
Building a pressure vessel rated for steam sterilization is a legitimate 
engineering project, but it's also one of the few DIY builds where a 
design mistake can genuinely kill someone — a poorly welded or 
unrelieved vessel holding 20-30 psi of superheated steam is not a "figure 
it out as you go" build. I'll lay out the full design so you understand 
exactly what's involved, but the vessel itself (shell, door, welds) needs to 
be built or at least certified by a welder qualified in pressure vessel 
fabrication (ASME Section VIII in the US, or PED in the EU), and 
pressure-tested/inspected before it's ever fired up. Everything else — 
plumbing, controls, racking, insulation — is very buildable by a 
competent DIYer.

Design Specifications
Parameter Target
Chamber volume 150–550 L (commercial range)
Working pressure 15–30 psi (1.0–2.1 bar)
Working 
temperature

121–130°C (250–266°F)

Cycle time ~1 hr heat-up + 2 hr hold + 1.5 hr cool-down (≈4.5 hr total)

Shell material
Stainless steel (304/316) or heavy carbon steel, min. wall thickness per 
pressure calc

Power 220–240V single phase (small units) or 3-phase (larger steam generators)
Safety devices Relief valve, pressure gauge, temp gauge, door interlock, low-water cutoff

These figures line up with what commercial sterilizer makers use for 
mushroom substrate work. labandfurnace.com

Major Subsystems
 Pressure vessel (shell + door): A horizontal cylindrical chamber is the 

standard commercial form factor — it loads easily with carts of bags/jars 
and distributes steam pressure evenly. The door needs a full-perimeter 
gasket (silicone rated for 150°C+) and a locking mechanism — either a 
quick-opening clamp ring or radial dogs — engineered so the 
door cannot be opened while the chamber is pressurized (this is the single 
most important safety interlock).

 Steam source: Either an internal electric heating element under a water 
reservoir (simpler, smaller units) or an external steam generator/boiler 
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feeding the jacket via a steam line (commercial scale). A jacketed design — 
steam surrounds the inner chamber rather than filling it directly — gives 
more even heating and lets you dry the load faster at the end of the cycle.

 Piping and valves: Steam inlet valve, condensate drain valve, air/steam 
exhaust valve, and a bleed valve for purging air from the chamber before 
pressurizing (trapped air is the #1 cause of incomplete sterilization).

 Safety relief valve: Sized to the vessel's maximum allowable working 
pressure (MAWP), set to lift a few psi above operating pressure. This is non-
negotiable and should be a certified, third-party-rated valve, not a DIY part.

 Controls: A PID temperature controller driving the heating element or 
steam valve, a pressure switch as backup, a chamber thermocouple placed 
in the coldest part of the load (not just near the heating source), and a timer 
to hold the sterilization dwell.

 Vacuum system (optional but recommended): A vacuum pump to pull a 
post-cycle vacuum, which pulls residual moisture out of substrate bags so 
they don't come out waterlogged and mold-prone.

 Venting/drainage: Steam exhaust must vent outside the building through 
heat-resistant pipe ( 30 mm diameter), and condensate should drain to a ≥

sanitary sewer connection — never recirculated into a fruiting room, since 
that raises contamination risk. consteril.com

Build Sequence
1. Vessel fabrication. Roll and weld the cylindrical shell from certified 

pressure-vessel-grade steel, cap one end, fit the hinged door with its locking 
ring on the other. All welds should be full-penetration and, ideally, X-ray or 
dye-penetrant inspected. Have the finished vessel hydrostatically tested at 
1.5× MAWP before it ever sees steam.

2. Jacket and insulation. If jacketed, weld a secondary steel shell around the 
inner chamber with a steam gap, then insulate the whole assembly 
(mineral wool or ceramic fiber) and clad it in sheet metal for both heat 
retention and operator safety.

3. Plumbing. Install the steam generator or heating element, then run inlet, 
exhaust, drain, and relief valve lines with appropriately rated fittings — 
schedule 40 stainless or black iron pipe, no PVC anywhere near the steam 
path.
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4. Controls and interlocks. Wire the PID controller, pressure switch, 
thermocouples, and door interlock. The interlock should be mechanical 
(not just electronic) so the door physically cannot be forced open under 
pressure.

5. Racking. Build slotted stainless steel carts or shelving that allow steam to 
circulate freely between bags — this is where most "failed sterilization" 
complaints actually originate, from overpacked loads blocking steam flow.

6. Commissioning. Run several empty cycles to verify temperature 
uniformity, then validate with biological indicators (spore strips) placed in 
the geometric center of a full load before trusting it for 
production. consteril.com

Here's the overall system flow:
mermaid

Steam Generator / Heating Element
Pressure Vessel Chamber

Load: Substrate Bags on Racks
Pressure Gauge + Relief Valve

Thermocouple - Cold Spot
PID Controller

Exhaust Vent - Outside Building
Condensate Drain - Sanitary Sewer
Vacuum Pump - Post-Cycle Drying

Door Interlock
A typical cycle: purge air, ramp to 121°C/250°F at ~15-21 psi, hold 2 hours 
(longer for dense grain loads), then depressurize and cool before the 
interlock releases. labandfurnace.com

Here's a schematic illustration of what the finished design looks like:
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