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Presentation Agenda

. HVAC Loads: Expected load profiles in typical HVAC
applications

. Variable Speed: Energy performance characteristics when
applied to HVAC components

. Conventional vs. Relational Control: How new control

technology leverages the full advantage of variable speed
network control for ultra-efficient HVAC systems

. Application: Applying Relational Control to typical HVAC
systems.

. Case Studies: Energy comparisons and results from
application of Relational Control to chiller plants and air
systems.



Characteristics of Comfort Cooling Loads for
Climate Types
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Variable Speed Laws
For Fans, Pumps & Chiller Compressors

Flow (Capacity) is proportional to the speed
Head is proportional to the speed squared
Power is proportional to the speed cubed

Important Considerations when applying VS

1. To achieve this power reduction, the head
requirement of the fan, pump or compressor must be
reduced at lower loads.

2. The efficiency of VS equipment improves
significantly as capacity falls below 100%.



Variable Speed Fan, Pump & Compressors
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Conventional HVAC Central System Control

Under PID control, each system component is operated independently to maintain an
intermediate setpoint (usually temperature or pressure) - that does not necessarily
directly reflect the current requirements of the system
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PID provides a primitive means of modulation control. Controllability and stability are almost always issues with

PID control. Energy optimization over any range of conditions requires a separate step that adds to controllability

and stability issues. Furthermore energy optimization opportunities are constrained by precision and accuracy of
intermediate temperature and pressure instrumentation .



Conventional & Relational Control
Comparison

DDC HVAC CONTROL OPTIONS

TYPE OF

CONTROL Clasic Feedback Relational Control
CONTROL Proportlo.nal,' , ,
Integral,Derivative Demand Based Control | Intelligent Iterative Control Rule Based Control
NAME
(PID) Control
Control Based on Control based on optimal | Control based directly on | Control based different rules
CONTROL , ) " : :
Feedback from power relationships condition of components for different operating
PROCESS . "
Controlled Variable among components served conditions
BASIS OF Analog proportional Equal Marginal . . .
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The
"Equal Marginal Performance Principle”
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The Equal Marginal Performance Principle

The Equal Marginal Performance Principle states that the
energy performance of any system operating with multiple
modulating components is optimized when the marginal (or
Incremental) system output per unit energy input is the same
for all individual components in the system.

The Equal Marginal Performance Principle teaches us that
such systems are optimized with respect to energy
performance if and only if adding the same marginal
amount of power to any component will produce an
identical increase in system outpult.



Demand Based Control



Valve Orifice Method (VOM) of Control in a
Chilled Water Distribution System

Under Iterative Control
valves are line sized for
minimal pressure drop
at full flow. AHU cooling
coil valves are
modulated with

iterative control to
maintain optimal fan
speed (power)
relationships with other
elements of the
system. Pump energy
requirements are
greatly reduced
because of the low
pump pressure
requirement at all
loads.

The iterative pump
control strategy is to
maintain a constant low
velocity through all
valves. The distribution
pump speed is
controlled according to
total valve orifice area.



Rule Based Control of a VAV Box Damper

Rule Based Control of
a VAV Box Damper
incorporates different
rules for different
conditions. At low zone
loads and higher fan
system loads, damper
Is modulated with very
small changes over
longer time intervals. At
higher zone loads
and/or lower overall
system loads damper
increments are allowed
to increase and time
intervals are reduced.



Relational Control of Chilled Water Plant and
Distribution System



Improving Efficiency of Chilled Water System
With Relational Control

Configure all-variable equipment. Size equipment to be identical in
size and capacity and for a wide range of water flows.

Design sub-systems for low head requirements and then as
capacity requirements fall, required head falls as dramatically as
possible.

Eliminate all decoupling lines & bypasses so all chilled water
passes through the loads before return to the plant and all loads get
the coldest possible chilled water.

Operate equipment in accordance with optimized power based
relationships while maintaining all equipment within temperature
and flow limit constraints.

Seqguence equipment to keep on-line equipment as close as
possible to its natural curves.



Case Study 1: Existing Chiller Plant Retrofit

e 3,000 ton Plant serving retail mall in Southern California

e Added variable speed to two 1500-ton Duplex (dual-
compressor) centrifugal chillers.

« Removed dedicated primary chilled water pumps.
 Two variable speed secondary Chilled water pumps.
 Added variable speed to two condenser water pumps.
 Changed two-speed cooling tower fans to variable speed.
 Added Relational (Hartman LOOP) control

« Existing average annual central plant efficiency of 1.23
kW/ton was improved to 0.53 kW/ton - $450,000 annual
savings on a $1,000,000 investment.



Case Study 2: New Chiller Plant Retrofit

« 800 ton Plant serving Server Center in California
 Two 400 ton variable speed centrifugal chillers.

 Two variable speed chilled water pumps (variable primary
flow).

 Added variable speed to two condenser water pumps.
e Four variable speed cooling tower fans.
 Added Relational (Hartman LOOP) control

« Existing average annual central plant efficiency of 1.74
kW/ton was improved to 0.85 kW/ton - $83,000 annual
savings on a $175,000 investment.



Case Study 3: New Chiller Plant Retrofit

« 1,800 ton Plant serving retail shopping complex in Tampa
Bay Florida

 Two 900 ton variable speed centrifugal chillers.

 Two variable speed chilled water pumps (variable primary
flow).

 Added variable speed to two condenser water pumps.
 Four variable speed cooling tower fans.
 Added Relational (Hartman LOOP) control

« Existing average annual central plant efficiency of 0.87
kW/ton was improved to 0.62 kW/ton - $124,00 annual
savings.



Case Study 4: Existing All-variable Speed
Chiller Plant Retrofit

e 2,200 ton all-variable speed plant serving an office building
 Added Relational (Hartman LOOP) control
o 43% further reduction in energy use — 6 month payback



Case Study 5: Existing Air System Retrofit

« 1.2 million square foot International Airport Terminals —
San Diego California

e 62 Variable Air Volume Air Handlers with Variable Speed
Drives

1,000+ Standard VAV boxes — approximately 16 per Air
Handler.

 Added Relational Control (Terminal Regulated Air Volume -
TRAV).

o EXisting average air delivery energy fell to approximately
one-half on an annual basis saving $415,000 annually
against a total project cost of $650,000



Case Study 4: Existing Air System Retrofit
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