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​Chapter 1 - Introduction: Why Pay for Cooling?
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There is something deeply satisfying about a house that takes care of itself. No whirring compressors, no monthly bills that climb with the thermometer, no dependence on a grid that can fail on the hottest day of the year. Just cool, quiet air moving gently through your home the way it has moved through the earth since long before electricity was a concept.

That is what earth tubes offer.

If you have never heard of them, you are not alone, but you may be surprised to learn that the underlying principle is thousands of years old, and that people all over the world have been using variations of this idea to stay comfortable without a single kilowatt of power. This book will show you exactly how to build your own earth tubes system, from the ground up, for a fraction of what you would spend on a conventional air conditioning/HVAC system. The benefit is that once it’s built, there are zero electricity bills to run it.

​​What Are Earth Tubes?

Earth tubes, sometimes written as one word earthtubes, are lengths of PVC pipe buried underground and connected to your home. Outside air enters one end, travels through the cool tube in the earth, sheds its heat and humidity along the way, and arrives inside your house noticeably cooler and drier. No fans. No pumps. No moving parts of any kind.

Because they rely entirely on natural physical principles to function, they are classified as passive cooling, and passive cooling costs nothing to run.

You may also encounter these systems under any number of other names: air tubes, earth air tubes, cool tubes, ground-coupled heat exchangers, earth-air heat exchangers, sub-soil heat exchangers, air-ground heat exchangers, thermal labyrinths, or heat recovery ventilation systems, and perhaps others. They are all, in one form or another, describing the same simple idea, to let the earth do the cooling work for you.

How earth tubes work:

As a kid in elementary school, I remember asking my parents how the drops of water got onto the outside of the glass when I had a drink of cold iced tea. They explained that the liquid did not come from the drink itself, or the glass, the moisture in the air condensed out onto the surface of the glass because the glass was cooler than the air. The temperature difference is what caused the water to condense. 

Similarly, the moisture in the air that travels through an earth tube, which is quite literally a tube that buried under the earth, condenses out onto the inner surface of the tube because the underground tube is cooler than the air that is passing through it. This simple result of physics is how earth tubes are able to cool the warm summer air as it travels through the earth tube, so that it is cooler and dryer when it enters your home. Quite elementary.

​​A Brief History of Staying Cool

Long before Willis Carrier invented the first large-scale mechanical air conditioner in Buffalo, New York (a system that began operating on July 17, 1902), primarily to control temperature and humidity for a printing press. Human beings had already spent millennia figuring out how to stay cool without machines.

The oldest approaches were intuitive. Paleolithic cave dwellers understood, whether consciously or not, that rock and earth held temperature steady. A cave that stayed at 55°F (13°C) in February stayed close to that same temperature in August, acting like a pre-heater in winter and natural air conditioning in summer. The sheer mass of the surrounding stone was itself a form of thermal storage. Thermal storage that stayed steady year around.

Ancient Egyptians hung water-soaked reeds in windows so that the breeze passing through them would be chilled by evaporation, essentially the same principle as the misters you see at outdoor restaurant patios today. This worked because the climate was hot and dry; evaporation cools effectively when the air has room to absorb more moisture.

Ancient Rome took a more engineering-forward approach, routing aqueducts (artificial channels carrying cold mountain water) through the walls of wealthier homes. The thermal exchange between the cold stone channels and the warm interior air was primitive but functional.

In Persia (present-day Iran), the problem was solved with an elegance that still impresses engineers today, using underground water channels called qanats. These were paired with above-ground wind-catching towers called badgirs, created a passive cooling and water delivery system so effective that versions of it are still in active use. We will explore qanats in detail in Chapter 3, because they are, in every meaningful sense, the ancestors of the modern earth tube.

The point of this brief tour through history is simply this... the desire to cool a home without burning fuel or spending money is not a modern idea. What is modern is how thoroughly we have forgotten these older solutions, and how readily we have replaced them with systems that require ongoing cost, ongoing energy consumption, and ongoing dependence on infrastructure (and costs) we do not control.

Earth tubes are one way to take some of that control back.

​​How Earth Tubes Work: A First Look

The full mechanics of earth tubes are covered in Chapter 4, but here is the short version so you have a mental picture as you read.

The ground a few feet below the surface/frost line maintains a remarkably stable temperature year-round, typically somewhere between 50–60°F (10–16°C) in most temperate climates, depending on your region. It does not matter if it is 95°F (35°C) above ground in August; six feet down, the earth is still cool.

An earth tube takes advantage of this by routing outside air underground for approximately 100 feet (30 metres) before it enters your home. During that underground journey, the air loses heat to the surrounding soil. The moisture in the air condenses on the inside walls of the tube and drains away. What enters your house is cooler, drier air, delivered entirely by the natural pressure difference created when warm air escapes through a high window on the opposite side of the house.

That pressure difference (not a fan, not a pump) is what moves the air. Open one high window to let warm interior air escape, and the earth tubes do the rest.
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​​The House Matters As Much As the Tubes

Here is something most earth tube guides gloss over, and it is worth saying clearly upfront: earth tubes work best in an energy-efficient house.

A house that leaks air like a sieve, has a black roof (dark colours absorb heat) baking in the sun, and has unshaded west-facing windows will fight your earth tubes at every turn. The tubes can still help, but they will be working against the house rather than with it.

A well-designed passive solar home, by contrast, is a natural partner for earth tubes. Passive solar design (which is a full subject of its own, worthy of a separate book) orients the home so that south-facing windows capture low winter sun for heating while generous roof overhangs block the higher summer sun. Thermal mass materials ( stone, tile, brick, rammed earth, adobe inside the home) absorb cool temperatures during the night and release them slowly during the day. The house itself becomes a participant in the cooling process, not just a container for it.

The real-world results can be striking. A passive solar straw bale house built in Nebraska in the late 1990s, documented in DIY: How to Make Cheap Air Conditioning Earth Tubes (Buydens, Scribeworks Studio), recorded interior temperatures of 70°F (21°C) when it was 99°F (37°C) outside with near-100% humidity. That is a 29-degree (16°C) Fahrenheit difference, achieved without air conditioning, through a combination of high-performance insulation (R-50 walls and ceiling), passive solar design, and earth tubes.

Not every home will achieve that result. But every home can move in that direction. Most earth tubes will bring about a 10-20°F (5-10°C) difference between inside and outside temperatures for an average house (more for an energy efficient or newer home, and less for an older or leaky home).

​​Earth Tubes and Other Heating Systems

If you heat with a woodstove, fireplace, or rocket mass heater (RMH), there is a useful bonus worth knowing about, that earth tubes can supply tempered outside air directly to the combustion intake, reducing cold drafts around doors and windows during winter. Fireplaces in particular are notoriously inefficient (up to 90% of their heat goes straight up the chimney) but even they benefit from having a pre-tempered air supply rather than pulling cold outdoor air through every gap in the building envelope. A rocket mass heater, which burns far more efficiently and radiates heat slowly through a large thermal mass, pairs especially well with this concept. In summer, interestingly, a RMH's large thermal mass can also act as a passive heat sink, absorbing warmth from the interior air and moderating temperature swings, a subject explored further in Chapter 19 in the context of off-grid and ecovillage applications.

The heating side of passive design is a rich enough topic to deserve its own book. For now, the key point is simply that earth tubes do not exist in isolation, they work best as part of a broader approach to building design that works with natural principles rather than against them.

​​What This Book Will Cover

This book is written for anyone who wants to cool their home using a method that is inexpensive to build, free to run, and has no moving parts to break down. Whether you are building a new home from scratch, retrofitting an existing house, living off-grid, or building as part of an intentional community or ecovillage, this book will walk you through everything you need to know.

Here is what is ahead:


•  Chapter 2 helps you decide whether earth tubes are the right fit for your specific situation (honestly, including the cons).

•  Chapter 3 covers the history of natural cooling in depth, including the fascinating world of qanats and windcatchers (badgirs).

•  Chapter 4 explains the physics of how earth tubes actually work.

•  Chapters 5 and 6 help you size your system and understand the real costs involved.

•  Chapter 7 surveys every other low-cost cooling method worth knowing about, and explains why earth tubes outperform most of them.

•  Chapters 8 through 14 walk you through the hands-on work: choosing a design, gathering materials, digging trenches, laying tubes, and making the system perform.

•  Chapter 15 covers what goes wrong and how to avoid it.

•  Chapters 16 through 18 address air quality, supplemental ideas, and the math behind sizing a system.

•  Chapter 19 looks at earth tubes at community scale, for ecovillages, intentional communities, and off-grid living situations where reducing electrical load is not a preference but a necessity.


Read the book through once before you start digging. There are design choices made early that are much easier to change on paper than underground.

Ready? Let's start with the honest question: Is this actually right for you?
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​Chapter 2 - Is Earth Tube Cooling 
Right for You?
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Before you pick up a shovel, or call anyone who owns one, it is worth spending a few honest minutes with this chapter. Earth tubes are genuinely excellent for the right situation. They are genuinely not the right choice for every situation. The goal here is to help you figure out which camp you are in before you invest time, money, and muscle into the ground.

​​The Pros

☑ No electricity required ever Once built, earth tubes run entirely on natural convection. There is no motor to burn out, no compressor to replace, no electricity bill tied to their use. They simply work, silently, as long as they are properly built and maintained.

☑ Low build cost A single earth tube costs roughly $300-350 USD ($414-483 CAD) in materials, depending on local PVC pricing and what you already have on hand. An average home requires approximately one tube per 250 square feet of living space, so a 1,500 sq ft home might need six tubes, for a total material investment in the range of $1800-2100 USD ($2,500-2,900 CAD). Compare that to the purchase price of a central air conditioning system or heat pump, which routinely runs twice to four times that amount (before installation). The good news here is that if you only need to start by cooling one room in the home (such as the living room) then your costs just went way down. 

☑ Fast payback period In a hot climate where air conditioning runs consistently through the summer, the material cost of a set of earth tubes can be recovered within the first cooling season, sometimes within the first summer alone. Every summer after that is pure savings.

☑ Long lifespan Properly built earth tubes, using the right materials (covered in Chapter 9), can last for the lifetime of the building. There are no consumable parts, no filters to replace on a schedule, and no refrigerant to recharge.

☑ Completely passive, no moving parts Nothing to break. Nothing to service. Nothing that requires a technician.

☑ Works in both humid and arid climates Earth tubes cool by removing moisture from the air, which makes them especially effective in humid climates. They also function in arid climates, particularly during humid monsoon periods when an evaporative cooler stops being useful. The two systems work on opposite principles and should never be run simultaneously, but earth tubes fill the gap where a swamp cooler cannot.

☑ Can supplement or replace air conditioning Depending on your climate, your home's energy efficiency, and the number of tubes you install, earth tubes can either reduce your air conditioning load significantly or eliminate the need for it altogether.

☑ Reduces your carbon footprint No electricity, no refrigerants, no ongoing manufacturing demands. Passive cooling is about as low-impact as it gets.

☑ Doubles as winter heat tempering In colder months, the same tubes that bring cool air in summer can pre-warm incoming fresh air before it enters the house, reducing cold drafts and easing the load on your heating system. They can also feed tempered outside air to a woodstove, fireplace, or rocket mass heater, which improves combustion efficiency and prevents cold drafts from being pulled in through gaps around doors and windows.

☑ Ideal for off-grid and ecovillage applications When your electrical supply is limited (whether designed eco-friendly by choice or by necessity) earth tubes are one of the most practical tools available for climate control. More on this in Chapter 19.

☑ Invisible Once installed, earth tubes are completely underground and out of sight. No equipment on the exterior walls, no roof-mounted units, no visual impact on the property

​​The Cons

☒ Earthmoving is required, and it is real work This is the most significant barrier for most people, and it deserves honesty. Digging trenches 6 feet (approximately 2 metres) deep and 100 feet (30 metres) long is not a small undertaking. Done by hand, it is hard, slow, physical labour, and depending on your soil type (clay-heavy soil is particularly punishing), it can be genuinely brutal. Done with the wrong equipment it is still brutal, as anyone who has rented the wrong type of trencher and cut through hard-pan clay can tell you.

That said, the cost of this work can be kept low:

A group of friends working together over a weekend, fed and watered well, can accomplish a great deal at minimal financial cost.

Small trencher rentals from equipment rental companies are significantly cheaper than hiring an excavation contractor, and a narrow-blade trencher is the right tool for this job.

In some rural areas, a neighbour with a tractor and a box blade can trench surprisingly quickly for a modest fee or a reciprocal arrangement.

Plan the labour before you plan the tubes.

☒ Landscape fabric or sock mesh is required over drainage holes The small holes drilled into the underside of the tubes, which allow condensate to drain into the sand-and-gravel bed below, are also potential entry points for insects, earthworms, and other small organisms if left unprotected. Landscape fabric (the non-woven, permeable type used in gardening) or a fine mesh sock that will not rot or develop mold over time should be wrapped or laid over the tube in the trench before backfilling. This is a small step that is easy to overlook and genuinely important not to. Chapter 10 covers this in detail.

☒ High water tables can make in-ground installation impossible or impractical In areas where the water table sits close to the surface (parts of Florida, for example, have groundwater as shallow as 12–18 inches below grade in some locations) digging a 6-foot trench may simply fill with water before you finish digging it. Standard open-air earth tubes cannot function when flooded.

Options for high water table situations include:

A check valve system on the drainage points of the tubes, which allows condensate out but prevents groundwater from entering. This adds complexity and requires ongoing monitoring to ensure the valves remain functional.

Above-ground bermed systems, where tubes are laid at or near grade level and covered with a substantial earthen berm, enough soil depth to replicate the stable ground temperature that buried tubes rely on. This requires significantly more earthmoving but eliminates the water table problem entirely. Chapter 17 covers earth berming in more detail.

If your water table is very high and neither option is feasible for your property, earth tubes may simply not be the right fit.

☒ Very humid climates require more tubes and more diligence Earth tubes work by condensing moisture out of the air, which means they perform best when there is moisture to remove. However, in extremely humid climates (the Gulf Coast of the United States, the tropics, parts of Southeast Asia) the sheer volume of moisture in the air can overwhelm a standard installation. In these cases:

Tubes should be lengthened to at least 130 feet (40 metres) to give the air more contact time with the cool earth.

The quantity of tubes may need to be doubled relative to standard estimates.

Larger diameter tubes, 6 inches (15 cm) rather than the standard 4 inches (10 cm), may improve performance.

Drainage must be impeccable. Tubes must be sloped. Stagnant water in the tubes is a health risk, and in a very humid climate the drainage burden is substantially higher. If proper drainage cannot be reliably maintained, earth tubes should not be used.

☒ Property size and layout must accommodate tube length A tube that is too short will not work well; the air does not have enough contact time with the cool earth to drop to a useful temperature. One hundred feet (30 metres) is the practical minimum for the underground run. If your yard cannot accommodate that length in a reasonably straight run, your options become limited. Chapter 8 covers configurations for various property types, including tighter spaces.

☒ Retrofitting an existing house adds complexity Installing earth tubes during new construction is straightforward. Retrofitting them into an existing house is more involved, so basements, slab foundations, limited yard access, and underground utilities all add complexity. It can absolutely be done, and Chapter 14 is dedicated to it; it simply requires more careful planning.

☒ One high window must remain cracked during use Earth tubes rely on a pressure difference inside the house to function. It’s warm air escaping through a high window draws cool air in through the tubes. This means a single window needs to stay partially open during operation, which has implications for home security and for households with pets or small children. The opening is small, but it is a real operational consideration. Bars on that window may help you feel more secure.

☒ Cannot be used simultaneously with an evaporative cooler Earth tubes remove moisture from the air. Evaporative coolers add moisture to the air. Running both at the same time works against both systems and reduces the effectiveness of each.

​​A Note on Realistic Expectations

Earth tubes are not magic. In a leaky, poorly insulated house with unshaded west-facing windows and a dark roof absorbing heat all day, they will still help, but not nearly as much as they would in a well-designed home. If you install them in a house with significant energy efficiency problems, consider addressing insulation, air sealing, and window shading as well. Every improvement compounds.

In a well-designed passive solar home with good thermal mass and thoughtful window placement, earth tubes can be transformative. The two approaches are natural partners, and together they can make mechanical air conditioning entirely unnecessary in many climates.

​​One More Thing Before You Decide

There are cautionary stories in this field, and Chapter 15 covers the most instructive ones in full. One involves an earth tube installation where poor drainage design allowed water to collect inside the tubes rather than drain away, effectively drowning the system and creating exactly the kind of damp, stagnant environment that leads to mold growth and degraded air quality. The details are kept anonymous out of respect for those involved, but the lesson is universal... earth tubes done wrong cause real problems. Earth tubes done right cause essentially none. The difference almost always comes down to drainage, material choices, and attention to the details this book covers.

If you have worked through this chapter and earth tubes still sound like a fit... read on. The rest of the book will show you exactly how to do it properly.

Next: where this idea actually comes from, and why people living in the desert figured it out long before anyone else.
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​Chapter 3 - A Brief History of Natural Cooling
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The idea of cooling a home without electricity is not a modern innovation. It is not even a recent rediscovery. Human beings have been solving the problem of summer heat for as long as they have been building shelters, and some of the solutions they arrived at thousands of years ago are more elegant, more durable, and more effective than anything produced by a century of industrial engineering.

This chapter traces that lineage, from the caves of the Paleolithic to the underground waterways of ancient Persia to the quiet engineering genius of a prairie dog. Understanding where these ideas come from does not just make for interesting reading. It gives you a deeper appreciation for what you are doing when you put an earth tube into the ground, and why it works.

​​The Cave: The First Climate-Controlled Room

Long before anyone dug a trench or laid a pipe, the most effective passive cooling system available to early humans was simply a cave. Rock and earth are extraordinarily stable thermal environments. A cave that sits at 55°F (13°C) in February does not suddenly become 95°F (35°C) in August. The sheer mass of the surrounding geology absorbs temperature fluctuations at the surface and holds interior conditions nearly constant year-round.

Paleolithic peoples understood this intuitively. Caves were not only shelters from predators and weather; they were refuges from thermal extremes in both directions. The same cave that kept a family from freezing in January kept them from sweltering in July. This is thermal mass at its most primal, meaning no design required, no labour beyond finding the right formation.

Modern earth tubes are, in the most direct sense, an attempt to recreate this effect in locations where natural caves do not exist. You are not inventing something new when you bury a pipe six feet underground. You are borrowing an idea that stone and soil figured out long before we did.

​​Ancient Egypt: Cooling With Moisture

One of the earliest recorded human-engineered cooling methods comes from ancient Egypt, where wet reeds were hung in windows to cool the air passing through them. As hot, dry desert air moved through the dampened reeds, evaporation pulled heat from the air and reduced its temperature. It’s the same principle used today by misters at outdoor restaurant patios, and by evaporative (swamp) coolers on rooftops across the American Southwest.

This technique works specifically because the air is hot and dry. Evaporative cooling depends on the air having room to absorb more moisture, when it is already saturated with humidity, evaporation slows and the cooling effect largely disappears. It is a solution perfectly suited to the Egyptian climate, where the air is reliably arid.
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​​Ancient Rome: Water Through the Walls

The Romans approached the problem differently. In wealthier homes, aqueducts (the same engineered water channels that supplied cities with drinking water) were routed through the walls of buildings. The cold water flowing through stone channels conducted heat away from the interior air, cooling the rooms it passed through.

It was a form of radiant cooling. Not air conditioning in the modern sense, but a functional thermal exchange between cold water and warm air, mediated by stone. The Romans were expert builders of thermal mass structures, and their use of flowing cold water as a cooling medium was ahead of its time in its understanding of heat transfer.

​​Persia: The Pinnacle of Pre-Industrial Cooling

If any ancient civilization deserves to be called the masters of passive climate control, it is Persia (region around present-day Iran). Faced with one of the most punishing climates on earth (desert temperatures regularly exceeding 100°F / 38°C in summer), Persian engineers and architects developed an integrated system of cooling, water management, and refrigeration that functioned without any external energy source whatsoever. Some of these systems are still in use today.

The three key elements of the Persian system were the qanat, the badgir, and the yakhchal. Understanding how they worked together is worth the time it takes, because it is, in a very real sense, the direct ancestor of the earth tube.

	Qanat: An underground aqueduct system that transports groundwater from deep mountain aquifers to surface settlements via gently sloping, hand-dug tunnels. 

	Badgir: A traditional vertical "wind tower" designed to catch prevailing desert breezes, funneling them downward into buildings for passive air conditioning. 

	Yakhchal: An ancient, dome-shaped mud-brick structure with a deep subterranean pit used to make, harvest, and preserve ice and food throughout the summer. 


​​The Qanat: Underground Water, Underground Cool

A qanat (the word means "channel" in Persian) is an underground tunnel that transports fresh water from a source in the mountains to a lower-altitude opening, where it can be used for irrigation, drinking, and other purposes. What makes the qanat extraordinary is not just the engineering required to build it, though that is remarkable in itself, but the range of functions it served beyond simply moving water.
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The qanat is an ingenious and sustainable way to provide a reliable water supply to societies living in hot or arid regions, and it has many other remarkable uses, as a cooling system, a refrigerator, and a sustainable method of maintaining traditional Persian gardens.

The construction of a qanat involves excavating a series of vertical shafts (sometimes dozens of them, spaced at regular intervals) down to the level of an underground aquifer, then connecting them with a single long horizontal tunnel that follows a precisely calculated slope. The incline has to be precisely calculated... too steep and the force of the water erodes the qanat; too flat and the water stops flowing. Some of these tunnels run for extraordinary distances. One of the most remarkable qanats in Yazd, Iran (Qanat-e Zarch) stretches over 80 kilometres, making it the longest qanat in the world, and was built over 2,500 years ago.
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The numbers associated with Iran's qanat systems are staggering. As documented in DIY: How to Make Cheap Air Conditioning Earth Tubes (Buydens, Scribeworks Studio), there are currently over 37,000 qanats in use in Iran, carrying more than 7 billion cubic metres (1.85 trillion US gallons) of water. One qanat is over 1,500 years old and still in active use. The deepest known qanat descends more than 300 metres (nearly 1,000 feet) to reach its water source. The water they carry has historically run grain mills and supplied entire desert cities that could not otherwise have existed.

The Persian Qanat was registered on the UNESCO World Heritage list in 2016, representing a selection of eleven aqueducts across Iran.

The qanat does more than move water, however. Because it runs underground, the water inside it stays cold even in the height of summer. And cold water, combined with the right architecture above it, becomes a cooling system.

​​The Badgir: Catching the Wind

The badger, literally "wind catcher" in Persian, is a tall tower rising above a building, internally divided into channels that scoop prevailing winds and direct the captured air downward into the interior below. 
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The earliest reference to these structures dates back to the 5th century, and they can be found throughout the Middle East, North Africa, and as far as India. Yazd, Iran, a city known for its extreme desert heat, counts an extraordinary number of beautiful badgirs and is known as "the city of windcatchers." The tallest windcatcher in the world stands in Yazd's Dowlat Abad Garden at 34 metres.

A retired engineer in Tehran, Mohammad Khanlari, explained the system in detail in conversations recorded in DIY: How to Make Cheap Air Conditioning Earth Tubes (Buydens, Scribeworks Studio): the tower is square in cross-section and divided internally into four vertical channels. Wind enters on the upwind side, falls into the lower room or basement below, cools against the cold qanat water or the damp stone surfaces of the underground chamber, and exits back up through the downwind side of the tower. The lower room typically contains a pool of water, because in the arid desert climate, adding moisture to the cool air enhances its comfort; the same principle as a swamp cooler, but without any mechanical assistance.
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Entry to a qanat
The combination of a windcatcher and qanat water creates a
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​​From History to Your Backyard
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