum Fall level at which it can provide up to 100% of
the heating requirements of the living space through the winter. This technology continues to evolve, with a range of
variations (including active-return devices) being explored.[2] The listserve where this innovation is most often
discussed is "Organic Architecture" at Yahoo.
This system is almost exclusively deployed in northern Europe. One system has been built at Drake Landing in
North America.

http://tonto.eia.doe.gov/energyexplained/index.cfm?page=solar_thermal_collectors
http://www.eere.energy.gov/de/transpired_air.html
http://www.daviddarling.info/encyclopedia/F/AE_flat_plate_solar_thermal_collector.html
http://www.merriam-webster.com/dictionary/PHOTOVOLTAIC
http://www1.eere.energy.gov/femp/pdfs/FTA_trans_coll.pdf
http://en.wikipedia.org/w/index.php?title=Passive_solar_building_design
http://en.wikipedia.org/w/index.php?title=Building
http://en.wikipedia.org/w/index.php?title=Thermal_mass
http://en.wikipedia.org/w/index.php?title=Radiant_heating
http://en.wikipedia.org/w/index.php?title=Siphon
http://en.wikipedia.org/w/index.php?title=Sheet-metal
http://en.wikipedia.org/w/index.php?title=Roof
http://en.wikipedia.org/w/index.php?title=Greenhouse
http://en.wikipedia.org/w/index.php?title=Thermosyphon
http://en.wikipedia.org/w/index.php?title=Solar_chimney
http://en.wikipedia.org/w/index.php?title=Damper
http://en.wikipedia.org/w/index.php?title=Drake_Landing


Annualized geo solar 5

References
[1] "'Annualized Geo-Solar Heating' as a Sustainable Residential-scale Solution for Temperate Climates with Less than Ideal Daily Heating

Season Solar Availability." (http:/ / www. greenershelter. com/ TokyoPaper. pdf) ("Requested Paper for the Global Sustainable Building
Conference 2005, Tokyo, Japan"). Greenershelter.org website. Retrieved on 2007-09-16.

[2] Greener Shelter (http:/ / www. greenershelter. org/ index. php?pg=2)

Thermosiphon

Thermosyphon circulation in a simple solar water
heater

Thermosiphon (alt. thermosyphon) refers to a method of passive heat
exchange based on natural convection which circulates liquid without
the necessity of a mechanical pump. This circulation can either be
open-loop, as when liquid in a holding tank is passed in one direction
via a heated transfer tube mounted at the bottom of the tank to a
distribution point - even one mounted above the originating tank - or it
can be a vertical closed-loop circuit with return to the original vessel.
Its intended purpose is to simplify the pumping of liquid and/or heat
transfer, by avoiding the cost and complexity of a conventional liquid
pump.

Simple thermosiphon
Convective movement of the liquid starts when liquid in the loop is heated, causing it to expand and become less
dense, and thus more buoyant than the cooler water in the bottom of the loop. Convection moves heated liquid
upwards in the system as it is simultaneously replaced by cooler liquid returning by gravity. Ideally, the liquid flows
easily because a good thermosiphon should have very little hydraulic resistance.

Heat Pipes
In some situations the flow of liquid may be reduced further, or stopped, perhaps because the loop is not entirely full
of liquid. In this case, the system no longer convects, so it is not a "thermosiphon."
Heat can still be transferred in this system by the evaporation and condensation of vapor; however, the system is
properly classified as a heat pipe. If the system also contains other fluids, such as air, then the heat flux density will
be less than in a real heat pipe, which only contains a single fluid.
The thermosiphon has been sometimes incorrectly described as a 'gravity return heat pipe' [1]. Heat pipes usually
have a wick to return the condensate to the evaporator via capillary action. A wick is not needed in a thermosiphon
because gravity moves the liquid [2]. The wick allows heat pipes to transfer heat when there is no gravity, which is
useful in space. A thermosiphon is "simpler" than a heat pipe [3]. (Single-phase) thermosiphons can only transfer
heat "upward", or away from the acceleration vector. Thus, orientation is much more important for thermosiphons
than for heatpipes. Also, thermosiphons can fail because a bubble in the loop, and require a circulating loop of pipes.
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Reboilers and Calandria
If the piping of a thermosiphon resists flow, or excessive heat is applied, the liquid may boil. Since the gas is more
buoyant than the liquid, the convective pressure is greater. This is a well known invention called a reboiler. A group
of reboilers attached to a pair of plena is called a calandria.
The term "phase change thermosiphon" is a misnomer and should be avoided. When phase change occurs in a
thermosiphon, it means that the system either does not have enough fluid, or it is too small to transfer all of the heat
by convection alone. To improve the performance, either more fluid is needed (possibly in a larger thermosiphon), or
all other fluids (including air) should be pumped out of the loop.

Solar energy

Solar heating system featuring a thermosiphon

Thermosiphons are used in some liquid-based solar heating systems to
heat a liquid such as water. The water is heated passively by solar
energy and relies on heat energy being transferred from the sun to a
solar collector. The heat from the collector can be transferred to water
in two ways: directly where water circulates through the collector, or
indirectly where an anti-freeze solution carries the heat from the
collector and transfers it to water in the tank via a heat exchanger.
Convection allows for the movement of the heated liquid out of the
solar collector to be replaced by colder liquid which is in turn heated.
Due to this principle, it is necessary for the water to be stored in a tank
above the collector.

Computing
Thermosiphons are used in computing to describe a system for watercooling the internal computer components, most
commonly referring to the processor. While any suitable liquid can be used, water is the easiest liquid to use in
thermosiphon systems. Unlike traditional watercooling systems, thermosiphon systems do not rely on a water pump
(or a pump for other liquids) but rely on convection for the movement of heated water (which may become vapour)
from the components upwards to a heat exchanger. There the water is cooled and is ready to be recirculated. The
most commonly used heat exchanger is a radiator where air is blown actively through a fan system to condense the
vapour to a liquid. The liquid is recirculated through the system, thus repeating the process. No pump is required -
the vaporization and condensation cycle is self sustaining.

Uses
Modern processors get relatively hot. Even with a common heat sink and fan cooling the processor, operating
temperatures may still reach up to 70 °C (160 °F). A thermosiphon can handle heat output at a much wider
temperature range than any heat sink and fan, and can maintain the processor 10–20 °C cooler. In some cases a
thermosiphon may also be less bulky than a normal heat sink and fan.

Drawbacks
Thermosiphons must be mounted such that vapor rises up and liquid flows down to the boiler with no bends in the
tubing for liquid to pool. Also, the thermosiphon’s fan that cools the gas needs cool air to operate.
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Engine cooling

1937 diagram of engine cooling entirely by
thermosyphon circulation

Early cars and motor vehicles used thermosyphon circulation to move
cooling water between their cylinder block and radiator. As engine
power increased, increased flow was required and so engine-driven
pumps were added to assist circulation. More compact engines then
used smaller radiators and required more convoluted flow patterns, so
the circulation became entirely dependent on the pump and might even
be reversed against the natural circulation.

Ground cooling

Heat pipes are used at locations in higher latitudes like northern Alaska
and Canada to prevent ice-rich permafrost from melting below buildings and other infrastructure such as schools, air
hangars, community water tanks, and even some stretches of highway. Heat pipes are also a common feature along
the length of the Trans-Alaska Pipeline System. In these applications the solution in the pipes is often carbon dioxide
or ammonia. At the bottom of the heat pipe, heat from the ground warms the liquid and converts it to a vapor.
Cooling from the heat sink fins above ground releases this heat to the atmosphere and causes the vapor to condense
on the outer pipe wall, which then drains back into the liquid pool at the bottom of the heat pump.
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• Fortune Magazine 2006 06 12 "Next Stop, Lhasa" [6]

References
[1] http:/ / www. btfsolar. com/ specifications. htm
[2] http:/ / cipco. apogee. net/ ces/ library/ twhtherm. asp
[3] http:/ / www. cheresources. com/ htpipes. shtml
[4] http:/ / www. hpl. hp. com/ research/ papers/ 2002/ thermosyphon. pdf
[5] http:/ / www. smokstak. com/ forum/ showthread. php?t=8737
[6] http:/ / money. cnn. com/ magazines/ fortune/ fortune_archive/ 2006/ 06/ 12/ 8379261/ index. htm

http://en.wikipedia.org/w/index.php?title=File:Thermo-syphon_cooling_circulation_(Manual_of_Driving_and_Maintenance).jpg
http://en.wikipedia.org/w/index.php?title=Cylinder_block
http://en.wikipedia.org/w/index.php?title=Radiator_%28engine_cooling%29
http://en.wikipedia.org/w/index.php?title=Permafrost
http://en.wikipedia.org/w/index.php?title=Trans-Alaska_Pipeline_System
http://en.wikipedia.org/w/index.php?title=Carbon_dioxide
http://en.wikipedia.org/w/index.php?title=Ammonia
http://www.btfsolar.com/specifications.htm
http://cipco.apogee.net/ces/library/twhtherm.asp
http://www.hpl.hp.com/research/papers/2002/thermosyphon.pdf
http://www.smokstak.com/forum/showthread.php?t=8737
http://money.cnn.com/magazines/fortune/fortune_archive/2006/06/12/8379261/index.htm
http://www.btfsolar.com/specifications.htm
http://cipco.apogee.net/ces/library/twhtherm.asp
http://www.cheresources.com/htpipes.shtml
http://www.hpl.hp.com/research/papers/2002/thermosyphon.pdf
http://www.smokstak.com/forum/showthread.php?t=8737
http://money.cnn.com/magazines/fortune/fortune_archive/2006/06/12/8379261/index.htm


Window insulation film 8

Window insulation film
Window insulation film is a plastic film which can be applied to glass windows to reduce heat transfer. There are
two types in common use designed to reduce heat flow via radiation and convection respectively.

Solar control film
This works by reflecting the infra-red component of solar energy (often 700W/sq M) and absorbing the UV
component. Some films are also silvered or tinted to reduce visible light.
Typical absorption for a silvered film is 65% for visible and infra red with 99% for UV. This type of film sticks
directly onto the glass.

Convection control film

Typical window insulation film kit of plastic shrink film (folded-up) and a roll of
double-sided tape (see Wikihow installation instructions [1])

This film is attached to the window frame
using double sided pressure sensitive tape.
The effect is to create a double glazed
system with a still air layer about 0.5 inches
thick between the film and the glass. This
restricts the convective air flow which
efficiently transfers heat onto the inside
glass surface. The reduced heat flow also
can prevent condensation [2] [3] [4] which is
triggered when the temperature of the inside
surface falls below the dew point. Assuming
an outside temperature of 0C with wind
velocity 15mph and inside temperature 20C
condensation occurs at only 30%RH relative
humidity with a single glazed system
compared with 60%RH for a double glazed system. [5] Condensation also transfers an additional 2200 J/ml which is
significant.

The film is a heat-shrink plastic which allows a hair dryer to be used to remove creases and improve optical clarity.
Since the thermal conductivity of air (0.024 W/mK) is much lower than glass (0.96 W/mK)[6] the heat flow via
conduction could be theoretically reduced by 97.5% though this is limited in practice by slow air movement in the
convective cell formed between the film and the glass.

However, a typical window insulation film kit will not prevent convection unless the frame is less than 1 inch from
the glazing. The top sash of a typical double hung window is 1-2 inches behind the lower sash which is 2-3 inches
behind the window frame. This is too far to eliminate convection. In these situations, the kits work by reducing
infiltration not convection, and are similar to interior 'storm windows.' The ideal distance for 2 sheets of glazing is
about .5-.75 inches (refer to insulated glazing).
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http://www.wikihow.com/Install-Window-Insulation-Film
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Applications
Solar control film is an effective way to control excessive sunshine during the summer months.
Convection control film is often used in winter when the outgoing heat flow is more important, especially for
single-glazed windows where the temperature difference is often sufficient to cause condensation.
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Green wall

Green Wall at Queen's University, Kingston,
Ontario, Canada

A green wall is a wall, either free-standing or part of a building, that is
partially or completely covered with vegetation and, in some cases, soil
or an inorganic growing medium. The vegetation for a green façade is
always attached on outside walls; with living walls this is also usually
the case, although some living walls can also be green walls for interior
use.[1] For living walls there are many methods including attaching to
the air return of the building to help with air filtration. They are also
referred to as living walls, biowalls, or vertical gardens.
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Green wall of bitter melon shading a school in the
summer. Primary school in Itabashi, Tokyo

Indoor green wall

Types

Green wall in the children's museum (The
Museum), Kitchener, Canada

There are two main categories of green walls: green façades and living
walls. Green façades are made up of climbing plants either growing
directly on a wall or, more recently, specially designed supporting
structures. The plant shoot system grows up the side of the building
while being rooted in the ground. With a living wall the modular
panels are often made of stainless steel containers, geotextiles,
irrigation systems, a growing medium and vegetation.[2]

There are three types of Growth Media used in living walls, loose
media, mat media and structural media.
Loose medium walls tend to be "soil-on-a-shelf" or "soil-in-a-bag" type
systems. Loose medium systems have their soil packed into a shelf or
bag and then are installed onto the wall. These systems require their
media to be replaced at least once a year on exteriors and
approximately every two years on interiors. Loose soil systems are not
well suited for areas with any seismic activity. Reparations are only
achieved by re-stuffing soil into the holes on the wall, which is both
difficult and messy. Loose-soil systems should not be used in areas
where there will be a lot of public interaction as they are quite messy
and lose their soil little by little over time as their medium wets and
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dries, falling out onto the floor in front if not properly designed. Most importantly, because these systems can easily
have their medium blown away by wind-driven rain or heavy winds, these should not be used in applications over 8
feet high. Loose-soil systems are best suited for the home gardener where occasional replanting is desired from
season to season or year to year.
Mat type systems tend to be either coir fibre or felt mats. Mat media are quite thin, even in multiple layers, and as
such cannot support vibrant root systems of mature plants for more than three to five years before the roots overtake
the mat and water is not able to adequately wick through the mats. The method of reparation of these systems is to
replace large sections of the system at a time which compromises the root structures of the neighboring plants on the
wall. These systems are best used on the interior of a building and are a good choice in areas with seismic activity. It
is important to note that mat systems are particularly water inefficient and often require constant irrigation due to the
thin nature of the medium and its inability to hold water and provide a buffer for the plant roots. This inefficiency
requires that these systems have a water re-circulation system put into place at an additional cost. Mat media are
better suited for small installations no more than eight feet in height where repairs are easily completed.
Structural media are growth medium "blocks" that are not loose, nor mats, but incorporate the best features of both
into a block that can be manufactured into various sizes, shapes and thicknesses. These media have the advantage
that they do not break down for 10 to 15 years, can be made to have a higher or lower water holding capacity
depending on the plant selection for the wall, can have their pH and EC's customized to suit the plants, and are easily
handled for maintenance and replacements. They are the most robust option for a living wall for both exterior
applications and for interior applications. They are the only choice in areas where high-winds, seismic activity or
heights need to be addressed in the design. Structural media are superior to the other media for their longevity and
high-level of performance in a variety of circumstances. Depending on the installation, they do tend to be more
expensive to install, but lower cost to maintain.
There is some discussion also around "active" living walls. An active living wall actively pulls or forces air through
the plants leaves, roots and growth medium of the wall and then into the buildings HVAC system to be recirculated
throughout the building. A problem with these systems is that building code still requires that all the standard air
filtration equipment that would have to be installed anyway, despite the living wall's installation. This means that
active living walls do not improve air quality to the point that the installation of other air quality filtration systems
can be removed to provide a cost-savings. Therefore, the added cost of design, planning and implementation of an
active living wall is still in question. With further research and UL standards to support the air quality data from the
living wall, building code may one day allow for our buildings to have their air filtered by plants.
The area of air quality and plants is continuing to be researched. The majority of the research cited is from NASA's
studies performed in the 1970's and 80's by B.C. Wolverton[3] . There was also a study performed at the University
of Guelph by Alan Darlington. (Indoor Air |Darlington, A.; Chan, M.; Malloch, D.; Dixon, M. A. Indoor Air 2000,
10, 39-46) Other research has shown the effect the plants have on the health of office workers. "The Effect of Indoor
Foliage Plants on Health and Discomfort Symptoms among Office Workers" [4]. Retrieved 2010--12--23..

http://content.karger.com/ProdukteDB/produkte.asp?Doi=24583
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Function
Green walls are found most often in urban environments where the plants reduce overall temperatures of the
building. "The primary cause of heat build-up in cities is insolation, the absorption of solar radiation by roads and
buildings in the city and the storage of this heat in the building material and its subsequent re-radiation. Plant
surfaces however, as a result of transpiration, do not rise more than 4–5 °C above the ambient and are sometimes
cooler."[5]

Living walls may also be a means for water reuse. The plants may purify slightly polluted water (such as greywater)
by absorbing the dissolved nutrients. Bacteria mineralize the organic components to make them available to the
plants.
Living walls are particularly suitable for cities, as they allow good use of available vertical surface areas. They are
also suitable in arid areas, as the circulating water on a vertical wall is less likely to evaporate than in horizontal
gardens.
The living wall could also function for urban agriculture, urban gardening, or for its beauty as art. It is sometimes
built indoors to help alleviate sick building syndrome.

Green façades

Wall of living plants near Atocha station Madrid

Some popular plants (for temperate climates) include:
• Actinidia
• Akebia quinata/trifoliata
• Aristolochia
• Campsis
• Celastrus
• Clematis
• Cotoneaster
• Euonymus fortunei
• Hedera
• Heuchera
• Humulus lupulus
• Hydrangea petiolaris
• Lonicera
• Nephrolepis

• Parthenocissus tricuspidata/quinquefolia/inserta
• Vitis berlandieri / riparia
• Polygonum auberti
• Pyracantha
• Selaginella
• Wisteria
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• Vertical and verdant, living wall systems sprout on two buildings, in Paris and Vancouver, Architectural Record
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of Guelph-Humber wins RAIC award (http:/ / www. raic. org/ honours_and_awards/ awards_raic_awards/
2005recipients/ award5_e. htm)

• Green Infrastructure Resource Guide (http:/ / www. asla. org/ ContentDetail. aspx?id=24076)

Mahoney tables
The Mahoney tables are a set of reference tables used in architecture, used as a guide to climate-appropriate design.
They are named after architect Carl Mahoney[1] , who worked on them together with John Martin Evans[2] , and Otto
Königsberger[3] . They were first published in 1971 by the United Nations Department of Economic and Social
Affairs[4] .

The concept developed by Mahoney (1968) in Nigeria provided the basis of the Mahoney Tables, later
developed by Koenigsberger, Mahoney and Evans (1970), published by the United Nations in English, French
and Spanish, with large sections included in the widely distributed publication by Koenigsberger et al. (1978).
The Mahoney Tables (Evans, 1999; Evans, 2001) proposed a climate analysis sequence that starts with the
basic and widely available monthly climatic data of temperature, humidity and rainfall, such as that found in
HMSO (1958) and Pearce and Smith (1990), or data published by national meteorological services, for
example SMN (1995). Today, the data for most major cities can be downloaded directly from the Internet
(from sites such as http:/ / www. wunderground. com/ global/ AG. html, 2006).
—John Martin Evans, The Comfort Triangles[5]

The tables use readily-available climate data and simple calculations to give design guidelines, in a manner similar to
a spreadsheet, as opposed to detailed thermal analysis or simulation. There are six tables; four are used for entering
climatic data, for comparison with the requirements for thermal comfort; and two for reading off appropriate design
criteria[6] . A rough outline of the table usage is:
1. Air Temperatures. The max, min, and mean temperatures for each month are entered into this table.
2. Humidity, Precipitation, and Wind. The max, min, and mean figures for each month are entered into this table,

and the conditions for each month classified into a humidity group.
3. Comparison of Comfort Conditions and Climate. The desired max/min temperatures are entered, and

compared to the climatic values from table 1. A note is made if the conditions create heat stress or cold stress (i.e.
the building will be too hot or cold).

4. Indicators (of humid or arid conditions). Rules are provided for combining the stress (table 3) and humidity
groups (table 2) to check a box classifying the humidity and aridity for each month. For each of six possible
indicators, the number of months where that indicator was checked are added up, giving a yearly total.

5. Schematic Design Recommendations. The yearly totals in table 4 correspond to rows in this table, listing
schematic design recommendations, e.g. 'buildings oriented on east-west axis to reduce sun exposure', 'medium
sized openings, 20%-40% of wall area'.
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6. Design Development Recommendations. Again the yearly totals from table 4 are used to read off
recommendations, eg 'roofs should be high-mass and well insulated'.

References
[1] "Carl Mahoney and Associates - International Development, Organization Design, Planning and Environment" (http:/ / cma. alphalink. com.

au/ ). 2002-09-30. . Retrieved 2008-02-08.
[2] Diego Pimentel (2003-06-04). "CENTRO DE INVESTIGACION HABITAT Y ENERGIA" (http:/ / web. archive. org/ web/

20071225160919/ http:/ / www. fadu. uba. ar/ sitios/ cihe/ cihe. htm) (in es). Archived from the original (http:/ / www. fadu. uba. ar/ sitios/
cihe/ cihe. htm) on 2007-12-25. . Retrieved 2008-02-08. "Directores: Profs. Arqs. John Martin Evans y Silvia de Schiller"

[3] "Otto Koenigsberger (1908-1999)" (http:/ / web. archive. org/ web/ 20080108111232/ http:/ / www. ucl. ac. uk/ dpu/ Otto+ Koenigsberger/
OHK. htm). 2007-06-19. Archived from the original (http:/ / www. ucl. ac. uk/ dpu/ Otto Koenigsberger/ OHK. htm) on 2008-01-08. .
Retrieved 2008-02-08.

[4] Otto Koenigsberger (1969-01-01). Climate and House Design (http:/ / www. osti. gov/ energycitations/ product. biblio. jsp?query_id=0&
page=0& osti_id=5094402). United Nations. . Retrieved 2008-02-08.

[5] Evans, J.M. (2007-10-15). "The comfort triangles: a new tool for bioclimatic design" (http:/ / www. darenet. nl/ nl/ page/ repository. item/
show?saharaIdentifier=tuddare:oai:tudelft. nl:374779). . Retrieved 2008-02-08.

[6] Dean Heerwagen (2003). Passive and Active Environmental Controls (http:/ / books. google. co. uk/ books?id=jt8BvpULmK8C&
dq="using+ the+ mahoney+ tables"& as_brr=3). McGraw-Hill Professional. ISBN 0072922281. . Retrieved 2008-02-08.

http://en.wikipedia.org/w/index.php?title=Thermal_mass_%28Building%29
http://cma.alphalink.com.au/
http://cma.alphalink.com.au/
http://web.archive.org/web/20071225160919/http://www.fadu.uba.ar/sitios/cihe/cihe.htm
http://web.archive.org/web/20071225160919/http://www.fadu.uba.ar/sitios/cihe/cihe.htm
http://www.fadu.uba.ar/sitios/cihe/cihe.htm
http://www.fadu.uba.ar/sitios/cihe/cihe.htm
http://web.archive.org/web/20080108111232/http://www.ucl.ac.uk/dpu/Otto+Koenigsberger/OHK.htm
http://web.archive.org/web/20080108111232/http://www.ucl.ac.uk/dpu/Otto+Koenigsberger/OHK.htm
http://www.ucl.ac.uk/dpu/Otto%20Koenigsberger/OHK.htm
http://www.osti.gov/energycitations/product.biblio.jsp?query_id=0&page=0&osti_id=5094402
http://www.osti.gov/energycitations/product.biblio.jsp?query_id=0&page=0&osti_id=5094402
http://www.darenet.nl/nl/page/repository.item/show?saharaIdentifier=tuddare:oai:tudelft.nl:374779
http://www.darenet.nl/nl/page/repository.item/show?saharaIdentifier=tuddare:oai:tudelft.nl:374779
http://books.google.co.uk/books?id=jt8BvpULmK8C&dq=%22using+the+mahoney+tables%22&as_brr=3
http://books.google.co.uk/books?id=jt8BvpULmK8C&dq=%22using+the+mahoney+tables%22&as_brr=3


Article Sources and Contributors 15

Article Sources and Contributors
Deep energy retrofit  Source: http://en.wikipedia.org/w/index.php?oldid=401403592  Contributors: Bearcat, Clarkesociety, Deepenergy, Sadads

Solar air heat  Source: http://en.wikipedia.org/w/index.php?oldid=412814271  Contributors: Bicycling Benjamin, Biscuittin, Ceicsi, Jojalozzo, Look2See1, Shirik, Tassedethe, 2 anonymous
edits

Annualized geo solar  Source: http://en.wikipedia.org/w/index.php?oldid=414290558  Contributors: Aegirthor, Colonies Chris, Crastinbic, Don Stephens, GGByte, Gueneverey, Longhair,
Mbbradford, Muffinon, Nopetro, RHaworth, Ray Van De Walker, Rich Farmbrough, Trasel, Ytrottier, 6 anonymous edits

Thermosiphon  Source: http://en.wikipedia.org/w/index.php?oldid=417839496  Contributors: Andy Dingley, Beano, Beetstra, Ben14, Charles Matthews, Crowsnest, Dellant, Foobar, Gerfriedc,
Hermann Luyken, Jdcooper, Jeepday, JonHarder, Marcosaedro, Master Of Ninja, Mbeychok, Mikiemike, Mononomic, MrOllie, NickFr, Oh Snap, Oldengine, Pradeepranjan4102, Ray Van De
Walker, Rifleman 82, Ronhjones, Rszasz, Rtdrury, Skapur, Stephan Leeds, WOSlinker, Zazpot, 31 anonymous edits

Window insulation film  Source: http://en.wikipedia.org/w/index.php?oldid=379411472  Contributors: AndreaWelsh, Chyel, Dbrodbeck, FullMetal Falcon, GB fan, Harryzilber, Johnfos,
Merelake, Rlsheehan, Uncle G, 13 anonymous edits

Green wall  Source: http://en.wikipedia.org/w/index.php?oldid=415504086  Contributors: Agiglio, Ahoerstemeier, Alan Darlington, AlphaEta, Alvis, Andy Dingley, Anthere, Arjuna909,
Avnjay, Basicdesign, Bibliophylax, Blathnaid, Bloovee, Bluezy, CALR, Casliber, Catfoo, Chadsichello, Chriswaterguy, Csichello, Denise macd, Dmaslach, Draeco, Egregius, Eliz81, Epister,
Fieldday-sunday, Fluri, Folkeg, Gary wales petersen, Giraffedata, Greenecowalls, Greenhat74, Greenovergrey, Greenwall155, Gueneverey, Isupereco, JamesBWatson, Jimfbleak, Johnall78,
Kaldari, Kathleen5454, Kellyprice, Koman90, Livingwalls, Look2See1, MPF, Maniago, Marshman, Michael Hardy, Michelanedlaw, Miguemac, Mindmatrix, MissAlyx, Namazu-tron, Nikai,
Onceuponatime2009, Passionless, Patrick, Phoebus, Pierreuk, Pollinator, Quiddity, RHaworth, S711, SOYFOM, Seferin, SiGarb, SilkTork, Stan Shebs, Think Fast, Thumperward, Toddst1,
TomAlt, Ukepedia, Vik-Thor, Wavelength, Webbster, Zippo512, Zoe Allen, 181 anonymous edits

Mahoney tables  Source: http://en.wikipedia.org/w/index.php?oldid=416110107  Contributors: Bazzargh, Ikkyu2, Nopetro, Rich Farmbrough, Rjwilmsi, Sandstein, Swapnildixit



Image Sources, Licenses and Contributors 16

Image Sources, Licenses and Contributors
Image:Solar Air Heat Collector.JPG  Source: http://en.wikipedia.org/w/index.php?title=File:Solar_Air_Heat_Collector.JPG  License: Public Domain  Contributors: Bicycling Benjamin,
Shustov, Tetris L
File:Thermosiphon2.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Thermosiphon2.jpg  License: Creative Commons Zero  Contributors: JWH Ferguson
Image:Solar heater dsc00632.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Solar_heater_dsc00632.jpg  License: Creative Commons Attribution-Sharealike 2.5  Contributors:
User:David.Monniaux
File:Thermo-syphon cooling circulation (Manual of Driving and Maintenance).jpg  Source:
http://en.wikipedia.org/w/index.php?title=File:Thermo-syphon_cooling_circulation_(Manual_of_Driving_and_Maintenance).jpg  License: unknown  Contributors: Andy Dingley
Image:window-insulation-kit.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Window-insulation-kit.jpg  License: Public Domain  Contributors: User:Merelake
Image:Greenwall.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Greenwall.jpg  License: Creative Commons Attribution-Sharealike 2.0  Contributors: Jkelly, Joolz, Lamiot,
TomAlt, Zoe Allen, 5 anonymous edits
File:Midori no katen 03.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Midori_no_katen_03.jpg  License: unknown  Contributors: Originally up loaded to ja Wikipedia by
user:Takaaki Kurosawa in Japanese Wikipedia on 25 June 2008. Relocated to commons by Namazu-tron
Image:Verticalgarden.JPG  Source: http://en.wikipedia.org/w/index.php?title=File:Verticalgarden.JPG  License: Creative Commons Attribution-Sharealike 3.0  Contributors: User:Isupereco
File:Livingwall.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Livingwall.jpg  License: Creative Commons Attribution 2.0  Contributors: Photo by M. Rehemtulla
File:Madrid136.jpg  Source: http://en.wikipedia.org/w/index.php?title=File:Madrid136.jpg  License: Creative Commons Attribution-Sharealike 3.0  Contributors: User:Jimfbleak



License 17

License
Creative Commons Attribution-Share Alike 3.0 Unported
http:/ / creativecommons. org/ licenses/ by-sa/ 3. 0/

http://creativecommons.org/licenses/by-sa/3.0/

