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Introduction: The Walipini (underground or pit greenhouse) in this bulletin is designed

specifically for the area of La Paz, Bolivia. However, the principles explained in the bulletin

make it possible to build the Walipini in a wide variety of other geographic and climatic

conditions. The word ‟Walipini” comes from the Aymara Indian language of this area of the

world and means ‟place of warmth”. The Walipini utilizes nature’s resources to provide a

warm, stable, well-lit environment for year-round vegetable production. Locating the growing

area 6’- 8’ underground



and capturing and storing daytime solar radiation are the most



important principles in building a successful Walipini.



I. How the Walipini Works

The Walipini, in simplest terms, is a rectangular hole in the ground 6 ‛ to 8’ deep covered by

plastic sheeting. The longest area of the rectangle faces the winter sun -- to the north in the

Southern Hemisphere and to the south in the Northern Hemisphere. A thick wall of rammed

earth at the back of the building and a much lower wall at the front provide the needed angle for

the plastic sheet roof. This roof seals the hole, provides an insulating airspace between the two

layers of plastic (a sheet on the top and another on the bottom of the roof/poles) and allows the

suns rays to penetrate creating a warm, stable environment for plant growth.



-1-



The Earth’s Natural Heat -- Why dig in?

The earth’s center is a molten core of magma which heats the entire sphere. At approximately

4’ from the surface this heating process becomes apparent as the temperature on most of the

planet at 4’ deep stays between 50 and 60º F. When the temperature above ground is cold, say

10º F with a cold wind, the soil temperature at 4’ deep in the earth will be at least fifty degrees in

most places. By digging the Walipini into the ground, the tremendous flywheel of stable

temperature called the ‟thermal constant” is tapped. Thus, the additional heat needed from the

sun’s rays as they pass through the plastic and provide interior heat is much less in the Walipini

than in the above ground greenhouse. Example: An underground temperature of 50º requires

heating the Walipini’s interior only 30º to reach an ambient temperature of 80º. An above

ground temperature of 10º requires heating a greenhouse 70º for an ambient temperature of 80º.
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More Free Energy -- The Sun

Energy and light from the sun enter the Walipini through the plastic covered roof and are

reflected and absorbed throughout the underground structure. By using translucent material,

plastic instead of glass, plant growth is improved as certain rays of the light spectrum that inhibit

plant growth are filtered out. The sun’s rays provide both heat and light needed by plants. Heat

is not only immediately provided as the light enters and heats the air, but heat is also stored as

the mass of the entire building absorbs heat from the sun’s rays.



Heat Storage -- Mass and the Flywheel Effect

As mass, (earth, stone, water -- dense matter) comes in contact with sunlight, it absorbs and

stores heat. The more dense the mass (water is more dense than rock and rock is more dense

than soil) the more energy can be stored in a given area. Mass of a darker color such as flat

brown, green or black absorbs heat best. Light colors, such as white, reflect heat best. As the

earthen walls of the Walipini absorb this heat they charge with heat much like a battery charges

with electricity. This storing of the heat in the mass of the soil is often referred to as the



‟flywheel effect”, with the flywheel being charged in the day (storing heat/energy) and spinning

down or discharging at night as heat/energy flows from the earthen walls out of the greenhouse

up through the plastic glazing to the colder night air. The amount of heat stored in the mass is a

critical factor in keeping crops from being frost bitten or frozen during the coldest nights of the

winter. These critical nights are usually encountered around the time of the winter equinox (June

21 in the Southern Hemisphere and December 21 in the Northern Hemisphere). The Walipini is

usually designed to absorb more of the sun’s rays/heat during the three coldest months of the

winter than during any other time of the year. The key here is to have enough energy stored in

the mass so that on the coldest nights, the plants are not damaged. In general, nighttime

temperatures should not be allowed to drop below 45º. This minimum temperature is also

dependent upon the types of crops being grown, as some are hardier than others and may require

colder nighttime temperatures. An easy way to increase the mass is to put a few 55 gallon

drums filled with water and painted flat black along the back wall of the Walipini. Some

growing space will be lost, but the heated water will greatly enhance mass heat/energy storage

and will provide preheated water for plant irrigation. Preheated water reduces plant shock, thus,
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assisting plant growth.

Cutting Down Heat Loss -- Insulation

A double layer of plastic sheeting (glazing) should be used on the roof. This provides a form of

insulation and slows down the escaping of heat during the nighttime. This sealed dead-air space

between the plastic sheeting should be between 3/4” to 4” thick. Poles used to span the roof that

are 3.5” to 4” in diameter provide the indicated thickness of dead air space when plastic sheeting

is affixed to the outside and the inside of the roof’s structure. The inside sheeting also keeps the

inside humidity from penetrating and rotting the wooden poles spanning the roof.

All above-ground walls should be bermed with as much soil as possible. This provides some

extra mass, but provides much more insulation against above-ground cold temperature, winds

and moisture penetration.

When nighttime temperatures are continuously well below freezing, insulated shutters made

from foam insulation board or canvas sheets filled with straw or grass can be placed over the

glazing. This requires more work and storage, and in many environments is unnecessary, such

as is the case in the area of La Paz, Bolivia.



II. Location of the Walipini:



The Danger of Water Penetration

Water penetration of the walls and/or floor of the Walipini is destructive. If water seeps through

the walls, they will collapse. If water comes up through the floor, it will adversely affect plant

growth and promote plant disease. Dig the Walipini in an area where its bottom is at least 5’

above the water table. When all of the above ground walls are bermed, a layer of water-proof

clay, such as bentonite, or plastic sheeting, should be buried approximately 6” to 1’ under the

berm surface. It should be slanted so that the water drains away from the Walipini to the

drainage ditches. In some cases where the soil has a low permeability rate, the clay or plastic

may not be necessary. Be sure to dig a shallow drainage ditch around the perimeter of the

Walipini which leads run off water well away from the structure.
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Digging into the Hillside

Walipinis can be dug into a hillside providing the soil is stable and not under downward

pressure. Since the Walipini has no footing or foundation, a wall in unstable soil or under

pressure will eventually collapse.



Maximizing the Sun’s Energy

The



sun is



orbited by the earth once a year in an elliptical (oval) path at an average distance of 93M miles.

The earth spins on its own axis creating the rising and setting of the sun. The earth is tilted at 23

1/2º from the plane of its solar orbit, which is why the sun appears lower in the sky in the winter

and higher in the sky in the summer.

These variables in movement make the location of the sun, both in height and plane, different

each and every day of the year. However, since the daily difference is minimal, the Walipini can

be located to maximize heat in any given season. For vegetable production, this maximized

location is for winter heating of its interior as this will be the most crucial time of the year for

plant survival.



Alignment of the Walipini to the Winter Sun
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Since the sun will come up in the East and go down in the West, the length of the rectangular

Walipini will stretch from east to west with the tilt angle of the roof facing north towards the

winter sun in the Southern Hemisphere or towards the south in the Northern Hemisphere.



This allows



the largest



mass, the inside back (the highest) wall, to be exposed to the sun the longest as the sun moves

across the horizon. Some adjustments can be made for local conditions. If winter conditions

frequently produce hazy or cloudy mornings or high mountains in the east make for a late

sunrise, it may be best to locate the Walipini 10-15º to the north west of true east in order keep

the afternoon sun in the Walipini for a longer period of time. If winter mornings are generally

clear, it can be located at 10 to 15 º north east of true east to maximize the early morning rays for

a longer period. Maximum heating will usually take place between 10:00 a.m. and 3:00 p.m.



Angle of the Roof to the Sun

In order to make the simple calculation for the best angle of the roof (the plastic glazing) for

maximum sun penetration at the winter solstice (the shortest day of the year), use the following

rule of thumb: 1) Obtain a good map and determine the latitude on the globe. La Paz is located

at 16.4º south of the equator.

2) Add approximately 23º which will make a tilt angle of 39 - 40º for the La Paz area. This will
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