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Evapotranspiration Physics: How a Plant Moves Heat
Without Electricity

Water travels from roots to leaves, evaporates, and takes heat with it. Free.

At a Glance

Transpiration is evaporation driven by a living plant. Water drawn from soil through roots exits through
stomatal pores on leaf undersides, absorbing latent heat. The plant is a cooling machine powered by sun
and water. No compressor. No electricity. [1]

Deep Dive

Transpiration operates through a gradient-driven mechanism fundamentally different from mechanical
cooling. The latent heat of vaporisation, defined as the energy required to change liquid water to gaseous
water vapour at constant temperature, is 2,260 kilojoules per kilogram. This value is an absolute
thermodynamic constant, unchanged whether the evaporation occurs from a sweat gland, a wet surface,
or a plant leaf. [1]

The energy for this phase change comes from the surroundings. When one kilogram of liquid water in a
plant leaf becomes vapour, it withdraws 2,260 kilojoules of thermal energy from the air in contact with the
leaf. For a well-watered Dypsis lutescens specimen transpiring one litre per day, the daily latent heat
removal is 2,260 kilojoules. Multiply by 40 plants (a typical Thermopod™ cluster configuration), and the
system is removing 90,400 kilojoules, or 25 kilowatt-hours, per day of thermal energy from the indoor
environment. [2]

This cooling is continuous during daylight hours. Unlike mechanical HVAC systems that cycle based on
thermostat setpoint, transpiration correlates directly with solar radiation. As morning sun increases incident
radiation on the plant canopy, transpiration rate increases, and cooling output increases. By midday,
transpiration peaks. By late afternoon, as incident radiation decreases, transpiration decreases, and
cooling output decreases. The system is self-regulating through photosynthesis: more light, more
transpiration, more cooling. Less light, less cooling. [3]

Research by the CSIR Institute of Himalayan Bioresource Technology (2023) measured transpiration rates
from areca palms in indoor office conditions at varying humidity levels. The study found that areca palm
transpiration decreased from 1.2 litres per day in 40 percent relative humidity to 0.9 litres per day in 60
percent relative humidity. This is significant for Biothermal Microconditioning systems because the cooling
output of a plant cluster automatically reduces as the immediate environment becomes more humid. The
system is self-regulating on both light and humidity. [4]

In mechanical HVAC, oversizing is common. The chiller and compressor are sized for peak load (usually a
rare day in summer), then operate inefficiently at part load for most of the cooling season. In Biothermal
Microconditioning, oversizing is impossible. The plant cannot cool more than its transpiration capacity. The
capacity is set by species selection (areca palms, high transpiration rate) and cluster size (number of
plants per location). Undersizing is prevented by biology: the plant will die if thirsty. Optimal sizing is
automatic. [5]



The implications for March-to-November heat in Indian offices are profound. Rather than building HVAC
systems for the 1-in-50-year peak temperature, and running them at part load 99 percent of the time,
Biothermal Microconditioning systems scale to actual occupant load and actual thermal need. The building
cools exactly the volume of air that matters: the breathing zone around each person. The waste is minimal.
The cost is minimal. The energy consumption is minimal. And the system is green in the literal sense:
living, photosynthesising plants doing the cooling. [6]

Summary

Transpiration is the process by which water absorbed by plant roots travels through the xylem (the
water-conducting tissue) and exits the plant as water vapour through stomata: microscopical pores in the
epidermis of leaves. As liquid water transitions to gaseous form, it absorbs latent heat energy: 2,260
kilojoules per kilogram of water. This energy is drawn from the immediate surroundings, producing a
cooling effect. [1]

The process is driven by solar radiation on the leaf canopy. Photosynthetically active radiation
(wavelengths 400 to 700 nanometres) causes photosynthesis, which generates the energy gradient
needed to transport water from roots to leaves. As leaf surface temperature rises from solar absorption,
the vapour pressure gradient between the leaf's interior (near saturation) and the ambient air widens,
driving transpiration faster. More sun. More transpiration. More cooling. [2]

Areca palms (Dypsis lutescens) transpire approximately 1 to 1.2 litres of water per day per mature
specimen in indoor office conditions. This is measurable and reproducible. Cluster 10 areca palms
indoors, and you have 10 to 12 litres per day of water transitioning from liquid to vapour, absorbing 22.6 to
27.1 megajoules of latent heat from the surrounding air. Scale this to a 40-palm installation, and you are
removing 90 megajoules of heat per day from the office environment. This is not ornamental. This is
thermal infrastructure. [3]

The beauty of the system is the energy source: sunlight. HVAC systems consume electricity to move
refrigerant through compressor cycles. Transpiration consumes only water and light, both of which are
renewable in an indoor office setting. The plant roots absorb water. The sun drives transpiration. The
cooling is free from the grid's perspective. Biothermal Microconditioning harnesses this with managed soil
moisture in Terrapods and Al monitoring of plant health. Easy Retrofit. One day deployment. Biothermal
Microconditioning provides evapotranspiration at scale. [4]



