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PREFACE

The Urban Consortium for Technology Initiatives was formed to pursue technological solutions to 
pressing urban problems. The Urban Consortium conducts its work program under the guidance 
of Task Forces structured according to the functions and concerns of local governments. The 
Energy Task Force, with a membership of municipal managers and technical professionals from 
eighteen Consortium jurisdictions has sponsored over 140 energy management and technology 
projects in thirty-five Consortium member jurisdictions since 1978.

To develop in-house energy expertise, individual projects sponsored by the Task Force arc 
managed and conducted by staff of participating city and county governments. Projects with 
similar subjects are organized into Units of four to five projects each, with each Unit managed by 
a selected Task Force member. A description of the Units and projects included in the Eighth 
Year (1986-87) Energy Task Force program follows:

UNIT - LOCAL GOVERNMENT OPERATIONS

Energy used for public facilities and services by the nation’s local governments totals about 1.5 
quadrillion BTU’s per year. By focusing on applied research to improve energy use in municipal 
operations, the Energy Task Force helps reduce operating costs without increasing tax burdens on 
residents and commercial establishments. This Eighth Year Unit consisted of seven projects:

o Baltimore, Maryland -- Sewage Sludge Conversion to Fuel by Acid Hydrolysis

o Baltimore, Maryland -- Full Scale Plant Demonstration: Inhibition of an Activated
Sludge Process (Technology Transfer)

o Houston, Texas -- The Impact of Budget Incentives on Energy Management

o New Orleans, Louisiana -- Computer-based Training for Energy Management

o Phoenix, Arizona -- HVAC Equipment Replacement for Best Size and Efficiency

o Phoenix, Arizona -- Thermal Energy Storage: An Application Guide (Technology
Transfer)

o Seattle, Washington -- Reducing Energy Consumption through Upgraded O&M Pur­
chases (Technology Transfer)

UNIT - COMMUNITY ENERGY MANAGEMENT

Of the nation’s estimated population of nearly 240 million, approximately 60 percent reside or 
work in urban areas. The 543 cities and counties that contain populations greater than 100,000 
consume 50 quadrillion BTU’s annually. Applied research by the Energy Task Force helps im­
prove the economic vitality of this urban community by aiding energy efficiency and reducing 
energy costs for the community as a whole. This Year Eight unit consisted of seven projects:

o Hennepin County, Minnesota -- Energy Enhancements in New Residential Construction

o Hennepin County, Minnesota -- Shared Savings in the Residential Market: Lessons
Learned (Technology Transfer)

o Kansas City, Missouri -- An Energy-Based Economic Development Strategy 

o New York, New York — A City/Utility Partnership to Reduce Business Energy Costs



o Public Technology, Inc. -- Energy and Economic Development — Phase II: 
Public/Private Financing

o San Francisco, California -- An Energy Plan for Mission Bay

o San Francisco, California -- Commercial Building Energy Assessment (Technology 
Transfer)

UNIT - ENHANCED ENERGY TECHNOLOGIES

Effective use of advanced energy technology and integrated energy systems in urban areas could 
save from 4 to 8 quadrillion BTU’s during the next two decades. Urban governments can aid the 
capture of these savings and improve capabilities for the use of alternative energy resources by 
serving as test beds for the application of new technology. This Year Eight unit consisted of four 
projects:

o Albuquerque, New Mexico — Municipal Underground Storage Tanks: A Local
Manager’s Guide

o Denver, Colorado -- Waste-to-Energy Facilities: An Implementation Guide

o San Jose, California -- Energy Efficient Cooling Technologies: Pilot Applications and 
Conference Proceedings

o Washington, DC -- Energy Management for St. Elizabeth’s Hospital: An Evaluation 
Guide

UNIT - UTILITY MANAGEMENT

Electric and gas utilities have a formal responsibility to provide stable supplies of energy at 
reasonable prices to all segments of a community’s residential, commercial and industrial populace. 
By working closely with their utilities, local government staff can help to assure both supply and 
price stability. This Year Eight Unit consisted of five projects:

o Chicago, Illinois -- Municipal Utility Franchise Renewal

o Columbus, Ohio -- Integrated and Computer-aided Database Management for Utility 
Network Planning

o Houston, Texas -- Electric Utility Franchise Guide (Technology Transfer)

o Memphis, Tennessee -- Energy Technology Transfer Strategies: Marketing and 
Economic Incentives

o Memphis, Tennessee -- Memphis Area Rideshare Handbook (Technology Transfer)

Reports from each of these projects are specifically designed to aid the transfer of proven ex­
perience to staff of other local governments. Readers interested in obtaining any of these reports 
of further information about the Energy Task Force and the Urban Consortium should contact:

Applied Research Center 
Public Technology, Inc.
1301 Pennsylvania Avenue, NW 
Washington, DC 20004 
(202) 626-2400
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Chapter 1 - Overview

ABSTRACT

The energy crisis has come and gone; or has it? A crisis may not 

exist at present, but energy concerns still plague municipalities 

across the country. Much of the initial no-cost/low-cost energy 

conservation measures have been accomplished by cities and counties, 

but in many cases that is where energy management has stopped. It 

is time to look at other options for saving dollars in city and 

county budgets. A very practical option that has been overlooked by 

many municipalities due to its perceived complexity is that of HVAC 

equipment replacement and the savings that can be accomplished due 

to increased equipment efficiencies, optimum sizing of equipment, 

new utility incentives and time-of-use rates.

Increased Equipment Efficiency. HVAC system components 

(compressors, boilers, pumps, fans, and motors) typically have long 

lifetimes, some lasting for twenty years or more. Much of this 

equipment was manufactured in times when energy cost to run the 

equipment was of secondary importance. Energy costs are now in the 

minds of most city managers and the means to reduce these costs are 

always welcomed. Many advancements have been made in the area of 

HVAC equipment efficiency, increasing it quite substantially from 

that of equipment available fifteen to twenty years ago. The 

research accomplished by the Phoenix Energy Office looked at HVAC 

equipment replacement with respect to efficiency and cost savings, 

and compared new equipment with the existing equipment.
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Optimum Sizing. Another area of energy waste that is missed by 

many local governments results from changes made in the function of 

existing buildings without a concurrent evaluation of the new 

cooling and heating load. Existing equipment is often oversized for 

a building’s new function, and equipment that operates below its 

design capacity can be very inefficient. In some instances, the 

original equipment was overdesigned in the first place by overly 

conservative safety factors. A mismatch in capacity and building 

load creates an energy problem in HVAC equipment which may justify 

replacement prior to the end of its useful life.

Utility Incentives. HVAC equipment operates in response to a 

building’s varying load, thus the peak cooling occurs in the middle 

of a summer day and the peak heating on a cold winter morning. This 

creates problems for the local utility which is required to supply 

peak cooling or heating load to all customers at the same time. 

Recently many utilities have been offering attractive incentives and 

rates for using electricity during off-peak times, usually at 

night. By using off-peak electricity, generally thermal energy 

storage, a municipality has the opportunity to substantially reduce 

its electricity cost.

The City of Phoenix operates over 250 buildings, all of which 

have potential savings in one of these three areas. To define this 

potential more specifically, the research performed during this 

project consisted of five primary tasks:

* An extensive building survey and equipment analysis;

* Actual equipment testing to determine efficiency for

comparison with estimated calculations;

* An actual equipment replacement demonstration at an

appropriate site;

* Monitoring of both existing HVAC equipment and new

replacement equipment during the demonstration;

* Determining the cost effectiveness of the demonstration

project and of the surveyed equipment.
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Results from the project indicated that estimated calculations 

can at times have substantial errors. A more reliable method to 

evaluate existing HVAC equipment is actual system testing. After 

completing tests on a sampling of the original 82 buildings 

surveyed, some surprising results were obtained. It was found, for 

example, that most of the HVAC equipment tested had substantially 

higher run times than the study estimates and also operated below 

the published Energy Efficiency Rating (EER). This observation 

seems reasonable since the published rating was completed in a 

laboratory at set conditions. It was interesting to note that the 

test program also became a useful tool to find maintenance problems 

such as dirty filters, duct losses, and compressor problems. In 

many cases the reason for poor efficiency is inadequate maintenance 

and proper maintenance might be the least expensive option to 

improved efficiency and energy savings.

The demonstration project indicated that savings could possibly 

justify certain equipment replacements. The thermal energy storage 

equipment operated more efficiently than the original equipment, but 

since it was required to produce ice instead of chilled water it did 

consume more energy. In spite of the increased energy consumption 

(15-20%) the demonstration was still able to save money due to the 

utility time-of-use rates. While this technology seems to be a 

practical option for certain applications in the City, we strongly 

recommend that replacing equipment before its useful life is 

finished should be done on the basis of accurate testing and sound 

economic estimates.

PROJECT PURPOSE

The purpose of this project was to explore the potential benefits of 

HVAC equipment replacement for buildings owned by the City of 

Phoenix. The specific research objectives were as follows:
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1. Establish an understanding of the magnitude and sources of 

saving available through equipment replacement. This 

understanding should encompass:

a. The major items of HVAC systems, namely compressors, 

chillers, boilers, cooling towers, fans, pumps, and 

motors,

b. An equipment inventory of City buildings (82 sites),

c. Background research on new technologies and

high-efficiency equipment,

d. An actual equipment testing program to verify estimated 

values.

2. Establish an economic model for understanding equipment 

replacement and deciding when equipment should be replaced.

3. Establish technical methods for calculating savings from 

replacement of various types of equipment.

4. Demonstrate the replacement of a major item of HVAC

equipment and document the savings through actual

experimentation and measurement.

5. Provide guidance material for other jurisdictions wishing to 

investigate equipment replacement.

REPORT ORGANIZATION

Five main chapters and five appendices comprise this report. The 

major sections are organized as follows:

Chapter 1 — provides an abstract and overview of the document.
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Chapter 2 — provides the technical background of HVAC equipment to 

allow the reader to understand the terminology and 

concepts presented in the text.

Chapter 3 — outlines the equipment survey accomplished for the City 

by an energy consultant and explains the equipment 

testing program completed by the Energy Conservation 

Office staff.

Chapter 4 — details the demonstration project to include the system 

installation, equipment monitoring, and technical and 

economic findings from the replaced equipment.

Chapter 5 — summarizes the results from the equipment survey and 

the actual equipment testing, and summarizes the 

results of the demonstration project to include the 

economic feasibility and the lessons learned from 

installing and operating the replacement equipment.

Appendices— provide detailed information on the replacement

equipment used, a list of the manufacturers of thermal 

storage, a list of HVAC manufacturers, equipment, and 

Energy Efficiency Ratings (EER), an outline of Salt 

River Project's Thermal Energy Storage Incentive 

Program, and a detailed bibliography for further study.
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Chapter 2 - HVAC Technical Background

INTRODUCTION

This chapter is intended to provide enough background information 

for understanding the basic terminology and theory associated with 

HVAC systems and equipment. It is not intended to make the reader 

an expert in air conditioning equipment, and if more information is 

desired, the Bibliography, Appendix A, contains several good HVAC 

publications. Included in this chapter is a list of definitions 

covering most of the terras that may cause confusion. Following that 

is a short summary of HVAC equipment which will provide a better 

understanding of its operation and what affects its efficiency. 

Those readers who would like additional background on thermal energy 

storage should obtain copies of "Thermal Storage Strategies for 

Energy Cost Reduction" and "Thermal Energy Storage: An Application 

Guide for Local Governments" both available from the City of 

Phoenix, Energy Conservation Office. The address is supplied on the 

last page of this report.

DEFINITION OF IMPORTANT TERMS

Air Conditioning. The process of treating air to control 

simultaneously its temperature, humidity, cleanliness and 

distribution to meet the requirements of the conditioned space.

- 7 -



Coefficient of Performance (COP). A measure of efficiency for 

refrigerating equipment defined as:

Coefficient of Performance = Useful Refrigeration

Net Work

Degree Day, Heating. A unit based on temperature and time used in 

estimating fuel consumption and specifying nominal heating load of a 

building in winter. For any one day, when the mean temperature is 

less than 65 degrees F, there exist as many degree days as there are 

Fahrenheit degrees difference in temperature between the mean 

temperature for the day and 65 degrees F.

Economizer Cycle. Used in cooling systems capable of bringing in 

100 percent outdoor air. Economizer cycles use control sequences 

which allow the selection of outside or return air for cooling based 

on lowest dry bulb temperature or enthalpy (total heat content).

Energy Efficiency Ratio (EER). The ratio of net cooling capacity to 

total rate of electric input at standard operating conditions of 95 

degree F dry bulb air temperature on the condenser, 80 degree F dry 

bulb and 67 degree F wet bulb air temperature on the cooling coil 

(evaporator), and a 40 degree F evaporating temperature. This ratio 

is expressed as:

Energy Efficiency Ratio (EER) = Cooling Rate in Btu per hour

Input in Watts

Heat Pump. A refrigeration machine which is arranged to either heat 

or cool a building by using heat from the condenser section or by 

using cooling from the evaporator section.

Peak Load. The maximum electrical or thermal load reached during an 

arbitrary period of time, measured in kilowatts. Also expressed as 

demand, power or capacity.
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Ratchet. Ratchet demand (kilowatt) is equal to the highest actual 

demand or a specified percentage of the highest actual demand during 

the ratchet period, which is usually a full year. Utilities will 

charge the current month's demand or a percentage of a previous 

demand, whichever is the greatest.

Time-of-Use Rates. In time-of-use rates the utility company defines 

a time period during which building peak demand is measured for 

billing purposes. This is called the on-peak period and all other 

hours of the day are by definition termed off-peak. On-peak 

electrical rates are higher than those charged during off-peak time.

Variable Air Volume (VAV). A method used to cool or heat a space or 

zone by varying the amount of air volume delivered to that space as 

conditions change compared to holding the air constant and changing 

the air temperature.

Variable Frequency Motor Drive (VFD). A motor drive that is capable 

of converting existing power line, alternating 60 cycle current, to 

a variable frequency alternating current.

OUTLINE OF HVAC EQUIPMENT

Classification of Air Conditioning Systems.

An air conditioning system may be classified as a central station, 

unitary system or a combination of the two.

Central Station. A central station system is one in which the 

primary components of the system are grouped together in a central 

mechanical room and the conditioned air is distributed from there to 

the spaces to be conditioned. Large systems are usually site-built 

while smaller systems (250 to 300 tons) use factory assembled units.

Unitary System. Unitary or packaged systems make use of factory 

assembled, balanced, and tested units. These units may be installed
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in or adjacent to the space to be conditioned. The primary 

distinguishing feature is that these systems utilize factory-matched 

refrigeration, heating and air circulation components.

Combined System. This system combines the features of both the 

central station and the unitary system. The heating and cooling 

equipment can be located in a central mechanical room and hot and 

chilled water can be pumped to terminal fan-coil units located in 

each space or zone.

Types of Refrigeration Compression

Reciprocating Compressors. Probably the most common method of 

compression in air conditioning systems is by reciprocating 

compressors. These compressors are best suited to handling 

refrigerants of relatively high vapor density and those whose 

condensing pressures are high. The majority of compressors are 

driven by electric motors. Figure 1 shows a refrigeration cycle 

utilizing a reciprocating compressor.

Advantages of Reciprocating Compressors. The following are the 

advantages of reciprocating compressors:

1. Positive displacement of the refrigerant gas;

2. Relatively low rotative velocities and safe operation;

3. Ability to handle refrigerants of high vapor density. This 

property allows a large weight of refrigerant to be 

circulated in small pipes. Refrigerants can be pumped to 

and from evaporators at a considerable distance away from 

the compressor.

4. Ability to maintain relatively high pressures on the 

discharge side. This allows the use of air-cooled 

condensers, even in hot climates.

5. Simplicity of construction and relative ease of maintenance 

and repair.

6. Relatively low cost.
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Disadvantages of Reciprocating Compressors. The disadvantages 

of these compressors are:

1. For larger capacity loads (200 tons or more) either cylinder 

size or number of cylinders becomes excessive.

2. Cooling and lubrication of larger units are compounded.

Centrifugal Compressors. This type of compressor builds up a 

pressure head by means of centrifugal force. Rapidly turning rotors 

pick up the low-pressure refrigerant from the evaporator (suction) 

and use centrifugal force to produce the discharge pressure. These 

compressors are often used with low pressure refrigerants such as 

R-ll and R-113. Sometimes both the evaporator and the condenser 

work at less than atmospheric pressure. Centrifugal compressors are 

well suited to large capacity systems of 250 to 5000 tons and are 

suitable for a wide range of operating temperatures, from +50 to 

-100 degrees F. Since they are not positive-displacement machines, 

they operate at reasonably good efficiencies even when the demand is 

less than 40 percent of the design capacity. The principal 

advantages of centrifugal compressors are related to large capacity 

and begin to become apparent at about 500 tons. Another plus for 

the centrifugal is that there are fewer moving parts than large 

multicylinder reciprocating equipment and the lubrication system is 

much less complex.

Rotary Screw Compressors. The screw compressor was developed in 

the 1930's and first became popular for refrigeration service in 

Europe in the 1950's and 1960's. The refrigerant enters one end of 

the compressor at the top and the trapped gas is moved 

circumferentially around the housing, the compressor and the meshing 

of the lobes decreases volume in the cavity, compressing the gas. 

While peak efficiencies are quite high, there is a loss of 

efficiency as the capacity is reduced. These compressors have found 

a market between the large reciprocating machines and the small 

centrifugal compressors and in some cases will be utilized as base 

load cooling due to their high efficiencies at full load.
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Evaporators

The transfer of heat from the conditioned space to the cooling 

material is accomplished in the evaporator. Looking back at 

Figure 1 will help visualize this equipment in the refrigeration 

process. Two types of evaporators are commonly in use in air 

conditioning systems: 1) direct-expansion (DX) coils, and 2) water 

chillers.

Direct-Expansion (DX) Colls. Direct cooling of the air takes 

place with the direct-expansion by thin, usually aluminum, sheets 

referred to as fins. These fins provide greater surface area for 

increased heat transfer. The warm air is forced across this coil 

and fin arrangement where it boils or evaporates the refrigerant. 

If insufficient refrigerant is circulated, the air will not be 

cooled properly. If too much refrigerant is supplied it will not 

all be evaporated and may result in compressor problems.

Water Chillers. Chilled water is used in most central-station 

systems where many zones and long pipe runs require a different 

working fluid than a refrigerant. The water is cooled in the 

equipment room to about 45 degrees F and circulated to the various 

units. A flooded chiller is one in which the water flows into the 

tubes and the shell is flooded with liquid refrigerant. 

Flooded-type chillers are more common with large centrifugal 

compressors using refrigerants of high specific volume. A 

dry-expansion-type chiller is just the reverse with the refrigerant 

circulating in the tubes and the water in the shell. Reciprocating 

compressors are ordinarily used with the dry-expansion-type chiller.

Condensers

The heat collected from the conditioned space must be rejected so 

the refrigeration process can continue. A condenser is the device 

where this heat transfer occurs. Again, Figure 1 shows the 

relationship of the condenser in the refrigeration cycle. The 

different types of condensers are water-cooled, air-cooled and a 

combination of the two termed evaporative condenser.

Water-Cooled Condensers. These condensers can be of the 

shell-and-tube type or the shell-and-coil type. Circulating the
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proper amount of water can be important since the more water that is 

circulated the lower the condensing pressure which reduces power 

costs and increases compressor life.

Air-Cooled Condensers. Air-cooled condensers are commonly used 

in small and medium sized air conditioning systems. The trade off 

for lower maintenance and lower initial equipment costs are higher 

power costs, reduced compressor life, and lower system efficiency. 

The only external connection or an air-cooled condenser is a power 

source, therefore, the problem of water supply, water disposal and 

water cooling do not have to be addressed.

Evaporative Condensers. Evaporative condensers are a 

combination of an air-cooled, water-cooled, and a forced-draft type 

water-cooling tower. The operation of the evaporative condenser can 

be summarized as:

1. Hot compressed refrigerant vapor enters the refrigerant coil 

from the compressor and heat transfer through the tube walls 

to the water film sprayed on the coil occurs;

2. Some water is evaporated by the heat from the refrigerant, 

and the high latent heat of vaporation of water (1036 Btu/lb 

at 100 degrees F) produces significant cooling and 

condensing effect for a small weight of water evaporated;

3. The unevaporated water is warmed up as it absorbs heat from 

the refrigerant;

4. The air being drawn through the dripping water results in 

cooling the water by evaporation, and will be cooled to 

within a few degrees of the leaving air wet-bulb temperature.

Unitary Air Conditioning Systems

Unitary or packaged equipment can be classified as: 1) Single 

packages (self-contained) units, 2) Split systems, 3) Rooftop or 

roof-mounted units, 4) Fan-coil units. These categories will be 

summarized below.
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Single Packaged Units. A single packaged unit has the 

refrigeration, air-handling equipment, and controls all in one 

cabinet. The system may also include gas-fired, electric, steam, or 

hot-water heat for year-round operation. These units can be 

free-blowing or duct type systems and are available in smaller sizes 

(window units or room cooler from one-third to two tons), and larger 

systems (vertical or free-standing units in sizes of three to twenty 

tons).

Split System. Split-system or remote unit refers to the 

separation of the condensing unit from the air-handling unit. This 

is usually an indoor fan-coil unit and an outdoor condensing unit 

connected by refrigerant tubing and controls. These units are 

available in smaller sizes ranging from three to twenty tons as well 

as larger sizes of several hundred tons.

Rooftop Units. Rooftop units are popular with supermarkets, 

schools and city buildings and air distribution can be by a duct 

system or a combination supply and return attached directly to the 

unit. Most units are made up of three modular sections: an 

air-cooled condensing unit, a blower-coil section, and a heating 

section. This equipment is available in capacities up to fifty tons 

with multiple units providing zoning, minimum ductwork, and control 

of individual areas with no loss of valuable floor space within the 

building. The roof structure must be capable of bearing the weight 

of these systems and vibration and noise suppression must be 

considered. The addition of a mixing plenum and outside return air 

dampers allows the use of outside air for cooling when the 

temperature and humidity conditions are right and is called an 

economizer cycle.

Fan-Coil Units. These units provide complete air conditioning 

using chilled water for cooling and hot water for heating. Water 

systems occupy relatively little space and are often the lowest 

first-cost systems. The systems usually lack humidity control and 

ventilation can be a problem.
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Multiple Compressors and Two-Speed Compressors.

To reduce the power requirement of larger systems especially during 

spring and fall seasons when reduced cooling is required, 

manufacturers supply systems with multiple compressors or two-speed 

compressors. One or more of the compressors can by cycled on and 

off to meet the load requirement which is generally done by 

evaporator pressure. Another way to reduce capacity is the use of a 

two-speed compressor.

Heat Pumps

The packaged heat pump cools in summer and heats in winter by 

mechanical refrigeration and is primarily a heat mover rather than a 

heat producer. Heat pumps are classified according to the heat 

sources and heat sink such as air-to-air, water-to-air, or 

water-to-water. The air-to-air heat pump is the most common for 

residential and small commercial applications in mild climates. 

Water-to-air or water-to-water are better suited to severe winter 

climates and larger installations. Switchover from winter to summer 

operation is accomplished by rerouting refrigerant flow rather than 

by reversing air flow in air-to-air applications. The major 

disadvantage of air-to-air systems is that when heat is needed most, 

the least is available from the cold outside air. Water-to-air heat 

pumps can be used in conjunction with a central water circulation 

system. The basic unit is a reverse cycle, water cooled air 

conditioner using a chiller condenser connected to a closed piping 

circuit. Industrial heat pumps are most commonly water-to-water 

heat pumps and utilize waste heat from the specific process 

involved. The inlet water temperature is usually 60 to 120 degrees 

F with the heat pump providing hot water in the 150 to 220 degree F 

range. Water-to-water heat pumps are not ordinarily used on the 

cooling cycle thus are termed nonreversible.
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Chapter 3 - HVAC Inventory and
Test Procedures

INTRODUCTION

The most significant aspect of this chapter is the work performed 

for the City by the energy engineering consultant. The objectives 

of this study were to:

* Provide equipment data for all larger HVAC equipment, 

including chillers, boilers, unitary air conditioning units 

and heat pumps, fans, pumps and cooling towers, in 82 City 

of Phoenix buildings. This includes any air conditioning 

unit with a cooling capacity of two tons or greater and any 

pump or fan with a two-horsepower motor or greater.

* Provide a capacity optimization analysis, comparing existing 

equipment with actual capacity required, for pumping 

systems, air handling systems, chillers and boilers.

* Provide an efficiency analysis, comparing state-of-the-art 

high efficiency HVAC equipment available on the market today 

with existing HVAC efficiency, for chillers, boilers, and 

unitary air conditioning units and heat pumps.

* Provide an economic analysis for all equipment considered as 

candidates for replacement because they are nearing the end 

of their useful life. The economic analysis includes the 

cost to purchase and install the highest efficiency, 

optimally sized replacement unit, as well as the estimated 

annual savings that can be achieved with the replacement, 

and the resulting payback period. Any unitary air 

conditioning unit that is five years old or older, and any

- 17



chiller or boiler that is ten years old or older, shall be 

considered as a candidate for replacement.

HVAC EQUIPMENT STUDY

Table of Contents

The table of contents of the consultant's equipment study is:

1. Introduction

2. Summary of Findings

3. Summary of 82 City of Phoenix Buildings

4. Chillers

5. Boilers

6. Pumps

7. Fans

8. Other Heating Units

9. Cooling Towers

10. DX Air Conditioning Units and Heat Pumps 

The energy consultant’s study is summarized below:

Summary of City Buildings

An overview of each of the 82 buildings including information such 

as building square footage, estimated occupied hours per year, air 

conditioning tons and type (air cooled or water cooled), types of 

HVAC equipment within the building, type of energy management 

system, if any, and type of controls. Table 1 is an example of the 

building summary.

Chillers and Boilers

The survey of existing chillers is presented in Table 2 with 

chillers ten years and older as candidates for replacement. The 

study concluded that the best payback would be accomplished by
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TABLE 1 Summary of City Buildings

PKG
BLDG EST OCCUP TONS AIR TONS WATER CNTRL CNTRL WG HEAT REMOTE AIR COND CHILLED ^CT GAS ELEC DUCT STRIP WINDOW COM UJ

BUILDING NAME SQ FT HR * TON COOLED COOL CHIU. DIR EX CHILL PUMP •A* COIL HANDLERS IMV TWR PJMP WTR PUMP WTR. PUMP BOILERS FURN FURN HEATER UNITS CIRC PUMP TYPE OF CONTROLS ENERGY me. SYSTEM
ssssausssssrssMssssnszs: 'ssssssssau *3SS3SS*SS,SSSUSaSSSSSMSSSssssazasssssi :*3SS3SS3SZS:SS3S«33Z3333333333333333333333333333333333331 33333331------------------rwT---------- 33333X333333 —---- ------------
MUNICIPAL BUILDING 144,721 2,860 802.0 2.0 800.0 2 1 12 3 2 2 2 2 2 l 6 Pwinatvc, (L Hoiwywell Delta 1000
PLAZA MUNICIPAL BUILDING 117,940 2,860 672.0 22.0 650.0 3 2 3 7 7 2 2 3 1 1 5 1 Pncueatic Honeywell Delta 1000
OLD CITY HALL ICITY SIDE! 18,726 3,000 80.0 80.0 2 2 2 2 1
POLICE-PUBLIC SAFETY BLDG 147,705 8,760 566.0 6.0 560.0 3 2 11 8 8 4 Yes 1 PncuMitic, R. Shaw Honeywell Delta 1000

3,600
FACILITIES MAINTENANCE 32,160 2,343 66.0 66.0 7 Electric Paragon EC 700
NORTHWEST SERVICE CENTER 7,128 4,015 22.0 22.0 5 1 3 1 Electric EC-74 cn shwer trlr
SOUTHWEST SERVICE CENTER 12,302 4,015 52.0 52.0 11 7 10 1 Robertshaw 2616
SQUnCAST SERVICE CENTER 12,294 4,015 13.5 13.5 3 1 1 2 Yes Electric
NORTH SERVICE CENTER 8,700 4,015 16.5 16.5 5 1 1 Electric Honeywell lf-7000
CENTRAL EQUIP. MAINT. 88,032 5,824 24.5 24.5 3 4 4 14 10 2 1 Electric Honeywell W-7000
ADMINISTRATE SUPPORT 7,720 5,824 33.0 33.0 3 Electric
POLICE ACADEMY 35,000 4,000 140.0 20.0 120.0 1 2 7 1 1 1 Yes Honeywell W-7000
CACTUS PARK BR. STATION 12,056 8,760 27.5 27.5 11 2 4 Electric
AIR SUPPORT SLOG. 5,000 8,760 30.0 30.0 4 1 1 5 1 Electric
SKY HARBOR BR. STATION 15,000 8,760 58.0 58.0 11 , 1 Electric
UNION HILLS BR. STATION 11,381 8,760 60.0 60.0 2 8 2 Yes 1 Electric
SOUTH MOUNTAIN BR. STATION 10,430 8,760 60.0 60.0 2 2 2 1 1 2 1 1 1 Pneunatic
SQUAU PEAK BR. STATION 9,329 8,760 37.5 37.5 7 Yes 1 Electric
NARYVALE BR. STATION 11,500 8,760 42.5 42.5 4 Electric Honeywell W-7000
FIRE STATION I 20,000 8,760 50.0 50.0 3 2 1 1 Electric
FIRE STATION 3 2,201 8,760 5.0 5.0 1 1 1 Electric
FIRE STATION * 2,040 8,760 15.0 15.0 3 Electric
FIRE STATION 5 1,110 8,760 5.0 5.0 1 1 Electric
FIRE STATION 6 2,300 8,760 6.5 6.5 2 2 Electric
FIRE STATION 7 2,110 6,760 7.0 7.0 2 2 Electric
OLD FIRE STATION 8 1,606 6,760 8.0 8.0 2 1 1 Electric
FIRE STATION 9 1,950 8,760 23.5 23.5 4 1 1 Electric
FIRE STATION 10 2,366 8,760 7.0 7.0 2 1 1 Electric
FIRE STATION 11 3,082 8,760 10.0 10.0 2 Yes Electric
FIRE STATION 12 1,780 8,760 5.0 5.0 1 1 Electric
FIRE STATION 13 1,780 8,760 5.0 5.0 1 1 Electric
FIRE STATION 14 1,800 8,760 5.0 5.0 1 1 Electric
FIRE COMPUTER AIDED OISP. 1,950 8,760 5.0 5.0 1 1 Electric
FIRE STATION 16 2,464 8,760 6.5 6.5 2 2 Electric
FIRE STATION 17 2,330 8,760 7.5 7.5 2 2 Electric
FIRE STATION 18 1,850 8,760 6.0 6.0 2 2 Electric
FIRE STATION 19 4,500 8,760 15.0 15.0 3 2 Yes Electric
FIRE STATION 20 2,112 8,760 11.0 11.0 1 3 1 2 Electric
FIRE STATION 21 2,300 8,760 8.5 8.5 2 2 Electric
FIRE STATION 22 3,082 8,760 10.0 10.0 2 1 Electric
FIRE STATION 23 2,500 8,760 10.0 10.0 2 Electric
FIRE STATION 24 3,062 8,760 10.0 10.0 2 Yes Electric
FIRE STATION 2S 2,300 8,760 7.0 7.0 2 2 Electric
FIRE STATION 26 2,300 8,760 8.5 8.5 2 2 Electric
FIRE STATION 27 2,305 8,760 6.5 6.5 2 2 Electric
FIRE STATION 28 2,305 8,760 6.5 6.5 2 2 Electric



TABLE 1 -(continued)

BUILDING NAME
BLOG
SQ FT

EST OCCUP 
HR •TONS

TONS AIR 
COOLED

PKG
TONS WATER CNTRL CNTRL PKG HEAT 

COGL CHILL DIR EX CHILL PUMP
REMOTE 

*A“ COIL
AIR

HAtCLERS INV TUR
COND
PUMP

CHILLED 
UTR PUMA

HOT
WTR PUMP BOILERS

GAS
FURN

asc
FURN

DUCT STRIP 
HEATER

WINDOW
UNITS

DOM HJ 
CIRC PUMP TYPE OF CONTROLS ENERGY MANS. SYSTEM

FIRE STATION 29 2,330 8,760 6.5 6.5 2 2 Electric

FIRE STATION 30 2,150 8,760 6.5 6.5 2 2 Electric
FIRE STATION 31 2,384 8,760 5.0 5.0 1 1 Electric

FIRE STATION 33 2,830 8,760 6.5 6.3 2 2 Electric

FIRE STATION 34 2,264 8,760 6.5 6.5 2 2 Electric

FIRE STATION 39 2,348 8,760 15.0 15.0 3 Electric
FIRE STATION 36 2,400 8,760 4.0 4.0 2 Electric

FIRE STATION 37 3,000 8,760 10.0 10.0 2 Electric

FIRE STATION 38 2,100 8,760 4.0 4.0 1 Yes Electric

FIRE STATION 39 2,345 8,760 4.0 4.0 1 Yes Electric

FIRE STATION 40 3,100 8,760 10.0 10.0 2 Electric

FIRE STATION « 2,156 8,760 5.0 5.0 1 1 Electric

FIRE TRAINING ACADEMY 7,900 3,000 U.5 42.3 4 3 1 1 1 1 1 Electric Pacific Tech BASIC 4

EMERGENCY MEDICAL SERVICE 2,040 5,840 6.5 8.3 2 1 1 Electric

FIRE RESOURCE MANAGEICNT 9,300 3,000 15.0 15.0 1 3 l Yes Electric

SOUTH MX AOULT CTR 13,500 4,200 50.0 50.0 1 5 1 Yes Electronic Paragon EC 128

PERFORMING ARTS BLDG 14,010 2,080 72.5 72.5 9 Electric Honeywll U7000

ARTS 1 CRAFTS BUS 11,404 2,060 40.0 40.0 4 2 1 Electric Honeywell W7000

WASHINGTON AOULT CENTER 9,880 4,160 64.0 64.0 2 4 2 Yes Electronic Honeywell W-7000

PUEBLO GRANDE NUSEUH 9,598 3,000 55.0 55.0 6 Yes Electric Cyboree Microprocessor

CENTRAL LIBRARY 141,500 3,432 430.0 20.0 410.0 2 4 4 2 6 6 2 4 2 No PneuMtic Honeywell Delta 1000

ACACIA LIBRARY 6,336 3,100 35.0 35.0 3 Yes Electric Honeywell W-7000

HARMON LIBRARY 7,480 3,432 33.0 33.0 5 i 1 Electric EC403, P.T. BASIC 4

MESQUITE LIBRARY 13,200 3,100 32.5 32.5 4 Yes Electric Honeywell lf-7000

OCOTIUO LIBRARY 6,600 3,100 32.5 32.5 3 Yes Electric Honeywell W-7000

PALO VERDE LIBRARY 9,900 3,100 40.0 40.0 2 4 1 1 PneuMtic Honeywell W-7000

SAGUARO LIBRARY 10,000 3,100 40.0 40.0 3 4 1 1 1 PneuMtic, R. Shaw Honeywell W-7000

YUCCA LIBRARY 9,725 3,100 40.0 40.0 1 1 Yes Electric Honeywell W-7000

CENTURY LIBRARY 7,224 3,100 40.0 40.0 1 1 1 I Yes Pnewatic HomyMll W-7000

CHOLLA LIBRARY 11,243 3,100 40.0 40.0 1 1 1 1 I 1 Yes 1 Pneueatic Honeywell W-7000

SPECIAL SERVICES BLOG 770 2,600 4.0 4.0 l 3 Electric

HUMAN RESOURCE CENTER »1 17,500 2,860 50.0 50.0 5 Electric U7000, EC700, EC403

HUNAN RESOURCE CENTER *2 12,292 2,860 40.0 40.0 2 2 1 1 1 PneuMtic

HUMAN RESOURCE CENTER *3 21,170 2,860 80.0 80.0 0.0 10 Paragon EC 700

FIELD ENGINEERING 8,200 2,130 Sl.O 61.0 5 1 Yes PneuMtic Paragon EC 700



TABLE 2 * Summary of City Chillers

BUILDING N«C HAKE

1 2

MOOa * EQUIP TONS CHILLED
STARTUP TV PE

3 * S 6

REFRIGER COMPR 1 
MFG

VOLTS/PH AMPS

7 8 9 10 11

COMPR 2 • FANS HP VOLTS/PH RNPS
MFG EACH EACH

I
NJI-*
I

MUNICIPAL BUILDING Trane K-KD2-KQ2 MAY 83 400.0 Centrifugal R-ll Trane 480/3 433.0 Lewis Allis Co
MUNICIPAL BUILDING Trane K-KD2-KQ2 MAY S3 400.0 Centrifugal R-ll Trane 480/3 435.0 Lewis Allis Co
MUNICIPAL BUILDING York 200.0 Centrifugal
PLAZA MUNICIPAL BLDG Carrier 19DK5127RF JAN 81 173.0 Centrifugal R-ll Carrier 208/3 407.0 Carrier
PLAZA MUNICIPAL BLDG Carrier 1S0H5127AF JAN 81 173.0 Centrifugal R-ll Carrier 208/3 407.0 Carrier
PLAZA MUNICIPAL BLDG Worthington 55-C6 JAN 31 300.0 Centrifugal R-ll Worthington 208/3 770.0 GE
OLD CITY HALL Carrier 5H80-U9-20 JAN 34 60.0 DX Compressor Carrier 220/3 142.0
OLD CITY HALL Carrier 5F60-189-20 JAN 54 20.0 DX Coe pressor Carrier 220/3 31.0
POLICE 1 PUBLIC SAFTY Uestinghouse PF170 JAN 73 170.0 Centrifugal 460/3
POLICE 1 PUBLIC SAFTY Meetinghouse PF170 JAN 73 170.0 Centrifugal 460/3
POLICE t PUBLIC SAFTY Westinghouse PF170 JAN 73 170.0 Centrifugal 460/3
POLICE ACADEMY 9 RANGE Air teep HWU1153O420BCA JAN 81 120.0 Reciprocating R-22 Copeland 460/3 21.0 Copeland
UNION HILLS POLICE BLDG Carrier 30GA020G20 JAN 77 30.0 Reciprocating R-22 Carrier 460/3 35.7 3 1.0 460/3
UNION HILLS POLICE BLDG Carrier 306A020620 JAN 77 30.0 Reciprocating R-22 Carrier 460/3 33.7 3 1.0 460/3
SOUTH MOUNTAIN BRIE ST. Trane CCUBCGORMANGGGO JAN 83 60.0 Reciprocating R-22 Trane 460/3 26.0
SOUTH MOUNTAIN BRIE ST. Trane ? JAN 68 60.0 Reciprocating R-22 Trane 460/3
SOUTH PHOENIX AOULT CTR Clieatrol LRS050001 JAN 76 50.0 Reciprocating R-22 480/3 84.0 6 480/1 2.3
CENTRAL LIBRARY Trane CWGA-7504-EA JAN 73 73.0 Reciprocating R-22 Trane 460/3 101.0
CENTRAL LIBRARY Trane CMGA-7304-EA JAN 73 73.0 Reciprocating R-22 Trane 460/3 101.0
CENTRAL LIBRARY Carrier H40A289 JAN 32 73.0 DX CoMoressor R-22 Carrier 208/3 180.0 Carrier
CENTRAL LIBRARY Carrier HWA2B9 JAN 32 73.0 DX Coepressor R-22 Carrier 208/3 180.0 Carrier
CENTRAL LIBRARY Carrier H80A-223 JAN 32 60.0 DX CoMoressor R-22 Carrier 208/3 146.0
CENTRAL LIBRARY Carrier H80A-229 JAN 32 30.0 DX Coapressor R-22 Carrier 208/3 124.0
CENTURY LIBRARY McQuay AHR-038CD JAN 73 40.0 Reciprocating R-22 Copeland 208/3 76.0 Dayton 2 3.0 230/3 9.9
CHOLLA LIBRARY Chrysler HUM 40-1 JAN 76 40.0 Reciprocating R-22 Chryeler 230/3 119.0



reusing the shell of one of the existing 400-ton Trane chillers at 

the Municipal Building, and replacing the compressor and motor with 

a 200-ton compressor and motor. The total cost was estimated at 

$85,000 with estimated annual savings of $21,000 for a payback of 

about four years. Also according to the study, reciprocating 

chillers would not be cost effective to replace because the 

efficiency of reciprocating chillers has not changed significantly. 

When a reciprocating chiller is due for replacement, then it would 

prove beneficial to look for the highest efficiency model available.

There are few boilers in the City buildings due to the low 

number of annual heating degree days (1765 DD). The Municipal 

Building showed a payback of 6.3 years by replacing one boiler with 

five 150,000 BTUH gas-fired pulse combustion boilers. Table 3 

summarizes the boiler survey. The estimated annual usage in 

thousand Btu per year is shown in column 5 and was derived in one of 

the two methods.

Method 1 - In buildings where a Technical Assistance energy

audit report had been completed, a breakdown of

gas usage was accomplished in the report.

Method 2 - In buildings where a Technical Assistance report

had not been completed, summer and winter gas 

bills were analyzed to estimate the gas used for 

space heating.

Column 6 is the recommended Btuh output capacity for all boilers

installed before 1978 (more than ten years old). This capacity

optimization was either taken from load calculations accomplished

for the Technical Assistance audit or where no loads were available,

new load calculations were performed using Trakload computer 

simulations. The estimated installation cost in column 9 includes 

equipment and labor costs from 1987 Mean Cost Data and modified to 

account for the normal lower cost to install pulse combustion

boilers compared to standard boiler installation.
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TABLE 3 - Summary of City Boilers

1 2 3 4 5 6 7 8 9 10 11 12

EQUIP BTUH EST ANN EST MBTUH REC BTUH REPLACEMENT REPLACE INSTALL M6TUH/YR t/YEAR PAYBACK
BUILDING MHC MAKE MODEL START DATE wa INPUT EFF USAGE/YEAR OUTPUT CAP NAKE/MQDEL ACM EFF COST SAVINGS SAVINGS YEARS

sssxasssssassaasssnssexsssaasaassaBsssasaaxssssssssx:ssssssasssssx:sssssaas;BSS3S3S3S3S rsaasssse
MUNICIPAL BUILDING York-Shipley SPWC-60-N 01-May-63 Nqai 2,008,500 0.65 1,783,080 750,000 (SIHydrothere 0.91 *14,500 463,601 *2,318 6.3
MUNICIPAL BUILDING York-Shipley SPWC-60-N OI-May-63 G/0 2,008,500 0.65
MUNICIPAL BUILDING Teledyre-Larr* HK250 HNOIB 07-Jan-84 N;as 250,000 0.65 143,340
PLAZA MUNICIPAL BLDG Rite-Boiler 275 01-Jan-75 Nga* 2,750,000 0.65 1,068,000 750,000 (SIHydrothere 0.91 *14,500 277,680 *1,388 10.4
OLD CITY HALL National 7-300 0l-Jan-54 Ngat 1,020,000 0.65 546,500
S. MTN POLICE BRIEF ST Lochnivar CBN-0760 12-Jan-83 Ngas 760,000 0.65 350,000
FIRE TRAINING ACADEMY Laars CR 154 01-Jan-78 Ngas 154,000 0.65 422,800
CENTRAL LIBRARY Laars H8-1330 01-Jan-75 Ngas 1,330,000 0.65 50,000
CENTRAL LIBRARY Mueller ? 01-Jan-52 Ngas 1,000,000 0.65 200,000
PALO VERDE LIBRARY Ajax te-400 01-Jan-74 Ngas 450,000 0.65 223,200 300,000 (SIHydrothere 0.91 *5,800 58,032 *290 20.0
SAGUARO LIBRARY Ajax UG-400 01-Jan-64 Ngas 400,000 0.65 289,100 300,000 (SIHydrothere 0.91 (5,800 75,166 *376 15.4
HUMAN RESOURCE CNTR 12 Ajax W6-300 01-Jan-70 Ngas 300,000 0.65 324,400 300,000 (SIHydrothere 0.91 *5,800 84,344 *422 13.8



Pumps

All HVAC pumps with motors two horsepower or greater were analyzed. 

HVAC pumps include chilled water, hot water, condenser water pumps, 

and combination chilled water/hot water or chilled/condenser water 

pumps. A sample of the pump information is given in Table 4. 

Columns 4 and 5 show the design flow in gallons per minute and 

design head in feet. Column 6 is the estimated pump run time 

obtained from City personnel and column 7 was the actual flow rate 

as measured by a portable ultrasonic flow meter. In column 8, the 

measured head was determined by observing the pressure guages on the 

suction and the discharge sides of the pump, and multiplying the 

difference by 2.31. Column 9 shows the actual amp draw by the motor 

as measured by a hand-held amprobe. The measured brake horsepower 

of the pump motor in column 10 was calculated using the equation:

BHP = 1.73 x E x I x PF x Em

746 for three phase motor

where BHP = brake horsepower 

E = line voltage 

I = measured current draw 

PF = power factor 

Em = efficiency of the motor

For pumps with variable frequency drives, a power factor of 0.95 was 

assumed and for all other pumps 0.80 was used. Motor efficiencies 

were estimated using the ASHRAE Fundamentals Handbook. Estimated 

pump efficiencies are found in column 11 and calculated using the 

equation:

E = Q x H x 100 

3960 x BHP

Where E = pump efficiency (in percent)

Q = measured flow rate (in gallons per minute) 

H = measured total head (in feet)
BHP = brake horsepower calculated in column 12
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TABLE 4 Summary of City Pumps

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

BHP SAV BHP SAM
BUILDING NO€ PUMP MAKE/MODEL EQUIP HP IMPELLER DON DGN EST RU HSRO MSRD MSRO MSRD EST IMCRTER CHANGING/ KUH/>E» t/YEAR DESIGN VOLTS RPN MOTOR MAKE MOTOR MODEL COWCNTS

START SIZE * GPN ICAO HRS/YR GW ICAO AMPS BHP EFF1C DSGN R.OU VALV POS SAVINGS SAVINGS FLA

*JNIC!P0L BLDG Aurora OJ MAY 63 50.0 1300 100 8,760 1800 73 53.0 49.9 66.3 31.1 203174 114,222 63.4 480/3 1760 g%
■

o
3rJ06 Inverter installed

MICIPflL BLDG Aurora 0J NAY 63 50.0 1300 100 B, 760 62 480/3 1800 US Electrical Type H, Oteign 8 Inverter metalled
MICIPOL BLDG Aurora OJ HAY 63 30.0 1200 75 8,760 1600 66 34.0 32.0 83.3 18.5 120894 18,463 34.5 480/3 1800 US Electrical Type H, Detijn B Motor Ser.13300184, (Xde F
fUtlCIPAL BLOG Aurora OJ NAY 63 30.0 1200 75 8,760 34.5 480/3 1730 US Electrical Typ. H, Dnign 1 Kotor Sw.OlMOaM, Cod, f
UUCIPflL BLDG Aurora GGU 6263M-2 28.2.5 »Y U 7.5 214 60 1,000 170 7 7.7 5.8 9.3 480/3 1800 US Electrical Type K, Detign B Motor Ser. •3308131, Coce 3
^JNICIPflL BLDG Aurora GGU 626388-2 29x2.9 NAY 63 7.5 214 60 1,000 9.3 480/3 1800 US Electrical Typ# H, Design 8 Motor Ser 13305502, Code S

*Jil SLOG Pacific 11 30121-746C61 JAN 83 15.0 10.75 408 90 3,285 496 62 38.5 16.8 46.6 7.4 18230 11,276 41 230/3 1735 Baldor Inverter installed
«JN! BLDG Pacific 11 30121-746C61 JAN 85 15.0 10.75 408 90 3,285 41 230/3 1735 Baldor

«J52A tWl BLOG Pacific JAN 81 25.0 0 72 230/3 1765 Insulation covers irfo tag
PLAZA RJNI BLDG Paco 11-3012I-046C61 JAN 81 25.0 10.75 1020 75 3,285 66 230/3 1750 Baldor Inverter installed
«JJZA MJNI BLDG Paco 29901237400111872 JAN 81 25.0 900 75 3,285 967 83 64.0 28.3 71.0 72 230/3 2765 Inverter installed
puw wni aj» Paco 11259517332111742 JAN 81 7.5 220 60 400 23 230/3 1725 Baldor
PIP SAFETY BLOG Aurora 73-6645-2 JPN 73 40.0 510 130 5,840 47 460/3 3500 US Electric RV
PW SflfETV BUG Aurora 73-6645-2 JAN 73 40.0 510 180 5,840 47 460/3 3500 US Electric RV
PIP SAFETY BLDG Aurora 73-6645-2 JAN 73 40.0 510 180 4,100 503 157 42.0 31.9 62.8 47 460/3 3500 US Electric RV
PIP SAFETY BLOG Aurora 73-6646-2 JM 73 3.0 356 15 3,840 0.3 1307 191 10.3 460/3 1730 leperial Electric G Typ. X-tf Si:. t.7t
PIP SAFETY BLDG Aurora 73-6646-2 JAN 73 3.0 356 IS 3,840 0.3 1307 191 10.3 460/3 1730 leperial Electric 6 Type 32-0F Size 4«7B
PIP SAFETY BLOG Aurora 73-6646-2 JAN 73 10 356 15 4,100 514 14 4.4 3.0 59.7 0.3 918 464 10.3 *60/3 1730 leperial Electric G Typ. 32-BF Si:. «»7B
PIP SAFETY BLOG Aurora 73 91132-2 JAN 73 7.5 500 37 8,760 10.3 460/3 1530 leperial Electric Manual soeed control for p>j«p
PIP SAFETY BLDG Aurora 73 91132-2 JAN 73 7.5 500 37 8,760 764 21 10.4 7.5 54.3 5.4 35064 t2,454 10.3 460/3 1550 leperial Electric Manual speed control for p«iap
POLICE ACADEMY Aurora 341A-BF 3x4x9* JAN 81 10.0 290 65 6,370 302 11.0 8.3 480/3 1730
POLICE ACADEMY Aurora 341A-BC 2.5x3x12 JAN 81 20.0 290 125 6,570 477 114 20.0 15.5 B8.9 12.0 56878 15,299 480/3 1730 Inverter to be re-installed
CACTUS BAIEF STA Paco 11-20705-732201A10-1 JAN 83 2.0 6.75 102 42 8,760 120 ? 7.2 2.2 0.1 653 159 7.9 206/3 1730
CACTUS BRIEF STA Paco U-20705-732201A10-1 JAN 83 2.0 6.73 102 42 8,760 7.9 208/3 1730
S. MTN BRIEF STA BIS 151O-107T 2 CU JAN 79 10 180 6,570 280 ? 4.3 3.1 0.4 1960 1176 4.3 460/3 1743
S. MTN BRIEF STA B 1 8 1310-107T 2 CU JAN 79 10 150 6,570 161 42 4.0 2.8 61.8 4.3 460/3 1743
SPPC Paco 1015501100061-1561 JPN 87 2.0 4.38 115 90 6,570 6.0 230/3 3430 To be replaced «/ BIG 3 hp puep
CENTRAL LIBRARY Paco 10-2050111061-1681 JAN 73 5.0 4.4 200 50 3,340 230 30 3.2 2.3 74.6 7.1 480/3 1730 GE 5K182JK27 Sullen 7.] HP 918 pun
CENTRAL LIBRARY BIG 1510 887 7/8BF JflN 75 7.5 346 50 3,340 287 30 9.3 7.1 30.6 11.0 480/3 1730 Baldor 37 BOI-ta
CENTRAL LIBRARY B 1 6 1310 4AB 7 BF JPN 75 7.5 450 40 3,840 180 28 9.3 7.1 17.9 11.0 480/3 1730 Baldor 37 801-428
CENTRAL LIBRARY BIG 1510 4AB 7 BF JAN 75 7.5 450 40 3,840 11.0 480/3 1730 Baldor 37 B01-428
CENTURY LIBRARY B 1 8 80-6-3/4BF JAN 73 2.0 58 45 8,760 40 7 7.0 1.2 7.0 208/1 1730 B 1 G In-line puep 1668741
CHOLLA LIBRARY TmI 3P606 JPN 76 10 75 50 4,350 58 7 7.5 2.6 9.4 230/3 3523 Dayton 9N0B3
CHOLLA LIBRARY ArustrongSD 4280 BF JPN 76 10 114 43 4,530 147 7 9.0 3.1 0.4 1358 122 10.8 230/3 1730 US Electric 6604900-808



The brake horsepower savings that can be achieved by those pumps 

with high flow rates and already connected to a variable frequency 

drive are shown in column 12. The equation used to calculate 

savings was:

In column 13, pump horsepower savings were calculated for pumps not 

connected to variable frequency drives and with measured flow rates 

significantly higher than design gallons per minute. For those 

pumps with motors less than 7.5 horsepower, brake horsepower savings 

that could be achieved by closing a valve, as necessary to reduce 

flow to rated design, were estimated. These savings were estimated 

by referring to the pump curve, and following the appropriate curve 

to the rated design gallons per minute. The calculated 

kilowatt-hour per year and dollar savings per year are presented in 

column 14 and 15 and columns 16 through 20 are self-explanatory.

The pump analysis revealed that many of the chilled water, 

condenser water, and hot water pumps are actually providing 

excessive flow (gallons per minute). An estimated $32,000 per year 

could be saved if the pumps were slowed down to design flow.

Fans

All fans with motors two horsepower or greater were analyzed in a 

similar fashion as the pumps. The information presented in Table 5 

shows the fan survey. Column 3 is the design flow rate in cubic 

feet per minute with column 4 being the design external static 

pressure and column 5 showing total static pressure. Most of the 

air handling units are already using variable air volume systems 

with inverters, inlet guide vanes or variable pitch axial fans, so 

did not require an optimization analysis. The fan horsepower 

savings shown in column 7 were calculated based on the fan laws and 

the equation:
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TABLE 5 * Summary of City Fans

BUILOINB NAIC MAKE MODEL

1
EQUIP

STARTUP
DATE

2

HP

3

DESIGN
CFN

4 5 6 7 8

DESIGN DESIGN EST RUN EST. HP EST KUH/YR 
E.S.P. T.S.P. HRS/YR SAVINGS SAVINGS

9

EST »/YR 
SAVINGS

10

VOLTS

11 12

AMPS COMMENTS

MUNICIPAL BUILOINB Trarw *2 MAY 63 60.00 N/A 8,760 480/3
~rinn ibi n ■■ 1 ■■■■■■■■■■■<■
67.5 Inverter installed

MUNICIPAL BUILDING Tran* Si MAY 63 60.00 N/A 0 480/3 74.0 Out of service
MUNICIPAL BUILOINB Tran* MAY 63 60.00 N/A 8,760 480/3 67.3 Inverter installed
MUNICIPAL BUILOINB Tran* 42 MAY 63 60.00 N/A 0 480/3 67.3 Out of service
MUNICIPAL BUILOINB Tran* 41 MAY 63 30.00 N/A 0 480/3 36.3 Out of service
MUNICIPAL BUILOINB Tran* MAY 63 50.00 N/A 0 480/3 56.3 Out of service
MUNICIPAL BUILOINB Drayar Hanson 12 V23 MAY 63 3.00 14,800 3,000 2.9 6469 <433 480/3 6.5
MUNICIPAL BUILOINB Drayer-Hanson FZ 219 MAY 63 3.00 9,320 3,000 480/3
MUNICIPAL BUILDING McQuay Xld-III-V MAY 63 3.00 3,600 0.70 1.23 8,760 also 3-20x10x2
MUNICIPAL BUILOINB McQuay XIML-III-V MAY 63 3.00 3,730 0.70 1.30 8,760
MUNICIPAL BUILDING Rr-Cold MU-280 MAY 63 7.50 17,000 0.63 1.30 1,500 4.4 4973 <348 220/3 23.2
PLAZA MUNICIPAL BLOB Sturtevent 100 JAN Bl 20.00 34,045 1.73 8,760 208/3 32.0 Inverter installed
PLAZA MUNICIPAL BLOB Sturtevent 90-P24896 JAN at 15.00 22,804 1.73 8,760 208/3 41.0 Inverter installed
PLAZA MUNICIPAL BLOG Sturtevent 95 JAN 81 13.00 30,370 1.73 8,760 208/3 41.0 Inverter installed
PLAZA MUNICIPAL BLOB Sturtevent 100 JAN 81 20.00 27,680 1.73 8,760 208/3 52.0 Inverter installed
PLAZA MUNICIPAL BLOB Sturtevent 100 JAN 81 13.00 22,300 1.75 8,760 208/3 40.8 Inverter installed
POLICE 1 PUBLIC SAFETY Joy 42 1/4-26 1/2-1750 JAN 73 50.00 40,000 6.00 8,760 460/3 62.0 Var pitch axial fan
POLICE 1 PUBLIC SAFETY Joy 42 1/4-26 1/2-1750 JAN 73 30.00 40,000 6.00 8,760 460/3 62.0 Var pitch axial fan
POLICE t PUBLIC SAFETY Joy 42 1/4-26 1/2-1730 JAN 73 50.00 40,000 6.00 8,760 460/3 62.0 Var pitch axial fan
POLICE 1 PUBLIC SAFETY Joy 42 1/4-26 1/2-1730 JAN 73 30.00 40,000 6.00 8,760 460/3 62.0 Var pitch axial fan
POLICE t PUBLIC SAFETY Joy 42 1/4-26 1/2-1730 JAN 73 50.00 40,000 6.00 8,760 460/3 62.0 Var pitch axial fan
POLICE ACADEMY Governsir* RSA 02 JAN 81 10.00 9,900 2.10 3.20 4,250 460/3 13.0 Var vol-Inlet
POLICE ACADEMY Governaire RSA 02 JAN 81 3.00 8,630 0.73 4,250 460/3 4.2 Var vol-Inlet
POLICE ACADEMY Governsire JAN 81 7.30 8,315 O.BO 2.00 4,230 460/3 Var vol-Inlet
POLICE ACADEMY Governaire JAN 81 3.00 7,315 0.73 4,230 460/3 Var vol-Inlet
POLICE ACADEMY Governaire JAN 81 7.30 8,073 0.80 2.00 4,230 460/3 Var vol-Inlet
POLICE ACADEMY Govern*ir* JAN 81 2.00 6,700 0.73 4,250 460/3 Var vol-Inlet
S. MTN BRIEF STATION Dunh**/Bush MZ-lflC JAN 68 20.00 7 8,760 460/3 Inverter installed
S. MTN BRIEF STATION Dunhaa/Bush 1 JAN 68 3.00 7 8,760 230/3 14.4 Inverter installed
FIRE TRAINING ACADEMY An* PACU-23NZ JAN 67 5.00 8,323 1.73 8,760 230/3 14.4 Inverter installed
S. PHX ADULT CENTER Cliaatrol YFL0BB0A10E GBA JAN 76 3.00 3,880 0.30 2.23 208/3 Out of service
S. PHX ADULT CENTER Climtrol YBJ126001 JAN 76 3.00 4,820 0.60 2.23 208/3 8.4 Out of service
CENTRAL LIBRARY Tran* 73 JAN 73 40.00 34,000 2.80 4.00 4,800 460/3 43.0 Inverter installed
CENTRAL LIBRARY Tran* 41 JAN 73 13.00 20,000 1.80 3.00 4,800 460/3 Inverter installed
CENTRAL LIBRARY Tran* 41 JAN 73 10.00 20,000 1.50 4,800 460/3 Inverter installed
CENTURY LIBRARY McQuay LN. 217 BI JAN 73 7.30 9,330 0.73 3,370 200/3 Inverter installed
CHOLLA LIBRARY Teetrol BZ-21SMB JAN 76 13.00 10,970 1.30 2.30 4,732 208/3 46.8Inverter installed



HP2 » [ Optimal CFM | x HP1
iDesign CFM I

The kilowatt-hour savings per year in column 8 were calculated using 

this equation:

KWH/yr = HP saved x Fan Run hrs/yr(column 8) x .746 KW/HP/motor eff.

The estimated dollar savings in column 9 were calculated by:

$/yr = KWH/yr (column 11) x $/KWH (cost of electricity)

The costs per kilowatt-hour used were; 07/KWH for large downtown 

buildings; $.09/KWH for medium sized buildings; and $.11/Kwh for 

small buildings. Additional information about the air handling 

units is provided in columns 10 through 12.

The findings of the survey showed that almost all of the HVAC 

supply and return air fans have been optimized with variable air 

volume fans which automatically vary the air flow based on actual 

building load. Two fans that could be slowed down in the Municipal 

Building showed an estimated savings of approximately $1000 per 

year.

Other Heating Units

A list of furnaces, electric resistance heat and radiant heaters 

were surveyed and examples are presented in Table 6. It was 

recommended that natural gas furnaces be replaced with new 

gas-fired pulse combustion furnaces at the end of their useful life.

Cooling Towers

Table 7 shows a survey of cooling towers, however they were not 

analyzed in this study. Some of the towers utilize large motors but 

should not be changed unless the compressor is being replaced with a 

smaller size.
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TABLE 6 - Summary of Other Heating Units

EQUIP

BUILDBG N*E
EQUnMNT

CESNIPTKN EWE MXBi
SIAKT

CATE FUEL BItH KW

NURIHESr SERVICE CHIP E. cnoler/fumacE Gbettl OF 50-56 JAN 69 Ngs 100000

NCRUWEST SERVICE CNIR Middle anler/frrce Gbettl GF 50-56 JAN 69 Ngas 10000

KRIWEST SERVIOE CNIS West axjler/frnae Qnettl ©•-75 JAN 0 Ngas 7500
NGKIVWESr SERVICE CNIR Gas furnace ©Trier 58 BV 150-1 JAN 0 Ngas 15000
KKIWESr SERVICE CNIR ©s furnace Larox 02 D2E-56-6 JAN 81 Ngas 4300
NORIHffSr SERVICE CMR Unitary heater Raanor 7 JAN 70 Ngas
KKIWEST SERVICE CNIR I.R. gas heater Mndine 7 JAN 70 Ngas
NCRIWEST 95RVICE CNIR I.R. gas heater Med ire ? JAN 70 Ngas
MROWESr SERVICE CNIR I.R. gas heater Etodine JAN 70 Ngas
NCRTWESr SERVICE QHR I.R. gas heater Etdine 7 JAN 70 Ngas
EKKIWESr SERVICE CNIR I.R. gas heater Ebdine 7 JPN 70 Ngas
NCRIWESr SERVICE Q/IR I.R. gas heater Etdine 7 JAN 70 Ngas
NORIWESr SERVICE OUR I.R. gas heater Etdine ? JAN 73 Ngas
fCRIWiESr SERVICE OUR I.R. gas heater Etdine 7 JAN 70 Ngas
NCROTffST SERVICE CNIR I.R. gas heater Etdine 7 JAN 70 Ngas
SUOIWEST SERVICE CNIR ©s unit heater Fteanor 7 JAN 75 Ngas
SOOIWEST SEW/ICE CNIR Electric unit heater Efedacal-fhcific USA 2813 JAN 0 Elec 3
SOUIWESr SERVICE CNIR Electric unit heater Ehderal-Pacific USA 2813 JAN 0 Elec 3
SOQIWEST SERVICE CNIR Electric unit heater Efederal-Bacific UR 2813 JAN 0 Elec 3
suoiHcsr service cnir Electric unit heata: Etademl-Pacific USA 2813 JAN 0 Elec 3
SCQIWESr SERVICE CNIR Electric unit heater Ehderal-ftcific USA 2813 JAN 0 Elec 3
SUUIWEST SERVICE CNIR Electric unit heater Efederal-tecific USA 2813 JAN 0 Elec 3
SOTHCST SERVICE CNIR Electric unit heater Efederal-Racific USA 2813 JAN 0 Elec 3
SOtmWST SERVICE CNIR Electric unit heater Efederal-Paci f ic USA 2813 JAN 0 Elec 3
souiHcsr sswice cnir Electric unit heater Ehderal-fecific US 2813 JAN 0 Elec 3
SOUIWEST SERVICE CNIR Electric unit heater Federal-Pacific U3\ 2813 JAN 0 Elec 3
900IHEST SERVICE CNIR Infra-red gas unit ? ? JAN 75 Ngas
9UUIWEST SERVICE CNIR Infra-red gas unit *? JAN 75 Ngas
axmwEsr service cnir Infra-red gas unit ? JPN 75 Ngas
SUOIWEST service cnir Infra-red gas unit ? JAN 75 Ngas
SOOTWEST SERVICE CNIR Infra-red gas unit ? JAN 75 Ngas
suonwsr SERVES CNIR infra-red gas unit 7 JAN 75 Ngas
suonrasr service cnir ©s furnace Day & Night 394 OH000150A JAN 83 Ngas 15000
SOOTBST SEWIOE CNIR ©s furnace Etyarnt 80-394U JAN 77 Ngas 8000
CENIRAL EQUIP MAIN! ©s unit heater Fteanor XA-150-6ER-1 JAN 74 Ngas 15000
(SURAL EQUIP MUNT Air washer pre-haat (testings IB-20 A JAN 74 Ngas
CENIRAL EQUIP MMNT ©s furnace lux-aire TOOO-ID14N120B JAN 86 E^s 12000

CENIRAL EQUIP f®INT ©s unit heater Fteanor FA-35 JAN 74 Ngas
CENIRAL EQUIP MMNT Electric unit heater Fteanor EUQ0348A ®N 74 Elec 10

CENIRAL EQUIP miNT Electric unit heater Fteznor EFHL0348A JAN 74 Elec 10

CENIRAL EQUIP MMNT Electric unit heater Iteanor EUO0348A JAN 74 Elec 10

CENIRAL EQUIP MAINT Electric unit heater Iteanor EUO0348A JAN 74 Elec 10
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TABLE 6 -(continued)

EQUIP
BQUIMNr SORT

BUIIDIN3 NNC CE3CRIPTICN EBKF I tux. DATE FUEL bum

CENTRAL EQUIP MMNT Gas unit heater fteanor 5OV-150-6ER-1 JAN 74 Ngas 150000
CENIPAL EQUIP MAINT Gas unit heater #6 Reamer UfV-35 JAN 74 Ngas
CENTRAL EQUIP MAINT &s unit heata: #7 fteznor UA-35 JAN 74 Ngas
CENTRAL EQUIP MAINT Electric unit heater #8 fteznor EUH0348A JAN 74 Elec
CENTRAL EQUIP MMNT Electric unit heater IlfSteznor EUU0348A JAN 74 Elec
CENTRAL EQUIP MAINT Electric unit heater Iteanor ELH10348A JAN 74 Elec
CENIRAL EQUIP MMNT Electric unit heata: fteamor EUU0348A JAN 74 Elec
CENIRAL EQUIP MAINT &s unit heater fteznor UV-35 JAN 74 Ngas
CENIRAL EQUIP EMNT Electric unit heater fteznor ELHL0348A JAN 74 Elec
CENIRAL EQUIP MMNT Gns unit heater fteamor LA-35 JAN 74 Ngas
CENIRAL EQUIP MMNT Electric unit heater Reamer EUQ0348A JAN 74 Elec
CENIRAL EQUIP MAINT Ctes I.R. heater Iteamcr IR-30 JAN 74 Ngas 30000
CENIRAL EQUIP EM NT &s I.R. heater fteamor IR-30 JAN 74 Ngas 30000
CENIRAL EQUIP MMNT Gas I.R. heater Reamer IR-30 JAN 74 Ngas 30000
CENIRAL EQUIP MMNT Ctis I.R. heater Reamer IR-30 JAN 74 Ngas 30000
CENIRAL EQUIP MMNT &s unit heater Reamer UA-35 JAN 74 Ngas
CENIRAL EQUIP EM NT Hmg frcm ceiling fteanor CEAH-500 JAN 74 Ngas 125000
CENIRAL EQUIP MAINT Hung fron ceiling fteznor DEAH-500 JAN 74 Ngas 500000
CENIRAL EQUIP EMNT ling fron ceiling Iteanor UAH-500 JAN 74 Ngas 500000
CENIRAL EQUIP MMNT Bang from ceiling Iteamcr UAH-500 JAN 74 Ngas 500000
CENIRAL EQUIP MAINT ling fron ceiling fteamor UAH-500 JAN 74 Ngas 500000
CENIRAL EQUIP MAINT ling frcm ceiling fteznor UAH-500 JAN 74 ftps 500000
CIESVAL. MR SUPPORT Unit heater 11 fteamor 7 JAN 80 Elec
CEER VAL. AIR SUPPORT Unit heater #2 fteamor 7 JAN 80 Elec
OBER VAL. MR SUPPORT Unit heata: #3 Iteanor 7 JAN 80 Elec
CEER VAL. MR SUPPORT Unit heater #3 Iteanor 7 JAN 80 Elec
CEER VAL. AIR SUPPORT Unit heater #4 fteznor 7 JAN 80 Elec
FIRE SIMICN 1 Unitary heata: Chronalux 7 JAN 77 Elec
FIRE SIATICN 1 Unitary heater Qronalux ? JAN 77 Elec
FIRE SEATICN 3 Main gas furnace Carrier 58G5 125-4 FEB 84 Ngas 125000
FIRE SIATICN 5 (tes furnace Bayne 394 QW 060125> JAN 79 Ngas 125000
FIRE sncncN 6 #2 cps furnace Bayne 394 ON 036075> JAN 83 Ngas 75000
EIRE SIATICN 6 #1 gas furnace Eteyne 394 G*i 0481001 JAN 83 Ngas 100000

FIRE SIATICN 7 #2 gas furnace Eteyne 394 GW 036075 CEO 83 Ngas 75000
FIRE SIATICN 7 |1 gas furraoe Eteyrne 394 GW 0481001 EfiC 83 Ngas 100000

CIO FIRE SIATICN 8 Gas furnace Carrier 58 G5 125-4 JAN 82 Ngas 125000
FIRE SIATICN 10 11 cps furnace Iteyne 394 GW 0481001 EEB 83 Ngas 100000

FIRE SIATICN 12 Main gas furnace Carrier 5805 125-4 MM 84 Ngas
FIRE SIATICN 13 &s furnace Carrier 58QS 125-4 JAN 83 Ngas 125000
FIRE SIATICN 14 Main gas furnace Bryant 394GW 060125 OCT 83 fc^s nywena
FIRE SIATICN 16 #1 gas furnace Americam-Gtnd. UGF 105 AC 3E4. JAN 66 Ngas 105000
FIRE SIATICN 16 #2 gas furnace Bayne 394 GW 048100 APR 83 Ngas 100000

FIRE SIATICN 17 #1 furnace GafferVSattler ACD12-U100-4-1 JAN 78 NGS 1000000

KW

10

10
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TABLE 6 -(continued)

BtULDnC NM«

FIRE SSmCN 17 
FIRE SCfflCN 18 
FIRE SMICN 19 
FIRE SIKnCN 19 
FIRE SIATICN 19 
FIRE SnXICN 20 
FIRE sancn 20 
FIRE SM1CN 21 
FIRE SIATICN 21 
FIRE SIATICN 25 
FIRE SIATICN 25 
FIRE SIATICN 26 
FIRE SIATICN 26 
FIRE SIATICN 27 
FIRE SIATICN 27 
FIRE SIATICN 28 
FIRE SIATICN 28 
FIRE SIATICN 29 
FIRE SIATICN 29 
FIRE SIATICN 30 
FUG SIATICN 30 
FIRE SIATICN 31 
FIRE SIATICN 33 
FOG SIATICN 33 
FUG SIATICN 34 
FIRE SIATICN 34 
FIRE SIATICN 38 
FIRE SIATICN 39 
FIRE SIATICN 42 
FIRE TRAINING tfACEMC 
MXHCY ICD SERVICE 
FOG RE3XKE EQ1T 
S. RK NUT CENTER 
CHXIA LIBRARY

EQUOMENT
□E930PTICN MIKE MEO.

EQUIP
START

CATE ElEL BKH KW

#2 cps furnace TSppan LG80D16E-1 JAJ 78 E^as 80000
#2 gas furnace Eeyne 394 QMS36125 SEP 84 Ngas 125000
gas fumaoe #1 Lennox C465-00-2 Ngas 137000
gas fumaoe #2 Lerrac C465-00-2 Ngas 137000
Heat strips for Veil Elec
cps fumaoe #2 Borg-Wamer UG12002Q4-18 JAN 79 ngas 120000

gas fumaoe #1 Borg-Vferrer IHL20020N-18 JAN 79 ngas 120000

tl gas fumaoe Anerican EUmac SV-140-EB-3 JAN 75 Ngas 140000
#2 ips fumaoe American EVimao £W ffi 3 JAN IS Ngas 100000

tl gas furnace Feyne 394QW 060125 fCV 83 Ngas 125000
#2 gas fumaoe Ihppan UG 80 D 16E-1 JAN 78 Ngas 80000
#1 gas fumaoe Aaerkan EUmac SV 140 EB-3 JAN 68 Ngas 140000
#2 gas furraoe American EUmac SI 100 ffi-3 JAN 68 Ngas 100000

tl gas furnace Bayne 394 GW 048100 AER 83 Ngas 100000

t2 gas fumaoe Ifeyne 394 ON 048100 AER 83 Ngas 100000

tl fumaoe Boag-ifemer U3120-BSN JAN 70 Ngas 120000

t2 fumaoe Borg-Vbmer UG8-80-B3J JAN 70 Ngas 80000
tl gas fumaoe F&yne 394 GH 048125 AER 83 Ngas I05flflg
t2 gas fumaoe ftryte 394 GW 036075 CK 82 Ngas 75000
t2 <ps fumaoe EUyre 394 GW 036075 AER 84 Ngas 75000
t2 gas fumaoe feyne 394 GW 048100 AER 84 Ngas 100000

Electric fumaoe LamcK B10-65-1P JAN 77 Elec 8

t2 ps fumaoe feyne 394 GW 036075 AER 83 Ngas 75000
tl gas fumaoe E&yne 394 GW 060125 AER 83 Ngas 125000
tl gas fumaae Borg-4«bma: IE 120-5EN J2N 69 E^as 120000

t2 &s fumaoe Borg-femer U3080-B31 JAN 69 Ngas 80000
Elec heat strips Elec 15
Elec heat strips Elec 15
Electric furraoe Carrier 40ES220300 JAN 79 Elec 6

Electric furnace EDP 505G060CUHEC JAN 78 Elec 33000
&s fumoe to H. unit fey 6 Ni^t 394GW060150 JAN 82 Ngas 150000
Solar space heater JAN 77
Electric heat strips JAN 76 Elec 110

Electric haat strips JAN 76 Elec 68
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TABLE 7 • Summary of City Cooling Towers

Buitonc NttC MWE KTEL OKIE CRPfCm# (XUS # EWE AX1M. HOVE ESN EW EMI VCLIS MfERES REM dmNTS
sraraip tas MCrKBAOKE ECTOR HHL. «>

MJMCIPftL BUIIDDG BC 4238-2 ME 85 800 2 2 Yes 20.0 480/3 27.0 1760 Built on the old baae,ininor basin laris
MNIOEN. GOILDIMG BPC EOT U6 RC MB 84 116 1 1 Yes B 5.0 480/3 7.0 1725
MNiaPBti MMSC BC EOT-15-EC JSN 83 15 1 1 fts D 0.5 230/1 4.1 U40
MNICIFfiL MtCX EEC EOT-60 WR 84 60 1 1 fee B 3.0 230/1 8.8 1725
FtflZA MNiaPRL huhdiig BC (XT 2420EC Effi 84 350 l 1 Yes B Baldor 15.0 208/3 55.0 1750
KA23V HKOEN. BUHDDG Etarley SC-28640-EEA JAN 75 350 1 1 Yes B OBntury Elec. 3028640 20.0 208/3 54.0 1730 ftotor model foont' EES EMI9-313880-01
aocm HHL BC VJC-65 65 1 Ts be replaced in renovation
aocnYHtfx. BC V9C-25 25 1 1b be rqslaas3 in renovation
ECLICE-HJELIC fflEEIY BUG BC EOT-27-C J»l 83 27 1 1 Yes B toner 3.0 460/3 1.7 1725
ECLIG5-RHJC SAEEIY OI3G BC EOT-27-C JAN 83 27 1 1 Yes B RalrVir M311OT 3.0 460/3 1.7 1725
PCLKE-RJELIC SBEETY ELDG BC EOT-27-C JAN 81 27 1 1 Yes B Balffrr toner 3.0 460/3 1.8 1725
EOJC&«HJC SCEIY EUX> BC EOT-27-C 27 1 1 Yes B Balder toner 3.0 230/3 4.0 1725
ECUCS-HHJC SAEEIY EtDG BC J 15-B28 JAN 73 151 1 0 No fans. Ejector type
FCUCE-flBLIC SAEEire EUG BC J 15-B28 JAN 73 151 1 0 Ns firs. Ejector tjpe
PGUCE-raUC SMEn EUG BC J 15-BB8 JAN 73 151 1 0 Ns fans, Ejector type
KXJCS-HHJC SCER ECEG Hurley 4625 25 1 1 Yss B Lincoln 2508 1.0 230/3 3.8 1740
EQUCE KXBV BC JAN 87 150 1 1 tB« 150 KM IGHR TO EE DBIKIH)
OCKS EWK BKIU'UG 91M B/apao ISf-l® JAN 83 18 Ns B 5.0 240/3 14.0 1725 Obols oondasor loop fix H/P'a
CSCRB PBBK ERIEFDC SIN Buepao IB4-1S JAN 83 18 NS B 5.0 240/3 14.0 1725 CDds eatiasca: loop for H/P'e
93UIH ECUnMN EREXtCT BC VOT-65-C JAN 79 65 1 1 No B Ns ID tag Ns ID tag 5.0 ? 1750
C3NITOL LffiRWY BC VI-50-3 JAN 75 50 1 US Electric 20.0
C3NITOL UERUS BC VI-50-3 JAN 75 50 1 (B Electric 20.0
CHXIA UERNV BC VNT-40 B JAN 76 40 1 1 NS B IE Electric F-9635-01-566 3.0 230/3 1740



DX Air Conditioning Units and Heat Pumps

Lastly, Table 8 Is a summary of some of the package and remote 

direct expansion (DX) air conditioning units installed throughout 

the City. Since these are the predominant types of air

conditioning equipment used throughout the city, a thorough

evaluation was done on units of two tons or larger and 

recommendations for replacement were accomplished on all units five 

years and older. The following is a summary of the methodology used 

to derive the table.

The first several columns identify the building and the 

equipment and should be self explanatory. Numbered columns 1-3

show the age of the equipment, size in tons, and the efficiency

expressed as EER. Column A shows the estimated compressor 

equivalent full load run hours in the cooling mode and were obtained 

in one of two methods.

Method 1- This method utilized the Technical Assistance 

report previously completed by the City. The

cooling kilowatt-hour was defined as the

electricity used by the compressors and condenser 

fans and the equivalent full load hours were 

calculated by:

Building Cooling KWH/yr x Unit EER or SEER = Unit Equiv. F L

Total Bldg. Tons x 12 Hrs.

Method 2- Where no Technical Assistance report was available 

a computer simulation program, TRAKLOAD, was used 

to estimate equivalent full load run hours.

Upon evaluation of this report it was observed that the run hours 

per year were lower than expected, which prompted the actual run 

time testing which will be explained later in this chapter. The 

recommended or optimal unit nominal cooling capacity is presented in 

column 5 and utilized either the Technical Assistance report or
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TABLE 8 • Summary of City Remote / Packaged Units

1 2 3 4 5 6 7 8 9 10 11
BUItODG f#ME UNIT t SORT TCNS EER EU! rb: HEHASfM REEL EST IieiM'EV'YEAR $/TESR BAYBKK

OWE ERSAR TONS EPKE^CCB. * EER COST SAVDC5 SAVDGS YEARS

EUZA MJNiaPPL BUG Ybrk OP 048-2SB Jan-84 4.0 7.9
PIAffl MNiaPfiL EtDG Quxiec 5ffiP006500AA Jan-81 5.0 7.6
ELAZA MNtaPM, BUG Girrier 50ER006500AA Jan-81 5.0 7.6
EJCIUTIES MAINT HP 542EB060 Jan-85 5.0 8.3

EPOUTIES MAINT HP 599CL20027PPCTH Nov-79 10.0 8.2 630 5.0 Carrier 50-CV/t2006 5/6 9.5 $3,004 12& $114 26.5
ETCTLITIES MAINT HP 599C120027PMH Ntv-79 10.0 8.2 586 7.5 Carrier 50-CV/CZ008 9.3 $4,404 1014 $91 48.3
EJCIUTIES MAINT HP 599d20027P?Cm Nov-79 10.0 8.2 630 5.0 carrier 50-CV/CZ006 5/6 9.5 $3,004 12a $U4 26.5
ETCHJTIES MAINT ECP 599C090027PACTH Nov-79 7.5 8.7 622 5.0 Carrier 50-CV/CZ006 5/6 9.5 $3,004 541 $49 6L.6

BJCQJITES MAINT HP 559D048PAC Nw-79 4.0 6.9 493 4.0 Trane BIC048D 8.6 $1,710 678 $61 28.0
EJCIUTIES MAINT Carrier 50YH036500 Oct-85 3.0 8.2
NCRUteST SKVICE QJIR York D2BC03QJ06006A jan-85 3.0 8.0
NCRMCST SKVICE (NIK Trane BKS36D312H0 Jav-85 3.0 8.4

NQRDWEST SERVICE QUR WestinghxBe IB 036 N» Jan-83 3.0 6.7
NCRIHCSr SSVKE CNIR Hastin^cuae tfi 036 KCH Jan-83 3.0 6.7
KKIHCSr SWICE CNIR Westinghouse 48EL006530 Jan-84 5.0 8.5
NFIEMST SERVICE (MR Chrysler 1206-02R Jan-69 5.0 6.2 713 5.0 lerrac H514-653I 9.5 $3,107 2373 $214 14.5

SOUIHCST SFVICE (MR iBmx OA8-953-7Y Jan-80 7.5 7.6 517 4.0 Trane 8100480 8.6 $1,710 712 $64 26.7
SOUnUSST SERVICE (MR tenmc CKO0-653-1Y Jan-80 5.0 6.9 1367 5.0 Carrier 50CV/CZ006 5/6 9.5 $4,404 3252 $293 15.0
3GIH*Sr SERVICE (MR lerrac CHU0-653-1Y jan-80 5.0 6.9
SOUnWST SR/ICE (MR lerrac CHU0-653-1Y jan-80 5.0 6.9 1410 5.0 Carrier 50ZV/CZ006 5/6 9.5 $4,404 3355 $302 14.6

SOUMCST SERVICE (MR lerrac CM9-261-2P jan-80 2.0 6.9 1494 2.5 Carrier 48-KLA130 9.5 $1,309 1422 $128 10.2
SXmtCST SR/ICE (MR lorac Oft9-261-a> Jan-80 2.0 6.9 1105 2.0 Carrier 50EE024 9.5 $1,270 1052 $95 13.4
SQUIHCST SRVICE (MR Larac OA10-413-1Y Jan-80 3.0 7.3 991 2.0 Carrier 50EE024 9.5 $1,270 1132 $102 12.5
S3UIH*ST SERVICE (MR lerrac OR10-413-1Y Jan-80 3.0 7.3 1208 3.0 Ybrk D2ET036 9.1 $1,145 UTS $106 10.8

SMHCSr SERVICE (MR tenrac 089-513-3Y Jan-80 4.0 6.7 1119 4.0 Trane BTC048D 8.6 $1,710 1771 $159 10.7
SOUIHffST SRVICE (MR ftryne 30/80YSC-10OT-C jan-80 2.5 6.3 1100 2.5 Carrier 48-KLAI30 9.5 $1,309 1764 $159 8.2
scumcsr service cnir Bsyne 40/110 YJC-104C Jan-80 5.0 6.7 1100 5.0 Carrier 48-W/te006 9.7 $3,420 3047 $274 12.5
SXJUMST SERVICE (MR Bard 36HV1 Jan-83 3.0 9.0

SGUEASr SEWKE (MR Bard 36W Jan-83 3.0 9.0
SODDEAST SERVICE (MR Baid 24VA4 Jan-85 2.0 8.0
samtfsr service cnir Gbettl ACU-40 Jan-77 3.5 7.2 1017 3.5 larac HS19-461V 12.0 $1,889 2374 $214 8.8
sooiwssr service cnir York EE60-6E Jan-79 5.0 6.3 727 5.0 carrier 50CV/CZ006 5/6 9.5 $4,404 2333 $210 21.0

NCRM SERVICE CENTER lerrac CW9-653-2G Jan-78 5.0 5.6 669 5.0 carrier 50Q//&006 9.0 $3,118 2709 $244 12.8
NMH SERVICE CENIER lerrac CHP9-463-1G Jan-78 3.5 7.0 1203 3.5 carrier 50QQ042 8.5 $1,888 1273 $115 16.5
NMH SERVICE CENTER Qxttl OUP 253 Jan-80 2.0 7.7 1100 2.0 carrier 50QQ8Q4 9.0 $1,420 495 $45 31.9
NCRIH SERVICE CENIER Carrier 500030500 Jan-85 2.5 7.8



TABLE 8 '(continued)
1 2 3 4 5 6 7 8 9 10 U

HOtlDIJC NW-E tun WKE^CCEL 1 START loe EES BLN RC tSHABfNT REJIASSr BBIWYEAS $/YEJW PAYBACK
DAOE USAS TONS (WC&ttXH. » SER/E COST SAVIMS SVVOCS YEARS

NCRIH aRVIOE CB/TEF Carrier 500642400 Jan-85 3.5 7.8
CENIFAL EQUIP. MAIMT. ftaem ACP-38B3SA Jtn-82 3.0 8.0 U00 3.0 Carrier 38QGB6 8.7 SI,654 398 $36 46.1
CENISflL EQUIP. MAINT. Trane SHM04-tB Jan-79 4.0 7.4 1100 4.0 Carrier 48-#IA048 8.5 $1,941 923 $83 23.4
ONIWL EQUIP. MAINT. Fraser Johnson FianeiM jan-75 6.9 6.9 U00 3.0 larac tB14-40/ 10.4 $2,293 4442 $400 5.7

GENIFAL EQUIP. fBINT. lerrac OR9-3U-1P Jan-74 2.5 7.0 1100 2.5 Carrier 50EE030 9.5 $1,488 1241 $U2 13.3
CENIFAL EQUIP. MAINT. Carrier 48KC03600E Jan-82 3.0 8.2 U00 3.0 Carrier 48-KCA036 8.5 $1,462 170 $15 96.3
CENTRAL EQUIP. EWNT. Eraser Jotnson UC036IAA Jcn-77 3.0 6.9 U00 3.0 Larac HS14-413V 10.4 $2,293 1931 $174 13.2
GENIFAL EQUIP. MAINT. Eraser Jbtrscn ESO03SIAA Jan-79 3.0 6.9 1100 3.0 Larac HS14-413/ 10.4 $2,293 1931 $174 13.2

ACMINISIFATIVE SLHCKT Trane SCA-L254A Jan-75 12.5 7.5 889 11.0 Trare BTC130G 8.4 $5,608 1905 $171 32.7
ACMINISIFATIVE SLPPCRT Tfcane SAO-1304A Jan-75 10.0 6.5 770 7.5 Carrier 50C3I/tZ008 9.3 $4,404 4282 $385 11.4
ACMINISIFATIVE SCEtCFT Trane SVtft-504C Jan-75 5.0 6.5 770 7.5 Carrier 50CV/CZ008 9.30 $4,404 2141 $193 22.9
ACMINISIFATIVE SLPPCRT Bntn CAS0132BU11 Oct-85 15.5 8.2

OCHS PARK BUEF SIN Qatnerd-Air SPHil 283 Jan-83 2.5 8.9
OCHS PNK BRIEF SIN OititErd-Air SEHil 283 Jan-83 2.5 8.9
OCIUS PAR< BRIEF SIN GanTBnd-Air SE*t±) 283 Jan-83 2.5 8.9
OCRS PARC BRIEF SIN Ctmtard-Air SRth 283 Jan-83 2.5 8.9

OCIUS PARC BRIEF SIN QmtBrd-Air SEH^ 283 Jan-83 2.5 8.9
OCIUS PARI BRIEF SIN Qauitf r3-Air SEH^ 283 Jan-83 2.5 8.9
OCHS PARC BRIEF SIN GOmerd-Air S»th 283 Jan-83 2.5 8.9
OCRS FARC BRIEF SIN Gamand-Air S*t*i 283 JSn-83 2.5 8.9

OCRS PARC BRIEF SIN Ctmerd-Air SRt*< 283 Jan-83 2.5 8.9
OCRS PARC BRIEF SIN Oamard-Air SEH* 283 Jan-83 2.5 8.9
OCRS PARC BRIEF SIN Qaimand-Air St£h 283 Jar>-83 2.5 8.9
AIR SLPPCRT (NTT lerrac CH>8-953-7Y J&n-79 7.5 7.1 2014 7.5 Trane BC090F/C 8.90 $4,708 5164 $465 10.1

AIR SUPPORT LNIT Corac OP8-953-7Y JSn-79 7.5 7.1 1437 5.0 Carrier 50Q//t2006 9.00 $3,118 3846 $3)6 9.0
AIR SLHCKT LNIT Vdck BI5P09CB2SB Jan-80 7.5 8.1 1558 7.5 Trane 3C09eF/C 8.90 $4,708 1556 9140 33.6
AIR SUPPORT UQT Ybrk BISP090A2SB Jan-80 7.5 8.1 1558 7.5 Trane BC090F/C 8.90 $4,708 1556 $140 33.6
SOT EWeCS BRIEF ST. lerrac OB8-953-7 Jan-79 7.5 7.6 1419 7.5 carrier 503//CZ00B 9.30 $4,404 3071 $276 15.9

SKX EWSOR BRIEF ST. terrac 0*8-953-7 Jan-79 7.5 7.6 1419 7.5 carrier 50G//CZ008 9.30 $4,404 3071 $276 15.9
aof tWHS BRIEF ST. Lerrac Oft-lU-653-lY JSn-79 5.0 6.9 1288 3.0 Ybrk Da>F036 9.10 $1,145 2708 $244 4.7
SOT EWSCR BRIEF ST. T&Han RIA-60 Js>-73 5.0 6.3 U76 3.0 Carrier 48-TCA336 8.50 $1,462 2899 $261 5.6
SHT EWeCR BRIEF ST. T&ppan RIA-60 Jan-73 5.0 6.3 1176 5.0 carrier 48-W/ffi006 9.20 $3,420 3531 $318 10.8

aa ew«b auEF sr. RTA-60 Jbn-73 5.0 6.3 1176 4.0 carrier 48-KLA048 8.50 $1,941 2899 $261 7.4
30f EWSCR ERIEF ST. T&Bpan RIA36-I00-32r Jan-73 3.0 6.4 1195 5.0 carrier 48-W/TC006 9.20 $3,420 2045 $184 18.6
aof twees ooef sr. Tfeptan RDO6-100-32T Jan-73 3.0 6.4 1195 3.0 carrier 48-TCA036 8.50 $1,462
soe twees brief sr. carrier 50GP008400UA Jan-79 7.5 7.8 1456 5.0 carrier 50OV/CZO06 5/6 9.50 $4,404 3006 $271 16.3

ace twees brief sr. carrier 50CP00840eCA JSn-79 7.5 7.8 1456 7.5 Carrier 50C//CZ008 9.30 $4,404 2710 $244 18.1
star twees erief sr. carrier 50M624340O\ Jan-79 2.0 6.9 0
g<Y twees brief sr. Lerrac OCS3-653-L20A5 Jan-74 5.0 7.1 1542 5.0 carrier 48-tV/tG0O6 9.20 $3,420 2975 $268 12.8
SKY twees BRIEF sr. Larac (TS3-513-L20A5 Jan-74 4.0 6.6 1434 3.0 Carrier 48-tOM36 8.50 $1,462 2330 $210 7.0



TABLE 8 -(continued)

1 2 3 4 5 6 7 8 9 10 U
Buimitc K*e CNIT t-WE^Km. 4 SIART TOE EER RN REC HltACEEENr PEEL EST DSIEWYEAR $/YESR PAffiPOC

OKIE ms/® tos MYCE'MXEL 1 EER COST SAVDGS avuas YEARS

SQLPW PEH< BREF ST. Cemex 033-613-120/15 Jan-74 4.0 6.6 1434 3.0 Carrier 48-KLM36 8.50 $1,462 2330 $210 7.0
SJIW PE?K ERHF sr. Cemex 033-953-120/12 Jan-74 7.5 7.6 1651 7.5 Carrier 48-CV/CZ008 9.20 $6,008 3400 $306 16.4
SOW K?K BRIEF ST. (N crier 50CP0084«M\ Jan-7) 7.5 7.8 1©4 7.5 Qrrier 50CVAZ008 9.30 $4,404 3153 $284 15.5
SQLJW PEHC ERIEF ST. Carrier 5HI0084fWft Jan-79 7.5 7.8 1694 7.5 Carrier 50O//CZ008 9.30 54,404 3153 $284 15.5

SQE»r EfHC ERIEF sr. Carrier 5&HJ2434a: Jan-75 2.0 6.9 0
mwxz amriNG sr. HP 585EP090146 fby-85 7.5 8.2
MVOVNZ BRIEFQC ST. ECP 579CPL20231 ffay-85 10.0 8.3
EWS\M£ ERIEFDC ST. HP 579CP18027 ftay-85 15.0 8.2

fWOVALE ERIEFDC ST. lerrac OP6-13S3-6Y JW-74 10.0 6.9 1686 10.0 York BLSP120 8.30 $6,831 4947 $445 13.1
FIRE SIATICN l Carrier 4HC012A jan-76 10.0 7.0 1820 10.0 Trane S1CU0G 8.40 $7,150 5200 $468 15.3
FIRE SIMTCN 1 Carrier 4OS024B Jan-76 20.0 7.5 1950 15.0 Trane BYQ70Q 8.50 $8,710 7341 $661 13.2
FIRE SIATICN 1 carrier 4HA024B Jan-76 20.0 7.5 1950 15.0 Trane BKT70G 8.50 $8,710 7341 $661 13.2

FIRE SIATICN 3 Qaettl XW-63-3 ap-83 5.0 6.7
FIFE SIATICN 4 Cerrox OP10-653-1Y Sep-SB 5.0 6.9 1100 5.0 Carrier 58Q/A2006 9.00 $3,118 2232 $201 15.5
FIRE SIATICN 4 Cemex OP10-653-1Y Sep-80 5.0 6.9 1190 4.0 [error OP 15-513 8.30 $2,158 1745 $157 13.7
FIRE SIATICN 4 Ctrmx OP10-653-1Y SEp-80 5.0 6.9 1190 4.0 Lennox CIP15-513 8.30 $2,158 1745 $157 13.7

FIRE SIATICN S Day & Nigte 60 CRN-308C Jan-72 5.0 7.2 1908
FIRE SIATICN 6 Ybrk OWa-lBAY Jan-67 4.00 7.7 2468 4.0 Lamar I614-5UV 13.20 $2,604 6410 $705 3.7
FIRE SIATICN 6 York CA31-10-A Janr€7 2.50 7.7 1437 2.5 Lamar H519-3UV 11.85 $1,573 1961 $216 7.3
FIRE SIATICN 7 Ooettl ACO-31 Jen-83 2.50 5.4

FHE SIATICN 7 Cbettl 1)04-62 Jan-83 4.50 6.9
FIRE SIATICN 9 Carrier 5ePQ008510 Jan-84 7.50 7.6
FIFE STWICN 9 Carrier 50PQ012510 Jen-84 10.00 8.2
FIRE SIATICN 9 Carrier 50YOM8400 Jan-84 4.00 7.5

FIRE SIATICN 9 Carrier 50YQ024300 Jav-84 2.00 7.9
FIRE SIATICN 10 Vfestinghotse BOA B24R1A Jan-75 2.50 7.2 1714 2.5 Carrier 38OB30 9.55 $1,472 1758 $193 7.6
FIRE SIATICN 10 Gbettl PCW52-3 Jan-83 4.50 7.1
FIRE SIATICN 11 Ybrk EF60-25E Jan-77 5.00 6.3 1629 4.0 Trane BIC048D 8.60 $1,710 4148 $456 3.7

FIRE SIATICN 11 York EF60-25E Jan-71 5.00 6.3 1629 4.0 Trane BIC048D 8.60 $1,710 4148 $456 3.7
FIRE SIATICN 12 Ebyne 60RAC-1S8C Jan-70 5.00 7.0 2122 5.0 Larue 1614-651V 13.00 $3,107 8395 $923 3.4
FIRE SIATICN 13 Ooettl 704-63 JSn-83 5.00 6.2
FDE SIATICN 14 Oxttl 704-63 Jan-83 5.00 6.2

FIRE SIATICN 15 tem» IP8-653-V5Y Jan-77 5.00 6.6 1320 5.0 York E1CS060 8.50 $2,588 2682 $295 8.8
FIRE SIATICN 16 rtine 49 RPC-1S6 Jan-67 4.00 7.0 2044 4.0 Canot H514-511V 13.20 $2,604 6584 $724 3.6
FIRE SIATICN 16 Ooettl EHN 301 A Jan-84 2.50 7.7
FIRE SIATICN 17 Ooettl FBCU 601B lpc-85 5.00 7.5



TABLE 8 ‘(continued)
1 2 3 4 5 6 7 3 9 10 11

BLUDIfC tJrt: CNIT HHL t SIART TOS EFF FIN rac PEHAOHNr ran. EST DSIV/*V’CSsR SUGAR PAiSCX
CATE WSAF TCNS twS'Hm. i EER COST SAV2CS Sevres YEARS

FIFE sbucn 17 Cbettl !«3J 301 A Mpc-fS 2.50 7.7
fife sronctj 18 Cbettl HBCU-361A3 Jarv-84 3.00 8.4
FIFE SIRTICN 18 Cbettl HEU-361A3 Jan-84 3.00 8.4
FIFE SIATICN 19 E&Vre 60fpc isa; 5.00 7.5

FIFE SOOTCN 19 Cemax 168 653V5F Jan-75 5.00 7.2 1785 4.0 lerrac 1614-513/ 9.95 $2,604 4111 $452 5.8
FIFE SIATICN 19 larac HS8 653V5F Jan-75 5.00 7.2 1785 4.0 lerrac 1614-813/ 9.96 $2,604 4111 $452 5.8
FIFE SIATICN 20 Cbettl CH3-3A Jan-78 4.00 6.7 1015 4.0 terrac 1614-513/ 9.95 $2,6W 2374 $2& 10.0
FIFE SIATICN 20 York H342-2SA jan-78 3.50 7.0 1060 3.5 Larac I619-461V u.eo $1,889 2313 $254 7.4

FIFE SIATICN 20 Ttare Sep-84 2.50 8.6
FIFE SIATICN 21 Cbettl CW 5-ID jan-75 5.00 6.9 1548 5.0 Lerrac HS14-651V 13.00 $3,107 6314 $695 4.5
FIFE SIATICN 21 Cbettl X3M0 Jan-84 3.50 6.4
FIFE SIATICN 22 Ybrk PF60-25E Jan-77 5.00 6.3 1972 4.0 Trane BIC348D 8.60 $1,710 5024 $653 3.1

FIFE SIATICN 22 Ybrk EF60-2SE Jan-77 5.00 6.3 1972 4.0 Trane BIOWaD 8.60 $1,710 5024 $653 3.1
FIRE SIATICN 23 Carrier 48CC006500 CA Jun-84 5.00 7.3
FIFE SIATICN 23 Carrier 48ECO06500 CA Jin-84 5.00 7.3
FIRE SIATICN 24 York EF60-25D Jon-77 5.00 6.3 1508 4.0 Trane 80480 8.60 $1,710 3841 $423 4.0

FIFE SIATICN 24 York EF60-25D Jart-TI 5.00 6.3 1508 4.0 Trane HIC048D 8.60 $1,710 3841 $423 4.0
FIRE SIATICN 25 Cbettl XN-63 Jan-83 5.00 6.2
FIFE SIATICN 25 Cbettl 04-25-1 Jan-83 2.00 6.5
FIFE SIATICN 26 Cbettl XH-G Jan-83 5.00 6.2

FIFE SIATICN 26 Cbettl ACU—10 Jan-83 3.50 6.4
FIRE StATICN 27 fe>na 4EKC-1S6 Jbn-67 4.30 7.0 1636 4.0 Larac R614-511V 13.20 $2,604 5268 $679 4.5
FIFE SIATICN 27 Payne 30 RRC-IS6A jan-67 2.50 6.9 1612 2.S lerrac FS19-3UV 11.95 $1,573 2929 $322 4.9
FIFE SIATICN 28 York OH8-SA *j3rt”73 4.33 7.7 1323 4.0 lerrac 1614-811V 13.20 $2,604 4734 $621 5.0

FIFE SIATICN 28 York OO0-6A Jarv-73 2.50 7.7 1823 2.5 LENQC I619-3UV 11.E5 $1,573 2487 274 5.8
FIFE SIATICN 29 Ooettl E®aj-431A Jan-84 4.J0 8.0
FIRE SIATICN 29 York CA31-L3-A Jbn-67 2.50 7.7 1967 2.5 LH/JGC 1519-3 UV U.S $1,573 2484 296 5.3
FIFE SIATICN 30 York C3W8-12AY Jan-67 4.00 7.7 1632 4.0 LBNJC K614-511V 13.20 $2,604 4240 466 5.6

FIFE SIATICN 30 York CA31-10-A Jan-67 2.50 7.7 1632 2.5 Lerrac I619-3UV 11.85 $1,573 2227 $245 6.4
FIFE SIATICN 31 larox W8-653V-U. Jav77 5.30 6.6 1347 5.0 York E1CS060 8.50 $2,588 3956 $435 5.9
FIFE SIATICN 33 Ebyne 30 WC-ISS Jar>-67 2.50 6.9 2012 2.5 terrac I619-311V u.as $1,573 3654 $402 3.9
FIFE SIATICN 33 Eteyne 48 RPC-IS6 Jan-67 4.00 7.0 2041 4.0 tarac I614-5UV 13.20 $2,604 6575 $723 3.6

FIFE SIATICN 34 York CM 30-6A ^n-67 2.50 7.7 2049 2.5 Lerrac I519-3UV 11.85 $1,573 2796 $308 5.1
FIFE SIATICN 34 York CM 48-SC Jan-67 4.00 7.7 2049 4.0 Lenrox I614-5UV 13.20 $2,604 5322 $586 4.4
FIFE SIATICN 35 ECP 542E06CM> Se^-80 5.00 7.5 1100 5.0 Cbrrier 5tty/GSX6 9.30 $3,113 1467 $132 23.6
FIFE SIATICN 35 ECP 542ED6TFP Se(>-80 5.00 7.5 1190 4.0 lerrac OP15-513 8.30 $2,158 917 $83 26.1

FIFE SIATICN 35 HP 542E260RP Sep-80 5.00 7.5 1190 4.0 Lemcsc QP15-513 8.30 $2,158 917 $83 26.1
FIFE SIATICN 36 Vfestirghotse HI022C34 Jen—76 2.00 7.0 2006 2.0 tarac I61S-211V U.30 $1,367 2617 $288 4.7
FIFE SIATICN 36 Vfestingtcose W022434 Jan-76 2.00 7.0 2006 2.0 terrac I616-211V 11.30 $1,367 2617 $288 4.7
FIFE SIATICN 37 Carrier 48UXOSSH0 CA JIN-84 5.00 7.3



TABLE 8 -(continued)

1 2 3 4 5 6 7 3 9 18 11
aumnc LNIT ."WS'HrEL 1 START ms EER FLN fs: FEHXE-FNT FEH, EST CSnWV*IE?R S/TEAR PAiSOC
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fire smno) 37 Carrier 48IDCCGM a Jln-84 5.00 7.3
FOE SIMTCM 38 Intstton ACC04®>VAA *n-79 4.00 8.5
FIRE SUOTCN 39 Interthem acemssavaa Jcn-73 4.00 8.5
FIRE SWITCH 40 BtP 542 EP (360 Jan-82 5.00 7.6 1819 4.0 Ttane 8IC048D 8.60 $1,718 1670 $184 9.3

FIRE SIKTICN 40 we 542 EP *0 Jan-82 5.00 7.6 1819 4.0 Ttane BIC046D 8.60 $1,718 1670 $184 9.3
FIRE SWITCH 42 Carrier 3883006410 Jln-80 5.00 7.8 rna 5.0 York E1CS060 8.58 $2,588 1464 $161 16.1
FIRE TRMNEC JCWUtt EtF 566CP135 JLn-85 10.30 8.2
FEE TRAINING PCXEHt EtP S66CPU5 Jln-85 10.00 8.2

FOE TRAINEC XTCBtf we 58SGJ03O040 jm-85 2.50 8.2
FIRE TRAINHC POtBft ECP 599C0600IlPAaH in-78 5.00 7.0 1096 5.0 carrier 50-CV/(2G06 5/6 9.50 $3,034 2477 $223 U.S
FIRE TRAINCC POCDV HP 599CO6O01lEAtrH in-78 5.00 7.0 1098 5.0 Carrier 50-CV/O006 5/6 9.50 $3,004 2477 $223 U.S
FIRE UaiNIJG XJCTMf HP 559B04EPAC J&n-78 4.00 6.7 1051 4.0 Tore EnC048D 8.60 $1,718 1663 $150 11.4

FIRE TRMNUC KSOMf ECP 56ffl06OR3H. Jan-78 5.30 7.0 1098 3.0 terra 1614-413 18.48 $2,293 3077 $277 8.3
BfKSCt MD SRVICE Cay & SigTt 569CP060 J31-82 5.00 7.7 1657 5.0 terra 1614-653/ 9.45 $3,107 2391 $215 14.4
EREOSCf ffD SERVICE CBy & Nigtx 5ICK342 Jan-82 3.50 7.5 1614 3.5 terra 1619-1S1V 12.00 $1,889 3390 $35 6.2
FIRE RE3XKE JdT Carrier 36EAD39430 Jan-77 8.50 7.9 1233 8.5 Carrier ISBWB 9.58 $4,398 2681 $241 18.2

FIRE RESCUCE MJfT Kirk FF 60-25H Jan-77 5.00 6.3 983 5.0 terra 1614-653/ 9.45 $3,187 3121 $281 11.1
EEREOMIC .VIIS 3XG CE BCW090C33 in-76 7.50 7.8 447 7.5
HXtUMDG ARIS ELDC GE BCW0SCC2D jan-76 7.50 7.8 485 7.5
EtFECFMDC ARIS BUG CE 8OAL20C2D JSn—76 L0»20 8.0 348 7.5

ttltLWtlNG ARTS urn CE BoaeeauB Jen-76 5.00 7.2 435 5.0
EFREOWUC ARIS EUX2 CE HRA86CR3B Jen-76 5.00 7.2 435 5.0
PCRHWCDG ARIS OIG CE BOM90C2D J&n—76 7.50 7.8 276 5.0
FEFEOMEG ARIS aUE CE BCRA123ZS Jan-76 10.00 8.0 443 10.0

FERECmEG ARIS aCG CE 0CMU20C2D Jan-76 13.00 8.0 440 7.5
tti'ttw'tiJG arts piit. CE BCNU20C23 Jan-76 13.00 8.3 439 7.5
ARES S CRAFTS EtDG CE BCW(86CR3A J2n-73 5.00 7.2 369 4.0 Carrier 3SCJS348 8.15 $3,172 358 $32 98.4
ARIS & CRAFTS EtDG CE BOC06CB3E Jan-73 5.(30 6.9 578 5.0 Carrier 50QJ/CZXS 9.03 $3,118 1246 $112 27.8

ARIS & CRAFTS 3DG GE HJCL22AX Jan-73 10.00 8.0 356 7.5 Trane BCD90F/C 8.98 $4,708 539 $49 97.8
ARIS & CRAFTS EtDG CE BOC120A3C Jan-73 10.00 8.0 356 7.5 Trane HC39GF/C 8.98 $4,708 539 $49 97.8
ARIS & CRAFTS EtDG CE BG4CS60BE Jan-73 5.00 6.8 555 5.0 Carrier 50av/QZ3O6 9.00 $3,118 1197 $128 23.9
ARIS & CRAFTS EtDG <£ SOA36CR3A Jarv-73 5.00 7.2 398 4.0 carrier 38(}&ia 8.15 $3,172 387 $5 91.1

VBSH ADULT CENTER tarcx ? in-69 12.00 6.6 713 11.3 Trane BTCUaG 8.43 $5,608 1320 $299 18.8
WSI ADULT CENTER Cflrrrx ? Jen-69 12.00 6.6 710 11.0 Trane BIC130G 8.40 $5,608 3320 $299 18.8
VaSH AOZT CENTER Lamcx IP6-U53V-3EW Jav-69 10.00 6.6 710 10.0 Carrier 38AC012 9.00 $5,986 3443 $318 19.3



TRAKLOAD computer simulations described above. The recommended 

replacement manufacturer and model number in column 6 was determined 

from researching the latest HVAC equipment from Trane, Carrier, 

Lennox and York. A printout of all units researched for each 

manufacturer is included in Appendix B. In looking at the 

efficiencies in the Appendix it becomes apparent that some unit 

types, such as electropacks, have not improved appreciably in 

performance. This scenario will be evaluated later in the text.

The replacement Energy Efficiency Rating (EER) is shown in 

column 7. The estimated installed cost to replace the existing 

system appears in column 8 and includes labor costs from the 1987 

Mean Cost Data and 20 per cent for profit and overhead. The 

kilowatt-hour savings per year realized by replacing the existing 

equipment is presented in column 9 and was derived entirely from the 

increased efficiency of the new equipment. The equation used to 

calculate the savings was:

KWH/yr Savings = Unit Run Hrs/yr x Existing Unit Nominal Tons x 12

Exist Unit EER

- Unit Run Hrs/yr x Existing Unit Nominal Tons x 12 

Repl. Unit EER

The dollar savings per year in column 10 were calculated by 

multiplying the savings in column 9 by $.07 per KWH for large 

downtown buildings, $.09 per KWH for medium size buildings and $.11 

per KWH for the smaller buildings. It becomes obvious here that if 

a lower run time is used, the yearly savings will be lower which 

then affects the payback in column 11. Thus an erroneous estimate 

of system run time can cause a poor payback analysis which could 

eliminate potentially acceptable projects.
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ACTUAL EQUIPMENT TESTING

As was mentioned earlier, some results from the survey seemed to vary 

from the expected, so an actual testing program was initiated. This 

testing program was designed to produce actual documented data in place 

of the estimated audit information and then to evaluate the economics of 

equipment replacement with these results. A comparison of the 

consultants survey results and of the actual test data will be presented 

here. The information in question was the estimated run time on much of 

the air conditioning equipment, the Energy Efficiency Ratings on existing 

equipment, and the low Energy Efficiency Rating on the replacement 

equipment. Each of these areas will be expanded upon below.

Actual Run Time Testing

When the original report was evaluated the engineers at the Energy 

Conservation Office felt that the estimated run times of the chillers and 

the package units were somewhat low. Since this number becomes quite 

important in the final calculations it was determined that a sampling of 

the equipment would be tested for actual run time. Elapsed run time 

meters were installed on eighteen air conditioners throughout the city 

and read on a monthly basis. Recalling the equation used to calculate 

kilowatt-hour savings:

Kwh/yr Savings = Unit Run Hrs/yr x Existing Unit Nominal Tons x 12

Exist Unit EER

- Unit Run Hrs/yr x Existing Unit Nominal Tons x 12 

Repl. Unit EER

From this equation it can easily be seen that run time is critical to the 

savings calculation. The actual run time is compared to the estimated 

run time in Table 9.

Testing for Actual Energy Efficiency Rating
Another aspect of the survey that caused some questions was the fact that 

published Energy Efficiency Ratings were used in the above equation. One
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TABLE 9 - Test Result Comparison

CONSULTANT STUDY

BLDG TONS PUB
EER

REPLC
EER

RUN
TIME

KWH/YR PYBK 
SAV YRS

ACT
EER

RUN
TIME

KWH/YR
SAV

PYBK
YR

FAC MAINT 10.0 8.2 9.0 630 1261 26.5 4.75 2136 25,482 2.6

FAC MAINT 7.5 8.7 9.3 622 541 61.6 7.00 a 2187 6,954 7.0

NSC 5.0 5.6 9.0 669 2709 12.8 4.80 2307 13,458 2.6

SQ PK BRIEF 7.5 7.6 9.2 1651 3400 16.4 3.95 2516 32,714 1.5

FIRE #6 4.0 7.7 13.2 2468 6410 3.7 6.90 b 3074 10,206 2.3

FIRE #6 2.5 7.7 11.9 1437 1961 7.3 7.80 b 2498 3,284 4.4

FIRE #27 4.0 7.0 13.2 1636 5268 4.5 6.00 a 2598 11,337 2.1

FIRE #27 2.5 6.9 11.9 1612 2928 4.9 5.90 a 2446 6,245 2.3

FIRE #16 4.0 7.0 13.2 2044 6584 3.6 5.60 2044 10,087 2.3

FIRE #22 5.0 6.3 8.6 1972 5024 3.1 4.50 1972 12,535 1.2

FIRE #22 5.0 6.3 8.6 1972 5024 3.1 5.80 1972 6,642 2.3

FIRE #24 5.0 6.3 8.6 1508 3841 4.0 5.40 2000 8,269 1.9

FIRE #24 5.0 6.3 8.6 1508 3841 4.0 4.40 2000 13,319 1.2

FIRE #30 4.0 7.7 13.2 1632 4240 5.6 7.00 a 2076 6,686 3.5

FIRE #30 2.5 7.7 11.9 1632 2227 6.4 7.00 a 2770 4,859 2.9

WASH AC

NOTE:

10.0 6.6 9.0 710 3443 19.3 5.60 a 1939 15,697 4.2

ACTUAL TEST

a - Estimates using actual test results from other buildings, 
b - New equipment installed after consultant's study published.
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objective of this study was to determine the extent of degradation of 

HVAC equipment over the years, since published ratings would not reflect 

the lower efficiencies expected from equipment as it gets older. By 

using a higher Energy Efficiency Rating in the above equation it is 

obvious that the savings will be reduced and that paybacks will be 

increased. To determine if HVAC equipment does in fact run less 

efficiently over time, a sampling of buildings were tested for efficiency.

HVAC efficiency was discussed earlier in the text, and the equation 

for Energy Efficiency Rating was given as:

Energy Efficiency Rating = Net Cooling Capacity (Btu/hr)

Electric Input (watts)

Published values are calculated at designated operating conditions, 95 

degrees F dry bulb air on the condenser, 80 degrees F dry bulb and 67 

degrees F wet bulb on the cooling coil (evaporator), and 40 degrees F 

evaporating temperature.

Also the equation for determining the net cooling capacity is:

Net Cooling Capacity = Fluid Flow Rate x Temperature Differential x

Conversion Factor

or further stated:

Q (Btu/hr) = Air or Water (cfm or gpm) x Inlet Temp - Outlet Temp.(deg. 

F) x Conversion Factor

These variables and the test required to obtain them are outlined below. 

To provide a useful comparison, similar weather conditions to the 95 

degree F standard were approximated, which allowed only about two weeks 

of testing prior to the end of the cooling season.

Air Flow Rates. Air flow rates were obtained by the use of a duct 

flowhood. This instrument is capable of relatively easy measuring with 

acceptable accuracy. Both supply and exhaust air was measured for 

comparison but only the supply readings were used in the calculations. 
The flow rate equipment used for this test is listed in Appendix C.
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Water Flow Rates. An ultrasonic flow measuring instrument was used 

to record the water flow rate in chilled water systems. This instrument 

is also found in Appendix C.

Temperature Differential. Supply and return temperatures were taken 

with an electronic temperature analyzer. Temperatures were recorded just 

before entering the air conditioning unit and just after exiting the unit 

to reduce temperature losses.

Actual Kilowatt Usage. The kilowatt usage was recorded using a hand 

held kilowatt meter concurrent with recording temperatures and flow rates.

Using the data obtained by the above techniques the equations for 

efficiency and Energy Efficiency Rating could be calculated and compared 

to the presented ratings that the units had when new. Several pieces of 

equipment had been replaced since the audits were done and the new 

equipment was tested and compared to its published rating. Another 

aspect of the report worth bringing up was the fact that most units were 

replaced with the same types of equipment presently installed. It is 

interesting to note that the new packaged units have not improved 

efficiencies to any great degree and that if these units are replaced 

with higher efficiency heat pumps the savings will also increase, thus 

giving a still better payback.

MAGNITUDE OF EQUIPMENT REPLACEMENT OPPORTUNITIES

As was originally presented by the consultant's report, the opportunities 

for replacing equipment were not widespread. After some of the equipment 

was actually tested it became apparent that equipment replacement could 

make a bigger impact than was originally presented. Table 9 shows a 

comparison of the consultant's study and of the results from testing. 

Since the sampling was small, a more extensive testing program is being 

recommended to update the survey data with actual test data on all 82 

city buildings. Since the test conditions such as temperature and 

humidity will affect these test results, several tests are recommended 

with the results averaged for a more representative efficiency than the 

single test result.



Chapter 4 - Thermal Storage Demonstration
Project

INTRODUCTION

The City of Phoenix began energy conservation efforts in August of 1978 

with the creation of the Energy Conservation Office. This office was 

placed in the Public Works Department and coordinated by the Energy 

Conservation Manager. The first two years of projects dealt with 

low-cost/no-cost, fast-payback projects which where in abundance in city 

facilities. These projects included: the reduction of excessive 

lighting levels in non-task and unoccupied areas, turning off heating and 

cooling equipment in unoccupied areas, and enforcing temperature 

set-backs on water heaters and heating and cooling thermostats.

In July of 1980 the Energy Conservation Office turned to projects of 

a larger scope. Energy audits of the City's major facilities were 

completed and cost effective conservation measures were implemented. 

These innovative retrofits included variable capacity air and water flows 

in HVAC systems and efficiency improvements in water treatment plants. A 

portion of the savings these projects earned was put back into the Energy 

Conservation Office to continue conservation measures. In 1984 the 

Energy Office began to pursue thermal energy storage and in the following 

years installed three ice storage systems. The Energy Conservation 

Office continues to perform lighting retrofits and to install energy 

management systems. From the initial work completed on the HVAC systems, 

pumps and motors, it became obvious that substantial savings could be 

obtained by putting more efficient equipment into operation. This 

background led to the proposal to the Energy Task Force to investigate 

HVAC equipment with respect to its efficiency and to demonstrate results 

from an equipment retrofit. The research in this area has brought out
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some interesting observations concerning the operation of existing HVAC 

equipment and the actual efficiencies of this equipment.

DEMONSTRATION PROJECT

Site Selection

Selecting the location to do a demonstration project can be time 

consuming and nerve-racking. One aspect that helped the Energy 

Conservation Office in this process was the Technical Assistance energy 

audit discussed previously. With this type of audit completed and an 

equipment list compiled, the results can be used in any number of 

evaluations. The audit information was evaluated to narrow down the 

options for the equipment replacement demonstration site. As this 

project evolved it became apparent that it would be useful to look at 

thermal energy storage as an energy efficient and cost effective 

retrofit. With this in mind, the locations for the demonstration were 

reduced due to constraints such as space for storage, the utility 

servicing these sites, and buildings with existing chillers. The 

requirements for site selection for thermal storage were outlined in two 

previous reports, "Thermal Storage Strategies for Energy Cost Reduction" 

and "Thermal Energy Storage: An Application Guide for Local Governments", 

so will not be repeated here.

The South Phoenix Adult Center became the final site selection for 

the equipment replacement demonstration for these reasons:

* Adequate space existed for ice storage;

* The existing equipment was not working effectively and was 

scheduled for replacement;

* The utility that services the area has an advantageous 

time-of-use rate structure.
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Background on the South Phoenix Adult Center

The South Phoenix Adult Center was constructed in 1976 and the building 

has not been extensively modified. The building is used for activities 

for the elderly during the day, seven days a week, and is open for 

community club, exercise classes and craft meetings in the evenings five 

nights a week. Noon meals are prepared and served in the building to the 

elderly five days a week. The HVAC equipment and other appliances will 

be outlined below. Figure 2 shows the front entrance of the South 

Phoenix Adult Center.

Figure 2 - South Phoenix Adult Center

Ventilation. The building has five exhaust fans that ventilate the 

restrooms and a single kitchen hood exhaust fan. Exhaust venting was 

estimated at 2200 cubic feet per minute. Outside air make-up is made 

directly into the air handlers through ducts and the total intake was 

estimated at 3350 cubic feet per minute. Three relief hoods are located 

on the building to allow for the exhaust of excess inlet air.

Heating System. The building has heat strips located in the ducts of 

each of the five air handler units with a total available heating of 

375,340 BTUH. Four of the air handler units are single zone type while 

the fifth is a multi-zone unit. In the single zone units, heat strips
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are activated by two control modes. Outdoor temperature is monitored and 

the outdoor thermostat limits activation of the thermostats to the time 

when the outdoor temperature is below the outdoor thermostat set point. 

An indoor thermostat then regulates the two-stage heat strips to maintain 

indoor temperatures at the indoor set point. Temperature controls for 

the multi-zone air handler regulates mixing dampers on the hot and cold 

ducts out of the unit. On a call for heat from a zone thermostat, mixing 

dampers will close off the chilled air duct and open the heating duct to 

that zone. Once dampers are fully closed and zone temperature continues 

to decline, the thermostat will start activating heat strips in the 

heating duct. The heat strips are in a common duct that connects to the 

eight zone ducts. If one zone is calling for cooling and another zone 

requests heating, the potential for mixing heated and cooled air exists 

if a damper is in a partially closed position. Heating and cooling are 

controlled by a single thermostat without setback. During winter months 

no heating is usually required above a 62 degree F outdoor temperature 

when the building is in use and the lights are on.

Domestic hot water is provided by a single 480 volt, three phase 

electric water heater where a single nine kilowatt element provides heat 

for the unit.

Cooling System. The building had a single air cooled 50 ton chiller 

which circulated chilled water to each of the five air handlers. The 

four single-zone units utilize a three-way regulating valve to control 

the amount of water bypass around the cooling air handler coil. For the 

multi-zone air handler a constant volume of chilled water passes through 

the coil and zone temperature control is regulated by the air dampers 

that adjust the amount of cold air going to that zone. Chiller controls 

unload and shut down the compressor as chilled water temperature 

decreases. The cooling load at the Adult Center accounts for 

approximately 48 percent of the building electrical use.

Lighting Systems. The entire building utilizes fluorescent 

lighting. Light switches are provided to each room allowing lights to be 

shut off when the room is not in use. The average daytime light load was 

estimated at 21 kilowatt-hours or 1.49 watts/square foot and the night 

load was estimated at 8 kilowatt-hours. Total lighting accounts for 

about 21 percent of the building power usage and produces 59,000 BTUH of 
heat that must be removed by the building cooling system.
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Air and Water Distribution. Chilled water was circulated to the air 

handlers by a five horsepower chilled water pump. The pump operation was 

designed to be regulated by outside air temperature and if the outside 

temperature drops below the outdoor-temperature thermostat set point, the 

chilled water pump shuts down. The chiller was interlocked with the 

chilled water pump such that shut down of the chilled water pump 

automatically shut down the chiller. Air distribution through the 

building is provided by the five air handlers. The west wing, kitchen 

and auditorium are cooled by the single zone units and have return air 

ducts. The east wing utilizes a multi-zone air handler and the return 

air plenum is the space above the dropped ceiling.

Miscellaneous Equipment. The building is equipped with a kitchen for 

use in preparing noon meals for senior citizens. The equipment includes 

a freezer, refrigerator, dishwasher, coffee maker, range and stove. 

Other appliances include two water coolers, a soft drink machine and copy 

machine. It was estimated that this equipment uses about 3 kilowatts per 

hour of power and adds approximately 10,000 Btu/hr to the cooling load of 

the building.

Monitoring Existing Equipment

The testing procedure for air conditioning equipment has been explained 

in some detail in the previous chapter and will not be elaborated here. 

The previous equipment at the Adult Center was a 50 ton air cooled 

chiller, a reciprocating compressor and using R-22 refrigerant. This 

unit had been scheduled for replacement by the Air Conditioning Shop due 

to repeated maintenance requirements and poor cooling performance, so was 

chosen as the equipment to be replaced for this demonstration.

To calculate the operating efficiency of the existing equipment the 

following information was required:

* Kilowatt-hour and kilowatt demand;

* Supply and return chilled water temperatures and;

* Flow rate of the chilled water loop.
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The initial instrumentation selected to record continuous supply and 

return chilled water temperatures was a personal computer. This computer 

was outfitted with a hardware and software package which allowed 

temperature sensors to be attached to the supply and return plumbing and 

change the signal for the computer to read and record the data. These 

temperatures, plus ambient temperature, were logged at fifteen minute 

intervals. Each disk was capable of holding readings for approximately 

one month.

An ultrasonic flowmeter was used to record flow rate of the chilled 

water loop. This information was logged and since the flow rate remained 

constant until system replacement, the instrument was removed for use in 

other building testing.

To obtain an electrical power usage of the air conditioning equipment 

a kilowatt-hour and kilowatt chart recorder was installed. This 

instrument was capable of recording energy consumed and demand of the 

compressor, chilled water circulation pump, and the condensing fans on a 

continuous 24 hour basis.

Appendix C lists the equipment used in the demonstration.

Replacement Equipment Selection

In early evaluation for this project, it was determined that a thermal 

energy storage system would prove to be the most cost effective due to 

utility incentives and the time-of-use rate. Appendix D is a compilation 

of thermal energy storage systems currently on the market. Since the 

project was to replace inefficient equipment, an ice builder that 

utilized the existing chiller was not an option, therefore, an ice 

harvester was selected. The equipment specifications of the ice 

harvester can be found in Appendix C. According to the manufacturer's 

data the compressor efficiency is 1 kilowatt per ton when making ice, 

which was much more efficient than the original equipment efficiency of 

2.2 kilowatts per ton.
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Equipment Installation

Installation of the replacement equipment proceeded in the following 

sequence of steps:

* Site Preparation - Since the installation would take place at 

the beginning of summer, the old chiller had to stay in place 

until the new equipment was installed. The ice harvester was 

manufactured with all the required equipment; pumps, condensing 

tower, storage tank, compressor, and control wiring, mounted as 

a package. A concrete pad was required to accommodate the 

packaged unit, so a six-inch reinforced concrete slab was laid 

around the existing equipment pad. The site location was at the 

back of the building. Figure 3 shows the site preparation with 

the existing chiller still In place.

Figure 3 - Thermal Storage Location

* Placement of the Equipment Package - The installation was 

planned on a Saturday to reduce traffic congestion and because 

the building is only partially used on weekends when the cooling 

disruption would have a minimum impact. The, ice harvester was
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Figure

*

delivered on Saturday morning, June 6, 1987. A large crane was 

required to lift the old chiller out and the new thermal storage 

system into place. With the packaged arrangement, this phase of 

the installation took only four hours. Figure 4 shows the 

thermal storage package arriving at the Adult Center.

- Equipment Arrival

Electrical and Plumbing Connections - After the system was 

placed on the slab, electricity and piping connections were 

required. The 460-volt electrical power was taken from the old 

equipment junction box and routed to the control boxes on the 

equipment. This operation took approximately three hours and 

was done concurrently with the plumbing. The chilled water 

supply and return lines were cut from the old chiller and a 

short pipe run was required to reconnect the new system. This 

also took only about four hours and by the end of the work day 

on Saturday the new equipment was ready for testing. The large 

storage tank was filled with the use of a fire hose and a nearby 

Fire hydrant, and only required a few hours of time. Figure 5 

shows the system in place and ready for testing.
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Figure

*

Figure

- System In Place

System Test - On the following day, the equipment was tested to 

insure correct operation. By that evening the ice harvester 

was making ice and by the following morning a full tank of ice 

was ready for suppling chilled water to the building. Figure 6 

shows the ice plates and the tank with a full load of ice.

- System Ice Harvesting
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Improving Aesthetics - A seven foot slump block wall matching 

the building exterior was later built around the equipment. 

This accomplished several objectives; a) To improve the 

architectural appearance of the installation, b) To provide 

security to the equipment and controls and reduce unauthorized 

tampering with the system, c) To reduce the noise level of the 

equipment when it is operating. Figure 7 shows the thermal 

storage system in operation with the block wall installed.

Considering the magnitude of the installation and the time it would 

have taken to install each piece of equipment separately, the packaged 

arrangement saved considerable time and insured that the equipment would 

receive a useful test through the hottest part of the summer.
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Monitoring the New Equipment

After the old unit was removed, data collection began on the replacement 

system. The supply and return water temperatures and the ambient 

temperature continued to be recorded by the computer. A new flow rate 

was measured with the ultrasonic flowrate instrument and the chart 

recorder continued to record kilowatt-hours and kilowatts.

The chart recorder became quite useful for trouble shooting system 

problems that occurred in the following months. These problems will be 

discussed in the next chapter. An energy management system was in use to 

control air handlers in response to the building occupancy. This system 

had the capability to expand in the areas we required so was not 

replaced. In the first week of August a 1200 baud modem was added to the 

energy management system which allowed remote communication from the 

Adult Center and permitted the Energy Conservation Office to remove the 

computer from the building mechanical room. A pulse meter was later 

added to the energy management system which freed up the chart recorder 

and permitted remote kilowatt-hour and kilowatt data collection. Figure 

8 shows the computer in the Energy Conservation Office being used for 

data collection from the Adult Center.

Figure 8 - Remote Data Recovery
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RESULTS

The equipment kilowatts (demand) and kilowatt-hours (energy use) along 

with the chilled water supply and return temperatures were recorded for 

approximately six months starting in April 1987. Using the energy data 

from the chart recorder, a load graph for the previous equipment is shown 

in Figure 9 for Friday, June 5, 1987. It can be seen from this figure 

that the equipment is operating at full load or close to full load during 

the occupancy times. This profile does not look like the average load 

curve which would resemble a bell curve more closely and again brings out 

the fact that the original equipment was not cooling the building 

adequately. The equipment change was accomplished on June 6, 1987 and an 

example of the load profile of the new thermal storage equipment for 

Tuesday, June 9, 1987 is shown in Figure 10. The thermal storage 

equipment load was quite consistent throughout the test and averaged 

approximately 700 to 800 kilowatt-hours per day.

Demonstration Economics. The economics of the demonstration project 

can be presented in two ways. The first method uses the total cost of 

the replacement equipment while the second method deducts the cost of 

replacing the present equipment with a conventional chiller. The City of 

Phoenix had budgeted $45,000 for equipment to replace the existing 

chiller compared with a total cost for the thermal storage system, 

materials and labor, of $99,144. Using the total replacement cost and 

subtracting the utility incentive of $15,875, a somewhat lower cost of 

$83,269 is obtained. The Salt River Project, Thermal Energy Storage 

Incentive Program is outlined in Appendix E along with a copy of the City 

of Phoenix’s incentive application for the South Phoenix Adult Center.

The existing system run time was found to be approximately 1900 hours 

for the cooling season. From the test data obtained by the methods 

previously described, the existing equipment had an average Energy 

Efficiency Rating (EER) of 5.45 and a demand of 2.2 kilowatts per ton. 

The efficiency of the thermal storage system was given as an Energy 

Efficiency Rating (EER) of 12 and a demand of 1 kilowatts per ton, rated 

at 38 tons when making ice.
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Using the equation for energy savings outlined in chapter 3 and applying 

the results from the Adult Center yields:

KWH/yr Savings = 1900 hrs/yr x 50 tons x 12 - 1900 hrs/yr x 38 tons x 12

5.6 EER 12 EER

= 131,371 kwh/yr

Using the cost of electricity of $0.09 per kilowatt-hour as presented in 

chapter 3 for medium sized buildings the savings can be calculated as:

Yearly Savings = 131,371 kwh/yr x $0.09/kwh = $11,823

A simple payback will give an approximate measure of the overall 

economics of this equipment replacement and is accepted and understood by 

most managers evaluating the economics. First using the total 

replacement cost, minus the incentive, of $83,269 and the annual thermal 

storage savings of $11,823, the simple payback can be calculated as:

Simple Payback = $83,269 = 7 years

$11,823

Since this system was already scheduled for replacement, the 

difference of the cost for higher efficiency can be used in the 

economics. In the demonstration project, the cost difference for the 

thermal storage over a conventional chiller was $54,144 and deducting the 

incentive gives a total added cost of $38,269. Working the simple 

payback with this cost yields:

Simple Payback = $38,269 = 3.2 years

$11,823

The economics of higher efficiency equipment replacement for systems 

that are obsolete is quite good for thermal storage where an utility 

incentive improves the payback considerably. The replacement of low 

efficiency, but operable equipment, is still within most jurisdictions 
allowable limits.
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Chapter 5 - Summary and Recommendations

HVAC EQUIPMENT SURVEY

Although the study done by the contractor for the City of Phoenix was 

extensive, it did have some short-comings. It can be seen that this type 

of survey and equipment list would prove valuable to any municipality and 

is highly recommended. With access to an outline of this nature, the 

opportunities for efficient equipment operation and dollar savings is 

substantial. It is readily apparent that the City building survey is a 

useful tool, and it is also apparent that unless the data is accurate And 

complete the information will not prove helpful. The consultant's work 

was extensive and the list of equipment thorough, however, several 

miscalculations gave lower than expected savings and higher than 

acceptable paybacks.

Summary of Report Findings

Following is a summary of the consultant's findings in each of the 

various categories.

Chillers. The most promising energy conservation opportunity for 

centrifugal chillers was at the Municipal Building. Three options showed 

paybacks of five years or less with the best payback accomplished by 

reusing the shell of one of the existing 400 ton Trane chillers and 

replacing the compressor and motor with a 200 ton. The cost was 

estimated at $85,000 with an estimated savings of $21,000 per year for a 

payback of about four years. The conclusion for reciprocating chillers 

was that it is not cost effective to replace them because their 

efficiency has not improved significantly in recent years. When 

reciprocating chillers are due for replacement it will be beneficial to 
find the highest efficiency model available.
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Boilers. Boiler retrofit or replacement is limited because the City 

has few boilers and the number of annual heating degree days is low. A 

payback of 6.3 years is possible by replacing the existing Municipal 

Building boilers with five 150,000 BTUH gas-fired pulse combustion 

boilers, which will save about $2,300 per year.

Pumps. Many of the condenser water, chilled water, and hot water 

pumps are suppling excessive flow. Those pumps with variable frequency 

drive already installed but operating above design flow rates can save 

$32,000 per year by slowing the pump motors down to design flow. 

Significantly more savings can be achieved by using the variable 

frequency drive for automatic variable speed pumping based on building 

load conditions. For pumps below 7.5 horsepower a saving can be achieved 

by valve adjustment to reduce the flow to design.

Fans. Most fans have already been optimized by using variable air 

volume (VAV) fans which automatically vary the air flow based on actual 

building load. The cafeteria air handling unit and the Council Chambers 

multizone air handling unit at the Municipal Building can be slowed down 

with potential savings of about $1,000 per year.

DX Air Conditioning Units and Heat Pumps. There are a significant 

number of existing direct expansion air conditioning units and heat pumps 

that can be replaced with new optimally sized high efficiency units. 

Nineteen units can be replaced with an approximate five year payback and 

an annual total savings of $10,000. Another thirty seven units and be 

replaced for a savings of $11,600 per year and paybacks between five and 

ten years.

Summary of Actual Testing

The limited test results showed that energy savings are substantially 

increased when accurate run times and actual Energy Efficiency Ratings 

are used. It is the intention of the Energy Conservation Office to expand 

the testing program to include testing all 82 of the buildings and a 

possible retest program to verify the initial test results.

One aspect of the testing program that bears elaboration is the fact 

that this type of program can prove valuable for maintenance purposes. 

One test resulted in a low air flow rate requiring a filter change which 
brought the measured flow rate up to the design flow rate. When these
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two readings were used to calculate Energy Efficiency Rating, the low 

flow rate yielded a value of four while the higher flow rate with clean 

filters gave a rating of five. Also in testing the air flow it was found 

that one supply duct had no flow rate and upon closer investigation it 

was observed that the flexible duct was pinched closed. This type of 

testing program can actually find many maintenance problems that when 

corrected will improve the efficiency considerably and will prove more 

cost effective than equipment replacement. Looking back at Table 9, the 

deviation between the consultant's study and the test results can be seen.

THE DEMONSTRATION PROJECT

The comparison of the existing 50 ton chiller and the ice storage system 

was a little more complex than originally contemplated. First, the 

existing unit was not cooling the building adequately so in fact showed a 

lower kilowatt-hour usage than was expected. Secondly, the thermal 

storage system's published efficiency was used since actual testing of 

the system was more complex than the Energy Conservation Office could 

undertake. The results of the demonstration project did show that 

thermal storage could be cost effective utilizing the utility's 

time-of-use rate. Although it has been difficult to show energy savings 

on this type of equipment replacement, a dollar savings was recorded.

Lessons Learned

Some useful lessons were learned concerning the actual installation and 

operation of the demonstration project. The City had already installed 

two ice-building thermal storage systems , but this was the first ice 

harvesting system. The relative ease of installation was something the 

packaged arrangement allowed and which was essential in this project due 

to time constraints. A major problem that was encountered several times 

with this equipment was a system shutdown due to the thermal overloads on 

the motor starters and ultimately resulted in every motor overload 

protection being replaced with higher rated overload protection. This 
problem seemed to be the result of high circuit box temperatures which
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lowered the ratings of these devices. In most other climates the

protection shipped with the unit might have been adequate, however in 

Arizona they should all be increased to the next larger size. Another 

problem that was encountered concerned the system's high ice sensor and 

the nature of the ice buildup and burn-off. Because the ice mounds in 

the center of the tank and can become quite hard after settling, the 

sensor will not allow the unit to begin ice making until much of the ice 

is melted. During the critical periods of the cooling season this would 

lose an hour or more of ice harvesting and could cause a shortage of

chilled water before the on-peak time period was over. This situation

will be rectified with the replacement of a new high ice sensor.

FURTHER RESEARCH

The following areas bear further investigation by local governments 

considering equipment evaluation and replacement:

* More actual equipment testing to verify whether operational

problems are caused by improper maintenance or equipment 

inefficiency.

* Continued installation and evaluation of thermal storage for

both new and retrofit applications, to include phase change and 

chilled water storage to determine the most cost effective 

opportunities.

* Find the most cost effective and reliable test equipment for

performing the actual system testing.

* Continued investigation of utility incentives to maximize load

management and cost savings.
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Appendix B - New HVAC Equipment Energy
Efficiency Rating

ROOFTOP 6ftS PACKS 

NOMINAL
TON CAPACITY LENNOX YORK

2.5 MODEL 1 GCS10-311 D3EC030
PHASE 1 1
SEER/EER 7.9 8.5

3 MODEL » SCSI0-411 GCS10-413 DEC036DEC036
PHASE 1 3 1 3
SEER/EER 9.00 8.25 8.5 8.5

4 MODEL * BCS10-5U BCS10-513 D3EC04D3EC048
PHASE 1 3 1 3
SEER/EER 8.6 8.0 8.0 8.5

5 MODEL • GCS10-651 SCSI0-653 D3EC06D3EC060
PHASE 1 3 1 3
SEER/EER 8.7 8.0 8.5 8.5

7.5 MODEL * SCSI1-953 D1SS090
PHASE 3
SEER/EER 8.25 8.2

10 MODEL • SCSI1-1353 D1SS120
PHASE 3
SEER/EER 8.2 7.6

15 MODEL * SCSI1-1853 D1SS180
PHASE 3
SEER/EER 8.2 8.2

20 MODEL « SCSI1-2753 D1SS240
PHASE 3
SEER/EER 8.3 8.0

Note: SEER's are given for single phase units. 
EER’s are given for three phase units.
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ROOFTOP GftSPACKS (CON’T)

NOMINAL 
TON CAPACITY

2.5

3

A

5

7.5

10

15

20

CARRIER TRANE

MODEL # 4B-KLA130
PHASE 1
SEER/EER 9.5

MODEL i
PHASE
SEER/EER

MODEL #
PHASE
SEER/EER

48-KLA136
1
9.5

4B-KLA148
1
9.5

48-KLA036
3
8.5

48-KLA048
3
8.5

MODEL # 48-HV/HZ006 48-HV/HZ006 BYC060F
PHASE 1 3 3
SEER/EER 9.7 9.2 7.8

MODEL #
PHASE
SEER/EER

48-LV/HV/LZ/HZ008
3
9.2

BYC100G (8.5 Tons) 
3
8.3

MODEL «
PHASE
SEER/EER

48-DP/DR012
3
8.3

BYC130G (11 Tons) 
3
8.4

MODEL *
PHASE
SEER/EER

48-DP/DR016
3
8.3

BYC1706 (14 Tons) 
3
8.5

MODEL *
PHASE
SEER/EER

48-DP020 (18 Tons) SFHC20
3 3
8.0 9.0
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ELECTRflTOCKS

NOMINAL
TON CAPACITY CARRIER TRANE

2 MODEL * 50EE024 BTC024C
PHASE 1 1
SEER/EER 9.5 9.5

3 MODEL « 50EE036 50EE03S BTC036100B BTC036300B
PHASE 1 3 1 3
SEER/EER 9.5 8.4 9.75 8.35

A MODEL * 50EE048 3 50EE048 3 BTC048D BTC048D
PHASE 1 3 1 3
SEER/EER 9.5 8.2 9.2 8.6

5 MODEL « 50CV/CZ006 3 50CV/CZ006 5/6 BTC06061 BTC06063/4
PHASE 1 3 1 3
SEER/EER 10.0 9.5 9.0 8.25

7.5 MODEL « 50CV/CZ008 BTC090F
PHASE 3 3
SEER/EER 9.3 8.75

10 MODEL • 50DP012 BTC120P
PHASE 3 3
SEER/EER 8.3 8.65

12.5 M(»£L » 50DP014 BTC130G (11 Tons)
PHASE 3 3
SEER/EER 8.0 8.4

15 MODEL • 50DP016 BTC170 (14 Tons)
PHASE 3 3
SEER/EER 8.3 8.6

20 MODEL * 50DP020 SEHB200
PHASE 3 3
SEER/EER 8.0 8.42
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ELECTRfiPOCKS (COW'D
NOWINflL
TON CAPACITY LENNOX YORK

2 MODEL * CHA15-261 D2PF024
PHASE 1 1
SEER/EER 9.4 9.05

3 MODEL « CHA15-411 CHA15-413 D2PF036 D2PF036
PHASE 1 3 1 3
SEER/EER 9.2 8.5 8.85 9.1

4 MODEL # CHA15-511 CHA15-513 D2PF048 D2PF048A
PHASE 1 3 1 3
SEER/EER 9.3 8.4 8.55 8.5

5 MODEL * CHA15-651 CHA15-653 D4PF060 D4PF060A
PHASE 1 3 1 3
SEER/EER 9.45 8.8 8.4 8.3

7.5 MODEL * CHA11-953 D1CS090
PHASE 3 3
SEER/EER 8.25 8.2

10 MODEL * CHAU-1353 D1CS120
PHASE 3 3
SEER/EER 8.2 8.2

12.5 MODEL «
PHASE
SEER/EER

15 MODEL # CHA11-1853 DISSIBO
PHASE 3 3
SEER/EER 8.2 8.2

20 MODEL * CHA11-2753 D1SS240
PHASE 3 3
SEER/EER 8.3 8.0

Note: SEER’s are given for single phase units. 
EER's are given for three phase units.
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SPLIT SYSTEM HEAT PUMPS

NOMINAL
TON CAPACITY CARRIER TRANE

2.5 MODEL # 38QH030 3BQH030

IJ

PHASE 1 3
SEER/EER 9.0-9.55 8.0-8.75

3.5 MODEL « 38QH042 36QH042
PHASE 1 3
SEER/EER 9.35-9.5 B. !5-fl.5

5 MODEL » 3BQH060 38QN060
PHASE 1 3
SEER/EER 9.55-10.3 7.0-7.3

7.5 MODEL * 3860008 BMAOTOC

PHASE 3 3
SEER/EER 9.1 8.8

10 MODEL * 38AQ012 BHA120C

PHASE 3 3
SEER/EER 9.0 8.25

20 MODEL « 38AQ024 BWA24(€

PHASE 3 3
SEER/EER 8.2 8.2

LENNOX YORK

2.5 MODEL # HP16-311V E1CS030
PHASE 1 1

SEER/EER 9.1-9.25 9.0

3.5 MODEL « HP16-461V E1C5042
PHASE 1 1
SEER/EER B. 55-9.0 9.0-9.5

5 MODEL # HP14-651V HP14-653V E1CS060 E1CS060
PHASE 1 3 1 3
SEER/EER 9.95-11.0 7.95-8.45 9.0 8.5

7.5 MODEL * HP17-953V E1CH090
PHASE 3 3
SEER/EER 8.5 8.5

10 MODEL « HP17-1353V E1CM120
PHASE 3 3
SEER/EER 8.2 8.2

20 MODEL » HP17-1353V
PHASE 3
SEER/EER 8.2
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PACKAGE HEAT PUMPS

NOMINAL
CAPACITY CARRIER TRANE

2.5 MODEL * 5000030 5000030 BUC030C
PHASE 1 3 1
SEER/EER 9.0 8.9 9.5

3.5 MODEL * 50QQ0A2 5000042 BUC042D BHC042D
PHASE 1 3 1 3
SEER/EER 9.0 8.5 8.6 8.2

MODEL # 5000048 5000048 BUC048D BHC048D
PHASE 1 3 1 3
SEER/EER 9.0 8.2 8.75 8.05

5 MODEL * 50QV/QZ006 50QV/QZ006 BWC0606 BUC060G
PHASE 1 3 1 3
SEER/EER 9.6 9.0 9.05 8.1

7.5 MODEL # 500D/OH008 BUC090F/C
PHASE 3 3
SEER/EER 8.3 8.9

10 MODEL « 50P0012 BWC120F/C
PHASE 3 3
SEER/EER 8.2 8.2

LENNOX YORK

2.5 MODEL # CHP15-311 CHP15-313 B2SP030
PHASE 1 3 1
SEER/EER 9.05 8.0 8.3

3.5 MODEL • CHP15-461 CHP15-463 B1SP042
PHASE 1 3 1
SEER/EER 9.0 8.0 7.7

4 MODEL * CHP15-511 CHP15-513 B1SP048 B1SP048
PHASE 1 3 1 3
SEER/EER 9.55 8.3 8.0 7.75

5 MODEL * CHP15-651 CHP15-653 B2SP060 B2SP060
PHASE 1 3 1 3
SEER/EER 9.0 8.1 8.1 8.15

7.5 MODEL » CHP11-953 B1SP090
PHASE 3 3
SEER/EER 8.2 8.5

10 MODEL » CHP11-1353 B1SP120
PHASE 3 3
SEER/EER 8.2 8.3
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SPLIT SYSTEM A/C UNITS

NOMINAL
TON CAPACITY CARRIER TRANE

2.5 MODEL * 38ED030 38EN030
PHASE 1 3
SEER/EER 9.7-10.3 7.5-7.75

3 MODEL « 38ED036 38EH036
PHASE 1 3
SEER/EER 10.95-11.25 B. 1-8.9

3.5 MODEL * 38ED042 38EH042
PHASE 1 3
SEER/EER 9.5-10.8 8.0-8.3

4 MODEL * 38ED048 38EH04B
PHASE 1 3
SEER/EER 9.5-10.0 8.05-8.65

5 MODEL # 38ED060 38EH060
PHASE 1 3
SEER/EER 9.0-9.25 8.0-8.2

7.5 MODEL * 38BA008 BTA090C-M
PHASE 3 3
SEER/EER 8.7-9.5 8.75

10 MODEL • 3SAE012 BTA120D
PHASE 3 3
SEER/EER 8.1-9.3 8.8

15 MODEL • 38JB016 BTA1B0C-L
PHASE 3 3
SEER/EER 8.0 8.25

20 MODEL # 38AD024 RAUB-C20
PHASE 3 3
SEER/EER 8.0 8.2

25 MODEL « 38AD034 RA1B-C25
PHASE 3 3
SEER/EER 8.0 8.5

40 MODEL • 38AD044 RAUB-C40
PHASE 3 3
SEER/EER 7.5 6.4

Note: SEER's are given for single phase units.
EER’s are given for three phase units.

SEER's and EER’s vary with selection of indoor coil.
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SPLIT SYSTEM A/C UNITS

NOMINAL
TON CAPACITY LENNOX YORK

2.5 MODEL * HS1S-311V H1CF030
PHASE 1 1
SEER/EER 10.15-11.85 10.0

3 MODEL # HS14-411V HS14-413V H1CF036 H1CB036
PHASE 1 3 1 3
SEER/EER 11.8-13.3 9.2-10.4 10.0 8.4

3.5 MODEL # HS19-461V H1CF042
PHASE 1 1
SEER/EER 10.65-12.0 10.0

4 MODEL # HS14-511V HS14-513V H1CF048 H1CB046
PHASE 1 3 1 3
SEER/EER 11.3-13.2 9.1-9.95 9.7-10.0 8.5

5 MODEL # HS14-651V HS14-653V H1CF060 H1CB060
PHASE 1 3 1 3
SEER/EER 10.85-13.00 8.4-9.45 10.0 8.2

7.5 MODEL # HS17-953V H1CT090
PHASE 3 3
SEER/EER 8.4-8.75 7.05

10 MODEL # HS17-1353V H1CT120
PHASE 3 3
SEER/EER 8.2-8.5 7.15

15 MODEL # H517-1853 H1CT180
PHASE 3 3
SEER/EER 8.75 7.2

20 MODEL * HS17-2753 H1CA240
PHASE 3 3
SEER/EER 8.55 8.3

25 MODEL • H1CA300
PHASE 3
SEER/EER 8.4

40 MODEL * H1CA480
PHASE 3
SEER/EER 7.9

Note: SEER’5 are given for single phase units.
EER’s are given for three phase units.

SEER’s and EER's vary with selection of indoor coil.
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Appendix C - Equipment Used

DEMONSTRATION

Original Chiller:

Thermal Storage:

Instrumentation

Computer:

Scanning System:

Temperature 

Sensors:

Climatrol, Model No. LRS05001, Nominal Rating - 50 

tons Air-Cooled Reciprocating Compressor, Power Supply 

- 460/3, 84 amps, Six Fans 460/1, 2.3 amps.

Turbo Refrigerating Co., Model No. HP-400B SCE, 

Compressor - Royce Model No. CG60NTA, Reciprocating, 

Refrigerant R-22, Compressor Motor - Lincoln, 60 hp, 

406/3, 77 amps, Evaporative Condenser - Vilter Model 

No. VGF 50, Fan Motor - Lincoln, 1 hp, 460 v, 2.15 

amps Pump Motor - Century/Scot, 1/2 hp, 460 v, 1 amp. 

Recirculating Water Pumps (2) - Siemems-Allis, 

Centrifugal, 3 hp, 460 v, 4.2 amps.

IBM-PC Personal Computer, 256k Ram, Two Floppy Disk 

Drives, Monochrome Monitor.

Omega Engineering Analog Scanning System, Model No. 

WB-AI0-B8, Eight Channel, Analog-to-digital Conversion 

Board and Datalogging System for the IBM-PC.

Four, Type E Thermocouples, Omega Part No.CXSS-18G-12, 

Extension Wire, Omega Part No. EXTT-E-20-TCB-100, 
Temperature Measurement Handbook, Omega Part No. OP-1.
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KWH Meter: Esterline Angus, Miniservo III, Power Supply Demand 

Recorder, Model No. MS 413B.

Flowrate (water): Polysonics Ultrasonic Flowmeters, Model No. UFM 84P.

TEST INSTRUMENTATION

Flowrate (air): Shortridge Instruments Flowhood, Model No. CFM-80.

Temperature: Imperial Eastman Model A-8 Electronic Temperature

Analyzer.

Elapsed Run Time: Cramer Type 635K.

KWH Meter: TIF Instruments, 2000 Wattprobe, Clamp-on, Digital

Wattmeter.
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Appendix D - Manufacturers of Thermal Storage
Equipment

1. CALMAC Manufacturing Corporation

Manufacturers of brine-type ice banks, featuring spiral-wound mats 

of plastic tubing in cylindrical tanks. Available in 60, 90 and 

100 ton-hour sizes.

150 South Van Brunt Street, P.0. Box 710, Englewood NJ 07631 

(201) 569-0420 (212) 586-5178

2. Turbo Ice Systems Company

Manufactures high-efficiency, dynamic, ice-harvesting equipment. 

Packaged systems include ice-maker, storage tank and controls.

P.0. Box 396 Denton TX 76202 (817) 387-4301

3. Transphase Systems Incorporated

Manufactures containers of eutectic salts which provide latent cool 

storage of 44 btu's per pound at 47 degrees F. System design and 

installation services are offered.

16552 Burke Lane, Huntington Beach, CA 92647 (714) 893-3920

4. National Integrated Systems

Manufactures direct-expansion ice builders, featuring durable copper 

expansion coils, fiberglass-lined tanks and integral subcooling. 

System design and installation services are offered.

1700 West Katella Avenue, Suite 360, Orange CA 631-4831

- 75 _



5. Baltimore Aireoil Company Incorporated

Manufactures classic direct-expansion ice builders, featuring steel 

pipe coils, galvanized steel tank and air-agitation to improve the 

uniformity of ice building. Twenty-one standard sizes from 120 to 

950 latent ton-hours.

P.0. Box 7322, Baltimore Maryland, 21227

6. Chester-Jensen Company Incorporated

Manufactures direct-expansion ice builders, featuring unlined steel 

tanks, 1 1/4 inch schedule 40 steel pipe coils, and air-agitation. 

Forty three standard sizes from 1,000 to 100,000 pounds of ice 

capacity.

Main Office and Factory, Fifth and Tilghman Streets, Chester PA 19013 

(215) 876-6276

7. Perma-Pipe

Manufactures direct-expansion ice banks. Unique tank design consists 

of a 40 foot long cylinder of spiral-welded, 1/4 inch steel, pressure 

rated at 125 psig for closed systems. The tanks are designed to lie 

horizontally and may be stacked three deep. Casing is suitable for 

direct burial. Coils are 1 1/4 inch black steel pipe.

7720 Lehigh Avenue, Niles Illinois 60648, (312) 966-2150

8. Sullair Thermal Systems, Incorporated

Manufactures direct-expansion ice builders, with matching 

rotary-screw compressors, liquid refrigerant recirculation packages 

and custom microprocessor control systems. Design assistance and 

installation guidance provided. Will lease, operate and maintain 

total systems.

3700 East Michigan Blvd. Michigan City IN 46360, (219) 874-1500
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9. Thermal Storage Technology Inc.

Manufactures a phase change system with a latent heat of fusion of 

92 btu per pound at 46 degrees F and a high efficiency heat 

exchanger.

909 South Santa Anita Ave., Suite G, Arcadia CA 91006 

(818) 447-0897 (818) 447-0898

10. Ditt Sigma Inc

Distributor for "Cryogel" ice ball storage system. A four inch 

plastic ball with dimples for expansion/contraction and filled with 

water.

1255 23 Rd Street NW Suite 450, Washington D.C. 20037,

(202) 659-4333

11. Reaction Thermal Systems Inc.

Manufacturers of a storage system using polyethylene containers 

filled with deionized water, a storage module, and a high efficiency 

shell and tube heat exchanger.

Lafayette, Ca. 94549, (415) 284-3828

(2622U)
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Appendix E Salt River Project Thermal 
Storage Incentive Program

THERMAL 
ENERGY STORAGE

A PROVEN TECHNOLOGY
It's a simple concept — air conditioning equipment operates during 

off-peak hours to chill water, make ice or freeze salts and store the 
cooling in large tanks. During on-peak hours, such as on a hot 
summer afternoon, only fans and pumps are needed to provide 
cooling to the building, saving money in the process.

Using less energy during times it costs most to produce and using 
it when it is cheap to produce saves both the user and the utility 
money. It also helps utilities like Salt River Project delay the need to 
build expensive new generating stations.
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HISTORY

BENEFITS

SRPs TES 
INCENTIVE 
PROGRAM

Thermal Energy Storage is no new kid on the block — it was first 
used at the turn of the century to cool churches and auditoriums, 
buildings that needed lots of cooling for short periods. Ice was used in 
those days — ice delivered from ice plants to churches kept people 
cool, comfortable and happy during the service.

Thermal storage again appeared in the 1970s. Large commercial 
customers were very interested in the technology and the savings it 
provided for air conditioning. Today, thermal energy storage systems 
operate in large and small commercial and industrial buildings in this 
country as well as Canada and Japan.

• Cost effective for either new construction or retrofit applications.
• Lower energy costs, either by decreasing demand costs or using 

optional time-of-day electricity rates.
• Increased building value from increased revenues.
• System maintenance can be done during daytime hours, avoiding 

overtime, when the units are off.
• Provides increased leasing advantage to building owners.
• Can add cooling capacity without adding expensive refrigeration 

equipment.
• Easier and less expensive weekend air conditioning.
• Colder air can be used to reduce the size of the ducts, fans and 

coils — the items that distribute the air in a building. Architects are 
sure to make use of the extra space.

• Can easily be controlled with present-day energy management 
systems, time clocks and DDC controls.

• Night cooling more efficient due to cooler outdoor temperatures.
• Fire protection for building can be increased by pumping the stored 

water into the sprinkler system.

To encourage commercial and industrial customers to install 
thermal storage systems for load shifting. Salt River Project offers 
financial incentives to help with the first costs.
AMOUITC $250 per kW shifted for the first 300 kW; $115 per kW 
shifted from 300 kW to the program limit of 500 kW.
PAYMENT SCHEDULE: Customers receive full payment upon 
completion of the project.
APPLICATION PROCEDURE: Customers must meet all program 
requirements and send the documented information to SRP’s Energy 
Services Department with a signed and stamped letter from an 
Arizona Registered Professional Engineer (PE).

CONVENTIONAL SYSTEM

—WWW-----
COOLING LOAD

CHILLER

STORAGE SYSTEM—wvww—
COOLING LOAD f

THERMAL STORAGE TANK

CHILLER
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THERMAL The three common storage media are:
STORAGE MEDIA 1. CHILLED WATER—Often used for extremely large cool storage

situations. Care must be taken to ensure that cold stored water does 
not mix with warmer return water. Cooler nighttime temperatures add 
to higher chiller efficiencies with this media. Existing chillers make 
ideal applications for retrofit storage applications. The chilled water 
tanks can be located in a basement, under a parking lot, or under a 
landscaped courtyard.
2. ICE STORAGE—Takes advantage of the greater cooling capacity of 
ice as compared to water. Therefore, ice storage systems are 
significantly smaller than chilled water systems. Several types of ice 
systems exist; some drop ice into storage tanks, others build ice on 
copper refrigerant tubes, and others use glycol to freeze ice in tanks.

Refrigeration systems that make ice usually are less efficient than 
ones that chill water because of the colder evaporator temperatures 
required. Coils, fans, pumps and ducts can be downsized when colder 
water is used. Existing equipment, however, may not be able to reach 
the lower evaporator temperatures needed to make ice, so, in these 
cases, users must buy new equipment
3. EUTECTICS — Use materials which can freeze at temperatures 
higher than 32 degrees F. For this reason, eutectic solutions can be 
frozen using less energy than needed to freeze water.

Available technology can use eutectics in storage tanks that can be 
30 percent or more smaller than chilled water tanks. Eutectic systems 
are ideal for retrofit applications because they can use existing chiller 
equipment

TES STRATEGIES Two common strategies exist which help reduce a building's cooling
costs.

FULL STORAGE SYSTEMS — Achieve maximum demand 
reductions. Storage is sized to store enough thermal energy to meet 
the next day’s cooling load. Chillers operate at night, during off-peak 
hours, and are “locked out” during the next day's on-peak hours. This 
reduces the building's peak electric demand dramatically. The result is 
reduced demand charges and cheaper electricity rates for those 
customers on a Time-of-Day rate.

PARTIAL STORAGE SYSTEMS — Sometimes can be more 
practical economically in new construction and expansion. A chiller is 
sized to give a part of the building's peak load. The unit runs 
continuously and charges the cool storage at night and cools the 
building during the day. The additional cooling need comes from the 
cool storage. The benefit is that energy costs are minimized by 
keeping the kW demand low for the building.

CONVENTIONAL COOLING SYSTEM FULL STORAGE SYSTEM 
Peak Demand — 1400KW Peak Demand - 900 KW

PARTIAL STORAGE SYSTEM 
Peak Demand — 1240 KW

! COOLING

FANS & PUMPS
:C00LINGi

LIGHTSLIGHTS

BASE LOAD'

TIME OF DAY TIME OF DAY

f~misc—i

tooling:

TIME OF DAY
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PROGRAM
REQUIREMENTS

SRP's TES incentive program requires the peak electric demand 
(kW) of a reasonably designed conventional cooling system be 
compared with the system designed with thermal energy storage.

Comparisons will consider not only the refrigeration loads, but also 
pumps, heat rejection equipment and air handling equipment. Each 
part of the avoided peak load must be calculated and documented on 
engineering worksheets. Documentation should include a system 
schematic and specifications on each major piece of equipment.

Calculations must be signed by a professional engineer registered 
in Arizona. Calculations must bear the stamp of the engineer and a 
statement certifying that the calculations comply with the program 
requirements.
Calculations should follow these guidelines:

They must be based on a 24-hour chiller load pro/i/e, calculated using 
an hourly simulation model. The same calculation method or computer 
program must be used to calculate the peak kW for both the 
conventional and the thermal energy storage system.

For new buildings, SRP assumes an average chiller efficiency of at 
least 0.7 kW/ton for the conventional system.

For retrofits, SRP assumes the following average chiller efficiencies for 
existing equipment:

Centrifugal .85 kW/ton
Screw .90 kW/ton
Reciprocating 1.25 kW/ton

The same operating conditions (interior temperatures and humidity 
requirements, hours of equipment operation, etc.) are assumed for load 
calculations in both conventional and base case conditions.

Peak electric load of chilled water pumps, condenser water pumps, 
fan motors, etc. will be based on the nameplate horsepower or full load 
amperes.

Both basecase and therrmd energy storage systems should be sized 
based on ASHRAE design conditions.

For full storage systems, an automatic time clock must lock out 
operation of the refrigeration equipment for the full 10-hour peak period 
(noon to 10 pm.) In the summer.

SALT RIVER PROJECT

AN EQUAL OPPORTUNITY EMPLOYER
30MO«»H00
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Energy Conservation Office
Public Works Department 
2631 South 22nd Avenue 
Phoenix, Arizona 85009

June 9, 1987

CITY OF PHOENIX

Roger Kirkman 
Salt River Project 
P. 0. Box 52025 
Phoenix, Arizona 85072

Dear Roger,

The City of Phoenix is Installing a Thermal Energy Storage System at the South 
Phoenix Adult Center. This letter and the attached information is in response 
to SRP's Thermal Energy Storage Incentive Requirements. The folllowing informa­
tion is Included with this correspondence:

1. Specifications of the Turbo Refrigerating Company, HP 4008 Equipment.

2. Calculated KW demand shift.

3. Load simulation using Turbo 1.02 for the building load and for the ice 
storage load shifting.

4. System schematic.

A 63.5 KW demand shift was calculated using the Incentive Program guidelines. 
At $250.00 per KW shifted the Incentive for this project has been calculated 
at $15,875.00.

If you should have any qestions about the information provided, do not hesitate 
to give us a call. Thank you for your cooperation.

Energy Conservation Manager

DST:st

Attachment
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Figure 11 - Darshan Teji, Energy Conservation Manager, accepts the 
thermal storage incentive check from Roger Kirkman, Salt River 
Project representative.
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REPORT AND INFORMATION SOURCES

Additional copies of this report, "HVAC Equipment Replacement for 

Best Size and Efficiency," are available from:

Publications and Distribution 

Public Technology, Inc.

1301 Pennsylvania Avenue, NW 

Washington, DC 20004

For additional information on the procedures and results from this 

project, or for more information on the overall energy management 

program in the City of Phoenix, please contact:

Darshan Teji

Energy Conservation Manager 

2631 South 22nd Avenue 

Phoenix, AZ 85009

Two previous projects conducted as a part of the Urban Consortium 

Energy Task Force program by the City of Phoenix were used as bases 

for much of the work described in this report.

o "Thermal Storage Strategies for Energy Cost Reduction"

-- Pub. No. DG/85-307

o "Thermal Energy Storage: An Application Guide for Local 

Governments"

— Pub. No. DG/87-302

Copies of these two additional reports are available on request from 

either PTI or the City of Phoenix.

C2622U) DG/87-301

2/88-100


