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Last month, I discussed cost- and
e n e r g y - related drawbacks of 
continuing to employ PID (pro-

p o rtional + integral + deriva t i ve) contro l
in HVAC systems and introduced the
concept of interdependent network 
c o n t rol, which can replace PID contro l
to improve the performance and effi-
ciency of many systems. In t e rd e p e n d e n t
c o n t rol employs re s o u rc e - m a n a g e m e n t
techniques similar to those used in 
information-technology networks. T h i s
month, I will provide a brief ove rv i ew 
of a “d e m a n d - b a s e d - c o n t ro l” application
to show how temperature- and pre s s u re -
setpoint control can be eliminated while
the performance and efficiency of an 
a l l - variable-speed HVAC system are 
i m p rove d .

ALL-VARIABLE-SPEED HVAC SYSTEMS
Applying variable-speed AC d r i ves to

H VAC components with built-in extra
capacity saves energy at all expected load
conditions. For this energy saving to be
m a x i m i zed, pre s s u re differentials must
change as the load conditions change.
This is why temperature- and pre s s u re -
setpoint reset commonly is used as an 
optimization technique in conve n t i o n a l
c o n t rol systems.

DEMAND-BASED CONTROL
Demand-based control is a network -

enabled method of control that modu-
lates equipment to meet current loading
conditions and, at the same time, auto-

matically optimizes overall system opera-
tion, thus eliminating the setpoint-opti-
mization step. Demand-based contro l
also reduces construction, energy, and
operation-and-maintenance costs by
simplifying system configurations, re-
ducing pre s s u re losses at all load condi-
tions, and eliminating much of the we a r
and tear on modulating components.

Imagine designing the controls for a
H VAC system in which all cooling-towe r
fans, condenser-water pumps, chillers,
chilled-water distribution pumps, and
supply fans employ electric va r i a b l e -
speed operation. Because of mechanical-
and electrical-efficiency considerations,
each of these components operates most
efficiently within a capacity span that
varies for each system element and may
depend on more than a single operating
p a r a m e t e r. Demand-based control re c-
o g n i zes that the operation of each piece
of equipment influences the operation 
of eve ry other piece of equipment in 
a system. In a demand-based-control 
system, network controls coordinate 
the operation of all equipment as a single
system to meet all of the cooling loads 
e f f e c t i vely and efficiently.

Demand-based control at the zone level.
Va r i a b l e - a i r - volume (VAV) boxes in a 
d e m a n d - b a s e d - c o n t rol system employ
“c o o l i n g - e f f e c t” operation rather than
just airf l ow control. Cooling effect is a
combination of airf l ow and temperature
effect and is calculated approx i m a t e l y
once a minute in each VAV zone. T h e
calculation considers airf l ow, supply-air
t e m p e r a t u re, and zone temperature. T h e
cooling effect is compared to the devia-
tion from the space-temperature setpoint
in each zone, and a damper-position ad-
justment is made to increase or decre a s e
the cooling effect as re q u i red in each
zone. A self-balancing calculation also
may be included so that the cooling-
effect parameters for each zone are auto-
matically adjusted. Each zone communi-
cates certain information to the fan sys-
tem serving it.

Demand-based control at the fan-system
l e v e l . With demand-based control, a fan
system can respond to changes in zo n e -

cooling demand by adjusting the speed
of the fan(s) and/or the flow of chilled
water through the cooling coil. Su p p l y -
air temperature and pre s s u re are not 
d i rectly controlled, acting only as limit-
ing values to ensure equipment operates
within manufacturer and system design
parameters. This approach offers a gre a t
a d vantage in meeting zone loads. If one
or more zones is not obtaining adequate
cooling effect, the system determines
whether it would be more efficient to 
i n c rease airf l ow or reduce air tempera-
t u re. If the system chooses to reduce air
t e m p e r a t u re, it will slightly incre a s e
chilled-water flow to the air-handling-
unit (AHU) cooling coil. VAV zones that
a l ready are satisfied will automatically 
reduce their airf l ow, resulting in both an
i n c reased air volume and lowe r - t e m p e r a-
t u re air being immediately available to
the zones that re q u i re additional cooling.
Such control substantially improves 
system re s p o n s i veness and operating 
e f f i c i e n c y. The readjustment takes place
about once a minute.

CHILLED-WATER-DISTRIBUTION DESIGN
Adjusting chilled-water va l ves once a

minute simplifies control and makes
c o n t rol stability much less of a pro b l e m
than it is with PID control. The less-
stringent incremental re q u i rements of
demand-based control afford designers
an opportunity to improve efficiency.

Va l ves can be sized for lower pre s s u re
losses, as linear response to actuation 
is not re q u i red. Fu rt h e r m o re, with net-
w o rk-management techniques, there is
no re q u i rement that each va l ve operate
independently of the others. De m a n d -
b a s e d - c o n t rol va l ve-selection rules call
for a full flow pre s s u re drop of 1 to 2 ft 
of head in worst-case configurations. 
The rules also re q u i re that some method
of automatic coil-ove rf l ow protection 
be provided. This feature may be incor-
porated into the va l ve itself or the 
AHU controls. Simple ball or butterf l y
modulating va l ves work well in demand-
b a s e d - c o n t rol applications. Mo d u l a t i n g
va l ve actuators should be slow-acting. 
Although 120- to 300-sec actuators are
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ideal, faster-acting actuators will work
fine as long as their total movement 
during each adjustment period is limited.

With demand-based control, there is
no need to have identical pre s s u re differ-
entials at each load, so re verse return 
configurations are not necessary. Pi p e s
should be sized to keep velocities and
p re s s u re losses within recommended 
limits, with some system analysis 
p e rformed to select the distribution
pump(s). Slightly oversizing the pump-
ing capacity in a variable-speed system
carries no energy penalty; howe ve r, to
maintain good electrical efficiency at
l ower flows, pump motors should be
s i zed as small as possible. Operating the
pump motor into its service factor 
at peak conditions is what the factor is
designed for. T h e re is no concern about
motor overload because the va r i a b l e -
f requency drive can automatically limit
the power to its rated maximum.

DISTRIBUTION-PUMP CONTROL
T h e re are several methods of applying

demand-based control to chilled-water-
distribution pumping systems. The one I
p refer is the orifice-area method, by
which pump speed is regulated accord i n g
to the percentage of total va l ve orifice
a rea opened. For ball and butterfly va l ve s ,
fractional va l ve opening can be calcu-
lated by raising the fractional actuator
position to a power of about 2.7. In 
single-pump systems, multiplying this
fractional opening by the va l ve’s full flow
as a percentage of total-system maximum
f l ow and summing the value for all va l ve s
is used to directly set pump speed as a
p e rcentage of the maximum speed when
the pump is sized to meet full-flow re-
q u i rements. The advantage of this tech-
nique is that it allows the pump to oper-
ate at its highest efficiency at all flow s .
Experience shows that making this va l ve -
a rea calculation and using it to set pump
speed once eve ry minute works ve ry we l l
re g a rdless of the size of the pump and 
distribution system. When multiple
pumps are employed, it is not difficult to
determine the optimum orifice area 
at which a pump should be added or 
subtracted and to incorporate these
switching points into the pump contro l .

ELIMINATION OF SETPOINTS
With demand-based control, there is

no direct temperature- or pre s s u re -
setpoint control at the fan or pumping
system. This frees the system to re s p o n d
to changes in cooling re q u i rements with
simple network-management techniques
that automatically optimize the ove r a l l
system efficiency.

When demand-based control is ap-

plied to fan systems and chillers, as well as
to chilled-water distribution systems, it
has the ability to drastically improve the
c o m f o rt of buildings and cut total
H VAC electricity use in half.

For previous Control Freaks columns,
visit w w w. h p a c . c o m.
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