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Introduction

Designing a laboratory is a complex endeavor that demands a meticulous blend of science, engineering, and
compliance. Whether you're building a cutting edge bioscience facility, a high risk chemical lab, or a versatile
research wing, the foundation of success lies in a solid design framework that balances performance, safety, and
cost. The ASHRAE laboratory design guideoffers a proven methodology that integrates the latest standards,
best practices, and practical insights to help architects, engineers, and facility managers create laboratories that
are safe, efficient, and future ready.

In this comprehensive guide, we’ll walk you through the core principles, step by step processes, and real world
examples that illustrate how to apply ASHRAE’s recommendations to every stage of laboratory design. From initial
concept to final approval, you'll discover how to harness the power of ventilation, temperature control, energy
efficiency, and safety protocols to deliver a laboratory that meets the needs of researchers today and tomorrow.

Why ASHRAE Matters in Laboratory Design

ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers) has long been the authority
on indoor environmental quality. Its standards are widely adopted across the United States and internationally,
providing a common language for HVAC design, energy efficiency, and occupant comfort. When it comes to
laboratories, ASHRAE's guidance is especially critical because of the unique demands for:

e Precise temperature and humidity control

e High performance ventilation to remove hazardous contaminants

¢ Robust fire protection and suppression systems

¢ Compliance with regulatory agencies such as OSHA, EPA, and local building codes
e Energy savings in facilities that often run 24/7

By aligning your design with ASHRAE standards, you not only meet regulatory requirements but also position your
laboratory for operational excellence, lower lifecycle costs, and enhanced research productivity.

Key ASHRAE Standards for Laboratories

ASHRAE 170 — Ventilation of Health Care Facilities
Although originally intended for hospitals, ASHRAE 170 is frequently referenced for laboratory ventilation because

it establishes stringent airflow, filtration, and pressure control requirements that safeguard personnel and
experimental integrity. Key takeaways include:

e Minimum air changes per hour (ACH) for different lab zones
¢ Negative pressure requirements for containment areas

* High efficiency particulate air (HEPA) filter standards
 Ventilation system redundancy and monitoring protocols

ASHRAE 62.1 — Ventilation for Acceptable Indoor Air Quality

ASHRAE 62.1 provides a framework for calculating the minimum ventilation rates needed to maintain acceptable



indoor air quality (IAQ). In laboratories, this standard helps determine:

e QOutdoor air supply rates for different lab functions
e Balancing indoor and outdoor air to reduce contaminant buildup
» Designing ventilation paths that avoid cross contamination

ASHRAE 90.1 — Energy Standard for Buildings

ASHRAE 90.1 is the cornerstone for energy efficiency in all building types, including laboratories. It covers:

« Insulation and envelope performance

¢ HVAC equipment selection and efficiency
¢ Lighting power density (LPD) limits

¢ Controls and automation strategies

ASHRAE 62.2 —Ventilation for Laboratories and Other Non Health Care Facilities
While ASHRAE 62.1 applies broadly, 62.2 offers lab specific guidance, addressing:

e Specialized ventilation strategies for laboratories with hazardous materials
¢ Pressure differential management between lab zones
¢ Specific airflow patterns for cleanroom environments

Core Principles of Laboratory Design

Ventilation and Airflow

Effective ventilation is the backbone of any laboratory. Proper airflow ensures that airborne contaminants are swiftly
removed, maintaining a safe environment for staff and preserving the integrity of sensitive experiments. Key design
elements include:

¢ Directional airflow from clean to less clean areas

¢ Use of laminar flow hoods for aerosol containment

* Integration of exhaust systems with HEPA or ULPA filtration

* Monitoring of pressure differentials with differential pressure gauges

Temperature and Humidity Control

Laboratories often house equipment that is sensitive to temperature fluctuations and humidity spikes. Consistent
environmental conditions reduce the risk of equipment failure and improve experimental repeatability. Essential
strategies involve:

¢ Dedicated HVAC zones for critical lab spaces
* Use of chilled beams or radiant cooling for high heat loads
¢ Humidity control via dehumidifiers or humidifiers as needed
e Real time monitoring with calibrated sensors

Energy Efficiency

Laboratory facilities typically operate around the clock, driving up energy consumption. Applying ASHRAE 90.1 and
emerging technologies can significantly cut operating costs while maintaining performance. Techniques include:

 Variable frequency drives (VFDs) for fans and pumps

« Demand controlled ventilation (DCV) that adjusts airflow based on occupancy and CO , levels
» High efficiency HVAC equipment such as variable speed chillers

e Smart building controls that integrate with energy management systems (EMS)



Safety and Compliance

Laboratory safety is non negotiable. Beyond ventilation, safety design addresses fire protection, chemical storage,
and emergency egress. Critical components include:

e Automatic sprinkler systems compliant with NFPA standards
e Chemical spill containment and drainage systems

e Clear signage and access control for restricted zones

e Emergency shutdown and isolation procedures

Flexibility and Future Proofing

Research needs evolve rapidly. Designing a lab with modularity and scalability in mind allows you to adapt to new
technologies, changing protocols, or expanded research programs. Flexibility can be achieved through:

e Modular lab benches and equipment racks

¢ Plumbing and electrical conduits that accommodate future upgrades
« Open floor plans that support reconfiguration

e Future ready data networks and 10T integration

Step by Step Laboratory Design Guide

Step 1: Define Lab Purpose and Requirements

Begin by assembling a multidisciplinary team that includes researchers, lab managers, safety officers, and facility
planners. Capture the following:

e Primary research disciplines (e.g., microbiology, chemistry, physics)
* Number and types of experiments conducted simultaneously

* Hazard classification of chemicals and biological agents

¢ Equipment load and power requirements

« Compliance obligations (e.g., OSHA, EPA, local codes)

Step 2: Conduct Site Analysis

A thorough assessment of the building site informs the feasibility and constraints of the lab design. Key
considerations include:

» Existing HVAC infrastructure and capacity
Structural load limits and floor area

« Proximity to utilities (gas, water, electrical)

» Site topography and natural ventilation potential
e Local climate data for HVAC sizing

Step 3: Develop Preliminary Design Concepts
Create conceptual floor plans that illustrate:
e Lab zones (clean, semi clean, hazardous, general use)
¢ Ventilation pathways and exhaust locations
¢ Equipment layout and workflow optimization
» Safety zones and emergency egress routes
« Integration points for future expansion
Step 4. Perform Detailed Engineering

Translate concepts into detailed drawings and calculations. Tasks include:



HVAC load calculations per ASHRAE 90.1 and 62.1
Ventilation duct design with pressure drop analysis
« Fire protection system sizing and placement
Electrical and plumbing schematics

e Compliance checklists against local codes

Step 5: Select Equipment and Materials

Choose HVAC, fire suppression, and laboratory equipment that meet or exceed ASHRAE requirements while
balancing cost and performance. Consider:

¢ High efficiency HVAC units with VFDs

e HEPA or ULPA filters for containment areas

e Energy star rated lighting fixtures

e Durable, chemical resistant lab bench materials

e Smart sensors for real time environmental monitoring

Step 6: Create HVAC and Ventilation Systems

Design a system that delivers the required airflow, temperature, and humidity control. Key elements include:

« Dedicated supply and exhaust fans for each lab zone

e Pressure controlled ductwork with isolation dampers

 Variable speed drives for energy savings

Integrated building automation for scheduling and fault detection
¢ Redundancy provisions for critical areas

Step 7: Ensure Fire Protection and Safety

Implement a fire protection strategy that protects both people and research assets:
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