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The Boeing 787 Dreamliner represents a fundamental shift in commercial aviation engineering, moving away from 

traditional pneumatic-heavy architectures toward a more-electric airplane (MEA) philosophy. This transition is not 

merely a marginal improvement but a complete reimagining of how aircraft systems interact, how crews are trained, 

and how efficiency is extracted from high-bypass turbofan engines. By examining the Flight Crew Operations 

Manual (FCOM), the Common Core System (CCS), and the innovative No-Bleed architecture, we can

understand the technical complexities that allow the 787 to achieve a 20% reduction in fuel consumption compared

to its predecessors.

The More-Electric Airplane (MEA) Philosophy

In traditional aircraft, a significant portion of engine power is diverted as high-pressure, high-temperature 

pneumatic air (bleed air) to power systems such as air conditioning, wing anti-ice, and engine starting. The Boeing 

787 eliminates most of these pneumatic requirements. In the 787 architecture, the engines primarily generate 

electricity via high-capacity Variable Frequency Starter Generators (VFSGs).

By removing the pneumatic bleed ducts, the aircraft benefits from reduced weight, decreased maintenance 

complexity (as there are no high-pressure leaks to troubleshoot), and improved engine efficiency. The power 

extraction from the engine in the form of electricity is more efficient than extracting compressed air, particularly 

during cruise. This technical shift requires a robust electrical distribution system capable of handling up to 1.4 

Megawatts of power, a staggering increase over previous generation twin-aisle aircraft.

Technical Breakdown of the No-Bleed Systems

The 787's "No-Bleed" system is perhaps its most significant departure from conventional design. It utilizes four 250

kVA VFSGs (two per engine) and two 225 kVA generators on the Auxiliary Power Unit (APU). This massive

electrical capacity powers the following critical systems:

•  Environmental Control System (ECS): Instead of using hot bleed air, the 787 uses electric motor-driven 

compressors to provide cabin pressurization and temperature control.

•  Wing Anti-Ice: Electro-thermal heaters are embedded in the wing leading edges, eliminating the need for 

heavy, insulated pneumatic ducting.

•  Engine Starting: The VFSGs act as motors to spin the engine core during the start sequence, providing a 

smoother and more reliable start profile.

•  Hydraulic Pumps: While the 787 still uses hydraulics for flight controls and landing gear, many of the pumps 

are electrically driven rather than engine-driven or pneumatically-driven.

Comparison: Traditional Pneumatic vs. 787 No-Bleed Architecture



Feature Traditional (e.g., 767/777) Boeing 787 Dreamliner

Primary Power Source Pneumatic Bleed Air Electricity (More-Electric)

Engine Start Pneumatic Air Starter Electric VFSG (Motor Mode)

Wing Anti-Ice Hot Bleed Air Ducts Electro-thermal Blankets

Cabin Pressurization Bleed Air via Pack Valves Electric Motor Compressors (CACs)

System Weight High (Heavy Ducts/Insulation) Lower (Wiring/Power Electronics)

The Common Core System (CCS) and Avionics

The Common Core System (CCS) is the central nervous system of the 787. Developed in partnership with 

General Electric (GE), the CCS utilizes Integrated Modular Avionics (IMA)to host multiple aircraft functions on

shared computing resources. This is a massive leap from the "one box, one function" architecture of older aircraft.

The CCS relies on a high-speed ARINC 664 (AFDX)Ethernet backbone. This network allows various systems—

from flight management to cabin lighting—to communicate over a shared, redundant data bus. Key components of

the CCS include:

Remote Data Concentrators (RDCs)

RDCs are placed throughout the aircraft to minimize wiring. Instead of running a wire from a sensor in the tail all

the way to the cockpit, the sensor connects to a local RDC, which digitizes the signal and sends it over the fiber-

optic or copper Ethernet network to the central processors. This design reduces the aircraft's total wire weight by

several thousand pounds.

General Processing Modules (GPMs)

GPMs are the "brains" where software applications reside. By virtualizing functions, a single GPM can run software

for fuel management, landing gear control, and environmental monitoring simultaneously, with strict partitioning to

ensure that a failure in one application cannot affect another.

Flight Deck Innovation and the Electronic Flight Bag (EFB)

The 787 flight deck was designed to improve Situational Awareness (SA)while reducing pilot workload. The most

striking features are the five large Multi-Function Displays (MFDs). These displays are highly customizable, allowing

pilots to view the primary flight display (PFD), navigation display (ND), engine indicators, and checklists

simultaneously.

A standard feature on the 787 is the Dual Head-Up Display (HUD). Unlike previous aircraft where HUDs were

often an optional add-on for the captain, the 787 incorporates them for both pilots. This allows for "eyes-out" flying

during critical phases of flight, such as takeoff and landing, significantly increasing safety in low-visibility conditions.

Furthermore, the Electronic Flight Bag (EFB)is fully integrated into the aircraft's avionics. It is not just a tablet

strapped to the yoke; it is a system-linked device that can interact with the aircraft's performance calculations and

flight management systems, reducing the need for paper charts and manual data entry.



Training Philosophies: From the 777 to the 787

One of Boeing's primary goals was to ensure high commonality between the 777 and the 787. This allows airlines 

to operate a Mixed Fleet Flying (MFF) program, where pilots can transition between the two types with minimal 

training. This commonality is reflected in the Flight Crew Training Manual (FCTM)and the operational logic of the

flight controls.

The training footprint for a pilot already qualified on the Boeing 777 is remarkably short—typically requiring only 5 

to 13 days of difference training. This is achieved because the flight handling characteristics are digitally tuned to 

feel identical, despite the physical differences between the two aircraft. The use of Flight Training Devices (FTD)

and high-fidelity simulators allows crews to practice the unique aspects of the 787, such as the No-Bleed system

restarts and the use of HUDs for CAT III approaches.

Crew Welfare and Long-Haul Operations

Because the 787 is designed for ultra-long-haul routes (missions exceeding 14 hours), crew fatigue management is 

a critical technical requirement. The 787 includes dedicated Crew Rest Areas(known as the Overhead Flight Crew

Rest or OFCR, and Overhead Attendant Rest or OFAR).

These areas are located above the passenger cabin, hidden from view. The pilot rest area usually contains two 

bunks and a seat, while the cabin crew rest area can contain up to eight bunks depending on the configuration. 

Technically, these spaces are integrated into the aircraft's Environmental Control System (ECS)to ensure

independent temperature and airflow control, separate from the main cabin zones, to facilitate better sleep quality.

Technical Specifications of Crew Rest Environments

•  Acoustic Insulation: Enhanced sound-deadening materials to keep cabin noise below 65 dB in the bunk area.

•  Oxygen Systems: Independent chemical or gaseous oxygen drops for every bunk, integrated into the aircraft's 

emergency depressurization logic.

•  Communication: Direct interphone links to the flight deck and cabin management system for emergency 

notifications.

Troubleshooting and Maintenance: The Health Management System (HMS)

The 787's digital nature allows for an advanced Health Management System (HMS). Traditional aircraft require

mechanics to manually download fault codes from various systems. On the 787, the aircraft constantly monitors its

own health and can beam real-time telemetry to the airline's maintenance center via satellite (SatCom).

This "Self-Reporting" capability allows maintenance teams to prepare for a repair before the aircraft even lands. If a 

Variable Frequency Starter Generator (VFSG) shows an abnormal thermal trend, the HMS flags it, allowing for a 

proactive replacement. This reduces the Aircraft on Ground (AOG) time and improves dispatch reliability.

Case Study: Electrical System Redundancy

In a hypothetical scenario where an engine fails, the 787's electrical system demonstrates its resilience. Each 

engine has two generators. If one engine is lost, the remaining two generators on the operating engine, combined 

with the APU generators, can power the entire aircraft. The Power Distribution Units (RPDUs) automatically shed 

non-essential loads (like galley ovens) to ensure that flight-critical systems (like flight controls and the CCS) remain 

powered. This logic is hard-coded into the Electrical Power Management System (EPMS), requiring zero pilot

intervention during the initial failure phase.



Advanced Aerodynamics and Material Science

Beyond the internal systems, the 787's technical prowess extends to its airframe. It is the first major commercial 

airplane to have a fuselage and wings made primarily of composite materials (carbon fiber reinforced plastic).

This allows for a higher cabin pressure (lower cabin altitude) and higher humidity levels because composites do not

corrode like aluminum.

The wings feature Raked Wingtips rather than traditional winglets. From a mathematical perspective, these tips 

increase the effective aspect ratio of the wing, reducing induced drag. The wing also features Trailing Edge 

Variable Camber (TEVC), where the flight control computers subtly adjust the position of the flaps during cruise to

optimize the wing's shape based on the aircraft's current weight and speed.

Synthesizing the Dreamliner's Impact

The Boeing 787 Dreamliner is a testament to the power of integrated systems engineering. By moving to a more-

electric architecture and utilizing a common core for avionics, Boeing has created a platform that is more efficient,

easier to maintain, and safer for crews to operate. The transition from pneumatic power to electrical power, while

technically challenging, has paved the way for future generations of sustainable aircraft. 

For flight crews, the 787 offers a high-technology environment that enhances situational awareness through HUDs

and integrated EFBs. For maintenance teams, the Health Management System provides a level of insight never

before seen in commercial aviation. As the industry looks toward hybrid-electric and eventually fully-electric

propulsion, the 787 Dreamliner remains the critical bridge and the blueprint for the next century of flight.
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