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The Hidden Moisture Problem in Direct-Fired Lumber Kilns

How Natural Gas and Propane Burners Introduce Combustion Water into the Drying Chamber — and What It Costs You

Introduction
Lumber drying is fundamentally a moisture management problem. Kiln operators invest significant capital in fans, vents, moisture sensors, and energy to drive water out of green wood — moving it
from fiber saturation point (~30% moisture content) down to commercially acceptable levels of 6–19% depending on end use. Every variable that introduces uncontrolled moisture into the kiln
atmosphere works directly against that goal.
One of the most underappreciated sources of that uncontrolled moisture is the direct-fired burner itself.
When natural gas or propane burns inside a kiln chamber without a heat exchanger separating combustion gases from the drying air, the products of combustion — including substantial quantities of
water vapor — flow directly into the lumber stack. This is not a minor consideration. The stoichiometry of hydrocarbon combustion means that for every unit of heat delivered, a proportional and
predictable mass of water vapor is co-produced. Depending on kiln design, throughput, and target species, this combustion moisture can meaningfully extend drying times, increase degrade rates,
and compromise final moisture content uniformity.
This article quantifies the water output of two common fuel sources — 100,000 BTU of natural gas and one gallon of propane — and examines the implications for direct-fired lumber kiln operation.

The Chemistry of Hydrocarbon Combustion
All hydrocarbon fuels produce water vapor as an unavoidable byproduct of complete combustion. The hydrogen atoms bound in the fuel molecule react with atmospheric oxygen to form H₂O. The
relevant reactions are:
Natural Gas (primarily methane):
> CH₄ + 2O₂ → CO₂ + 2H₂O
Propane:
> C₃H₈ + 5O₂ → 3CO₂ + 4H₂O
The key observation from these equations is the hydrogen-to-carbon ratio. Methane carries four hydrogen atoms per carbon atom (H:C ratio of 4:1). Propane carries slightly fewer on a proportional
basis (H:C ratio of 2.67:1). This difference directly determines how much water is produced per unit of heat released, and — critically for the kiln operator — per BTU of heat delivered to the lumber.

Quantifying Water Output: Natural Gas at 100,000 BTU
Fuel Properties
• Higher heating value (HHV) of natural gas (methane): ~23,900 BTU/lb
• Molecular weight of CH₄: 16 g/mol
• Molecular weight of H₂O: 18 g/mol
Calculation
At 100,000 BTU of natural gas:
Step 1 — Mass of fuel consumed:
100,000 BTU ÷ 23,900 BTU/lb = 4.18 lbs of natural gas
Step 2 — Moles of methane:
4.18 lbs × 453.6 g/lb ÷ 16 g/mol = 118.5 mol CH₄
Step 3 — Moles of water produced (2:1 ratio):
118.5 × 2 = 237 mol H₂O
Step 4 — Mass of water:
237 mol × 18 g/mol = 4,266g = 9.40 lbs of water vapor
Result
> 100,000 BTU of natural gas produces approximately 9.4 lbs (1.13 gallons) of water vapor
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