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HVAC Design Aspects

Choosing A Right System “Central V/s Compact Systems”

Course Content

PART 1 AIR-CONDITIONING CONSIDERATIONS

Heating, Ventilating, and Air Conditioning (HVAC) systems play a vital role in the successful
operation of a facility. They are responsible for maintaining comfort conditions day in and day out.

HVAC systems are of great importance to architectural design efforts for four main reasons.

1. First, these systems often require substantial floor space and/or building volume for
equipment and distribution elements that must be accommodated during the design
process.

2. Second, HVAC systems constitute a major budget item for numerous common building
types.

3. Third, the success or failure of thermal comfort efforts is usually directly related to the

success or failure of a building’s HVAC systems.

4. Last, but not least, maintaining appropriate thermal conditions through HVAC system

operation is a major driver of building energy consumption.

HVAC System Evolution

The first step in selecting a HVAC system is to determine and document constraints dictated by
performance, capacity, available space, budgets and any other factors important to the project.
This usually starts with a formal meeting with an architect/owner and understanding his or her

requirements.
Owner's Needs

If the architect is a creator, the customer is a king and his needs and requirements must be met.
Depending on the customer goals, the building and its HVAC requirements have to be designed
accordingly. For example take an example of multi-storey office building. The complete building

may have either a single owner or multiple owners. A single owner normally has a preference for
a central plant, as the quality of air conditioning is far superior and life expectancy is higher. The

operation and maintenance costs are also lower than a floor-by-floor system. In addition the
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owners can opt for an intelligent building by incorporating a building management system (BMS).

This will enable the owner to derive benefits of optimal utilization of the air conditioning plant.

A multiple owner facility requires a system, which provides individual ownership and energy billing
for which a floor-by-floor air conditioning system using packaged units or split units is most suited

subject to economics of space and aesthetics.

Another important requirement is the normal working hours of the user/users. Some users may
have different working hours or different timings. Some areas such as computer rooms may need
24-hour air conditioning. Other areas may have special design requirements. Due to such
multiple requirements many engineers prefer a “hybrid system” which is a combination of a
central plant and packaged units/split units. For example, a hotel may use packaged unitary air
conditioners (or fan coil units served with air-water central system) for the individual guest rooms,
roof top units for meeting rooms/restaurants, and a central plant system for the lobby, corridors
and other common spaces. Such systems offer high flexibility in meeting the requirement of

different working hours and special design conditions.

While HVAC engineer manages the system design the architect retains control of the complete
building product. The type of system selected is determined by HVAC designer's knowledge of
systems. Architect must also understand the basics, system objectives, the role of key system

components, the type of systems that are available and what such systems can and cannot

accomplish.

Most customers may not understand HVAC design aspects; their benefits and limitations and it is
the architect’s/HVAC engineer's responsibility to guide and advise the best option. For HVAC

engineer the customer may be an architect whose customer may be the building owner.

What Influence HVAC design?

Investment in a building project entails significant capital investment and associated costs over
the economic life of the project. It is a mistaken notion that the buildings costs have to be
expensed once. The buildings like any other industry have running expenses in a way that they
consume lot of energy and require water & disposal facilities that accounts for significant
recurring costs. The HVAC systems often are very large and are responsible for a large portion of

a building’s first cost and operating cost.

Every building is unique. For instance residential apartments, shopping complex, office complex,
hospital, hotel, airport or industry; all have different functional requirements, occupancy pattern
and usage criteria. The geographical location of the building, ambient conditions, indoor

requirements, building materials, dimensional parameters, aesthetic requirements, noise and
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environment issues need careful evaluation. The HVAC design and selection must be customized

to meet all these requirements.

Each solution begins with an assessment of the owner’s business needs for HVAC, architect’s
vision, requirements of the facilities manager, combined with a review of the HVAC system itself,

be it existing or planned.

Examples of few common restrictions are highlighted below that can change the course of

design:
Constraints Consequences

Space is at premium Less mechanical room space is available to
house the equipments. Small, sleek, ceiling
or roof-mounted equipments may be desired
in place of big air-handling units.

Water is scarce Only air-cooled equipment is permitted

Aesthetics are prime importance No equipment should be visible or should
suitably blend with environment

Building heights are low Inadequate spaces to run ducts, probably
the system shall be best suited to air-water
fan coil option

Electrical rates are high Energy efficient design/equipments shall be
primary goal

Noise control is important Sufficient attenuation shall be required

Usage patterns are unique Zone control or individual control is needed

Stringent codes & standards requirements Say smoke removal systems, integration
with fire systems, equipment location,
Legion-alla disease etc...

Precise indoor environment Equipment and control design must respond
to close tolerances on temperature/humidity,
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Constraints Consequences

cleanliness, indoor air quality etc.

Environmental constraints Use of non-ozone depleting refrigerants, or
may be the ambient is very
corrosive/contaminated or no untreated

exhaust from building is permitted

Schedules are tight Desired/interface data may not be available
or firmed up

Building retrofitting, expansion or Requires sound knowledge of available

refurbishment. Existing HVAC technology that could be adaptable to

equipment/design must be utilized as far as existing equipment, ductwork and piping.
possible while creating new plans Integrating is required to fit new equipment

into existing spaces.

The above is just a random sample; there are many other factors that need to be coordinated.

Bringing all of these constraints to a common solution requires skillful evaluation of HVAC
options, scrutinizing them and ultimately selecting the best alternatives for optimum results and

maximizing the building’s value.
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PART 2 OVERVIEW OF CENTRAL & COMPACT SYSTEMS

The choice of an HVAC system, whether central or compact floor-by-floor is a critical decision

required to be undertaken during preliminary or conceptual phase
HVAC systems are available in a wide variety such as:
v' Chilled water central system (central systems)

v Direct expansion systems (which are also called compact units or local units or unitary

units of floor by floor units such as heat pump, package, split or roof top units)

Selecting the best system or combination of systems for a particular building must be carefully
considered and researched by the consulting engineer in close coordination with the architect,
electrical and plumbing consultants and owners, before finalizing the basic HVAC system design

and building layout.

Detailed engineering, duct and pipe layouts, shaft locations and sizes, plant room dimensions etc,

can follow in a systematic manner before construction work begins.

HVAC system components may be grouped into three functional categories: source components,
distribution components, and delivery components.
1. Source components provide or remove heat or moisture. This includes refrigeration

chiller for cooling and boiler or hot water generator for heating.

2. Distribution components convey a heating or cooling medium from a source location to
portions of a building that require conditioning. This includes air-handling units (AHU), fan

coil units, radiators etc.

3. Delivery components serve as an interface between the distribution system and occupied

spaces. This includes diffusers, grilles, registers etc.

Active HVAC systems may be designed to condition a single space (or portion of a space) from a
location within or directly adjacent to the space. Such a system is known as a local system. Local
systems (also known as compact systems or unitary systems) often incorporate all the above

three functions in a single piece of equipment.

Systems that are intended to condition multiple spaces from one base location are called central

systems. Such systems usually have distinctly different equipment elements for each function.

CENTRAL SYSTEMS

Central systems are defined as those in which the cooling is generated in a chiller and distributed
to air-handling units or fan-coil units with a chilled water system. This category includes systems

with air-cooled chillers as well as systems with cooling towers for heat rejection.
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Heating in these systems is often generated in a boiler and is distributed in hot water or steam
piping.

Central heating, ventilation, and air conditioning (HVAC) systems regulate temperature,
ventilation, and humidity levels to ensure the physical comfort of occupants in most commercial
and industrial buildings. Central HVAC systems come in a variety of different types such as all-air
systems, constant volume, variable volume, dual duct, air-water and all-water systems. All-air
systems are the most commonly used central HVAC systems because of its simplicity and
effective control. Escalating concerns for acceptable indoor air quality may suggest the increasing
use of all-air systems.

Unfortunately, air is not an efficient heat transfer medium, thus, all-air systems may require
extensive building volume for ductwork distribution. In situations where ductwork cannot be
reasonably accommodated in the building design, air-water or all-water approaches may be

considered.

Brief Overview

A central or built-up HVAC system is custom-designed for a building. The components of a
central system fall into two broad categories: "primary components" and "secondary

components."

Primary Components

Primary components, often called "central plant" equipment, convert energy from fuel or electricity

into heating and cooling energy in the form of hot water, steam, chilled water or refrigerant:

« Refrigeration equipment options include water chillers and direct-expansion (DX)

equipment.

Chilled water chillers use a refrigeration cycle to cool water to 42 to 45° F for pumping to
chilled water-cooling coils. Air is then blown over the chilled water-cooling coils to provide
cool air to the conditioned space. DX systems also use a refrigeration cycle, but distribute
refrigerant directly to DX cooling coils. High-efficiency chillers can produce chilled water

using less than 0.60 kW per ton of cooling capacity.

A refrigeration system must also reject the heat that it removes using a water cooling or
air-cooling. Water-cooled chillers require condenser water (CW) pumps and cooling
towers to reject heat. Air-cooled chillers reject heat in air-cooled condensers, which use

significant fan power.

Chillers could be reciprocating compressors (up to 200 tons), screw compressors (100 to

750 tons) and centrifugal compressors (200 to 2000 tons).
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Centrifugal chillers 150-2000 TR
Water cooled screw chillers 100-750 TR
Air cooled screw chillers 100-750 TR

Water cooled reciprocating chillers |30-200 TR

Air cooled reciprocating chillers 10-200 TR

Steam fired absorption chillers 150-2000 TR

Direct fired absorption chillers 300-2500 TR

The centrifugal compressors offer the best peak load efficiency while screw chillers give
better part load and the off-design performance.

They also offer turn down ratios up to about 20% by employing capacity control methods
like VSD for centrifugal chillers and modulating/stepped slide valve control for screw
chillers. Semi hermetic and open type reciprocating chillers have stepped capacity
controls, however, the part load efficiency of a reciprocating machine is lower than its full

load efficiency.

. mproduce hot water or steam to distribute to heating coils. Though hot water is the
most common fluid, steam is sometimes used because of its high heat per unit volume.

Both types of boiler are typically 80-85 percent efficient. Gas is the most common fuel.

* Pumps circulate chilled water, hot water, and cooling tower water. Centrifugal pumps,
driven by electric motors, are most common. When water flow varies with changing

loads, pumps can be efficiently controlled with variable speed (frequency) drives (VFDs).

Secondary Components

Secondary components, sometimes called "system" equipment, deliver heating and cooling to

occupied spaces:

e Air handling equipment may be centrally located or several air handlers may be
distributed throughout a facility. Most facilities use modular air handlers, but built-up air

handlers may be found in larger facilities. All air handlers adjust air temperature and
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humidity and remove dust and other particles from air before distributing it to occupied
spaces. This is accomplished through a series of coils, filters, humidifiers, fans, and

dampers.

Ducts, plenums and shafts distribute air. Plenums above suspended ceilings are
frequently used for return air. Large multi-story facilities often use shafts built into the

structure for supply air return air and outside air.

e Terminal units are devices at the end of a duct or pipe that transfer desired heating or
cooling to the conditioned space. Some types commonly used with central HVAC

systems include fan-coil units, induction units, and convectors.

» Controls are used to make components work together efficiently. They turn equipment
on/off, adjust energy outputs (chillers, boilers), adjust flow rates (fans, pumps, coils),
adjust temperatures (air, water, thermostats in conditioned spaces), and adjust pressures

(ducts, pipes, conditioned space).

Refrigerants in chiller systems are generally chlorofluorocarbons (HFCs and HCFCs). CFCs can
no longer be used due to environmental concerns of ozone depletion under Montreal & Kyoto

protocol. HCFC 22 shall be phased out by the year 2020 and majority of new central installations
are with refrigerant HFC-134a. The table below provides a brief compilation of current and future

refrigerants for various types of air-conditioner packages.

Equipment Type Traditional Refrigerant | Replacemeant Refrigerants
Rotary Screw- Chiller HCFC-22 R407C, HFC-134a
Scroll Chiller HCFC-22 R407C, R-4104
Reaciprocating Chiller HCFC-22 RAOTC, R-4104
Absorption Chiller R-718 (water) R-718
Centrifugal Chiller CFC-11, CFC-12 HFC-134a, HCFC-123
Packaged Air Conditionars HCFC-22 R-407TC, R-4104
Heat Pump HCFC-22 R407C, R-4104
PTAC, PTHP HCFC-22 R-407C, R-4104
Room Air Conditioning HCFC-22 R-407C, R-4104

System Types

Most facilities use variations and combinations of a few basic approaches, and their HYAC
systems are frequently described according to how they use air, water or both to distribute
heating and cooling energy to the space; i.e., all-air, all-water or air-water systems. Common

system types are discussed below. (Note: constant volume and dual-duct systems are inefficient.

« Constant Volume (CV) and CV Terminal Reheat systems accomplish cooling and heating

by varying the supply air temperature and keeping the air volume constant. Air gets
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*

heated or cooled and humidified to the desired level, and the constant-volume supply fan
*
moves this conditioned air to the zone . The system works well and maintains

comfortable conditions in spaces with uniform heating and cooling requirements.

If heating and cooling requirements are not uniform dividing the space into several zones
and using several single-zone systems, or a dual-duct/ multi-zone system can achieve
better temperature control. Systems serving multiple zones must meet differing
requirements. One way to do so is with a constant-volume terminal reheat system. To
meet differing heating or cooling loads in each zone, an electric reheat or a hot water
heating coil reheats the constant volume cool supply air just before it enters the room.

The reheat system is energy inefficient and is not recommended.

Variable Air Volume (VAV) and VAV with Terminal Reheat system changes the quantity
of air supplied to a zone rather than the temperature of cool air in response to changes in
loads. As a zone's cooling load decreases, a damper in its VAV control box starts to
close, reducing the supply of cool air. A VAV system saves fan energy as a result of this
reduced airflow. Maximum savings are achieved using variable frequency drive (VFD) to

control the fan speed/output.

A cooling-only VAV system works well in areas where cooling load is quite fluctuating say
for conference room (load fluctuate due to occupancy) or exterior zone of the building
(load fluctuate due to solar orientation). If a VAV system is used to serve zones at the
perimeter, which require winter heating, hot water coils or electric heater in the VAV box
reheat the air. The reheat is only applied in situations where the box has already reduced

the cool supply air to the minimum position required for ventilation.

All-water Systems and Air-Water Systems: In a typical hydronic (all-water) system,
heated and/or cooled water is pumped from the central plant through pipes to a terminal
unit in each zone where room air passes through is heated or cooled by a coil. There are
two common piping arrangements: two-pipe and four-pipe systems. Combining a
hydronic system with an air system provides clean, comfortably humidified outside air
from a central air system that has been heated or cooled by hydronic terminal units in

each zone.

A zone is defined as a region of a building that requires separate control. For example, it may not be

possible to successfully condition an interior space of the building and perimeter spaces covered with

glazing or below ground office area and glass enclosed atrium from a single control point. The dynamics of

the thermal loads in the two spaces are not compatible. To provide comfort, each space must be provided

with its own control -- the climate control system must be designed to accommodate separate thermal

zones. Thermal zones must be established very early in the HVAC system design process.
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Typical Applications

Commercial buildings commonly choose several types of systems based on the space
conditioning needs of different systems. A constant-volume system might cool the interior, which
has relatively uniform cooling requirements while a VAV system conditions perimeter areas,
which have variable requirements. Where precision control is required (e.g., laboratories,
precision electronic industry or hospital operating rooms), custom single-zone air handlers may
be used. In large facilities, which have widely varying requirements, flexibility is extremely

important. Table below shows some typical applications for various types of systems.

Typical Applications of Central HVAC System

Building Type Type of System
Office Buildings ] ] ]
) VAV; or CV in the core, and hydronic at perimeter
(low rise)
Office Buildings ) _
] ] Central CV system for core and VAV or hydronic at perimeter
(high-rise)
Department ] ]
Multiple CV or VAV air handlers
Stores
Universities CV, VAV or combined air-water systems at each building
School CV or VAV air handlers serving individual common areas, and hydronic or
chools
combined air-water systems in classrooms
Hosoital Separate CV systems for critical areas; CV or VAV for common areas;
ospitals ) ) . . .
hydronic and combined air-water in patient rooms
Hotel VAV for common areas like lobbies, restaurants, ball rooms & banquets; fan-
otels
coil units in guest rooms for individual temperature and humidity control
Assembly, ) )
Multiple VAV air handlers
Theatres
Libraries, ] . . ) o
Multiple CV air handlers, with precise humidity and temperature control
Museums
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LOCAL COMPACT SYSTEMS

Local compact systems are known by various hames viz. unitary systems, packaged systems or
individual system. These systems do not use chilled water as an intermediate cooling medium.
The cooling is delivered directly to the supply air in a refrigerant evaporator coil. These units are

sometimes also referred as “Direct Expansion,” or DX, units.

These typically consist of pre-assembled, off-the-shelf equipment combining heating, cooling, and
fan sections. Local systems include rooftop units or split systems, which have direct-expansion

cooling coils, and are generally have air-cooled heat rejection remote from the cooled space.

These systems are used in most classes of buildings, particularly where low initial cost and
simplified installation are important, and performance requirements are less demanding.
Packaged and unitary air-conditioning systems however consume a large portion of the energy

used in these buildings.

Brief Overview

Local air-conditioning systems are self contained factory made assemblies consisting of a heat
and/or cool source (depending on climate and occupancy demands), a fan, a filter, and control

devices. The most common local air-conditioning system is a small window air-conditioning unit
or large rooftop system. Usually these systems are air-cooled type. The most common types of

unitary HVAC equipment are described below:

Window Units

A window unit is an encased assembly designed primarily for mounting in a framed or unframed
opening in a vertical building enclosure element and takes their name from the face that they are
often installed in window openings. These units are designed for comfort cooling and to provide
delivery of conditioned air to a room without ducts.

As the unit contains both an exterior heat exchange element (condenser) and an interior heat
exchange element (evaporator) it must be located partly inside and partly outside of the building.
This location can lead to several architectural concerns including aesthetics, noise, space
utilization, and leakage (infiltration and water). Heating may be provided by electric resistance

coils or by a reversible refrigeration cycle.
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Split Units

In a split system, the two sides of the unit shown in the figure (typical window unit above) are
separated, with refrigerant piped between them (hence the name “split”).. A condensing unit,
consisting of the refrigerant compressor, the condensing coil, and the condensing fan, is located
externally. The indoor unit, consisting of the evaporator and indoor blower, is located near or in

the conditioned space.

The close coupling of evaporator and condenser components in small-scale single-zone systems
using window, unitary or packaged equipment is often too restrictive for many architectural
applications.

» Window units for example, must penetrate vertical elements of the building envelope --
with substantial impact on aesthetics and envelope integrity. Having all system
components in a single location also limits installation flexibility.

» A through-wall air-conditioner, for example, can only be installed where there is a wall
available; interior spaces cannot be reasonably conditioned with such equipment.

The split system provides a solution to these potential problems. For example, the evaporator unit
might be located in a basement; interior closet or attic while the compressor/ condenser unit
might be located on the side, rear or roof of a building.

Such an arrangement provides enhanced architectural and thermal opportunities -- HVAC
equipment may be easily concealed and interior spaces easily conditioned. Split indoor units
blend well into interior spaces and you don't have to sacrifice a window as window type air
conditioning units.

Separation distance between exterior and interior elements is usually limited to around 100 feet.

Split-systems are popular in small, single-story buildings.
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Figure: Typical Split Unit Arrangement

Packaged Air Conditioners:

A package air-conditioner system is a variant of large split systems. This equipment differs from
small individual air conditioning or heating equipment in that air ducts are used to move the

conditioned air to and from the unit.

Unlike small individual small split units, the compressor is installed together with the indoor unit
rather than the outdoor unit. This makes this unit noisier compared to the small splits but shall

allow a larger cooling capacity for the indoor unit.

Take a note on terminology; when we say condensing unit while explaining split air-conditioning
system, it implies both the condenser and the compressor. Also sometimes word ‘packaged
terminal air-conditioner’ is used which in technical parlance is described as a unit which does not
require any thermal distribution ductwork or piping. These are packaged units are intended for

through-the-wall installation. Simple controls are located on the unit.
Inpt ir

Feturn air
o
' external sir

Y]

External air

Figure: Typical Vertical Package Unit

Roof top Units
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A rooftop unit typically consists of vapor compression refrigeration cycle and a heat source
(electric resistance, heat pump, or on-site combustion), an air handler (fan, filter, dampers), and
control devices. A packaged rooftop air-conditioner may function as a local air-conditioning
system if it is not connected to substantial distribution ductwork. Packaged rooftop units are also

commonly used with distribution ductwork in central systems.

The typical capacity for a rooftop-packaged unit is 5 to 100 tons. Rooftop units work well for
single-story buildings, but don't fit into multi-storey schemes. Unitary Systems have all
components on the roof. Split Systems have the compressor and condenser on the roof and the

evaporator coil and air handling components in separate packages located inside the building.

These systems are commonly applied to low-rise buildings and have the bulk of the equipment on
the roof, either as a factory package or in a built-up penthouse. They usually use reciprocating or

screw compressors with air-cooled condensers.

These units are popular for general air-conditioning of stores, residences, schools, offices, etc.

particularly suitable for single flat building with extensive floor areas

Condenser Fan Cooling Coil Heater
t r/ Outside Air
3 }_ Damper
Condanser —— —
Call — P A
""" F —— Dutside Air
— Economizer
—] Control
\*’\ |
Comprassor
Fan /‘ Raturn Air
. . Damper
Supply Air Filter Retumn Air
Figure: Typical Single-Package Rooftop System
Heat Pumps

Heat pumps are similar to cooling only systems with one exception. A special valve in the
refrigeration piping allows the refrigeration cycle to be operated in reverse; it can heat or cool the
Sspace. For cooling, it operates as a conventional air conditioner. For heating, it reverses the refrigeration

process, removing heat from the outside air and blowing it indoors for space heating.

Heating capacity drops off as the outdoor temperature gets colder; a supplementary electric resistance

heater may also be used to assist the heat pump for colder days.

Heat pumps are configured as single-package units, split-systems, and as packaged terminal heat pumps

(PTHP), similar to the equipment types mentioned above.

The air-to-air heat pump is the most common type of heat pump. Water source heat pumps (WSHP)

are also available that use water as the heat source in the heating mode and reject heat to water in the
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cooling mode. In commercial buildings they are typically connected to a central water loop. A cooling tower

and boiler maintain the temperature of the loop within the proper range.

Compact units including gas heaters are sometimes called "gas-packs."” Units mounted on an

exterior wall are commonly called "wall-packs."

Typical Applications of Compact Systems

Building Type

Type of System

Residences, Dormitories

Window or Split Units, Heat Pumps or Package Units

Office Buildings (low rise)

Split Units, Package Units, Roof top Units

Department Stores

Rooftop Units, Package Units

Restaurants

Package Units

Motels

Package Units, Split Units, Heat Pumps, Roof top Units

Small commercial complexes

Package Units, Rooftop Units

Cinema Halls, Theatre

Rooftop Units, Package Units, Custom built DX Units

Library

Rooftop Units, Package Units, Custom built DX Units

Medical centers, clinics

Rooftop Units, Package Units, Custom built DX Units
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CENTRAL SYSTEMS V/s LOCAL SYSTEMS

Below, the reader will find the most comprehensive information on central and local systems:

Sno

CENTRAL SYSTEMS

LOCAL SYSTEMS

Central air-conditioning systens
are categorized by field assenbly
of conponents vi z.

1. Source conponent conprising

of chiller/boiler,

A local systemw ||l consist of

one or nore sel f-contained
equi pment units containing
cool i ng/ heat source,

distribution, and delivery

auxiliaries etc. System designer

has to produce schematic, |ayout,
control phil osophy and general
arrangenment draw ngs to assi st

install ati on.

2. Distribution conponents functions in a single package.
(air-handling units, The nmost conmon | ocal air-
ducting, piping, termnal condi tioning system conprises
units and auxiliaries) and |one or nore wi ndow, split or

1 3. Delivery units (diffusers, |heat punp air-conditioning
grilles, register etc). units. The avail abl e capacity
Al'l these conponents are field of these units ranges fromO0.5
assenbl ed al ong with control ton to 5 tons.
instrunents to forma wi der Large conpact units are called
system package and rooftop direct
expansion units that are
available fromb5 tons to 100
tons capacity.
Central systens are procured fromChe manuf act urer is
mul tiple vendors for instance responsible for the fina
chiller, boilers, punps, cooling uni t. Manuf acturer-mat ched
tower, expansion vessel, air conponents have certified
handling units, acoustic ratings and perfornmance data.
2 sil encers, piping, ducting & Factory assenbly al | ows

i mproved quality control and
reliability. The local units
are easy to install, which

means | ess ness, or disruption

or downti ne.
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Sno CENTRAL SYSTEMS LOCAL SYSTEMS
Central HVAC system nay serve one|A | ocal HVAC system
or nore thermal zones and has its|essentially serves a single
maj or conponents | ocated outside ([thermal zone and has its mgjor
3 of the zone/s being served -- conponents | ocated within the
usually in some conveni ent zone itself or directly
central |ocation. adj acent to the zone. Miltiple
units are required for
mul ti pl e zones.
Central HVAC systens will have as|Serving only a single zone,
many points of control | ocal HVAC systens will have
thernostats) as there are only one point of control --
4 mul ti pl e zones. typically a thernostat for
The controls are field wired and |active systens.
are integrated to central control |Local units are off shelf
panel . itenms conplete with integrated
controls.
Since the central system may Local Air-Conditioning Systens
serve nultiple zones the controls |offer roomby-roomor "zone"
are conpl ex and depend on the control, which mnimzes over-
type of system cooling typical of central
Constant air vol ume (CAV) systems air-conditioning systens. Wth
alter the tenperature while the zone-control ability of
keeping the constant air the conpact systens, only
del ivery. CAV systens serving occupi ed spaces are naintai ned
5 mul tiple zones rely on reheat at a confort level, and
coils to control the delivered conditioning for the rest of
cooling. This incurs lot of the building is turned down or
ener gy wastage due to shut of f.
si mul t aneous cool i ng and heati ng.
Space tenperature control can
al so be achi eved by applying a
variable air volume (VAV) system
which primarily alters the air
delivery rates. The VAV system
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may or nmay not have a reheat
coil, which provides additiona
heat when the space does not need
to be cooled or needs |ess
cooling than woul d be delivered
by supply air at the ternina
box’s mninmumair quantity

setting.

Al l

systemare integrated and

the conponents of the centra

function in unison for a large

A local systemis truly an
i sol ated system but the

mul ti pl e i ndependent units may

al ways avail abl e.

set up. be used to cover the entire
6 bui | di ng. Each | ocal system
generally does its own thing,
wi thout regard to the
performance or operation of
ot her | ocal systens.
Central systens are categorized |Local systens tend to be
as non-di stributed systens. di stributed systens having
Failure of any key equi pnent multiple units; Only one zone
conponent (such as a punp or is affected if a unit
chiller) may affect an entire mal f uncti ons.
buil ding. For critical A bui |l di ng conditioned using
facilities, a standby-cooling | ocal system may have a dozen
machine is generally provided to |(or a hundred) individual and
7 ensure that air conditioning is |independent units |ocated

t hr oughout the buil di ng.

Di stributed systens tend to
provi de greater collective
reliability than do
centralized systens. The
failure of one of many units
may cause disconfort in one
room of a building but the

remaining units can stil
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operate for rest of the
bui | di ng.

In the central plant systemit is
easy to provide for redundancy by
installing a standby chiller and
punp in the same plant room
These units are connected to
common condenser water/chilled
wat er headers thus nminimzing the
requi renent of additional space.

A multiple chiller plant arranged
in N*+1 confi guration provides

nmore than 100% r edundancy because

of the fact that nost of the

In a floor-by-floor air

condi tioning system using
packaged units and splits it
is not always possible to
provi de a non-wor ki ng standby
unit. Normally such units are
installed in multiple and are
distributed over the air-
conditioned space. Therefore
whenever a unit suffers a
breakdown, air conditioning is

i nadequat e causi ng user

relative humidity, indoor air
quality and air distribution.

The central systens are best

8 conpl aints.
chiller plant operates at off- P
. oL Local rooftop units or package
design conditions 99% of the P P 9
. units if applied to critical
tine.
. . . facilities |like control
Air handling units are normally
. roons/ | aboratories are often
not provi ded as standby, as the
rovided with standby.
breakdown rates are P 4
insignificant. A few standby
nmotors can be kept as spares in
the premi ses for such units.
(* N is number of chiller units with an
aggregate capacity of peak load
requirements)
The quality of air conditioning The quality of air
is much superior in central air- condi tioning is OK but not
condi tioning system comparabl e to central systens.
9 Central systens provide better
control over tenperature, Local systens for instance do

not provide close hunmdity
control. The compact systens

bei ng standard factory itemns
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suited for applications denmandi ng
cl ose control of tenperature,

humi dity and cl eanl i ness.

cannot be nodified to suit the
required design conditions al
the tinmes. Close hunidity

control, if needed, in
conmput er room applications or
the |ike,

t hrough speci al

can be acconplished
pur pose
packaged units.

10

Central systens allow for

proportional control of
tenperature and elim nate hot
spots if the systems is properly

t ested and bal anced.

I ndi vi dual room contro

(on/off and tenperature) is

si mpl e and i nexpensi ve.

However, because tenperature
control is usually two-
position, there can be sw ngs

in roomtenperature.

11

Central system provi des good dust
and particulate air filtration
These systens can incorporate
hi gh efficiency particul ate
filters (HEPA), which offer

99. 99% effi ci ency down to 0.3

m cron.

Local systens cannot be
nmodi fied to include high
efficiency filtration as the
fan pressure is factory fixed
and is inadequate to overcone

the filter resistance.

12

Centra
indoor air quality. Milti

systens provide better

st age
filtration can be enpl oyed to

i mprove the quality of supply air
and the fan static pressure can
be selected to suit the pressure
dr op.
Central
control
It

systens provi de good
over ventilation air.
is possible to control indoor
air quality in a central plant by

designing the main air handling

In floor-by-floor systens, it

is not possible to provide a

high level of filtration or
increase the fresh air
quantity.

Special filtrations need

however shall be carefully
eval uated against the unit’s

fan static pressure.
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system for fixed or varying
quantities of fresh air.

Prestigi ous owners prefer centra
syst ens.
Most

singl e corporate or governnent

| andmark buildings with a
owner prefer to install centra
plants as the quality of air
conditioning is superior and life
The

operation and nmai nt enance cost

expectancy is higher

is

Local systens provide

i ndi vi dual ownershi p. Each
tenant can own his air
condi tioning plant, operate it
at his conveni ence and pay the
i ndi vi dual power bills.
Theref ore, when a buil ding
compl ex has a nmultiple owner

profile a floor-by-floor

Larger systens can utilize
cooling towers, which can inprove
system efficiencies in many

cli mat es.

13 |l ower than a floor-by-floor systemis preferred. For
system applications such as | eased
of fi ce space, energy use can
be netered directly to each
tenant. Units can be installed
to condition just one space at
atinmne as a building is
conpl et ed; renodel ed, or as
i ndi vi dual areas are |eased
and occupi ed.
Central HVAC systens offer Local systens cannot benefit
opportunities for econom es of from econom es of scale. The
scal e. Larger capacity coefficient of performance
refrigeration equi pnent is (COP) of a refrigeration
usual ly nmore efficient than system general |l y increases
14.smatller capacity equi pnent. with capacity; as each |loca

unit is normally of |ow

capacity, local system COPs
are relatively | ow

Local systems are generally
air-cool ed but the water-

cool ed options are avail able

Page 21 of 40




www.PDHcenter.com

PDH Course M149

www.PDHonline.org

Sno CENTRAL SYSTEMS LOCAL SYSTEMS
to packaged units above 10tons
of refrigeration.
Central systens permt building- |[Lack of interconnection
wi de | oad sharing; this may bet ween nul ti pl e conpact
result in reduced equi pnent sizes|units’ neans that |oads cannot
(and costs) and the ability to be shared on a buil di ng-w de
shift conditioning energy from basis. A peak |oad capacity
one part of a building to shal | be provided for each
anot her . zone. The capacity of loca
15 |several central HVAC syst ens unit equi prent shall be
deliver inproved efficiency and |designed for peak |oad of the
| ower first cost by sharing |oad |zone w thout any diversity.
capacity across an entire The | ocal equi prent energy use
bui | di ng. may al so be greater because
fixed unit size increnents
require over sizing for sone
appl i cations.
The supply air quantities of The | ocal system provides
central systemcan be designed to fixed supply air quantity,
any val ue by ordering custom which is usual |y 400CFM per
buiTd fans. ton of refrigeration.
The cooling coils in a centra
pl ant can be specially designed The size of the cooling and
to handl e higher |atent |oads and condenser coils is standard.
16 |t hus provi de better control over |No choice is available for
moi sture. The cooling coils can |coil selection, which is
be sel ected for high rows deep generally fixed by the unit
(enhanced surface area) for namepl ate rating.
ef fective condensate renoval
The condenser sizing can al so be
vari ed based on the refrigeration
capacity.
Generally trained and skilled These systems are easy to
17 operators are required due to operate. Trained operators are
compl exity of controls and usual | v not reauir ed.
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nunerous field assenbled itens
interfacing with each other

usual Iy not required

Generally for small units the
control features are avail able

on hand held wirel ess renote.

Large central systens have life

19

big projects having | arge areas
where excellent quality of air-
conditioning is of paranount

i mport ance.

Local systens have life
18 expectancies of 20 to 25 years. expectancies of usually 10 to
15 years.
Central systens are selected for

Conpact systens are sel ected
when it

centra

is decided that a
HVAC systemis too
| arge or too expensive for a

particul ar project.

Centra

interior building spaces can be

systens that serve the

used along with conpact units for

par anet ric zones.

Conpact systens are good for
paranetric areas or where spot
cooling is required for

i ncrease, servicing/replacenent

20 exanple, in large retail
Al ternatively, a central plant stores, the pharmaceutica
With a VAV system can very vell products can be nmintai ned at
handl e the variations in
| ower tenperatures than the
peri pheral 1 oad. .
surroundi ngs.
Central systens allow mmj or Local systens nmi ntenance nmay
equi pnent conponents to be often be relatively sinple but
isolated in a mechanical room such mai nt enance nmay have to
G ouping and isol ating key occur directly in occupied
21 operating conponents all ows spaces.
mai nt enance to occur with limted Qutdoor units are designed for
di sruption to building functions. .
easy access unless the units
are nounted on the steel
over hang pl atforns.
29 As system size and sophi stication|Because | ocal systens are

likely to be of small capacity
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may becone nore difficult and may
be avail abl e from speci al i st

provi ders.

and are not conplicated by
i nterconnections with other
units, servicing of loca
systens tends to be sinple and
avai |l abl e through numerous

service providers.

23

In a building where a | arge
nunber of spaces may be
unoccupi ed at any given tine, the
central system shal
| oad, which shal

specific energy. During design

run on part
consune hi gher
phase it is necessary to sel ect
optimum configuration of chiller
machi nes for instance a peak | oad
of 225 tons coul d be served
through 3 x 75 ton nmachi ne so

t hat one nmachi ne can be switched
of f at | ow | oads.

Also it may be wise to consider
addi ng | ocal units for the few
roons that are required operation

during off hours.

In a building where a | arge
nunber of spaces may be
unoccupi ed at any given tine,
such as a dormitory or a

| ocal

nmot el , systens may be

totally shut off in the unused
spaces, thus providing

potential energy savings.

24

In a central system the

i ndi vi dual control option is not
| f

is desired,

al ways avail abl e. i ndi vi dua

control the system
shal | be designed as variable air
vol unme system (VAV) with

| ocal i zed t her npst at s.

As a self-contained system a
| ocal HVAC system may provide
greater occupant confort

t hrough totally individualized
control options -- if one room
needs heating while an

adj acent one needs cooling,

two | ocal systems can respond
wi t hout conflict.

Heating and cooling capability
can be provided at all tines,

i ndependent of other spaces in
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t he buil di ng.

Central systems designed for VAV
systemis based on bl ock | oad

cal cul ations, as the VAV units
all ow the systemto borrow air
fromareas with | ow | oad. By

i ncorporating VAVs with variable

speed drive on air handling

The conpact systens being
smal | are designed for ful
peak | oad. No diversity is

t aken on desi gn.

The standard rooftop or
package units are not
avail abl e with vari abl e speed

consequently, building cost.
If this size is too large to
pernmt a reasonable false ceiling
hei ght
consider two snaller AHUs on each

it my be desirable to

Sonetinme this al so
shaft

floor.
requires an additional in

the floor space.

25 |units, it is possi bl e to achieve
excel l ent savings in power, which option till now.
can be as high as 30 - 50% Even
t hough the initial cost of the
pl ant increases by 7% - 10% due
to VAVs and vari abl e speed
drives, the pay back is normally
| ess than 2 years
The conditioning effect froma Many of the conpact systens
central HVAC systemis conveyed |are essentially ductless
t hr oughout a building. The need |systens.
to transfer conditioned air or For package or roof top units
wat er i nposes space and vol une if the duct is used these are
demands on a bui |l di ng. usually small and run very
Large duct sizes, for exanple, short. This requires a little
may require an increase in floor- [pl enum space or can be

26 |to-floor hei ght and, accommodated in limted floor-

to-fl oor height of the
bui | di ng.

Larger floor areas can use
whi ch can
further help in reducing duct

mul tiple units,

si zes.
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addi ti on space is required
outdoors for condensing unit for
ai r-cool ed machi nes and cooling
tower for water-cool ed machi nes.
The plant roomsize will depend
The

roomrequires an adequate

on the size of the plant.
pl ant
height of 4.3 to 4.9 neters

For air-cool ed condenser options,
a space at one central |ocation
is required outdoors at grade or

at terrace.

Sno CENTRAL SYSTEMS LOCAL SYSTEMS
A central plant will require No separate plant room space
pl ant room space to house is required as the
chilling machines, chilled water |refrigeration package is
punps; condenser water punps integral to the package
electric and control panels. In |unit/condensing unit which is

general ly | ocated outdoors.
Evaporator units are generally
| ocat ed i ndoors.

Mul tiple condensing units are
to be | ocated outdoors for the
package units or split units.
There is a limtation that the
condensi ng unit should not be
| ocated nore than 100 ft
horizontally fromthe indoor
unit and vertically not nore
than 30 ft higher than the

i ndoor unit.

This distance limtation for
mul tiple units nmay require
condensing units to be nounted
on the overhangi ng sunshades
or on steel platforns bolted
to the outside building walls-
meki ng nmai nt enance extrenely
risky and difficult. Buildings
al so start | ooking shabby and

di sfigured.

28

The wat er-cool ed systens are nore

conmpact in size. A space for

cooling tower shall be required
outdoors or at the terrace.

The centrifugal machines require
wat er - cool ed condenser while the

reci procating and screw nachi nes

Whi | e package/rooftop units
are available with water-

cool ed condensers options, the
maj or share of small capacity
installations use air-cool ed
equi pnent. Even though the

power requirenments for air-
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are available with both air-

cool ed and water cool ed options.

cool ed equi pment may exceed
the total power requirenent
per ton for water-cool ed

equi prent at rated conditions,
actual operating circunstances
may result in a | ower total
power cost for air-cooled

equi prent on a year round
basis in sone applications.
Poor water quality, regular
chemi cal dosage requirenents
etc. is also a factor in favor
of air-cool ed equi pment

Central systens do not provide
flexibility of individual energy
metering very easily. A conplex

met eri ng system general |y based

The energy utilization of

| ocal conpact units can be
sinmply measured by installing
a |l ocal energy meter with each

t ake the wei ght of equi pnent.

Sui table vibration control nust

29 lon BTU hr (measured from fl ow and unit .

tenperature differential) of

chilled water energy is first

measured to convert to equival ent

power units in kWH

Accessi bl e space above fal se Accessi bl e space above fal se

ceiling is needed for |ocating ceiling is needed for split

t he vol ume control danpers and unit cool ers.

other duct auxiliaries. Accessi bl e space above fal se
30 |Accessible space above fal se ceiling is also needed for

ceiling is needed if ceiling duct ed packaged or rooftop

mounted fan coil units are syst ens.

consi dered for instance all-water

or air-water central systens.

For central systems, the building|The | ocal systens are snaller
31 structure should be designed to |in size and are |ess bul ky.
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be consi der ed.
Adequat e | oad beari ng beans and
colums nust be avail able for

lifting and shifting of such

equi pnent .

A shaft is needed to house Does not require chilled water
chilled water piping, condenser pi pes as the units are DX

wat er piping, supply, return & (direct expansion refrigerant)

fresh air ducts and power/control
di stribution cables.

t ype.
Separate shafts are not

required until the package

buil dings particularly if the
equi pnent is | ocated outdoors.

If the equiprment is |ocated

39 unit is water-cool ed type.
The air-cool ed package unit
shal |l require refrigerant
pi ping routing to connect the
i ndoor evaporator unit wth
t he condenser unit, which is
normal |y not routed through
shafts.

Central systems require plunbing Mbi st ure condensate renoval
and drai nage arrangenent in the .
can be a problemif proper
central plant room where . .
renoval is not provided.
chiller/punps are | ocated and

33 al so where AHU/ FCU cooling coils Since mgjority of time the

are provi ded. evaporator unit is |ocated
with in the zone or at the
zone boundary, the plunbing
need to be carried out in the
i ndoor spaces.

Consi deration rmust be given to Local systemunit conpressors

the noise of the chillers and are totally sealed (hermetic

34 whether this will affect adjacent |[or seni -open) and are | ocated

out doors.

Qperating sound | evels of the

i ndoor equi pnent coul d be high

- P 1 L [} -
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i ndoors, the plant roomwalls and |t hough tol erabl e.
the AHU room walls nust be Qut door units are generally
acoustically treated. qui et enough to be installed
under a wi ndow or near a patio
so sl eeping or the

entertaining of guests is not

di srupt ed.
Thought nust be given to the The | ocal systens are usually
access path to plant roons and conpact. Replacenent is quite

AHU roons. The equi pnent nmay be |[sinple and easy.
qui te bul ky and vol um nous. In
35 |case of a breakdown, the machine
may have to be shifted to a
service shop for repair. The
bui | di ng design nust provide this

space.

It is possible to design central |The local systens are standard
systemto include active snoke itens and it may not suit

36 control. This is best nmodi fications in system design
acconpli shed by “all-air” HVAC ot her than interlocking the
system fan notors with fire

det ect or s/ panel

Central systens are al so anenabl e |Local systemunits cannot be
to centralized energy managenent |easily connected together to
control schemes and the building |pernit centralized energy
managenment systens (BMS). management operations. Loca
systens can be integrated to
37 BMS with respect to on-off
functions through electric
circuit control, but nore
sophi sticated central contro
(such as night-setback or
economni zer operation) is not

possi bl e.
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It is possible to nmaintain Package or rooftop units
positive pressure with central provide linmted positive
systenms. The clean room pressurization. The smaller
38 appl i cations, pharmaceuti cal split units nmounted indoors
units, electronic roons etc are generally 100%re-

require high degree of positive |circulation type and can not

pressuri zati on. ensure pressurization

Different AHU units shall be It is easy to provide
required for critical areas where|i ndependent package units
cross contamination is a concern |where cross-contamnation is a

39 such as pharnaceutical plants. concern
Also in food court areas ideally
different restaurants shall be
fed with i ndependent units to
avoi d cross zoning of snells.
Wth central systens it is I ncreased ventilation rate is
possi ble to incorporate normal |y not used with
strategi es which are desirable .
standard conpact units.
with increased ventilation rates: Sometimes to maintain
v -Ci i . . .
Increased re-circul ation acceptabl e indoor air quality
with high efficiency it is often recomended to
filters install a separate dedicated
v Heat recovery devices can fresh air unit
be provided Qut door air econom zers are
40 v Econoni zer: An econom zer not al ways available to

allows outside air to be provi de | ow cost cooling wth

used for cooling when its |gtandard units. Econonizers

tenperature is lower than .6 ayailable as an option for

the tenperature inside the rooftop units. California

bui I ding. The econom zer energy efficiency standards

function is part of the requi re econonizers on |arge

control package on many units to avail benefits of
si ngl e- packaged units. ‘free cooling during |ow
v' Automatic carbon dioxide anbi ent t enper at ur es.

nmoni toring can be
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i ncor por at ed. The package and rooftop units
can be provided with CO
sensors and heat recovery
devi ces.
Central systens are generally

The appearance of local units

can be unappeal i ng and may not

chiller.

Ai r-cool ed machines are costlier
t han wat er - cool ed machi nes.
Therefore, the budget avail able
with the owner at the tine of
building the facility play a
major role in selecting the type
air conditioning system

When it comes to air handling
units, the single skin air-
handling unit is much cheaper

t han a doubl e skin air handl er

41 necessarily blend well wth
etc can be easily blended with t he aest heti cs.
t he aesthetics.
Initial Cost Packaged and split units have
The initial cost of a central air |nuch lower first cost than a
condi tioning systemis nuch central system These units
hi gher than a |l ocal system are standard and the cost of
Dependi ng on the type of t hese systens is proportiona
equi pment selected the cost can |to the capacity. However, the
vary to a great extent. I'ife expectancy of floor-by-
For exanple, a reciprocating floor systemis nuch | ower at
packaged chiller is nmuch cheaper |about 12 to 15 years only as
than a screw packaged chiller and|conmpared to 20 to 25 years for
t he screw packaged chiller is central systems. Al so the

42 cheaper than a centri fugal operating costs tend to be

hi gher on peak | oad

conpari sons.
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However, the system cl eanliness
and aesthetics achi eved by using
doubl e skin air handling units is
far superior. The life expectancy
of these units is also higher
VAVs and a buil di ng nmanagenent
systemif added will increase the
cost by 10% 15%

there wll

capital However
be a saving in power
cost and so it is inportant to
wor k out the payback period to
determ ne the techno-conmerci al
liabilities of the final selected

system

Engi neeri ng Cost

Whenever a major facility like a
multi-storey building project is

designed, it is inperative that

an HVAC engi neer be involved from
the initial stage itself. Such a
design and build approach wll
lead to a well co-coordinated
effort between the architect,
HVAC engi neer, buil der and
client. Such involvenent will

al so provide expertise to

eval uate and anal yze the techno-

economi ¢ aspects of each system

e The system sel ecti on nust
precede the fina
architectural design of the

bui |l di ng. Even though such

engi neering inputs seemto
add to the cost and tine of

the project.

Engi neeri ng cost,

time and

risk factors for designing a

unitary floor-by-floor system

are usually lower than those

for a centra

system for the

fol |l owi ng reasons

Load cal cul ati ons and
correspondi ng equi prment
sel ections are | ess
critical with packaged
fl oor-by-fl oor systens.
The nul ti pl e nunbers of
modul ar units will
provide built in safety
cumflexibility into the

desi gn.

Unitary or packaged
systens are factory
built standard

equi pnent. The quantum

of work to be carried
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A central plant design
envi sages equi pnent

| ayouts, ducting |layouts,
pi pi ng | ayouts, which are
much nore conpl ex.

Layout finalization is also
time consum ng, as these
designs are required to be
well integrated with
structural, interior

| ayouts and ot her

utilities.

out at site is much |ess
as conpared to centra

pl ant system as the
amount of ducting piping
and insulation work is
much | ess.

e Engineering skill, cost
and tinme required to
install a floor-by-floor
packaged systemis much
|l ess as conpared to a
central plant.

e Floor-by-floor system
| ayouts are rmuch sinpler
and repeated multiple
times.

I nstal | ati on Cost

The nmechanical installation cost

of a central plant is nuch higher

than a fl oor-by-fl oor system due

to the follow ng reasons.

Main air conditioning

equi pnent is heavy and
vol um nous requiring strong
foundati ons and proper
material handling facility
at site.

Air handling units/cooling
towers/fans nust be lifted
to upper floors or terrace.
Sone equi pnent requires
extra care during
installation to ensure

m ni mum vi brati ons and

snoot h operati on.

Local system provides sinple
and faster installation. These
are easy to install and |ess
ti me consum ng since standard
size units are readily
avail abl e.

Repl acenents can be carried
out very fast.
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e Larger quantities of
ducting, piping and

insulation are required and

their

installation cost is

hi gher.

Operating Costs

The nodern centrifugal nmachine is
capabl e of operating at a power
consunption of 0.50 - 0.60 kW per
t on.

In addition to the above,
centrifugal nmachi nes are now
avai l abl e with variabl e speed
drives (VSD),

machi nes to operate at off design

whi ch enabl es

conditions at 0.40, 0.30 and even
at 0.20 kWton.
unprecedent ed energy saving.

This leads to an
On the | ow side of the central AC
system air-handling units are

t he bi ggest consumer of power

next to the chillers. If constant
vol ume air handling units are
provi ded, these consune the sane
energy day in and day out
irrespective of variation in

| oad.

By i ncorporating VAV terni na
boxes with variable speed drive
on air handling units it is
possi bl e to achi eve excel |l ent
savings in power. Saving in power
could be as high as 30% -50%

For all air-conditioning systens

a vast mpjority of operating

The power consunption of |oca
conpact units can vary from
1.0 kWper ton to 1.3 kW per

t on.

The type of conpressors used
in these machines is either
hernetic reciprocating type or
scroll. The part |oad
efficiency of such units is
| ower than their full | oad

efficiency.

Cooling efficiency for air

conditioners, splits, package
units and heat punps is
i ndi cated by a SEER ( Seasona
Energy Efficiency Ratio)

rating.

Heat punps al so have heating
efficiency ratings, indicated
as an HSPF (Heating Seasona

Per f ormance Factor).

In general, the higher the
SEER or HSPF rating,
electricity the unit will

the | ess
use
to cool (or heat) your hone.
The gover nment - mandat ed

m ni num ef fici ency standards
for units installed in new

honmes at 10.0 SEER and 6.8
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hours are spent at off design

conditions. Therefore it is
i mportant sel ect machi nes which

the best off design performance.

HSPF. Air conditioners and
heat punps nanuf act ured today
have SEER ratings that
from10.0 to about 17. Heat
punps are avail able wi th HSPF

range

ratings fromabout 6.8 to
10. 0.

Mai nt enance Cost

The breakdown, repair,

repl acenent and nmi nt enance cost
of central plants can be
expensi ve and time consum ng.
However, the frequency of such
breakdown is quite | ow.

These systens require routine

i nspection and pl anned checks.
Daily operation also adds to the
runni ng cost, as trained

operators are required.

Mai nt enance costs are difficult
to predict since they can vary
wi del y depending on the type of
system the owner's perception of
what
skilled | abor and the | abor rates

is needed, the proximty of

in the area.

A recent survey of office
bui I di ngs indi cated a nedi an cost
of $0.24 per sq. The
Bui | di ng Owners and Managers

ft per year.

Associ ation (BOVA) may provide
nmore locally specific
i nformation.

The fl oor-by-fl oor system
repair cost per breakdown is
normally low. Wth the
reliable hernetic
their

energence of
and scroll conpressors,
mai nt enance expendi ture has

shown remarkabl e i nprovenents

and is less tine consum ng and
si npl e.

Roof nounted packaged units
typi cally have mai nt enance
costs of 11% or higher than a
central plant system serving

t he same buil di ng.
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a7

Centr al
with |arge thernal

systens can be applied

systens to take benefits of
reduced cooling demand during

expensi ve peak | oad peri ods.

energy storage

Wth | ocal
off few of the multiple units

systens, sw tching

can control the peak |oad
energy demand. Thermal energy
storage is not possible with

conpact systens.

In nutshell central systems provides better quality of indoor parameters and energy efficiency.

From energy efficiency point of view it is highly recommended to evaluate your selection

thoroughly if any of the conditions below are true.

1. If the building square feet floor area exceeds 10000 sqft

2. Ratio of occupancy hours to operative hours of less that 0.6 indicates that rescheduling

equipment operation can save energy.

3. Annual energy consumption in excess of 50,000 BTU/sqft. (Of the building)

4. Total capacity of heating and cooling equipment combined capacity exceeding 100
BTUH/sqft
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PART 4 HVAC DESIGN DEVELOPMENT CHECKLISTS

HVAC systems consume an important part of the building construction budget, account for a
major portion of a typical building’s annual energy consumption, often require substantial space
allocations and contribute to interior environment that is critically evaluated by the building

occupants and visitors.

Everyone cares about cost! But the wise customer lays down a list of minimum requirements and
then negotiates. The "penny-wise pound-foolish" customer goes for price only and skimps on
equipment and design specifications.

The design of HVAC systems is intimately related to various parameters, including but not limited

to the factors listed below.

Details of architecture:

v Structure, orientation, geographical location, altitude, shape, modules- size & height
v Purpose of the building, area classification, occupancy and usage patterns

v/ Ratio of internal to external zones, glazing, plant room sitting, space for service

distribution

v' Climate and shading, thermal insulation, passive climate control, relationship with

adjacent buildings
v New or existing building, renovation or extension project, retrofitting or new equipment,

v' Plant and system design to match the characteristic of the building and the need to meet

the needs (known and unknown) of the ultimate occupants.

Details of Space allocation:

v Floor space and clear heights to accommodate HVAC plant, equipment, distribution and

room elements
v' Shaft spaces available for routing ducts/pipes etc

v Location and size of structural columns and beams, clearance through steelwork, position

of reinforcing rods, etc;
v Ceiling height, clearance between suspended ceilings and beams;
v" Foundation and supports requirement, permissible loadings;

v Location of obstructions that may be in the route of air-conditioning services, particularly

ductwork;
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Details of building construction:

v' Materials and thickness of walls, roof, ceilings, floors and partitions and their relative
positions in the structure, thermal and vapor transmittance coefficients, areas and types
of glazing, external building finishes and color as they affect solar radiation, shading
devices at windows, overhangs, etc., as they reduce solar radiation and light

transmission, building mass, particularly as it affects thermal capacity;

v" Sound and vibration control requirement, relation of air-conditioning equipment to critical

areas;

v' Co-ordination with other services (e.g. electrical and plumbing work), use of service

shafts, ducts and equipment rooms to best mutual advantage;

Building regulations

v' Government and local regulation on occupancy & safety classification

v' Regulations of Public utilities on electrical wiring, power usage, water supply and

drainage

v/ Health and Safety regulations on indoor air quality, ventilation air quantities, noise

control, electrical, fuel, insulation and other hazardous materials
v' Local fire authority regulations and smoke removal systems
v'Insurance company regulations

Miscellaneous Requirements

v' Accessibility for installation of equipment, space for maintenance;
v Location of fresh air intakes and exhausts (to avoid short-circuiting and contamination);
v Location of fire zones and fire walls (position of fire dampers);

v Acceptable noise level: space available to house equipment and its location relative to

the conditioned space
v Indoor & outdoor equipment preferences
v Acceptability of components obtruding into the conditioned space

v" Plumbing arrangements, drains — location, capacity, restriction on discharge;
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Building Aesthetics

v

v

v

Architectural characteristics of space,

Reflected ceiling plans: Integration of air distribution devices in ceiling to harmonize with

lighting layout, fire sprinklers, detectors, communication systems and ceiling design

Size and appearance of terminal devices

System considerations:

v

Thermal influence — Solar gain, ambient conditions (dry bulb/wet bulb temperatures),
indoor condition (dry bulb/relative humidity) requirements, heat gain from people, artificial

lighting, equipment and machinery, ventilation air load

System behavior — Thermal comfort, indoor air quality, cooling /heating peak loads,

partial loads, average load conditions and pattern of variation, capacity of the system

Load behavior — Sensible/latent heat balance, Load diversity, and system response

related to thermal capacity storage effects

Psychrometric processes — engineer prefer to carry out their calculations on a
psychrometric chart of the aspects include actual vapor pressure; relative humidity;

moisture content; specific enthalpy; specific volume (or humid volume) and dewpoint.
Operation Philosophy- Hours of system operation;

Control Systems- Zone or individual control, system response and lags, permissible
tolerances and time system, direct digital controls, sequence of operations and control

logic

Energy Efficiency- Energy availability, level & pattern of energy use, type of system, peak
load and part load energy performance, Variable speed drive, energy efficient equipment,

building management systems, economizer controls, zoning requirements

Control and operational requirements — supervision, records, type of adjustment and
regulation, hours of operation, summer/winter changeover, day/night and weekend
operation, high/low limit protection, frost protection, fire protection, special control areas

(e.g. computer rooms, executive offices);
Redundancy- Spare & standby requirements, equipment configuration

Technology features — Humidification/dehumidification requirements, Air purity, Special
acoustic treatment, fire protection & smoke management; Water service — capacity,
pressure, maximum temperature, chemical analysis (choice of materials), water

treatment;
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v/ Commissioning and testing of the completed plant and the adjustment to ensure that it
operate as designed in all respect. It is a matter of increasing importance, as components
become more sophisticated, more packaged and thus less susceptible to any level of

repair.

Financial Constraints

v/ Capital cost

v Operating cost (fuel, power & water)

v/ Maintenance & consumables cost

v" Replacement costs

v' Upgrading costs

v" Equipment failure costs

v Labor costs

v Insurance costs

v Interest on capital and depreciation

v' Return of investment (ROI)/Life cycle analysis
Costs can often be influenced by the owner’s/company’s insurers and risk managers.

Successful HVAC systems are the key to successful buildings. Proper selection of air-
conditioning services and choice of the most effective system is the foremost application
consideration. This includes primary influence from the architect.

It is important to understand the characteristics of the building envelope, functional requirements
and desired environmental conditions. Each solution begins with an assessment of the owner’s
business needs, architect’s vision and the requirements of the end user, combined with a review
of the HVAC system itself, be it existing or planned.
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