
 

Lecture 002-002 — In-Depth Design: Critical 
Systems and Infrastructure 
Instructor: Luis Linares​
Course: High-Containment Laboratory Design 

Purpose of the document: 

​
This lecture map is designed to help participants navigate the content of Lecture 002-002. It 
identifies the main conceptual sections, critical design decisions, and logical transitions of the 
lecture. It functions as an orientation and study tool and does not replace the lecture. 

SECTION 1 — The laboratory as a living system 

Main focus: Introduce the laboratory as a dynamic, living system rather than a static collection of 
walls, equipment, or specifications. 

Key points: 

●​ The course is grounded in accumulated experience from high-containment projects across 
Latin America. 

●​ The laboratory is not defined only by walls, filters, or ventilation. 
●​ Containment, comfort, and efficiency depend on how systems interact over time. 
●​ The laboratory must be understood as a system that evolves during operation. 

Rhetorical questions / Attention signals: 

●​ Is a laboratory just a collection of components? 
●​ What happens when one part of the system changes? 

Orientation signal: Establishes systems thinking as the foundational lens for the entire lecture. 



 

SECTION 2 — Design in depth as a performance-based approach 

Main focus: Define what “design in depth” means in the context of high-containment laboratories. 

Key points: 

●​ Design in depth goes beyond drawings and equipment catalogs. 
●​ It requires anticipating laboratory behavior over 10, 15, or 20 years. 
●​ Decisions affect hermeticity, system response to failure, energy use, and personnel safety. 
●​ Each component exists for a reason within a broader balance. 

Rhetorical questions / Attention signals: 

●​ How will this laboratory behave years after commissioning? 
●​ What happens when one component is altered? 

Orientation signal: Frames design as a long-term performance question, not a short-term 
construction task. 

SECTION 3 — Layers of containment design 

Main focus: Present containment as a layered system composed of multiple interacting elements. 

Key points: 

●​ The lecture introduces physical barriers as one layer of containment. 
●​ Critical engineering systems support containment. 
●​ Energy management is integrated into containment performance. 
●​ The lecture will culminate in a real integrated case study. 

Rhetorical questions / Attention signals: 

●​ Where does containment actually reside? 
●​ Can a single system ensure containment on its own? 

Orientation signal: Prepares participants to see containment as a system, not an isolated feature. 

SECTION 4 — Critical systems as containment elements 

Main focus: Position critical systems as integral components of containment, not auxiliary 
infrastructure. 

Key points: 

●​ HVAC systems are not just comfort systems. 



●​ Airflow behavior directly affects containment stability. 
●​ Directional airflow and pressure gradients are containment mechanisms. 
●​ System balance is essential; altering one element affects all others. 

Rhetorical questions / Attention signals: 

●​ What happens if airflow balance is modified without coordination? 
●​ Can containment exist without stable airflow control? 

Orientation signal: Transitions from conceptual containment to mechanical and operational realities. 

SECTION 5 — Directional airflow and pressure control 

Main focus: Explain the logic of directional airflow and differential pressure in BSL-3 laboratories. 

Key points: 

●​ A BSL-3 laboratory is not fully sealed. 
●​ The secondary barrier is directional airflow. 
●​ Controlled leakage is intentional and managed. 
●​ Pressure differentials between rooms maintain containment. 

Rhetorical questions / Attention signals: 

●​ Where do we want leaks to occur? 
●​ What happens when doors open? 

Orientation signal: Clarifies common misconceptions about sealing and containment. 

SECTION 6 — Airflow control devices as critical containment components 

Main focus: Describe airflow control devices as critical containment elements. 

Key points: 

●​ Airflow control devices are not generic HVAC components. 
●​ Venturi valves and dampers control directionality and stability. 
●​ These devices determine recovery after dynamic events. 
●​ They must meet both aerodynamic and containment integrity criteria. 

Rhetorical questions / Attention signals: 

●​ What defines a containment-grade air valve? 
●​ How does recovery time affect safety? 

Orientation signal: Links mechanical design decisions directly to biosafety outcomes. 



 

SECTION 7 — Measurement, monitoring, and system stability 

Main focus: Emphasize measurement and monitoring as the foundation of containment control. 

Key points: 

●​ Containment depends on reliable measurement. 
●​ Without data, the system is blind. 
●​ Differential pressure sensors must be strategically located. 
●​ Calibration is essential to avoid instability and excess energy use. 

Rhetorical questions / Attention signals: 

●​ What happens when sensors are inaccurate? 
●​ Can containment be trusted without verification? 

Orientation signal: Introduces verification as a continuous operational requirement. 

SECTION 8 — HVAC systems and energy demand in BSL-3 laboratories 

Main focus: Explain why HVAC systems dominate energy consumption in high-containment 
laboratories. 

Key points: 

●​ Air is the main energy consumer in BSL-3 laboratories. 
●​ Single-pass air and continuous operation drive demand. 
●​ Air must be fully conditioned before entering the laboratory. 
●​ HVAC design choices directly affect energy and containment. 

Rhetorical questions / Attention signals: 

●​ Why do BSL-3 laboratories consume 10–20 times more energy? 
●​ Where can efficiency be introduced without risk? 

Orientation signal: Sets the stage for integrating sustainability with containment. 

SECTION 9 — Sustainability as a containment strategy 

Main focus: Present sustainability as an integral part of biosafety, not a separate objective. 

Key points: 

●​ Sustainability does not mean reducing energy at any cost. 
●​ Efficiency must not compromise containment. 



●​ Technical improvements can also be environmental improvements. 
●​ Sustainability is a way of thinking, not a decorative option. 

Rhetorical questions / Attention signals: 

●​ Can a safer laboratory also be more efficient? 
●​ What happens when sustainability is considered late? 

Orientation signal: Reframes sustainability as a safety and resilience issue. 

SECTION 10 — The hierarchy of energy strategies 

Main focus: Introduce the priority sequence for energy decision-making. 

Key points: 

●​ First: reduce demand. 
●​ Second: optimize systems. 
●​ Third: recover energy. 
●​ Fourth: generate renewable energy. 
●​ Renewable generation only makes sense after demand is defined. 

Rhetorical questions / Attention signals: 

●​ Why does photovoltaic sizing come last? 
●​ What happens when generation compensates inefficiency? 

Orientation signal: Establishes order and discipline in energy decision-making. 

SECTION 11 — Integrated case study: SAG Lo Aguirre 

Main focus: Apply the lecture concepts to a real high-containment laboratory project. 

Key points: 

●​ The SAG Lo Aguirre BSL-3+ laboratory in Chile is presented. 
●​ Design decisions led to a carbon-neutral building. 
●​ Certified under CES and ISO 50001. 
●​ Demonstrates that containment and sustainability are compatible. 

Rhetorical questions / Attention signals: 

●​ How do these decisions translate into real buildings? 
●​ What trade-offs were required? 

Orientation signal: Demonstrates integration of theory and practice. 



 

SECTION 12 — Life-cycle cost and ethical responsibility 

Main focus: Close the lecture by linking design decisions to life-cycle cost and responsibility. 

Key points: 

●​ Construction is only a fraction of total life-cycle cost. 
●​ Operation and maintenance dominate long-term costs. 
●​ Continuous training and recommissioning are essential. 
●​ Planning is an ethical responsibility, not just a technical exercise. 

Rhetorical questions / Attention signals: 

●​ What defines success if a laboratory cannot be sustained? 
●​ Who bears the consequences of poor planning? 

Orientation signal: Closes the lecture by reinforcing long-term responsibility and accountability. 
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