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Chapter 1

The Scope & Impact of Building
Environment and Equipment System

Abstract: This chapter introduces the scope of building environment and equipment system. It
also discusses impacts of building environment and equipment system on building planning, archi-
tectural style, construction cost and atmospheric environments.

Key points: building environment and equipment system, HVAC, space planning, architec-

tural style, construction cost.

Modern buildings are no longer just shelters from wind and snow. Rather, they are built to cre-
ate better environments in which to live and to work. Building must be designed with features to pro-
vide comfortable lighting, temperature, humidity, air quality; convenient power and communica-
tion capability; high-quality sanitation and reliable systems for the protection of life and proper-
ty. All these desirable features have become a reality with recent advances in the technology of build-
ing environment and equipment system (BE/E) .

These advances make possible of architectural design innovations in style, form and scope. Block-
type buildings without windows, such as department stores, are totally dependent on electrical lighting,
ventilation and air conditioning. High-rise buildings must rely on high-speed vertical transportation and
high-pressure water for drinking, cleaning purposes and for protection against fire.

However, all these benefits are achieved with penalties. BE/E systems demand considerable
floor and ceiling space. During the preliminary planning phase of a project, proper space must be al-
located. Otherwise, the process may have to be started over again and often the system performances
are compromised. Furthermore, BE/E systems add to the cost of construction of a building, in some
instances approaching or exceeding 50 percent of the total cost. Sophisticated buildings, such as
hospitals and computer centers, are just a few examples.

BE/E systems require energy to operate them. Energy consumed by occupied buildings, inclu-
ding residential, commercial, institutional, and industrial facilities, accounts for over 30 to 50
percent of all energy usage by an industrialized country. In addition, it accounts for a large portion
of the operating cost of such buildings. The high and inefficient use of energy by building is the major

contributing factor to the deterioration of our environment.
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Properly designed BE/E systems utilize space and energy efficiently, thereby reducing building
costs and minimizing impacts on environment. This chapter provides an overview of BE/E systems
and their impact on space planning, architectural design, construction and operating costs and the

greater environment.

1.1 The Scope of Building Environment and Equipment Engineering
Systems

The complexity of BE/E systems varies with the living standards of the society, climatic condi-
tions of the region, and occupancy and quality of the building. For example, a house located in a
mild climate may not require either heating or cooling, regardless of the quality of the house; a
warehouse for bulk storage may not require any heating even in a freezing climate; a modern hospital
must have a supply of medical gas, standby electrical power, and telecommunications systems to
meet present health care standards; and a small office building may appropriately have window-type
air conditioner, whereas an intelligent high-rise office building would most likely be designed with a
central HVAC systems complete with computer-based building automatic management controls.

BE/E systems may be classified into the following major categories: (DBuilding Environmental
Systems. @ HVAC Systems. (3)Water Supply and Drainage Systems. 4)Gas Supply Systems. (5)Fire
Prevention Systems. (6)Electrical Systems, including Electrical Power Supply System, Illuminating
Systems and Ancillary Facilities. (7)Building Operation Systems, including transportation and auto-

mation Management Systems.

1.2 The Impact on Space Planning

The floor area necessary for BE/E systems in a building varies widely, depending on the occu-
pancy, climatic conditions, living standards, and quality and general architectural design of the
building. Two buildings of similar size and configuration located on different sites may favor different
BE/E systems and central plant locations. Climate and the economic and cultural background of a
country are other factors that affect the selection of a BE/E system.

The BE/E system affects the gross floor area, footprint the size and shape of the building’s
ground floor, floor-to-floor height, geometry, and architectural expression. Reasonable allocations
made during the space programming phase allow BE/E space to be appropriately sized and strategi-
cally located. Space planning for BE/E system is one of the most challenging and least developed
procedures in the architecture design process.

Central equipment used for large buildings is usually bulky and tall, requiring floor-to-floor
height of 1.5 to 2 times the normal height. For example, floor-to-floor height of a chiller and pump

room of a large office computer building is 6 to 7 meters, about twice the normal height. Pipes,
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lighting and wiring of a commercial building require 0. 6 to 0. 9 meter of ceiling cavity.

For example, the average BE/E floor space in an office building is about 4 percent of the total
building gross floor area. In other words, for a 25-story building with a gross floor area of 50000 sq
meters, 2000 sq meters should be initially allocated as BE/E equipment space. This is equivalent to
one full floor of the building. Similarly, two floors are needed for BE/E equipment in a 50-story
building. Needless to say, these are not incidental spaces that can be added at will, except during
the initial programming phase of the project. Optimum solutions are a result of close coordination be-
tween the architect and the BE/E engineers.

Space for BE/E system may be centralized or decentralized, depending on the system select-
ed. With either plan, there is always a need for on-floor (local) equipment and distribution
(shaft) space on every floor. The major difference is that centralized planning concentrates major
equipment on one or two floors with smaller on-floor BE/E spaces, whereas the decentralized plan is
just the opposite.

If a building is to be heated and cooled by the unitary window or through-the-wall heat pumps,
then the need for central heating and cooling equipment will be eliminated. On the other hand, uni-
tary heat pumps are noisy and less energy-efficient, require high maintenance, and are unaesthet-
ic. Thus most high-quality buildings have central systems in spite of the increased requirements for e-
quipment space.

Without exception, all high-rise buildings have one or more underground levels for utility serv-
ice, delivery of supplies, fuel storage, etc.. Furthermore, underground levels provide better struc-
tural stability for the foundation of the building. More important, underground parking for automo-
biles is an unavoidable demand in most city codes. Normally, a BE/E central plant should be loca-
ted in an underground level. However, this is not always feasible, since BE/E system risers must
be close to the core of the building, which frequently hinders access to and from the parking gar-
age. For this and other reasons, the BE/E central plant may be located on the rooftop or on other,
intermediate levels. Factors affecting the location of a central plant include the following: Accessibil-
ity for loading/unloading equipment. Proximity to the outside air supply and exhaust air dis-
charge. Adequacy of floor height. Interference with a convenient parking plan. Safety. Some equip-
ment, such as boilers, chillers, and liquid-filled transformers, contains considerable stored energy
or toxic material. This equipment should be confined within fireproof walls. Proximity of system com-
ponents, such as between the chiller and the condenser with cooling towers. Ease of mainte-

nance. Vibration and noise from equipment. Aesthetics.

1.3 The Impact on Architectural Design

Prior to the development of reliable and affordable BE/E systems, buildings designed for hu-

man occupancy followed a simple rule: every room must have exterior operable windows for the in-



