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Ammonia Machinery Rooms: Codes and Standards

Ammonia is one of the most widely used refrigerants in the world, powering everything from large commercial
chillers to industrial air conditioning systems. Because of its toxic and corrosive nature, the design, construction,
and operation of ammonia machinery rooms demand strict adherence to a complex web of codes and standards.
Whether you are an engineer drafting a new plant, a facility manager overseeing maintenance, or a compliance
officer ensuring regulatory alignment, understanding the governing documents is essential for safety, reliability, and
legal compliance.

Why Ammonia Machinery Rooms Matter

Ammonia (NH)f is prized for its low cost, excellent thermodynamic properties, and non toxic nature at low
concentrations. However, at the high pressures and temperatures used in industrial refrigeration, ammonia can
become a hazardous chemical. A single breach in a machinery room can lead to toxic exposure, fire, or even
explosion. Therefore, the design and operation of these rooms are subject to stringent national and international
regulations that cover everything from material selection to emergency ventilation.

Key Hazards

¢ Health Hazards — Ammonia vapor can irritate the eyes, skin, and respiratory tract at concentrations as low as

10 /ppm.
¢ Fire and Explosion — Ammonia is highly flammable above 15 /% by volume in air, with an explosive limit of 33 /%.
» Corrosion — Ammonia reacts with many metals, accelerating corrosion and compromising structural integrity.

Key International Codes and Standards

The global ammonia industry is governed by a patchwork of codes that reflect local regulations, industry best
practices, and safety philosophies. Below is a curated list of the most influential standards that engineers and
safety professionals consult when designing or inspecting ammonia machinery rooms.

American Standards

1. ASME Boiler and Pressure Vessel Code (BPVC) Section | — Covers the design and fabrication of pressure
vessels that may contain ammonia.

2. NFPA 55 — Compressed Gases and Cryogenic Fluids Code — Provides guidance on storage, handling, and
safety for gases like ammonia.

3. NFPA 70 — National Electrical Code (NEC) — Sets requirements for electrical installations in hazardous
locations.

4. OSHA 29 CFR 1910.120 — Regulates the use of hazardous chemicals in the workplace, including ammonia.

European Standards

1. EN 378 — Safety and Environmental Requirements for Refrigerating Systems — Focuses on ammonia as a
refrigerant in refrigeration and air conditioning systems.

2. EN 13356 — Ammonia Based Refrigeration Systems — Provides detailed safety requirements for ammonia
machinery rooms.



3. EN 60204-1 — Safety of Machinery — Electrical Equipment of Machines — Addresses electrical safety in
hazardous areas.

International Organization for Standardization (ISO)

¢ 1SO 9001 — Quality Management Systems — While not specific to ammonia, many plants adopt ISO 9001 to
ensure consistent quality in design and maintenance.

e ISO 14001 — Environmental Management Systems — Encourages the minimization of ammonia leaks and
environmental impact.

¢ 1SO 45001 — Occupational Health and Safety Management Systems — Provides a framework for managing
chemical hazards.

Other Notable Codes

« |[EC 60079 Series — Covers equipment for explosive atmospheres, relevant for ammonia in high concentration
environments.

¢ AS 2100 — Australian Standard for Ammonia Based Refrigeration Systems — Provides a comprehensive set of
requirements for ammonia machinery rooms in Australia.

* JIS B 8600 — Japanese Industrial Standards for Ammonia Refrigeration — Defines safety and construction
criteria in Japan.

Designing a Safe Ammonia Machinery Room

Designing an ammonia machinery room is a multidisciplinary challenge that blends mechanical engineering,
electrical safety, fire protection, and environmental stewardship. Below we break down the core elements that must
be addressed in accordance with the aforementioned codes.

Site Selection and Layout

Choosing the right location for a machinery room is the first step toward compliance. The room must be isolated
from public access, have adequate floor loading capacity, and be positioned to minimize the impact of any
accidental release on adjacent areas.

¢ Floor Load — Must support the weight of equipment, piping, and potential ammonia containment systems.

* Accessibility — Design for maintenance access without compromising safety zones.

¢ Ventilation Pathways — Ensure that natural or mechanical ventilation can remove any accidental ammonia
releases.

Structural Integrity and Material Selection

Ammonia’s corrosive nature demands materials that resist degradation over time. Codes like ASME BPVC and EN
13356 specify material grades, thicknesses, and protective coatings.

e Stainless Steel (316L) — Widely used for piping and tanks due to its resistance to ammonia corrosion.
e Carbon Steel with Protective Coatings — Acceptable when used in conjunction with cathodic protection.
« Composite Materials — Emerging option for secondary containment.

Pressure Vessel Design

Ammonia machinery rooms typically house compressors, condensers, and receivers that operate at pressures
ranging from 5 /bar to 100 /bar. Design must follow ASME BPVC Section | or equivalent local codes.

1. Stress Analysis — Finite element analysis (FEA) to verify stress limits.
2. Safety Factors — Usually 1.5 to 2.0 depending on pressure class.
3. Pressure Relief Devices — Must be sized per NFPA 55 and local regulations.



Fire Protection and Explosion Prevention

Fire safety is paramount. The following measures are mandated by NFPA 55 and EN 13356:

¢ Automatic Fire Suppression — Water mist or inert gas systems for ammonia specific environments.

e Explosion Venting — Controlled venting to reduce over pressure in case of a fire.

e Hazardous Area Classification — Use of IEC 60079 to determine classification and appropriate equipment.
Ventilation and Atmospheric Monitoring

Both natural and mechanical ventilation are required to maintain ammonia concentrations below occupational
exposure limits. NFPA 55 and ISO 45001 provide guidelines for monitoring and control.

1. Ventilation Rate — Calculated based on the maximum potential release rate.
2. Airflow Direction — Must be designed to carry ammonia away from personnel areas.
3. Monitoring Sensors — Ammonia detectors placed at strategic points, integrated with alarm systems.

Instrumentation and Control Systems

Modern ammonia machinery rooms rely on sophisticated control systems to monitor temperature, pressure, and
ammonia concentration. These systems must meet the electrical safety requirements of NFPA 70 and IEC 60079.

Control Architecture
e PLC (Programmable Logic Controller) — Central hub for process control.
e SCADA (Supervisory Control and Data Acquisition) — Provides real time monitoring and historical data logging.
« Distributed Control Systems (DCS) — Used in large plants for integrated control.

Safety Instrumented Systems (SIS)

According to IEC 61508, a Safety Instrumented System must be in place to automatically shut down the machinery
room in case of abnormal conditions.

¢ Redundancy — Dual or triple redundancy in sensors and control logic.
¢ Functional Safety Integrity Level (FSIL) — Determined by the risk assessment.
¢ Periodic Testing — Required by NFPA 55 and ISO 45001.

Inspection, Testing, and Maintenance

Compliance is not a one time event; it requires ongoing inspection and maintenance. The following schedule aligns
with NFPA 55 and local regulations.

Routine Inspections
e Daily — Check for leaks, monitor sensor readouts, and verify alarm functionality.
* Monthly — Inspect pressure relief devices, check for corrosion, and test fire suppression systems.
¢ Annually — Full system test, including SIS and HVAC.

Non Destructive Testing (NDT)

Methods such as ultrasonic thickness measurement, magnetic particle inspection, and radiography are mandated
by ASME BPVC to detect corrosion or cracking.

Maintenance Records

All inspections, repairs, and replacements must be documented in a Maintenance Management System (MMS).
ISO 9001 and ISO 14001 encourage the use of digital records for traceability.



Training and Personnel

Even the best-designed machinery room can become hazardous if operators are not properly trained. OSHA and
ISO 45001 emphasize the importance of comprehensive training programs.

Initial Training
« Ammonia Safety — Understanding hazards, emergency procedures, and personal protective equipment (PPE).
e Equipment Operation — Hands on training with the specific machinery used.
¢ Code Familiarization — Review of NFPA 55, ASME BPVC, and local regulations.

Ongoing Training

Annual refresher courses and emergency drills are required to maintain competency. Records should be kept in the
MMS.

Case Studies

Examining real world incidents and best practice implementations provides valuable lessons for engineers and
managers alike.

Case Study 1: The 2017 Ammonia Leak in Texas

A mid size refrigeration plant suffered a significant ammonia leak due to a cracked receiver. The incident was traced
back to inadequate corrosion protection and a failure to follow ASME BPVC inspection schedules. The plant was
shut down for 18 /days, costing the company $4.5 /million in lost production and fines.

e Implement cathodic protection on all stainless steel components.
e Adopt a quarterly NDT program for pressure vessels.
e Ensure that all staff are trained in emergency response procedures.

Case Study 2: A 2020 Safety Upgrade in Germany

A large industrial plant in Germany upgraded its ammonia machinery room to meet the latest EN 13356
requirements. The upgrade included adding an explosion vent, installing advanced ammonia detectors, and
integrating a new SIS.
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