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A Brief Introduction

Welcome to TRACE 700—comprehensive analysis software that
helps you compare the energy and economic impact of building-
related selections such as architectural features; heating,
ventilating, and air-conditioning (HVAC) systems; HVAC
equipment; building utilization or scheduling; and financial
options. Simplifying these detailed analyses lets you optimize
your building-system designs based on energy utilization and life-
cycle cost.

In new construction projects, be sure to perform the detailed
energy and economic analyses early in the planning process. By
doing so, the building owner and project team can productively
use the results of these analyses to facilitate design decisions.

The TRACE 700 program can also be invaluable for assessing the
energy and economic impact of building renovation or system
retrofit projects.
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About TRACE 700

1\

Uninstalling the program

will not remove your
project files.

A Brief Introduction
About TRACE 700

Package contents

The TRACE 700 software package includes the following
software and documentation:

TRACE 700 CD-ROM

Feedback form

TRACE 700 User’s Manual

Getting Started Manual

Output Interpretation

Other PDF manuals

The TRACE 700 CD-ROM contains everything you need to install
and run the TRACE 700 application.

For information about the software and hardware needed to use
TRACE 700, refer to the ReadMe file on the CD-ROM.

Installing TRACE 700

The TRACE 700 program must be installed on and run from your
hard disk or the network hard disk—you cannot run the program
from the CD-ROM. Installation instructions are available in the
ReadMe file on the CD-ROM.

Uninstalling the program

If you ever need to remove the TRACE 700 application from your
PC, use Add/Remove Programs in the Windows Control
Panel. This command removes all TRACE 700 components
except for files shared by other applications.

Note: If you customized any of the TRACE 700 libraries, be sure
to export them before uninstalling the program. Consult online
Help (F1) for instructions.

Starting TRACE 700

Start the TRACE 700 program just as you would any software
application. Do one of the following:

TRACE 700 User’s Manual ¢ CDS-PRMO001-EN



m Double-click f: on the desktop.

m From the Start menu, select Program Files CCID.S.
Applications _TRACE 700 _TRACE 700.

Note: The above sequence is correct only if TRACE 700 is
installed to the default folder.

Learning TRACE 700

Trane provides a variety of options to help you learn TRACE 700,
including this User's Manual, the Getting Started manual, the
Knowledge Base Center, online Help, and easy access to the
Trane home page on the World Wide Web (personalized training
is also available). Click Help, and from the Help menu click Trane
on the Web. There you can find technical support, service
releases to download, and other forms of user assistance (usage
tips and training opportunities, for example), as well as
information about other Trane products and services.

This manual

The TRACE 700 User’s Manual contains step-by-step instructions
to help you model common HVAC system options and control
strategies. It assumes that you have a working knowledge of
your computer and its operating conventions, including how to
use a mouse and standard menu commands.

This guide also assumes that you know how to open, save, and
close files, and that you can use My Computer and Windows
Explorer proficiently. For help with any of these techniques,
please refer to your Windows documentation.

Chapter 2 of this guide explains how TRACE 700 is organized,
both behind the scenes and on screen.

Electronic manuals
The following references are installed with the program. To view
one of these electronic manuals, select it from the TRACE 700
folder under C.D.S. Applications in the Start menu.

m TRACE 700 Getting Started Manual, cds-prm002-en.pdf

m TRACE 700 User's Manual, cds-prm001-en.pdf

m Design Output Interpretation
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Adobe Acrobat® Reader software is required to view these and
other technical documents included on the program CD-ROM.
You can download the latest version of Acrobat Reader, free of
charge, from the Adobe Web site, www.adobe.com.

Samples

Some example projects in the CDS\TRACE700\PROJECTS
subdirectory, COMPLETEDTUTORIAL.TRC and
TUTORIALTRC.TRC, will help you get started. Explore each file to
acquaint yourself with the entries for modeling loads and
systems in the TRACE 700 environment.

The electronic TRACE 700 Getting Started Manual provides a
tutorial, which demonstrates the steps used to perform various
program functions.

Online Help

The online Help for TRACE 700 describes how to perform basic
tasks (for example, creating rooms and assigning loads to the
HVAC system). It also provides detailed information about each
program entry.

To start online Help
Do one of the following:

On the Help menu, click Contents.

Press F1.

Click & on the toolbar.

From the Start menu, select Program Files CID.S.
Applications _TRACE 700 [Help.

To identify a tool or control

Position the pointer over a tool or control and pause. A ToolTip
appears, showing the name of the item. For more details, look up
the name of the item in the online Help index.

Internet resources

If your system is connected to the Internet and a \WWeb browser is
installed, you can use your computer to access the TRACE 700
home page on the Trane Web site.
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The TRACE 700 home page provides links to downloads,
support, and on-site training. You can also subscribe to a news
service to ensure that you are automatically notified whenever
new information is available.

To visit the Trane Web site:
1 Go to the Trane home page at www.trane.com and click
“Commercial and Industrial.”

2 Click Products.
Click Software on the list to open the C.D.S. Software page.

4 Under "Analysis Tools,” click TRACE 700 for information regarding
the software. If you have a customer number, click “Knowledge
Base Center"” to view common questions and answers regarding
Trane software products.

Alternatively, either access the Internet and go to
www.tranecds.com, or from the TRACE 700 application, click
Help Trane on the Web.

TRACE 700 terminology

Like most software, the TRACE 700 program has a unique
vocabulary. Many of the terms will already be familiar. It is,
however, important that you understand the fundamentals
described here.

Rooms and zones

TRACE 700 defines a room as the smallest space for which it can
calculate a heating or cooling load. The space may be a large,
open-plan office that occupies the entire side of a building, or it
may be a conference room separated from adjacent spaces by
interior dividers.

Each room is bounded by surfaces that contribute to the heat-
transfer characteristics of the room. Walls and roofs describe
surfaces (including windows) that are exposed to the outdoors.
Partitions are interior dividers that separate spaces with
significantly different temperatures.

In addition to walls, roofs, and partitions, a room description
includes other factors that affect cooling and heating loads:
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internal loads (people, lights, and heat-generating equipment),
infiltration, and ventilation requirements.

Zones divide a building into separately controlled areas. Each
zone consists of one or more rooms that share similar heating
and cooling requirements. In a variable-airvolume (VAV) system,
for example, a VAV terminal typically serves several rooms. If you
model these rooms as a zone, TRACE 700 will calculate the
design capacity of the heating coil in the VAV terminal as well as
the design airflow for each room.

Systems and plants

In the TRACE 700 vernacular, system describes the distribution
of air to and from the conditioned spaces in the building.
TRACE 700 can model more than 30 types of systems in five
categories: variable volume, constant-volume mixing, constant-
volume non-mixing, heating only, and induction.

Each system type in TRACE 700 broadly describes the airside
components (coils, fans, and air paths) and the method used to
size them. If you choose to do so, you can refine the system
description by adding information about options (ventilation,
economizing, evaporative cooling, exhaust-air heat recovery).

Note: Block sizing is commonly applied to variable-airvolume
(VAV) systems. This method considers the schedules for
individual spaces and finds the collective maximum load that will
occur at any time. The program then determines fan and coil
sizes based on that maximum load. Peak sizing determines fan
and coil sizes based on the sum of the maximum load
requirements for individual spaces—it is typically used for
constant-volume (CV) systems.

Plant refers to the mechanical equipment that conditions the air
(heats, cools, humidifies, dehumidifies). Examples include
packaged air conditioners, chillers, boilers, and auxiliary
equipment such as pumps and cooling towers.

Templates and libraries

Often, several rooms in a building share similar thermostat

set points, construction, internal loads, and other design criteria.
Templates let you enter this information once and then apply it to
an unlimited number of rooms. If a design criterion changes, you
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Note: The TRACE 700
program includes a
separate Library/
Template Editors
program that lets you
view the detailed
information found in the
Standard templates and
libraries. You can also
use this program to
create new global
templates and library
members.

can either edit the description of the individual room(s) or edit the
template to automatically update all affected rooms.

Libraries contain the common design parameters for
construction materials, equipment, base utilities, weather, and
scheduling—all of which TRACE 700 uses to calculate building
and equipment loads. Much of the information in the libraries
reflects the design parameters published in the ASHRAE
Handbook-Fundamentals and similar industry references.

Refer to online Help for more information about these and other
TRACE 700 terms.

CDS-PRMO0O01-EN e TRACE 700 User's Manual A Brief Introduction 1-7

About TRACE 700



1-8 A Brief Introduction TRACE 700 User’s Manual ® CDS-PRMO001-EN
About TRACE 700



Program Overview

T\P
[ |
All TRACE 700
simulations of systems
and equipment are based

on data from the
manufacturer.

TRACE 700 comprises four distinct calculation phases that,
together, provide a comprehensive energy and economic
analysis:

load—design
system (air distribution) simulation
plant (airconditioning equipment) simulation

economic analysis

Calculations in the load—design phase provide sufficient detail
about the heating and cooling loads to evaluate the effect of
building orientation, size, shape, and mass, based on hourly
climatic data and the resulting heat-transfer characteristics of air
and moisture.

After the load—design phase is complete, subsequent
calculations simulate the operation of the building and associated
service systems for an entire year (8,760 hours of operation). The
results of these calculations can help you assess how annual
energy usage is affected by system design, climatic factors,
operating strategies, and mechanical equipment characteristics.

All TRACE 700 calculations use techniques recommended by the
American Society of Heating, Refrigerating, and AirConditioning
Engineers (ASHRAE), or produce results that are consistent with
ASHRAE recommendations. The calculations explicitly describe:

Climatic data, including coincident hourly data for temperature,
solar radiation, wind, and humidity, including seasonal variations

Structural attributes of the building, including orientation, size,
shape, mass, and heat-transfer characteristics of air and
moisture

Operational characteristics of the building and associated service
systems, accounting for temperature, humidity, ventilation,
illumination, and control modes for occupied and unoccupied
hours
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m QOperational characteristics of the HVAC system, accounting for
design capacity, part-load performance, and the effects of dry-
bulb and wet-bulb temperatures on equipment performance and
energy consumption

m Heat generated inside the building from illumination, equipment,
and the number of people inside the building during and after
normal hours of operation
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Calculation phases

Figure 2—1 illustrates the relationship between the four
calculation phases of the TRACE 700 program. It also
summarizes the type of information you must provide at each
phase, the kind of results to expect from each phase, and where

data from the TRACE 700 libraries is used.

Figure 2-1 Functional organization of TRACE 700
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T1\P

In TRACE 700,
libraries represent the
database that contains
common design
parameters for load
calculations, attributes
for common types of
HVAC systems,
and data provided by the
manufacturer, for specific
equipment.

»

T\P
TRACE 700 can simulate
more than 30 different
types of air distribution
systems. You can
combine these systems
in various ways to
accommodate the unique
application needs of the
building you are studying.

2-4 Program Overview
Calculation phases

A brief description of each calculation phase follows.

Phase 1: Load-design

Calculations performed during the load—design phase define
building cooling and heating loads at design conditions, by hour
and by system, zone, and space (as well as total for the building),
from information found in the Weather library for the city you
identify. The calculations account for coincident loading by
applying the schedules you define for items such as lights,
occupancy, and miscellaneous loads.

Beyond this, the program accounts for energy consumed by
systems that do not contribute loads to the airconditioning
system. Energy consumption of this type affects both the overall
energy demand of the building and the associated energy costs.

For TRACE 700 to perform these calculations, you must first
describe the construction, orientation, and location of the
building, as well as its utilization profile (schedules for lights,
occupancy, and miscellaneous loads).

Other required entries include the type of airhandling system;
the percentage of wall, lighting, and miscellaneous loads
assigned to the plenum; and the amount of outdoor air needed
for proper ventilation at design conditions.

By applying these entries to standard procedures outlined in the
ASHRAE Handbook-Fundamentals, TRACE 700 determines the
quantities of outdoor air and supply air, as well as the supply-air
temperature unless already specified by the user. The program
also calculates the design cooling load and the design heating
load for perimeter and interior spaces.

Phase 2: System simulation

During the second phase of calculations, TRACE 700 applies all
of the building variables that affect system operation—by air
distribution system and by hour—to translate building heat gains
and losses into equipment loads.

In effect, TRACE 700 follows the air as it travels throughout each
air-distribution system, gaining or losing heat and/or moisture
along the way.
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Completing the airside system simulation defines the equipment
loads for air moving, heating, cooling, and (where applicable)
humidification, by system and by hour.

Phase 3: Plant (equipment) simulation

The objective of the calculations in this phase is to translate the
equipment loads, by system and by hour, into energy
consumption by source. To accomplish that task, the program
applies the hourly equipment loads for each system and the

m relevant weather data. (Weather affects the overall part-load
efficiencies of the HVAC equipment whether air or water-cooled
For your convenience, condensing is used.)
the TRACE 700
Equipment library The loads are translated into energy consumption by source. The
already contains the scope of these calculations includes district hot and/or chilled
required information water and the total amount of makeup water required by a
about the part-load cooling tower—even the energy consumed by the crankcase
performance for ,Spec'f'c heaters of a reciprocating compressor.
HVAC equipment.

Required entries are limited to the types of airmoving, heating,
and cooling equipment used. For hydronic plants, you will also be
asked to enter the total head or maximum energy consumption,
and motor efficiency, for each pump.

Armed with this information, the program extracts the
appropriate performance information from the Equipment library
and converts the system loads to energy consumption.

Phase 4: Economic analysis

Put simply, the final phase of calculations determines how much
it costs to own and operate a building, including monthly and
yearly utility costs over the life of the HVAC system. To aid
system comparisons, TRACE 700 also computes various financial
measurements such as cash flow effect, profit and loss effects,
payback period, present worth of savings, and the incremental
return on the additional investment.

To complete these calculations, the program uses the energy
consumption calculated during the plant (equipment) simulation
and your entries, which describe utility rates, system installation
cost, mortgage life, cost of capital, and so on.
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Program layout

Now that you know how the program is organized functionally,
this section acquaints you with how the program is organized
physically.

Views

Performing a complete energy and economic analysis of a
building requires details about the building, the system, and the
kind of equipment used, as well as information about financing
and costs. The TRACE 700 workspace organizes these entries in
the following three ways.

Project Navigator view: organizes your entries by task. Each
task in the analysis process is represented by a button on the
floating Project Navigator palette. Clicking any of these buttons
opens a tabbed worksheet that prompts you for the information
needed to complete that step. Refer to Figure 2-2.

Figure 2-2 Project Navigator view
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The button arrangement represents the typical sequence of
entries, but you can enter information in virtually any order.

Note: The Project Navigator view displays the entries for only one
room, system, or plant at a time.

Project Tree view: organizes your entries by system, zone, and
room. The left-hand pane displays a hierarchical list of all of the
rooms, systems, and plants defined in the current project.
Selecting one of these items (a room, for example) displays all of
the attributes for the item in the right-hand pane. Refer to

Figure 2-3.

Figure 2-3 Project Tree view
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2-8

Program Overview
Program layout

Component Tree view: organizes your entries by attribute.
Selecting an attribute (room airflows, for example) displays all of
the airflow-related entries for all of the rooms defined in the
current project. Refer to Figure 2—-4. After completing the entries
in the Project Tree or Project Navigator view, use the Component
Tree view to check your work or make changes to a single
attribute for multiple rooms.

Figure 2-4 Component Tree view
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Other workspace elements

Menus across the top of the main TRACE 700 window organize
the commands that help you manage and work with the analysis
projects. A toolbar directly below the menus provides one-click
access to many of these commands.

Holding down a toolbar button or highlighting a menu command
displays a brief description of its purpose in the status bar at the
bottom of the TRACE 700 window. For additional information,

consult online Help.

Figure 2-5 TRACE 700 toolbar (Project Tree view)*

Add a floor
Add a partition
Add miscellaneous internal loads

Add a wall
Add a roof —l

Add a new alternative
Create a utility rate

Create recurring and/or
additional depreciable cost
Show summary information
for selected room, zone, or
system

NSHS s 2B eesed v"ow w B] AT

Create systems J

Assign rooms to systems

Create a room

Add a water-cooled unitary

Calculate results J

View results

Start Library/Template
Editors program

air conditioner Add a watersource heat pump
Add a water-cooled chiller Add a boiler
Add an air-cooled unitary Add electric resistance heat
air conditioner—‘ ’— Add a gas-fired heat exchanger

lele | SR E ¢ UHR %@

|— Add an air-cooled chiller
Add a heating plant

Add a cooling plant

Add miscellaneous accessory equipment
Add a base utility

*Note: The toolbars visible in the Project Navigator and Component Tree views are subsets of the one shown here. The

availability of toolbar buttons depends on the item currently selected.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

2-9

Program Overview
Program layout



Figure 2-6 TRACE 700 menus
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*Note: Availability of certain menus and commands depends on the current view, whether a project is currently open, and
the focus in the current window or dialog box.

2-10 Program Overview

Program layout

Color cues

As you work with the program, you will see that some of the
entry boxes are pale yellow or light gray instead of white, and
that some values are red or dark gray instead of black. Color
coding the entries in this fashion lets you distinguish between
entries that are:

changes not advised (red background)

commonly used (white background)

seldom used (pale-yellow background)

unavailable (light-gray background)

default values from templates (red text)

non-template or overridden template values (black text)
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Performing basic tasks

m The remaining chapters describe how to model common,
system-level HVAC options and control strategies. Rather than
TRACE 700 Help repeat many of the same steps for each example, this section
contains detailed summarizes each analysis task represented on the Project
information about each Navigator palette. For step-by-step instructions and other related

program entry. information, refer to the tutorial in the electronic TRACE 700

Getting Started Manual and to online Help.

ig Provide weather information

Local weather conditions, latitude and longitude, and elevation
affect the loads in a building. To provide this information, pick the
city that best represents the weather profile that the building will
experience.

The TRACE 700 database includes weather profiles for more than
500 cities around the world. Each profile details the design wet-
and dry-bulb temperatures, barometric pressures, wind
velocities, ground reflectance, saturation curves, and cloud cover.
This information helps the program to determine the conduction,
solar, infiltration, and outdoor-air loads in the building.

Figure 2-7 Provide weather information

Click Overrides to view | | | seeiun :
or modify the current s

weatherrelated values.

Click a region on the map to
select the representative
city (To change maps, use
the Options menu.)
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Figure 2-8 Create templates
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Note: Additional weather locations can be imported if necessary.
Refer to “Adding weather locations and activating the 8760
calculation methodology ” on page 6-167. Additional international
weather locations can be downloaded from:
htto//-www.tranecds.com

Create templates

Templates establish the default values for four types of room
attributes. Each template is defined on a separate tab:

Internal load(s) such as people, lighting, miscellaneous
equipment (personal computers, for example), and other sources
of heat within the room

Airflow(s), including ventilation, infiltration, supply (main, auxiliary
and VAV minimum), and room exhaust

Thermostat settings for the dry-bulb temperatures and driftpoints
during heating and cooling, as well as for relative humidity

Construction of the room—nheight, the types of windows and
skylights, and the materials that compose the heat-transfer
surfaces (exterior walls, partitions, roof, floor)

_Mendloed J_ diflow ] Themodst [ Coucin
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Figure 2-9 Create rooms
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As Figure 2-8 suggests, each room template is used to group the
four other templates together. Consider using templates to
streamline data entry.

Note: Global templates are stored in the TRACE 700 database
and are available to any project. Project templates become part of
the project (.TRc) file. For additional information regarding how to
use templates, refer to “Using templates” on page 6-125.

Create rooms

Remember that the TRACE 700 program defines a room as the
smallest space for which it can calculate heating and cooling
loads. Room attributes include construction, design airflows,
thermostat settings, and sources of heat (people, lights, and
equipment). If the building contains many similar rooms, use
templates to save time.

Before entering information about the rooms, decide how
detailed your analysis results should be.

For simple building designs, or when a close estimate of the
design loads is sufficient, refer to “Quick building inputs via the
New File Wizard” on page 6-110.

For complex building designs, or when accuracy is critical,
provide as much information as you can on each tab of the
Create Rooms window.

Project Navigator view
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Project Tree view
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Figure 2-10 Create systems
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Create systems

Adding an airdistribution system to a project is a matter of
choosing a system type. A majority of the information needed to
calculate coil loads and airflows is automatically provided, based
on the system type you select. However, system and building-
specific values such as fan static pressure, fan-motor location,
and so forth, should be defined.

If you wish, you can limit the range of design supply-air
temperatures or specify a minimum humidity level. You can also
add options such as dedicated outdoorair systems, evaporative
cooling, exhaust-air energy recovery, economizing, and
dehumidification controls.

Review the system defaults to verify that they are relevant to
your specific project analysis. Unless you are modeling an
existing airdistribution system, it is seldom necessary to edit the
default values for coils.

| Project Navigator view

Project Tree view

2-14 Program Overview
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If you assign individual
rooms to a single-zone
(SZ) system or to a
variable-temperature,
constant-volume (VTCV)
system, TRACE 700 treats
each room as if it has a
separate cooling coil. For
proper modeling, create a
zone for each SZ system,
then assign the
appropriate rooms to each
zone. Refer to “Zoning of
rooms" on page 6-47 for
details on zoning.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Assign rooms to systems

In order for the program to properly calculate the airflows, coil
loads, and fan sizes for each airdistribution system, it must know
what rooms and zones each airdistribution system serves.

Figure 2-11 Assign rooms to systems (Project Navigator view)
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\When selected, the Summary Information check box displays the
estimated airflow and load, as well as the total area, for the selected
rooms. Initially, these estimates are based on common industry rules
of thumb: 1 cfm/ftz and 400 ft2/ton.

You can assign individual rooms to a system. If you are modeling
a VAV system, consider grouping the rooms served by the same
VAV terminal as a zone. Then assign the zone to a system. This
practice permits the program to calculate the design airflow for
the heating coil within the VAV terminal, as well as the design
airflow for each room in the zone.

Note: Refer to “Zoning of rooms” on page 6-47 for details on
zoning.

Create plants

Cooling and heating plants represent mechanical equipment that
consumes energy to treat air throughout the building. As shown
in Figure 2-12, the program models many types of cooling and
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Figure 2-12 Create plants
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When you select an
equipment category, the
program automatically
adds the appropriate
auxiliary equipment
(pumps, for example).
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heating equipment, including:

m aircooled chiller
m air-cooled unitary air conditioner

= watercooled chiller

m electric resistance heat
m gas-fired heat exchanger

m aircooled condenser

m watercooled unitary air conditioner = cooling tower

= watersource heat pump
= boiler

m purchased chilled water
m purchased hot water

m airto-air heat pump

= pump

m thermal storage

m purchased district steam
m cogeneration

= free cooling

Adding HVAC equipment to a project is a matter of selecting the
desired cooling and heating equipment, as well as auxiliary
components such as pumps and cooling towers. Drag the
desired equipment category to the cooling or heating plant on the
right-hand side of the Configuration tab.

If you wish, you can add options such as chilled-water reset,
demand limiting, free cooling, evaporative precooling, load-
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shedding economizing, and chiller sequencing. You can also
model the energy consumption of miscellaneous accessories
attached to the primary HVAC equipment (crankcase heaters,
defrost heaters, pilot lights, pumps, parasitic heat losses) and
base utilities. Like the HVAC system and indoor lights, base
utilities (process loads and parking-lot lights, for example) can
represent a significant percentage of the energy consumption for
the building.

Review the equipment defaults to make sure that the
completed entries sufficiently represent equipment and system
performance. To account for the energy consumption of a pump,
for example, be sure to enter a value for full-load consumption.

Note: Many of the entries in the Create Plants window are blank
by default because they only pertain to certain systems. Unless
you override the default by entering a value, entries such as
capacity will be determined by the results of the load
calculations.

# Assign systems to plants

For the program to translate the coil loads, by system and by
hour, into energy consumption by source, it must know what
systems each cooling plant and heating plant serves.

To assign each system and the associated coil(s), drag it to the
appropriate plant—that is, assign cooling coils to cooling plants
and heating coils to heating plants, as shown in

Figure 2-13 on page 2-18.

Note: In some types of systems, the same coil serves as both
the main cooling coil and the main heating coil. Examples include
fan coils, unit ventilators, and water-source heat pumps.

TRACE 700 represents the cooling and heating functions
separately (as purple coils) so that you can assign each coil load
to the proper plant.
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Figure 2-13 Assign systems to plants (Project Navigator view)
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g Define economics

= The TRACE 700 program calculates financial measures such as
the net present value of annual cash flow, internal rate of return,
simple payback period, and savings-to-investment ratio. To
complete these calculations, the program applies utility rates to
the monthly energy consumption of the cooling and heating
equipment (determined during the plant simulation). Entries in
this section of the program describe various economic factors:

= installed cost = inflation rate
= maintenance cost = income-tax rate
m utility rate structures m depreciation
m cost of capital m study life
= interest rate = recurring costs
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Figure 2-14 Define economics
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Create schedules
Schedules play an important role in load simulations and energy
analyses. They define when, and for how long, internal loads and
system events occur, both of which affect energy demand and
consumption.
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Five types of schedules are predefined in the TRACE 700
Schedules library:

m Utilization schedules define the timetables for internal loads
(occupancy, lights, infiltration, miscellaneous) and the air-
distribution side of the HVAC system (fans, coils, controls).

m Thermostat schedules establish the cooling and heating
set points for each hour.

m Time-of-day schedules distinguish peak, mid-peak, off-peak, and
super-off-peak hours, permitting economic analysis of energy
costs.

m Thermal storage schedules define when the operating modes
for thermal-storage equipment occur.

m Equipment operation schedules define the hours of the day that
mechanical cooling and heating equipment is available for
operation.

The Library/Template Editors program lets you view the attributes
of each standard schedule and create new ones of your own.
Because schedules are key to developing accurate system
models, the procedure to create a schedule is summarized here
for your convenience. Although the example specifically
describes a Utilization schedule, other types of schedules are
created in similar fashion.

Table 2-1 Example schedule for year-round building occupancy

Day Begin End Design Occupancy
Monday-Friday midnight 7:00 a.m. 0% (unoccupied)

7:00 a.m. 8:00 a.m. 20%

8:00 a.m. noon 100%

noon 1:00 p.m. 50%

1:00 p.m. 5:00 p.m. 100%

5:00 p.m. 6:00 p.m. 20%

6:00 p.m. midnight 0% (unoccupied)
Saturday-Sunday midnight midnight 0% (unoccupied)
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To define a 24-hour period, use
Midnight as the first start and
last end times

Sample scenario

Table 2-1 on page 2-20 describes the yearround schedule for the
occupancy of a building. Use this information to create a new
Utilization schedule in the TRACE 700 Schedules library.

Also, keep the following points in mind whenever you apply or
customize a schedule:

When performing a reduced year simulation, each schedule must
include individual definitions for each of four day types: Cooling
design, Weekday, Saturday, and Sunday. (For more
information, refer to “Simulation methods” on this page.)

To make the schedule available for calculations of the design
cooling load, select Cooling design as the starting day type. To
identify a separate schedule for weekends, select Weekday as
the ending day type.

Utilization schedules require you to define a schedule for the
Heating design month. The program uses it during the heating
load—design calculations of airflow and supply-air dry bulb.

Note: For the heating-design-month schedule, only include loads
that contribute significantly to the building heating load—
ventilation and infiltration, for example, but not internal loads
such as those associated with occupancy and lights. To exclude a
load from the schedule, enter 0 as the percentage.

When creating a Utilization schedule, always start with January
and end with December.

For example, to define a Utilization schedule for an event that
starts in May and ends in September, include January through
April and October through December at zero percent.

When adding start and end times to a schedule definition, use
Midnight as the first start time and the last end time. (The
program will prompt you to correct periods that overlap.)

Simulation methods

To arrive at equipment loads and energy consumption, the
TRACE 700 program calculations are based on the simulation
hours set for the project. You can choose between two methods
of calculation: reduced-year versus full-year analysis (refer to
Figure 2-15 on page 2-23).
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Click {B' in the toolbar to
open the Schedule
library. Then click New
Sched to add a new
member in that library.

-

2 Pick Utilization as the
schedule type. Then give
the new schedule a name
in the Description box.
Use the Comments box
to add a brief explanation
(optional).

3 Click New Definition
to begin entering the
cooling design and
weekday definition for the
year.

4 Complete the Schedule
Definition entries using
the information in
Table 2-1 on page 2-20.

5 Repeat Step 3 and Step 4
to enter the Saturday and
Sunday definition.

6 Similarly, enter the
heating design definition
as shown. (These entries
exclude the effect of
occupancy from the
calculation of the design
heating load.)

7 Click Save to record your
entries and make the new
Utilization schedule
available for any
TRACE 700 entry that
lists Utilization
schedules. For additional
details, refer to “Creating
schedules” on page 6-
137.
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Standardized 8760
weather data for a full-
year analysis can be
purchased from various
U.S. federal government
agencies or downloaded
at no charge from various
Web sites. For example,
ASHRAE IWEC
(International) weather
can be downloaded at no
cost from tranecds.com.

Refer to “Adding
weather locations and
activating the 8760
calculation
methodology” on

page 6-167 for additional
information regarding
simulations and adding
weather libraries.
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A reduced-year analysis calculates coil loads, by month, for a
design day, a typical weekday, a typical Saturday, a typical
Sunday, and a typical Monday, using 24 hours of weather that is
typical for that month. A calendar code defines the number of
occurrences for each day type.

Figure 2-15 Choose a simulation method
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By contrast, a full-year analysis uses standardized weather data
for all 8,760 hours in a year to calculate the actual coil loads for
each hour. Sometimes described as an 8760 analysis, it can have
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You can use the following
types of weather files in
a TRACE 700 analysis:

typical meteorological
year, .TMY,
TV2 =

test reference year,
.TRY m

California Energy
Commission (CEC)
energy efficiency
standard;

WY2 (1992-95),
.CEC (1988),

.CTZ (1978) m

TRACE 600
weather, WTR m

Canadian energy
codes, .CWC m

ASHRAE weather,
WC m
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separate schedules for nine different day types—the seven days
of the week plus a design day and a holiday. Although the
calculation process lasts 5 to 7 times longer than a reduced-year
analysis, you can use the additional day types in a full-year
analysis to more accurately represent the actual day-to-day
operating schedule of the building.

Figure 2-16 TRACE 700 Weather library
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Note: Reduced-year schedules can be used for both methods of
calculation. Full-year schedules should only be used with full-year
simulations. For additional details, refer to “Creating schedules”
on page 6-137.

Note: When you import a standardized 8760 weather file into
TRACE 700, the program creates a separate set of monthly
design 24-hour profiles based on the weather extremes for use
with the load-design simulation. For a more accurate analysis, be
sure to check the design summer and winter dry-bulb
temperature and wet-bulb temperature and adjust them as
necessary before completing the import process. Reasonable
and accurate design conditions can be obtained from the most
recent ASHRAE Handbook of Fundamentals. Importing weather
files is discussed in “Adding weather locations and activating the
8760 calculation methodology” on page 6-167.

TRACE 700 User's Manual « CDS-PRMO001-EN



General modeling hints

The hints this section will help you obtain an accurate analysis of
building loads, energy consumption, and the economic impact of
various HVAC designs. Use them in conjunction with the specific
instructions in Chapter 3 through Chapter 6 to successfully
model common, system-level HVAC options and control
strategies.

Plants and equipment
m \When you create a new project, the program automatically adds
the first cooling plant and the first heating plant for you.

m |f a plant consists of two or more pieces of equipment, specify
the capacity of each piece of cooling or heating equipment. (If
you omit this information, the program assigns the entire load to
the first piece of equipment that you added to the plant. If you
define the capacity of the first piece of equipment but not the
second, the program will allocate the remaining plant capacity to
the second piece of equipment.)

m Specify the full-load energy rate or head pressure for each pump
to account for pump energy consumption in your analysis.
(Omitting this information tells the program that the pump does
not consume energy.)

m To add new pieces of equipment to a TRACE 700 library, copy
and modify an existing equipment definition.

Note: Exercise particular care when creating new pieces of
cooling equipment. Modeling accuracy requires that the
unloading curves represent performance characteristics at
comparable design conditions. The standard unloading curves
used in the TRACE 700 Cooling Equipment /ibrary are typically
based on rating conditions defined by the Air-Conditioning and
Refrigeration Institute (ARI). Refer to “Creating equipment and
unloading curves” on page 6-143 for additional details.

m Table 2-2 on page 2-26 shows the fuel types and corresponding
units of measure that TRACE 700 uses to model various
equipment.
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Table 2-2 Default IP units for equipment energy use

Description Consumption Peak

electricity kWh kW

natural gas therm therm/hr

fuel oil (A therm = 100,000 Btu or 100 cu ft

of natural gas)
coal

wood

water 1,000 gal 1,000 gal/hr
purchased steam, hot water, or chilled water therm therm/hr
process load: steam or hot water therm therm/hr
process load: chilled water ton-hr ton

other load therm therm/hr

To model plant-level options such as plate-and-frame free cooling
(waterside economizer) or piping arrangements, be sure to
identify the option or arrangement for each chiller in the plant.

By default, the order in which you add equipment to a heating or
cooling plant becomes the equipment start sequence.

Coil loads

Coil loads cannot be assigned to individual pieces of equipment;
they can only be assigned to plants. Create separate plants to
distribute the coil loads across multiple pieces of equipment.

For example, to assign the main cooling load to a chiller and an
optional ventilation cooling load to a rooftop air conditioner, create
separate cooling plants for the chiller and rooftop air conditioner.

To properly model the coil loads for a single-zone (SZ) system,
create a separate zone for each SZ system in your project. Then
assign the appropriate rooms to each zone.

To model a heating-and-ventilating-only system (that is, an airside
system without a cooling coil), select ventilation and heating
from the heating only category of airside systems.

To model a variable volume, variable temperature (VVT) system
such as the VariTrac® changeover-bypass system, select one of
the changeover-bypass VAV system types from the variable
volume category of airside systems.
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m To model the effect of heat recovery on the sizing of cooling and/
or heating equipment:

a Click Change Load Parameters in the Actions menu.
b Select the check box labeled Allow energy recovery /

transfer at design? near the left side of the dialog box.

Note: TRACE 700 automatically asks the user whether this box
should be checked when a heat-recovery device is selected.

Change Load Parameters
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Select this box to model the effect of airside energy
recovery on equipment capacities.

Equipment capacities calculated to reflect airside energy
recovery at design may differ significantly from the capacities
calculated without this option. Keep this in mind when
determining how to size system components.
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Cooling and Heating Plants

Modeling examples in this chapter

Cooling and heating plant design and control
m Decoupled chiller arrangement, page 3-3

m Parallel chiller arrangement, page 3-7

m Series chiller arrangement, page 3-9

m Variable-primary-flow chiller arrangement, page 3-13

m Switchover control for chiller plants, page 3-17

m Thermal energy storage, page 3-21

m Cogeneration, page 3-28

m Direct-fired absorption cooling, page 3-31

m L ow-flow chilled-water systems, page 3-33

m Purchased chilled water, page 3-37

m Purchased district steam and purchased district hot water,
page 3-40
Free cooling and heat rejection

m Plate-and-frame free cooling, page 3-43

m Refrigerant-migration free cooling, page 3-46

m Strainercycle free cooling, page 3-48

m Double-bundle condenser heat recovery, page 3-50

m Evaporative precooling of condenser air, page 3-54

m Cooling tower with VFD, page 3-57

m Chiller—tower optimization, page 3-59

Domestic hot water
m Domestic hot water assigned to a boiler, page 3-62

Heat pump systems
m Airto-air heat-pump system, page 3-64

m \Watersource heat-pump system, page 3-68
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m  Ground-source heat-pump system, page 3-72
m Central geothermal chillers, page 3-76

m \Variable refrigerant flow system, page 3-81

Note: This (and each succeeding) chapter provides basic how-to
instructions to help you model common, system-level HVAC
options and control strategies. Each example begins with a brief
description of the system option or strategy, followed by a
sample scenario that illustrates the entries needed to model it.
Typical values are suggested where appropriate.
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Decoupled chiller arrangement

The basic, decoupled chilled-water system shown in Figure 3-1 is
sometimes described as a primary—secondary pumping
arrangement. Although separate pumps are dedicated to the
production and distribution sides of the system—meaning that
both pumps transport the same water—there is no duplication of
pumping energy. That is because the production pumps only
overcome the production-side pressure drop (production piping,
chillers, and check valves), while the distribution pump only
overcomes the pressure drop on the delivery side of the system
(distribution piping and coils).

Figure 3-1 Decoupled chiller arrangement

constant-flow
production pumps

E chiller m cONstant primary flow
variable secondary flow
D chiller
system coils,
2-way control valves
demand > supply demand < supply y% y% y%
-
bypass

variable-flow
distribution pump

A bypass line hydraulically decouples the production and
distribution pumps, preventing them from operating in a series-
coupled pumping arrangement. In effect, it creates a supply/
demand relationship at the tee that connects the production
(supply) and distribution (demand) sides of the system. The
direction and amount of flow through the bypass line determines
the number of chillers operating at any one time.

This arrangement provides constant water flow through the
chillers while they operate. It also permits two-way valves at the
coils, with the valves varying the flow based on the cooling
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demand. Equipping the distribution pump for variable flow—by
adding a variable-frequency drive, for example—can limit the
dynamic pumping head, which reduces energy consumption
significantly.

Application considerations

m Not all chilled-water loads peak simultaneously, resulting in the
quantity of water flowing at any one time being less than the
sum-of-the-peaks load. Varying the flow through the distribution
loop may permit you to select smaller chillers, pumps, and piping.

m  Only the water that the loads actually use is pumped. This usually
results in a significantly reduced flow rate, accompanied by an
even more significant reduction in pumping energy.

m None of the unused chilled water bypasses the cooling coils—the
return water is therefore always at least as warm as it is at full
load. Warm return water permits preferential loading of chillers
and accommodates energy-saving options such as free cooling
and heat recovery.

Related reading
m Chilled-Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

m  Multiple-ChilleSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

Sample scenario

Three 500-ton, three-stage, centrifugal chillers are piped in
parallel with each other and with a bypass line. Each chiller has a
pair of constant-volume pumps, one for chilled water and one for
condenser water. An 85-k\W, variable-volume pump circulates the
chilled water through the coils to satisfy the building load.

The illustrations that follow demonstrate how to define the
cooling plant (Steps 1-5) and add a secondary distribution pump
(Steps 6-9).
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h Define the cooling plant

Note: The three chillers are identical. As an alternative, drag only one

by selecting Create Plants in CER water-cooled chiller to the cooling plant, follow steps 2 through 6, and

the Project Navigator . then click Copy Equip twice to create the other two chillers.
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because the cooling
capacity produced by the
decoupled chillers will equal
the largest simultaneous
load of the coils.
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Note: In a decoupled piping
arrangement, the secondary
distribution pump runs
whenever one or more of the
chillers is operating. To model
this control characteristic,
library definitions for pumps
use with equipment as the
control type.

§71 Use the Library/Template
Editors program to view the
predefined pumps in the
Miscellaneous Accessories
library or create custom
pumps. On the Libraries
menu, select Equipment and
then Misc. Accessories.

3-6 Cooling and Heating Plants
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Parallel chiller arrangement

To ensure uninterrupted cooling, many chilled-water plants are
designed with at least two chillers even though a single chiller
can often satisfy the system load. Typically, either of two
pumping arrangements is used when the chillers are piped in
parallel. One arrangement uses a single pump to circulate chilled
water through the system. The other (shown in Figure 3-2)
dedicates a separate chilled-water pump to each chiller.

The parallel arrangement in Figure 3-2 represents a swing-chiller
control strategy that unequally divides the total cooling capacity
between the chillers—one third and two thirds, for example.
When a cooling load exists, the smaller chiller starts first. When
the load exceeds the capacity of the smaller chiller, it stops and
the larger chiller starts. If the cooling load exceeds the capacity of
the larger chiller, both chillers operate and share the load
proportionally according to their capacity.

Note: To operate as described for the unequal division, chiller
sequencing with a switchover point must be defined. Refer to
“Switchover control for chiller plants” on page 3-17.

Figure 3-2 Parallel chillers with separate, dedicated pumps

chiller 2

chiller 1
chilled-water loop
P
partial flow T
(starved coils) <
I -4
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For each chiller, choose the
sequencing type that describes
the hydraulic arrangement of the

Application considerations
Using a single pump to circulate water through the chilled-water
loop does not provide standby capability.

Providing a separate, dedicated, chilled-water pump for each
chiller helps maintain the proper mixed chilled-water
temperature. Cycling each chiller—pump pair can significantly
reduce the total system flow, and may cause insufficient cooling
in some areas of the building.

The load profile for a plant with multiple chillers differs from the
load profile of each chiller due to thermal inertia. Judiciously
sizing the chillers can improve the overall efficiency of the plant.

Related reading
Chilled-Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

Multiple-Chiller-System Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

"“Chilled-Water Plants and Asymmetry as a Basis of Design,”
Engineers Newsletter (volume 28, number 4)

Modeling instructions

The procedure for modeling a cooling plant with chillers piped in
parallel is similar to the procedure for a decoupled chiller
arrangement (refer to “Decoupled chiller arrangement” on
page 3-3). When defining the cooling plant, however, choose
Parallel as the sequencing type for each chiller and do not
include a secondary distribution pump.

Unlike primary-secondary systems, do not input a
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Series chiller arrangement

Piping chillers in series means that the entire system flow
becomes the flow rate through each chiller. Accommmodating this
amount of water typically requires an evaporator with fewer
passes, which compromises individual chiller efficiency. The loss
in efficiency, however, can be offset by increased system
efficiency. The upstream chiller operates at warmer
temperatures, and a lower system flow rate yields a higher
temperature differential.

Temperature control can be accomplished in several ways. The
strategy represented in Figure 3-3 uses the design chilled-water
temperature as the set point for each chiller. Either chiller can
satisfy up to 50 percent of the total cooling load for the building.
When the cooling demand exceeds 50 percent of the total load,
the upstream chiller is preferentially loaded because it will
attempt to produce the design chilled-water temperature. The
downstream chiller operates as needed to satisfy the remaining
load.

Figure 3-3 Chillers arranged in series

b8°F 50°F 42°F
chiller 2 chiller 1
(42°F set point) (42°F set point)
system I <
coils —
I chilled-water loop
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Application considerations

Reducing the chilled-water flow rate for chillers piped in series
lowers the pressure drop through each chiller, which saves pump
energy.

Flow and pressure-drop limitations make it difficult to apply more
than two chillers in series.

The difference between the entering- and leaving-chilled-water
temperatures (AT) is larger for series arrangements than for other
plant configurations. Account for the larger AT when selecting
cooling coils.

Related reading
Chilled-Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

Multiple-Chiller-System Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

“Don’t Overlook Optimization Opportunities in ‘Small” Chilled
Wiater Plants,” Engineers Newsletter (volume 32, number 4)

Sample scenario

An absorption chiller (upstream) and a centrifugal chiller
(downstream) are piped in a series arrangement. Each of these
watercooled chillers has a nominal cooling capacity of 500 tons
and a dedicated condenserwater pump. The absorption chiller is
preferentially loaded, that is, it starts first and handles most of
the cooling load. If the cooling demand exceeds the capacity of
the absorption chiller, the centrifugal chiller cycles on the
minimum step of unloading (for the centrifugal chiller).

The following illustrations demonstrate how to define the chillers
(Steps 1-6) and the loading strategy (Steps 7-8).
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lﬁ After creating a cooling
plant that consists of two
water-cooled chillers, define
each chiller.

1 Define the first chiller as an
absorption machine.

2 Pick Series as the
sequencing type.

3 Enter the capacity of the
chiller.

4 Specify the full-load
consumption of the
dedicated condenserwater
pump and the shared
chilled-water pump.

5 Switch to the second chiller
and repeat Steps 2-4 to
define it as a centrifugal
chiller.

6 Pick None as the type of
primary chilled-water pump.

Note: If a user has chillers in
series (with a 10°AT), the
program will automatically
adjust it to 5°AT However, if it
is anything other than 10°, the
program will use that entered
value. For example, if chillers
each have 12°AT, the final
leaving temperature will be
24° colder than the entering
temperature.
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For chillers piped in series, define only one primary
chilled-water pump. For the other chiller, pick None.

alci=

Alenatiee 1
Codlng plart [Cochngpiare-001 =] Hestmseckonnpe [Ei0 Corglones =]
Eoupmertiag  [Crier 2 [centhugall 5 = LJ
Eosmmcotsm [Wamcodcan 2] Themel e
Epipmmeri e 35inge Contatugel = Tooe MNone -
Sequencngtice  [Smme - coacty i [l *

Schadue |Srisge E

e _

Fudlload consumgtion:
ged B Tusies
I - Cresd el e an 1 sl
[ v
Hesfing Equpment pe Uty / Misc. Acces:

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Choosing None indicates that the
chiller shares a pump already defined
for this cooling plant.

Cooling and Heating Plants
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The sequencing strategy for

the chillers is defined at the R =24
plant level. Eaupment Cungay Conbiuesion
¢ A flas Coclrvy places
7 Select Cooling plant 001 & @ L @ cufp—7 ﬁ
and click Sequencing. e "'"" ° - T ;ﬁ%ﬂﬁ —Il_wm
8 Reading left to right, the w:\g; o o hagi; '_ 5;&5%%:1%“”
equipment order shows L [ et 02 |
which chiller starts first, s =2 F 9 e |
second, and so on, when a e - pancn
cooling load exists. By S
default, the program . i
sequences the chillers in :Ehi_ =
Conki . ]
l{:z rZIrder that you created m;,m;.% :E.“-" e s_mzlwm | =
To change the displayed
sequence, delete each
entry and pick the desired P = —
equipment tag from the list. e (T (P
Mol Enbes seiquersang crleng o el ko bl ) ) )
When the desired S Tt e et
sequences, operators, and
so on, have been defined,
click OK to exit.
No further entries are
needed unless you define
two or more equipment
sequences. Click Cancel to
exit if no entries have been
made.
For examples, refer to
“Switchover control for chiller
plants” on page 3-17.
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Variable-primary-flow chiller arrangement

A variable-primary-flow design displaces the small, inefficient,
low-head primary pumps used in primary—secondary systems.
The pressure drops previously satisfied by the primary pumps are
instead satisfied by the distribution pump(s), permitting selection
of larger, more-efficient pumps (with efficiencies similar to those
of the secondary pumps in a primary—secondary system).
Variable primary flow can be used with chillers in a parallel- or
series-type arrangement. The inputs required to model a VPF
system in TRACE 700 are very similar to the methods used to
model a standard parallel or series chiller arrangement.

Figure 3-4 Variable-primary-flow chiller arrangement

variable-flow
production pump

chiller

-

system coils,
v 2-way control valves
X - bypass % 1
modulating A \ Y

control valve

< _—
-

Application considerations

m Varying the waterflow rate through the chiller evaporator poses
two control challenges for those who design and operate VPF
systems:

a Maintain the chiller flow rate between the minimum and
maximum limits of the evaporator.

b Manage transient flows without compromising stable
operation, especially in multi-chiller plants.
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Be sure to verify that the selected chilled-water pump(s)
accurately reflect the actual pump(s) selected for the building.
Click Equipment on the Libraries menu, then click Misc.
Accessories. The unloading curve, full-load energy rate, and so
forth, of the simulated pump can be viewed. If the actual and
simulated pumps are not similar, then a custom pump will need
to be created.

If multiple pumps are going to be used to distribute the chilled
water, then either a single pump with a combined unloading
curve assigned directly to the cooling plant, or multiple pumps
assigned to the cooling plant as miscellaneous accessories (via
the Misc. Accessory tab), should be used.

Related reading
Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

“An idea for chilled-water plants whose time has come: Variable-
primary-flow systems,” Engineers Newsletter (volume 28,
number 3)

“Variable-primary-flow systems revisited,” Engineers Newsletter
(volume 31, number 4)

Sample scenario

In this example, two chillers in a parallel arrangement with a
single VPF pump will be modeled.

Note: There are actually two types of variable primary flow
arrangements, dedicated and manifold. This scenario is manifold.
A dedicated arrangement would have a variable pump for each
chiller rather than one variable pump for all chillers.

Cooling and Heating Plants TRACE 700 User's Manual ¢ CDS-PRMO001-EN
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lﬁln Create Plants, define
the cooling plant.

1 Drag and drop two water
cooled chillers from the
Equipment Category

section to the cooling plant.

2 Drag and drop a pump from
the Equipment Category

section to the cooling plant.

3 Click the cooling plant and
click Plant Ctrl (only active
when the Cooling Plant is
selected) to activate the
Plant Controls.

4 On the Plant Controls
screen, select the Pump
Type, input the full load
consumption, change the
plant sizing method to
block plant, and click OK.

Note: To model dedicated VPF,
similar inputs would be
required. However, rather
than assigning one large
pump at the Plant level, the
chilled-water pumps would be
entered with each piece of
equipment on the Cooling
Equipment tab.
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Remember that the pump must
now overcome the pressure
drop through the chiller
evaporator. The power is
therefore larger than the
secondary pump in a primary—
secondary system.
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Switchover control for chiller plants

»

T\P
Equipment schedules
take precedence over
switchover sequences.
For example, if the
second chiller in the
current start sequence is
scheduled off, the
program skips it and
starts the next
available chiller.

»

TP
Switchover control
sequences are defined
for plants, not
equipment, from the
Configuration tab.
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Switchover control is a common control strategy in HVAC
systems that consist of two or more cooling-and/or-heating
chillers piped in a decoupled, variable primary, parallel, or series
arrangement. (Refer to “Decoupled chiller arrangement” on
page 3-3, “Variable-primary-flow chiller arrangement” on page 3—
13, “Parallel chiller arrangement” on page 3-7, and “Series chiller
arrangement” on page 3-9 for examples.) TRACE 700 lets you
model switchover control based on the cooling or heating load,
the air temperature outside, or a schedule that you define.

Related reading
Chilled-Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

"“Chilled Water Plants and Asymmetry as a Basis of Design,”
Engineers Newsletter (volume 28, number 4)

Sample scenario

A hybrid plant consists of two chillers (and related auxiliaries)
piped in a parallel, decoupled arrangement using a 300-ton, three-
stage centrifugal chiller (electric) and a 500-ton, direct-fired
absorption chiller (natural gas). The electric centrifugal chiller is
started first. Operation can be switched to the direct-fired
absorption chiller in one of three ways:

m The building cooling load exceeds 300 tons.
m The temperature outside exceeds 85°F

m The on-peak period is in effect (8:00 a.m. until 8:00 p.m. for this

example).

“Decoupled chiller arrangement” on page 3-3 describes the
procedure for modeling chillers that are piped in a decoupled
arrangement. The examples that follow demonstrate how to
model the equipment start sequence for each condition
described above.

Cooling and Heating Plants 3-17
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Switchover sequence based on load

For this example, the cooling load determines which chiller starts
first. The centrifugal chiller handles loads up to 300 tons. For
loads greater than 300 tons, the absorption chiller starts first. If
the current load is greater than the capacity of the first chiller in
the sequence, the second chiller restarts and both chillers share
the load in proportion to their design capacities.

. |
Mz To create a switchover -
sequence based on load: — .
" " Codling planks Lo
1 Select the cooling plant and fi N&fm wfi wi%; - ‘fwm]
open the Sequencin chilles ity chiler ity ‘e El'le:;‘hhecﬁledabccxmn] Plart Wizard
d'ZIo bo ) ’ & U @ R il
i X. & -
g W’L Boder E_Iel:_lw Gaifred
2 Create two start v i e ew
sequences, one that starts Sequencing ﬂ‘ Do |
the centrifugal chiller first, Foohgat: 30 = | % 15 e
- . ey Cancel
and one that starts the e 1 > e et EromMom |
absorption chiller first. e 1 seoweces |
3 Pick Load he basi Click in a cell to display
Ic 93 'as the basis the list of choices [ Bove Utlty /Micc Acces
for switching between 3
Baedlsoquerceson [Losd 7] [Use [whers
sequences. Op JiossJueis
Hate Erier sompueraang crimusn bt b Ll iﬁﬂfffﬁ" : 0:m ::: a4
4 Using the operator (op), o Tre et et b et : =
load, and units entries, A
define the load condition
that determines when each
sequence will be used. If you choose > (or >=) as the operator,
The program locks in the de.fine.the smal/estload—based. control
first operator you choose po!nt first. Make each successive control
point larger than (or greater than, equal
(>, <, >=, or <=) for the )
remaining entries. This T - to) the one that preceded it.
: Sexqueren Load Urss
Sangueercn - (N 3 10 s
helps pre_vent gaps_ and om0 t Ao If you choose < (or <=) as the operator,
overlaps in the switchover define the largest load-based control
conditions. ;point first. Make each successive control
L . oint smaller (or less than, equal to) the
5 When satisfied with your ane that precéded it qual to)
entries, click OK to save ’
them.
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h To create a switchover

sequence based on the dry-
bulb temperature of outside
air (OADB):

1 Select the cooling plant and
open the Sequencing
dialog box.

2 Create two start
sequences, one that starts
the centrifugal chiller first,
and one that starts the
absorption chiller first.

3 Pick outdoor air temp as
the basis for switching
between sequences.

4 Using the operator (op),
OADB, and units entries,
define the temperature that
determines when each
sequence will be used.

The program locks in the
first operator you choose
(>, <, >=, or <=) for the
remaining entries. This
helps prevent gaps and
overlaps in the switchover
conditions.

5 When satisfied with your
entries, click OK to save
them.

Switchover sequence based on
outside air temperature

The dry-bulb temperature o

utside determines which chiller starts

first in this example. At outside temperatures up to 85°F the
centrifugal chiller starts first. If it is hotter than 85°F, the
absorption chiller starts first. Both chillers share the load

proportionately if the chiller
the cooling demand.

that started first is unable to satisfy
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If you choose > (or >=) as the operator,
define the control point with the coldest

CDS-PRMOO01-EN e TRACE 700 User’s Manual

outside-air temperature first. Make each
successive control point warmer than (or
greater than, equal to) the one that
preceded it.

If you choose < (or <=) as the operator,
define the control point with the hottest
outside-air temperature first. Make each
successive control point cooler (or less
than, equal to) the one that preceded it.

Cooling and Heating Plants
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Switchover sequence based on time

For this example, the time of day determines which chiller starts
first. The absorption chiller starts first during the on-peak period
(from 8 a.m. until 8 p.m.). If it is unable to satisfy the cooling
demand, the centrifugal chiller starts and both chillers share the
load proportionately. From 8 p.m. until 8 a.m., the centrifugal
chiller starts first to take advantage of off-peak electrical rates.

Note: To model time-based sequences that vary by the day of the
week or with holidays, use the Library/Template Editors program
to create the desired operating schedules. Then assign the
appropriate operating schedule to each piece of equipment. For
an example, refer to “Morning warm-up for dual-fuel
applications” on page 5-20.

M4 To create a switchover

=lo|=]
sequence based on the time Aorivs
. Confuration
of day: ﬁ @ 1 ﬁ la S e Gose
1 Select the cooling plant and Haeded ficoded Wiseco. Wace S Ot o i) |
open the Sequencing b u @ [ i e 02 Hom Gt
dialog box. Wem o e Garlied
dace Tesitance L3
E
2 Create two start g & ® o n#m
sequences, one that starts pravamsil et v
the centrifugal chiller first, %
=l
and one that starts the e
absorption chiller first. = 1
Coclng plank - 001 [ | 5 :
3 Pick time as the basis e e o | e
for switching between R e — E—
sequences.
4 Use the start time and end
time entries to define Bane ot secuences on [T 3 =] = s
Sequoncs et by ref ey
when h n will Srqanrce (0| Makaghl Ham
L o en seatenee ro e e RS Begin and end with
© used. = midnight to define an
5 When satisfied with your entire 24-hour period.
entries, click OK to save
them.
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Thermal energy storage

Adding thermal energy storage to an HVAC system can reduce
energy costs associated with comfort cooling by shifting
equipment operation from high- to low-cost times of day.
Typically, this practice is only economically feasible where the
local utility company offers incentives in the form of rate
structures or rebates.

Many utility companies face a capacity shortage for a relatively
short period each day—typically during normal working hours. To
encourage users to reduce their energy consumption, the local
utility often imposes time-of-day rates that are highest during
peak demand periods. One way to curtail the energy costs
incurred at these higher rates is to operate the cooling equipment
when utility rates are low (usually during the evening) and store
the thermal energy potential until it is needed.

Ice tanks like those shown in Figure 3-5 are often used as a
means of thermal storage because of their compact size and pre-
engineered design. During off-peak periods (when utility rates are
low), the chiller cools a glycol—water mixture to a temperature of
23°F. This mixture then circulates through tubes within the ice
tank, where it freezes the surrounding water. When cooling is
needed during an on-peak period (when utility rates are high), the
glycol-water mixture—heated by the building load—circulates
through the storage tanks to melt the ice.

Figure 3-5 Example of a chilled-water loop with thermal energy

storage
bypass blending glycol-water
pump

valve valve
S

coil water-cooled chiller

load

<
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Application considerations

The tanks required for thermal energy storage incur additional
installation costs. However, such systems often require less
chiller capacity. The savings that result from selecting a smaller
chiller may partially offset the additional first cost of thermal
energy storage.

Many utilities offer negotiable rebates for thermal storage.
Contact your local utility representative to maximize the potential
economic benefits.

Related reading
Thermal Storage Engineered Systems Clinics (Trane literature
numbers ISS-CLC-1, ISS-CLC-2, ISS-CLC-3, and ISS-CLC-4)

Control of Ice Storage Systems Applications Engineering Manual
(Trane literature number ICS-AM-4)

Ice Storage Systems Applications Engineering Manual (Trane
literature number SYS-AM-10)

Sample scenario

There are various ways to design a chilled-water plant with
thermal energy storage. This section demonstrates how to
model two variations:

Thermal energy storage with one chiller (page 3-22)

Thermal energy storage with multiple chillers (page 3-25)

Note: TRACE 700 generates a special report, Thermal Storage,
for HVAC designs that include thermal storage. The report
provides an hourly profile of ambient conditions and plant-level
cooling loads, as well as chiller loads, chiller energy consumption,
and available storage capacities available for cold storage
applications (ice and chilled water).

Thermal energy storage with one chiller

A 500-ton centrifugal chiller makes chilled water and ice

(335 tons) at energy rates of 0.65 kW/ton and 0.78 kW/ton,
respectively. The ice-storage tanks, which have a useful capacity
of 2,000 ton-hours, discharge between 11 a.m. and 5 p.m. and
charge between 11 p.m. and 7 a.m. (Assume that the tanks are
virtually empty at the end of each discharge period.) At all other

Cooling and Heating Plants TRACE 700 User's Manual ¢ CDS-PRMO001-EN
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Iﬂ When a single chiller
charges the tanks in a
thermal-storage application,
storage characteristics are
defined at the chiller level.

1 Add a chiller to the cooling
plant.

2 Describe the chiller type.

3 Define the capacity and
full-load energy rate of the
chiller when cooling
(500 tons at 0.65 kW/ton)
and when charging the
storage tanks (335 tons at
0.78 kW/ton).

4 Specify the full-load
consumption for each
pump.

5 Choose an equipment
operation schedule that
makes the chiller available
for thermal storage.

6 Describe the parameters
for thermal storage by
entering the type,
capacity, and schedule.

Note: If the user does not
specify capacity or energy
rate in tank charge mode, or
select a schedule allowing

thermal storage, the tanks will

discharge but never recharge.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

times, the chiller runs in standard cooling mode to satisfy the

cooling demand.

Note: To properly model this scenario, be sure to enter the
capacity and energy consumption of the chiller during both
standard cooling and ice-making modes.
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Specifying thermal storage at
the equipment level
automatically results in a plant
configuration that looks

similar to the one shown here.

Use the Library/Template
Editors program to view or
customize existing schedules.

The {5 Schedule library
contains both of the
schedules used in this
scenario:

m Available for Thermal Storage
is an Equipment operation
schedule. With storage status,
it forces the ice-making chiller
to follow the schedule selected
for thermal storage.

m Discharge 11 a.m. to 5 p.m. is
a Thermal storage schedule
that defines when each tank
operating mode occurs.
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Schedule 1. Lot

Here is what each operating mode represents:
Charge—Chiller makes ice after satisfying the assigned cooling loads
Discharge—Ice melts to satisfy the assigned loads: storage-equipment type

determines the control strategy

SatLoad—Chiller satisfies the cooling load: tanks supplement capacity, if needed,
but do not recharge until the next charging period

SatNoTank—Chiller satisfies the cooling load: excess load passes either to the
next piece of cooling equipment in the start sequence or to the next hour

Cooling and Heating Plants
Thermal energy storage
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lﬁ This thermal-storage
application uses two chillers,
but only one chiller makes ice.
To model the plant:

1 Add two water-cooled
chillers to the cooling plant.
Replace the generic tags:
use Cooling-only chiller
for the first machine and
Ice-making chiller for the
other.

2 The order in which you add
equipment to a plant
establishes the default start
sequence. (Refer to
“Switchover control for
chiller plants” on page 3-
17).

Verify that the cooling-only
chiller is the first (farthest
left) chiller in the start
sequence.

3 Define the cooling-only
chiller using the entries
shown for equipment
type, sequencing type,
and cooling capacity. Also
enter the full-load
consumption for each

pump.
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Thermal energy storage with multiple chillers

A chilled-water plant consists of ice-storage tanks and two 500-
ton chillers that are piped in parallel. During off-peak periods, a

dedicated ice-making chiller recharges the tanks while the
cooling-only chiller satisfies the off-peak cooling load.

During on-peak periods (10 a.m. to 6 p.m., weekdays only), the

tanks satisfy the cooling demand: both chillers are off. If the

tanks cannot handle the on-peak cooling load (all of the ice
melts), the cooling-only chiller satisfies the remaining load.
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"c‘rffd M..ru.- w‘:;:'o wﬁ;: 4R Cosling towst Plart Wizard
1 F Primay chiled watet purrg
" n £ Icemaing chie HomOgPurd|
& o 80 T Coing bt ——
Was Bl Electic  Gavfied P Frinay chlled wats (urig
souace he isiitance  hest gec fllas Heasting plants )
. . i -Tﬂl Il;]a’ml'\m- oz . [ﬁ
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click it again or click Edit to _pmon. |
. Ereegy Mot
edit the selected text. =
=
,
= 2
x ]
Coolngark chlt llcomabrgcrler |- Carcel |
In a parallel arrangement, the first chiller attempts to
8 satisfy the entire cooling demand. If it cannot, the
. second chiller comes on and they share the load
proportionally.
g (81 5|
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Crst vol crd wates g JE:] it weater
Nore [ T
Coobrg Equipment [ WewraCasmert [ Dove Uty /Misc Accon
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The on-peak control alpiz]
. . . Eqmmertps  |Cimaice w| [ Dmchage Skaingy
strategy in this scenario calls

Comemonts [Cimair ke coid Shorage Tark e =

for the tanks to satisfy the e P o
cooling load. Use the Library/ — |swamcss  Fuss = "—""4
. - Changing Ststegy —I
Template Edl.tor.s prqgram to B - P 5 |
modify an existing piece of Toe [ e e
thermal- storage equipment. m : :”: fommriion [ommmr =] | Doy
Pl JConmorts ok o congiiry e | Contol e SR =] _fwca |
4 31 In the Thermal L [
. Schedue code ICETANKS -
Storage library, copy the 5 Chugng sy e J
Climatice equipment type Stwogs Copaety [0 [t T | coniven |m..,, ||
and rename it. If desired, rename R E RS b :|
) ) the equipment type mr—l |—_|:: =
5 Pick an appropriate . el =
’ and add a brief Soackctan | BB
schedule and specify the description. N
storage capacity. Desiondeta T [ ¥
-samum |
1O Erdd
6 Choo.se storage priority as o mm
the discharge-strategy IR ey [ oy | The ICETANKS schedule melts
control type. When ice (discharges the tanks) from
. Wkugl Wam | Change .
scheduled to discharge, the s mﬂ Do 10 a.m. to 6 p.m. and makes ice
tanks attempt to satisfy the (charges the tanks) from 6 p.m.
entire cooling load. If there ! ! g to10a.m.
is not enough stored
cooling, the tanks discharge | e
completely—then Flemair
mechanical cooling satisfies A . - T
the load. Exqugetet cobogony [ cocled chies = Hiury orntiort ot b et
Equmertiyps  [Soings Corriugel B ) _timEas |
Seamrmte  [Fane z N | T
Mats Return to the Create i pan i o—-
Plants wmdowlof the 7 — e )
TRACE 700 project. - o s e
7 Define the attributes of the : = I =
ice-making chiller (type, - :.*:;“"""”““""‘“"“'_
sequencing, capacities, and e cowestwimen |
pumps).

8 Choose a schedule that
makes the chiller available
for thermal storage.

When modeling an ice-making
chiller, be sure to specify the
respective capacities and
9 Pick the new thermal energy rates for cooling and
storage type created in tank-charging operation.
Steps 4-6 to define the
storage parameters.
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Note: If two or more chillers charge the storage tanks, define the
thermal-storage parameters at the plant level using the Plant
Controls dialog box, as shown below. When defining each of the
ice-making chillers, remember to specify the capacity and energy
rate when charging the tanks, and to choose a schedule that
makes the chiller available for storage.

=lolx
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[Ecupmert Catngery Confapa stin
If charged by more than fla Coolg e o |
* one chiller, add thermal EEF i o Plart W |
storage to the plant 4 mmmm Hom Cig Plord
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sousce ha Iaitance  hest -”mﬂ:’"ﬁi»wdled-mm
© OB @ Lt Hearng plan - 002 e |
A..::.—.; [;Axﬁq Pungs: :‘h-mud L‘
= i R
!w"ﬂ-]
Confguasiion T =) Uiy T i Bcomror |
e Dsciplin Cooling plant - 003
Stingmathod [Pk bated on datsgn radshen =l ar
Hat ssstction, Concal |
Troe [Hene =)
oy wibset vatbatiomet [
Cogermponoe 7]
tincondary duibuhon pung
Troe [More ]
Fullload e = 3
Thesral sitagn
Tree Stosage frst -
R | = — |
Sehwake _ [icTTanES = ...define the type,
capacity, and operating
schedule at the plant
level.
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Cogeneration

Cogeneration systems can reduce the overall energy costs for a
building by generating electricity on-site and capturing the waste
heat produced by the engine. The cost of locally generated
electricity often exceeds the cost of energy from the utility, and
the economic advantage of cogeneration systems is therefore
derived from appropriate use of the waste heat. One common
application is hot water for domestic or process loads. \Waste
heat from cogeneration can also serve as an energy source for
comfort heating.

Figure 3-6 Cogeneration system

- water-cooled
electricity o engine

generator
M heating boiler
load
M absorption
chiller —I
(Not shown: cooling
cooling-tower loop) load

< |

<

Application considerations

m \When compared with conventional HVAC systems, cogeneration
systems are more expensive to install and require additional
maintenance. Consider these characteristics when determining
whether cogeneration is feasible for a particular application.

m An absorption chiller that provides chilled water for comfort or
process cooling can magnify the economic potential of waste
heat from cogeneration. If the cogenerator cannot produce water
that is hot enough to drive the absorption cycle, it may be
necessary to add another heat source to raise the water
temperature and serve as a backup system.
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'1
i

TRACE 700 generates a
special Cogeneration report
that provides an hourly
profile of the electrical and
heating loads before and
after cogeneration, as well
as the rejected heating load
and the consumption of fuel
for cogeneration.

g To model this
cogeneration example, use
the Library/Template Editors
program to add a hot-water
absorption chiller to the
Cooling Equipment library.

1 E Copy one of the
existing, watercooled
absorption chillers in the

Cooling Equipment library.

2 On the Options tab,
change the fuel type from
steam to hot water.
(Return to the Main tab to
save this entry.)

242 To model the cooling and
heating plants.

3 I.ﬂ Add a water-cooled
chiller to the cooling plant
and a boiler to the heating
plant. The boiler is the
energy source for the
chiller. For convenience,
define it first.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Related reading
2004 ASHRAE Handbook -- HVAC Systems and Equipment,
Chapter 7

Sample scenario

A boiler provides the hot water necessary to satisfy all of the
heating loads in a building. The same boiler also furnishes the hot
water needed to fire a two-stage absorption chiller. The building
generator satisfies electrical loads up to 175 kW. The heat it
produces is applied to either the building heating load or the
absorption chiller. The illustrations below and on page 3-30
demonstrate how to model an HVAC design that includes
cogeneration.
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_ b |
Oparsing Mode I Capacy I Eresgy Alte ] —
H=E

If desired, replace the
generic name and add a
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Fuel pouace ||Iemm -
Furihye 2 fmn =  save the new equipment.
Evaprnstive prevockng No - 'ﬁ

AR hot wested beerp. I F

Free Coolng
=lol=|
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é!;, w &2 & .?ét":;:‘;i‘-ﬂ.m, B
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- = et  —
aana. O s el = & 00t -
T Hot watst pump
& & @ 1 Hotwater fromaboiler plus hot water
Lo G M= lrecovered from a generator not only
satisfy the heating demand, but also ﬁ
fire the absorption chiller. =
e [ Codpladmen | Hesmladmen | Do Uiy /b hoces
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Direct-fired absorption cooling

As the name implies, a direct-fired absorption chiller relies on
natural gas or other fuels to drive an absorption refrigeration
cycle. The highly efficient performance of the chiller—which
typically results in a Coefficient of Performance that exceeds 1.0,
including burner losses—enables it to compete favorably with
electric chillers in many regions where electricity rates are high.

What sets direct-fired absorption chillers apart from other
machines is their ability to serve either a cooling load or a heating
load. This flexibility can be particularly appealing for applications
that need chilled water for comfort cooling during the summer
and hot water for comfort heating during the winter. In these
applications, the direct-fired absorption chiller can replace the
traditional chillerand-boiler combination while occupying
significantly less floor space.

Figure 3-7 Direct-fired absorption chiller as a chiller—heater

changeover valve
refrigerant vapor

hot
water
evaporator

absorber

high-temperature
generator

Application considerations

m Manufacturers of direct-fired absorption chillers often provide
both standard and high-efficiency models in sizes that commonly
range from 100 to 1,100 nominal tons.

m Consider using a direct-fired absorption chiller as the primary
component of a hybrid cooling plant or in other applications
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where electricity is expensive or in short supply. For example,
use the direct-fired absorption chiller to satisfy the peak load and
an electric chiller to handle the base load.

Related reading
m  Absorption Chiller System Design Applications Engineering
Manual (Trane literature number SYS-AM-13)

m  Absorption Water Chillers Air Conditioning Clinic, one of the
equipment series (Trane literature number TRG-TRCO11-EN)
Sample scenario

A 650-ton, direct-fired absorption chiller satisfies the cooling
demand for a building, but does not handle the heating load—a
gas-fired boiler provides hot water for this purpose.

Ma 1o define the cooling

plant: izl
Abemative 1
1 Choose a direct-fired Codngpet  [Cosiegpan 001 =] Hasrssckonnpe B0t Corgiones =] A
absorption chiller from the Eqkmaiiavi]Cdo | | =1
- [Eupment cabegony |\ ster-cocled chillst hd T
water-cooled chiller — ,,:HMMM s]m = HT: 3] | letas
category as the equipment Sequncigiee  [Sege 3 ey [ oz Cowaw |
type Schede [T =]  DewsEade
. . | Dpaesing made Capaciy | Ereigy st ]
2 Specify the cooling - 237 fe o
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650 tons).
- g Tios | Pl load consungtion, |
3 Enter the full-load o e {500 Gt o S 8 e
consumption for each S— I
Corfigasion Coukry Equipment Pt dovcigior:  Cocgnt 001 1
pump. gt —
4 Assign the excess heat Assigning excess heat to the heat—rejecti'on' equipment allows the
from the direct-fired heating equipment (the boiler) to satisfy the entire heating load. It also a
generator to the heat- tells TRACE 700 to ignore the heat-recovery capacity of the chiller.
2 — F I 1 |
H . H Equomenttsg  [Boder ] |
rejection equipment. Comt s 152 (———
. . . o FeodHoriaie v] lovdheddemecenomem [N ]
To define the heating plant: e T — E
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. - (|
5 Choose a hot-water boiler Capaciy _ [wen | : - £
as the equipment type. o e [m-..mm I 3
Equpment schedue | vadable (10071 =
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water pump. st s
Configasion Colrg Equpment Heating Eqepment
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Low-flow chilled-water systems

m The standard rating conditions established by ARI 550/590-1998
set flow rates of 2.4 gpm/ton and 3.0 gpm/ton for the evaporator
The condenser-water and condenser, respectively. This evaporator flow rate
flow rate for absorption corresponds to a 10°F temperature difference (AT). The

chillers is slightly
higher—3.6 gpm/ton for
single-effect machines,
and 4.0 gpm/ton and
4.50 gpm/ton,
respectively, for double-
effect steam, hot water,
and direct-fired
machines.

condenser flow rate yields a 9.1°F to 10°F AT, depending on
compressor efficiency.

For a given load, reducing the flow rate through the condenser or
evaporator increases the difference between the entering- and
leaving-water temperatures—colder water leaves the evaporator
and warmer water leaves the condenser.

Figure 3-8 illustrates how this phenomenon affects power
consumption. Although the compressor works harder to provide
additional lift, the cost savings that accrue from smaller pumps
and more-efficient tower operation more than offset the drop in
chiller performance.

Figure 3-8 Effect of lower flow rates in chilled-water plants

900,000

800,000

700,000 pumps pumps pumps

400,000

300,000

annual energy consumption, kWh/yr

200,000

100,000

12°F AT evap 18°F AT evap 18°F AT evap
10°F AT cond 10°F AT cond 15°F AT cond

Application considerations
m Evaluate the effect of low flow rates and large temperature
differentials on the entire chilled-water plant. The design that
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most benefits the chiller may not yield the lowest overall energy
consumption for the plant.

m Some climates may preclude cooler leaving-tower water
temperatures. In such cases, raising the condenser AT to 15°F
requires a 5°F increase for the water leaving the condenser.
Although this will degrade the efficiency of the chiller, supplying
warmer water to the tower will reduce the horsepower
requirements of the cooling-tower fans and increase the capacity
of the tower.

m |ncreasing the evaporator AT can make a series chiller-piping
arrangement appealing, particularly for applications with helical-
rotary compressors or absorption chillers.

Related reading
m  Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

m “"How Low-Flow Systems Can Help You Give Your Customers
What They Want," Engineers Newsletter (volume 26, number 2)

Sample scenario

A central cooling plant includes a 500-ton centrifugal chiller. The
temperature differentials across the evaporator and condenser
are 10°F and 15°F, respectively. Constant-volume pumps serve
the chilled-water and condenser-water loops.

Modeling this scenario requires you to customize three existing
pieces of equipment, as illustrated on pages 3-35 and 3-36: a
cooling tower, a chiller, and a constant-volume pump.

Note: Lowering the condenser flow rate decreases the full-load
energy rate of the cooling tower. Use this equation to calculate
the new energy rate:

LWT, - WBT
LWT, —WBT

where,

LWTq4 = leaving-condenserwater temperature that provides a
10°F AT (for example, 85°F to 95°F)

WBT = design wet-bulb temperature

LWTx = new design leaving-condenserwater temperature that
provides the desired AT (a 20°F AT in this example)
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§- 1 Use the Library/Template
Editors program to modify
existing definitions for a
chilled-water pump, cooling
tower, and chiller.

1 & In the Miscellaneous
Accessories library, copy
an existing pump. (Use
Var vol cond water pump
for this example.) Rename
the new pump and add
comments if desired.

2 Reduce the full-load
energy rate by 10/x,
where xis the temperature
difference across the
evaporator (in this case,
20). Save your entries.

3 % In the Heat Rejection
library, copy an existing
tower (for example,
Eg5100). Rename the new
tower and add comments if
desired.

4 Decrease the full-load
energy rate by

95°F — 78°F / LWTx ~78°F

(This formula is explained
on page 3-34.)

5 Modify the design
characteristics of the tower
to reflect the new range
(15°F) and flow rate
(2 gpm/ton).

6 Cooling towers in low-flow
applications often use
variable-frequency drives.
If desired, define

(continued on page 36)

[ waler pump [var voll Wanable Val Condmes Water Pusig Lancel
f o . = gLt i
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R - 1N lu:sraesasysele a
x 60 variable-volume condenser
o
E = water pump, a constant-
o v 8 2" volume condenser water
pump is a more common
Equpmert lypo

application. [l
ol
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(continued from page 35)

. Cocleg I’waﬁemmledulet C\"HI: E.CNTFIII'IJI'.M CHILLER
a new unloading curve and i IWI
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tower. Refer to “Creating
equipment and unloading
curves” on page 6-143.
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save the chiller definition. and add the full-load
2 == consumption forl each pump Com.
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the TRACE 700 project and
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Purchased chilled water

Purchased chilled water is water that is typically chilled in a
remote location and piped to individual buildings as a source of
cooling. A utility company will generally create the chilled water
in a central plant and charge the building owner and/or occupants
for the water. There are several advantages to this type of
operation: low first cost for the building owner, increased floor
space (because the chillers are not located in the building),
possible lower environmental impacts due to the high efficiency
of large chillers, and so on. In addition, thermal storage can be
used by the utility to allow generation of the chilled water at
night, when off-peak energy rates may be available, and
distribute it during the day, when needed by the customers.

Application consideration
m Purchased chilled water can offer lower first costs, but life cycle
costs may be higher.

Related reading

m Purchased chilled water, purchased district steam, and purchased
district hot water are all modeled similarly in TRACE 700. Refer to
“Purchased district steam and purchased district hot water” on
page 3-40.
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Sample scenario

In this example, the building being modeled purchases chilled
water from a central chilled-water plant owned by the local utility.
The building owner pays only for the chilled water and the
electrical use of the chilled-water pump.
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Note: The COP of purchased chilled water should be

1.0 or less. A COP of 1 indicates that for every Btu of

cooling load, 1 Btu of purchased chilled water should
be consumed. Refer to “Frequently asked questions,”
which begins on page 6-20, for additional details.
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Purchased district steam and
purchased district hot water

Purchased district hot water and purchased district steam are
typically heated in a remote location and piped to individual
buildings as a source of heating. A utility company will generally
create the hot water (or steam) in a central plant and charge the
building owner and/or occupants for it. There are several
advantages to this type of operation: low first cost for the
building owner, increased floor space (because boilers are not
located in the building), possible lower environmental impacts
due to high efficiency of large boilers, and so on.

Application consideration
m Purchased district hot water and purchased district steam can
offer lower first costs, but life cycle costs may be higher.

Related reading

m Purchased chilled water, purchased district steam, and purchased
district hot water are all modeled similarly in TRACE 700. Refer to
“Purchased chilled water” on page 3-37.
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1 lﬁStart by clicking Create
Plants.

2 From the Equipment
Category section on the
left side of the screen, click
a Boiler and drag it over to
the heating plant.

Sample scenario

In this example, the building being modeled purchases hot water
from a central hot-water plant owned by the local utility. The
building owner pays only for the hot water and the electrical use

of the hot-water pump.

Note: Steps are also shown for modeling purchased district
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Plate-and-frame free cooling

m One way to reduce the energy consumption of a chilled-water
plant is to precool the water in the chilled-water loop before it
Plate-and-frame enters the evaporator. This can be accomplished by piping a

heat exchangers are
sometimes referred to as
waterside economizers.

plate-and-frame heat exchanger into the chilled-water and
condenserwater loops. Using the piping arrangement shown in
Figure 3-9, free cooling and mechanical cooling occur
simultaneously. (Plate-and-frame free cooling can be achieved
with other piping arrangements, depending on the operating
characteristics desired.)

Figure 3-9 Chilled-water plant with plate-and-frame free cooling

distribution

condenser-
water loop

plate-and-frame
heat exchanger

When the ambient wet-bulb temperature is low enough, the heat
exchanger transfers heat from the chilled water returning to the
evaporator to the condenser water returning from the cooling
tower. Precooling the chilled water before it enters the evaporator
lessens the cooling burden, reducing the energy that the chiller
uses.

Application considerations

m Adding a heat exchanger to provide free cooling increases the
initial cost of the system. The additional pressure loss also raises
pumping costs.

m The ambient wet-bulb temperature determines the free-cooling
capacity of the heat exchanger—cooling capacity diminishes as
the ambient wet-bulb temperature rises. Free cooling is only
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Cooling-equipment
definitions in the TRACE 700
library include an approach
temperature for a plate-and-
frame heat exchanger—the
default is 3°F

To model a different approach
temperature, use the Library/
Template Editors program to
copy and modify an existing
piece of cooling equipment.

Note: TRACE 700 assumes
that the capacity of the heat
exchanger equals the cooling
capacity of the chiller to which
it is assigned.
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available when the ambient wet-bulb (AWB) temperature is less
than the design return chilled-water (DRCW) temperature plus
the heat exchanger approach (HEA) temperature, that is,

AWB < (DRCW + HEA)
The cooling tower must be designed for winter operation.

Water entering the condenser must be maintained within the
temperature limits specified by the chiller manufacturer.

Related reading
Multiple-Chiller-System Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

Chilled Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

“"A New Era of Free Cooling,” Engineers Newsletter (volume 20,
number 3)

Sample scenario

A chilled-water plant includes a three-stage centrifugal chiller and

a plate-and-frame heat exchanger that has a 3°F approach.

The following illustrations demonstrate how to model this plant.
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I.ﬁ To model a cooling plant
that includes a plate-and-
frame heat exchanger:

1 Select the desired
equipment type. For this
example, pick one of the
centrifugal chillers from the
water-cooled chiller
category.

2 Enter the full-load
consumption for each
pump.

3 Click Controls and choose
one of the plate-and-frame
options as the free cooling
type.

For a cooling plant with
multiple chillers, be sure to
specify the free-cooling
option for each chiller.
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Refrigerant-migration free cooling

As the name implies, refrigerant-migration free cooling is based
on the principle that refrigerant migrates to the coldest pointin a
refrigeration circuit. Under favorable conditions, this energy-
saving option for centrifugal chillers can provide up to 40 percent
of the design cooling capacity of the chiller.

When condenser water returning from the cooling tower is
colder than the water in the chilled-water loop, as depicted in
Figure 3-10, the refrigerant pressure in the condenser is less
than that in the evaporator. This difference in pressure drives
refrigerant vapor from the evaporator to the condenser, where it
liquefies. With the help of gravity, the liquid refrigerant flows back
to the evaporator. The non-mechanical refrigeration cycle is
sustained, providing free cooling, as long as the differential
refrigerant pressure is sufficient to drive vapor from the
evaporator to the condenser.

Figure 3-10 Refrigerant-migration free cooling
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Application considerations

Mechanical cooling and refrigerant-migration free cooling cannot
occur simultaneously. This type of free cooling can only be used
if the cooling capacity of the tower water is sufficient to meet the
entire building load.
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M& 7o model a chiller with
refrigerant-migration free
cooling:

1 Add the appropriate
equipment category to the
cooling plant. For this
example, select water-
cooled chiller. (This is
equivalent to dragging an
equipment icon to a plant on
the Configuration tab.)

2 Replace the default
equipment tag with a more

descriptive name, if desired.

3 Select the desired
equipment type and full-
load consumption for each
pump.

4 Click Controls and choose
the appropriate option from
the list of free cooling types
(in this case, refrigerant
migration).

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Little, if any, free-cooling capacity is available when the ambient
wet-bulb temperature exceeds 50°F

Unlike the compressor (which is off), accessories such as pumps
and cooling-tower fans continue to operate in the conventional
manner during the free-cooling mode.

The cooling tower must be designed for winter operation.

Related reading
Chilled Water Systems Air Conditioning Clinic, one of the
systems series (Trane literature number TRG-TRCO16-EN)

Sample scenario

A watercooled centrifugal chiller is equipped for refrigerant-
migration free cooling. When ambient conditions permit, free
cooling satisfies up to 40 percent of the design capacity of the
chiller.
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If refrigerant-migration
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satisfy the entire load,
then mechanical cooling
is used instead.
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Strainer-cycle free cooling

Like other methods of free cooling for chillers, strainer-cycle free
cooling acts as a waterside economizer that reduces the amount
of energy consumed to produce chilled water. In this case, the
source of cooling is condenser water returning from the cooling
tower.

Figure 3-11 illustrates a typical strainercycle piping arrangement
that provides free cooling. When the ambient wet-bulb
temperature is cold enough, the tower water is valved around the
chiller and directly into the chilled-water loop. A filter is positioned
upstream of the valve to strain the condenser water before it
enters the chilled-water loop, resulting in the name given to this
method of free cooling.

Figure 3-11 Piping arrangement for strainer-cycle free cooling
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Application considerations

Pumping cooling-tower water throughout the entire chilled-water
loop increases the risk of corrosion and fouling. Water treatment,
though costly, can help mitigate this risk.

Free cooling is only available if the leaving-tower water can satisfy
the entire cooling load, limiting the effectiveness of this option.
Ambient wet-bulb temperature determines the amount of free-
cooling capacity available from the strainer cycle—cooling
capacity diminishes as the ambient wet-bulb temperature rises.
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lﬁ After adding a water-
cooled chiller to the cooling
plant:

1 Choose the appropriate
equipment type (a
centrifugal chiller for this
example).

2 Specify the full-load
consumption for each
pump.

3 Click Controls and choose
strainer cycle from the list
of free cooling types.

Strainer-cycle free cooling
occurs at the plant level. If
the cooling plant includes
multiple chillers, repeat this
step for each chiller.

m The cooling tower must be designed for winter operation.

Sample scenario

A chilled-water plant, which includes a water-cooled centrifugal
chiller, is piped to provide strainercycle free cooling.
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Double-bundle condenser heat recovery

_—tower bypass valve

cooling condenser—

Inset A ¢ tower bypass

The double-bundle method of condenser heat recovery can
reduce the amount of energy consumed for heating in chilled-
water applications. It adds a second, heat-recovery condenser to
collect heat that normally would be rejected to the cooling tower
by the cooling condenser. The collected heat is then used to
(pre)heat water for domestic use, comfort heating, or a process
application.

Figure 3-12 illustrates a typical chilled-water plant equipped to
satisfy concurrent cooling and heating loads. When a heating
load exists, water flow through the cooling condenser is adjusted
so that the chiller rejects less heat to the cooling tower. Flow
modulation can be accomplished with a variable-frequency drive
on the condenser pump or, alternatively, could be accomplished
by varying the temperature of the water entering the condenser
by installing a cooling-tower bypass (Inset A).

Figure 3-12 Heat recovery with a double-bundle condenser
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As the water temperature returning from the heating load falls,
the variable-frequency drive modulates the condenserwater
pump to decrease the flow of water through the cooling
condenser and tower. (If a cooling-tower bypass is used, the
bypass valve modulates to divert a greater amount of water
directly back to the cooling condenser.)
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With less heat rejected outdoors, more heat can be collected by
the heat-recovery condenser. The amount of heat recovered
depends on the extent to which condenserwater flow is
reduced. Given the characteristics of the application and of the
chiller selected, the heat-recovery condenser can produce hot
water ranging from 95°F to 120°F.

Application considerations

m A backup source of heat is required if the heat recovered from
the cooling process is not sufficient to satisfy the entire heating
load.

m Double-bundle condenser heat recovery is an equipment option
that must be specified when ordering the chiller.

m The chiller consumes more energy per cooling ton when it
operates in the heat-recovery mode.

Related reading
m  Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

Sample scenario

A watercooled, centrifugal chiller has a nominal cooling capacity
of 500 tons, and is equipped with a heat-recovery condenser to
satisfy the comfort-heating load. The pumps that serve the
chilled-water and condenserwater loops are rated for 70 feet and
50 feet of static head, respectively. A gas-fired boiler provides
backup heat, if needed, using a hot-water pump rated for 60 feet
of static head. Any excess heat is rejected from the system via
the cooling tower.

If the entering condenser water is 85°F, then the chiller
consumes 0.58 kW/ton to make chilled water. When no heating
load exists, the tower attempts to make 65°F water. During the
heat-recovery mode, the chiller can produce 400 tons of cooling
at 0.70 kW/ton.
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Definitions for water-
cooled chillers in the Cooling
Equipment library include
design entering and minimum

. ;JEIS
operating temperatures for

condenser water.

Use the Library/Template
Editors program to display the
values for a particular chiller.
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Evaporative

Cooling and Heating Plants
Evaporative precooling of ¢

precooling of condenser air

Precooling the condenser air stream can increase the efficiency
and capacity of mechanical cooling equipment. The cost-
effectiveness of this option is directly related to the ambient
conditions in which it is used. Generally, the drier and hotter the
climate, the greater the potential savings.

Evaporative precoolers primarily consist of porous, absorbent
material continuously saturated with water. Commonly used with
aircooled equipment such as rooftop air conditioners, the
precooler is mounted on the entering-air side of the condenser
coil.

As the condenser fans draw air through the precooler, water
contained in the wetted media evaporates, cooling the air stream
before it enters the condenser coil. The temperature drop
resulting from the evaporative process increases condenser
capacity and improves the overall efficiency of the machine. The
extent to which efficiency is improved is determined by the
difference between the wet- and dry-bulb temperatures and also
by the effectiveness of the precooling coil (refer to Figure 3-13).

Figure 3-13 Effect of evaporative precooling
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Application considerations
m Adding an evaporative precooler increases water usage, which
may be a significant cost consideration in dry climates.

m Condenser fans must sustain higher static pressures when an
evaporative precooler is present. Consult the manufacturer to
determine fan capabilities.

m Like condensate drain pans, evaporative precooling systems
require additional care to ensure proper cleanliness and
operation.

Sample scenario

A 60-ton rooftop air conditioner cools a building. To reduce the
energy consumption of the air conditioner, an evaporative
precooling media is used to lower the temperature of the
condenser air stream. The effectiveness of the evaporative
precooler is rated at 60 percent.

The illustrations below and on page 56 demonstrate how to add a
rooftop air conditioner to the current project (Steps 1-3) and
equip it with evaporative precooling (Steps 4-5).

Note: Evaporative precooling effectiveness defaults to 60 percent
for all aircooled equipment in the Cooling Equipment /ibrary. To
change this default value, copy an existing piece of cooling
equipment and modify it using the Library/Template Editors
program.
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Next, define the capacity of
the rooftop unit.

3 Enter 60 tons as the !
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4 Click Controls.
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To save your entries,
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Cooling Equipment library:
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Cooling tower with VFD

A cooling tower rejects the heat from a water-cooled condenser
by spraying water over a fill while drawing outside air through it.
As the heat-rejection load and ambient wet bulb change, the
cooling-tower fans must move either more or less air to produce
the desired water temperature. One popular method for
controlling the speed of the cooling-tower fans is to use variable-
frequency drives (VFDs). This approach offers several benefits:

m Tight control of towerwater temperature.

m Fan power varies with the cube of the speed, resulting in great
potential for energy savings.

m |n addition to avoiding gearbox or motor wear, fans operate more
quietly at low speeds when equipped with variable-frequency
drives than with other methods of modulation.

Figure 3-14 Cooling tower with VFD
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Application consideration

m Balancing chiller and cooling-tower energy is an important aspect
of controlling condenserwater temperature. Studies indicate that
during many points of operation, the optimal condition is not the
lowest water temperature that the cooling tower can produce. To
reduce the combined energy consumption of the chiller and
tower, consider using automated, system-level controls to
establish the target water temperature for the tower sump.
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Create a cooling plant
consisting of a water-cooled
chiller, cooling tower, and
pumps.

1 Describe the chiller as a
three-stage centrifugal.

2 If desired, specify the
cooling capacity (required if
the plant contains more
than one piece of cooling
equipment.)

3 To include the pumps in the
calculation of plant energy
consumption, complete the
entries for full-load
consumption.

4 Pick a cooling tower
equipped with a VFD.To
view the unloading
characteristics of the
cooling tower, or to create a
tower with a different
unloading curve and add it
to the TRACE 700 library of
heat-rejection equipment,
use the Library/Template
Editors program.

3-58
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Related reading
Multiple-Chiller-System Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

"

“Tower Water Temperature...Control it How?' Engineers
Newsletter (volume 24, number 1)

Sample scenario

A chiller plant consists of a three-stage, electric centrifugal chiller
that rejects condenser heat to a cooling tower. The capacity of
the cooling-tower fans is regulated by a variable-frequency drive.
The illustrations that follow demonstrate how to add a centrifugal
chiller (Steps 1-2), related pumps (Step 3), and a cooling tower
with variable-frequency drive (Step 4).
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Chiller—tower optimization

Independent studies of the relationship between the cooling
tower and chiller demonstrate the importance of balancing chiller
and cooling-tower energy. As Figure 3-15 illustrates, the optimal
condenserwater temperature for a specific chilled-water plant
depends on both chiller load and ambient conditions.

Figure 3-15 Chiller-tower energy consumption
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60 64 68 72 76 80 84 88
set point for entering-condenser water temperature, ‘F

Coldest condenser Highest cooling capacity
water that the tower available at this condenser
can produce at this load water temperature
and wet bulb

During many points of operation, the optimal condition is not the
lowest water temperature that the cooling tower can produce. To
reduce the overall energy consumption of the chiller—tower
combination, it is important for the system designer and plant
operator to evaluate the use of system-level controls that
establish a set-point temperature for the tower sump based on
ambient and load conditions.
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Application considerations

Load, ambient conditions, and the part-load operating
characteristics of the chiller and tower ultimately determine the
optimum tower control temperatures for a given installation.
Information-sharing controls are key to successful optimization.

Energy consumption of helical-rotary (screw) compressors

drops quickly with reduced head pressure (condenserwater
temperature). The optimal towersump set point for these
compressors is therefore lower than for centrifugal compressors.

Chiller operation at elevated towerwater temperatures, though
efficient, may cause adverse effects over time. Operating with a
higherthan-normal pressure differential between the evaporator
and condenser places a greater burden on the compressor.

Related reading
Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

“Tower Water Temperature—Control It How?" Engineers
Newsletter (volume 24, number 1)

Sample scenario

Condenser heat from a water-cooled chiller is rejected to a
cooling tower. A building automation system governs plant
operation, optimizing the water temperature leaving the cooling
tower to minimize the combined energy consumption of the
chiller and tower.

The following illustrations represent the entries used to model
the control strategy for chiller—tower optimization.

Note: Of the cooling towers predefined in the TRACE 700 library
of heat rejection equipment, two include optimized control of
condenserwater temperature as well as variable-frequency
drives: Optimized VFD C-tower — 10°F represents a 10°F design
range, and Optimized VFD C-tower — 15°F represents a 15°F
design range.
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.I.ﬁ After creating a cooling
plant that consists of a water
cooled chiller, cooling tower,
and related pumps, pick one
of the optimized cooling
towers as the heat rejection

type.

ol

¥ jUse the Library/Template
Editors program to view the
attributes of the predefined
cooling towers with optimized
control.

% Copy and modify one of
these towers to add your own
cooling-tower definitions to
the library of Heat Rejection
equipment.
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Domestic hot water assigned to a boiler

Current construction practices yield well-insulated, tightly
constructed buildings that lose less heat and experience less
infiltration than their predecessors. The reduced heating burden
permits the use of domestic hot water for comfort heating. A
central boiler not only provides potable hot water for washing and
cooking, but also for comfort heating (that is, by supplying hot
water to fan coils distributed throughout the building).

Figure 3-16 Integrated HVAC and domestic hot-water systems

fan coil

coppertube

cooling plant boiler

N/
R
T o

Application considerations

All components connected to the domestic water system must
be compatible with, and rated for use with, potable water. For
example, use bronze pumps, copper-tube boilers, and fan coils
with lead-free fittings and solder.

Eliminate air from the potable-water loop, at the expansion tank
as well as at the fan coils.

Provide appropriate water treatment.

Sample scenario

A gas-fired boiler provides hot water to satisfy the heating load
for the building. The same boiler also supplies 105°F water at a
rate of 200 gpm to satisfy the hourly demand for domestic hot
water. The illustrations below demonstrate how to model a boiler
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%ﬁ To represent the
domestic hot water for this
example, create a new base
utility using the Library/
Template Editors program.

-

Copy the domestic hot
water member of the Base
Utility library.

2 Rename the copy and add
comments if desired.

3 Replace the existing hourly
demand with 200 gpm.

4 Change energy type to
Process hot water load.

5 Provide the water
temperatures entering and
leaving the boiler (60 and
105, respectively) and save
the new utility.

6 Using lﬂ add a boiler to
the heating plant.

7 Define the domestic hot
water load as a base utility
using the new library
member created in Steps 1
through 4. Assign it to the
heating plant and click
Apply.

8 Specify the equipment
type and full load
consumption of the
hot water pump on the
Heating Equipment tab.

that serves two purposes: comfort heating and domestic hot

water.

Note: Gallons should not be used with domestic hot water.

Gallons should only be used for
water.

water consumption, i.e., makeup
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Air-to-air heat-pump system

»

T1\P
Oversizing the cooling
capacity of the heat
pump lessens the use of
electric heat, but it can
also cause excessive
cycling and discomfort.

To provide comfort cooling and heating, airto-air heat pumps rely
on two refrigerant-to-air heat exchangers, one located inside the
building and the other outside. During cooling operation, the heat
pump operates as a conventional air conditioner—refrigerant
passing through the indoor coil picks up heat from the space
(cooling it), and then rejects that heat outdoors when it passes
through the outdoor coil.

The refrigeration cycle operates in reverse during heating
operation. Ambient heat transfers to the refrigerant passing
through the outdoor coil, and is then released to the space when
the refrigerant passes through the indoor coil.

Supplementary electric-resistance heat typically serves as a
backup during defrost cycles and when the heat pump is unable
to satisfy the heating load. Backup heating is especially important
in cold climates because the capacity of the heat pump
decreases as the temperature outside falls.

Figure 3-17 Operating modes of air-to-air heat pumps

cooling mode heating mode
compressor compressor
reversing reversing
valve valve
indoor coll Y indoor coll ] outdoor coil
 * i |
filter drier g filter drier
00 O
outdoor
metering device, coil metering device,
check valve check valve

Application considerations

Most airto-air heat pumps can provide cooling at ambient
temperatures as cold as 35°F. Adding an optional head-pressure
control can extend operation to 0°F, and may be required to
enable low-ambient cooling in applications that use changeover—
bypass VAV controls.
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m To reduce drafts during heating operation, use diffusers that
control air velocity and throw. (The heating supply-air temperature
is usually lower for heat pumps than for other types of HVAC
systems.)

m Some airto-air heat pumps include barometric-relief, gravity-
actuated dampers that open as the building pressure rises.
Whether barometric relief is sufficient during economizer
operation depends on the characteristics of the airdistribution
system. When making this determination, be sure to account for
the return-air pressure drop.

Sample scenario

A dedicated, airto-air heat pump satisfies the airconditioning
needs of each retail store in a strip mall. Electric resistance heat
serves as a backup when the heat pump is unable to satisfy the
entire heating load for the store.
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Water-source heat-pump system

T\V

TRACE 700 generates a
special report for HVAC
designs that include
watersource heat
pumps. The Thermal
Storage report provides
an hourly profile of
ambient conditions,
plant-level cooling loads,
heat-pump loads and
energy consumption, and
condenser-loop
temperatures.

3-68 Cooling and Heating Plants

Watersource heat pumps (WSHPs) transfer heat from air to
water and vice versa. Piping the heat pumps togetherin a
common water loop creates a heat-recovery system that can
redistribute heat where it is needed—for example, from interior
zones to perimeter spaces. This capability saves energy by
reducing the operating time of the cooling tower and boiler. It
also makes applied WSHP systems popular in commercial
buildings that have many spaces with dissimilar cooling and
heating needs. In such applications, each space is served by one
or more heat pumps and is controlled independently.

WSHP systems readily adapt to the special requirements of
speculative jobs, because only the heat pumps required for the
initial phase of occupancy must be procured. Additional heat
pumps can be purchased, installed, and connected to the loop as
needed. This offers the opportunity to meter individual spaces so
that the tenants pay the individual operating costs of the spaces
they occupy.

Figure 3-18 Applied water-source heat-pump system
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Application considerations

m Design the airdistribution system to provide proper ventilation,
either locally at each heat pump or centrally using a dedicated
ventilation system.

m Heat pumps are situated in or near occupied spaces. Provide
appropriate acoustical treatments to ensure that the noise from
the compressors and fans is unobtrusive.

m For proper maintenance, heat pumps must be located in
accessible areas. In new buildings, this requires coordination with
the architect.

Related reading
m  WaterSource Heat-Pump Systems Air Conditioning Clinic, one of
the systems series (Trane literature number TRG-TRCO15-EN)

m  Water Source Heat-Pump System Design Applications
Engineering Manual (Trane literature number SYS-AM-7)

Sample scenario

An applied, water-source heat-pump system (one heat pump per
room) provides comfort cooling and heating for a multistory
commercial building. The pump that circulates water through the
common condenser loop is rated for 50 feet of static head. A gas-
fired boiler and an auxiliary pump rated for 20 feet of static head
serve as a backup if the condenser loop is unable to satisfy the
entire heating load.

Note: TRACE 700 generates a special report, Thermal Storage,
for HVAC designs that include thermal storage. The report
provides an hourly profile of ambient conditions and plant-level
cooling loads, as well as heat-pump loads, heat-pump energy
consumption, and condenserloop temperatures for hot and cold
storage applications

The illustrations on pages 3-70 and 3-71 demonstrate how to
model the airdistribution, cooling, and heating functions of the
WSHP system and then assign the coil loads.
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Ureeos B Dhfuden SFPVEY | ! 1
Ur Ventistin L 2
2 Onthe I.=al.ls tab, select o i _o.i_...'
Hydronic in heat pump arsblchne Rebodk 0¥ bin v el
fan and enter 0.5 for the E§£:—§E:ﬁ"ﬁ; |
static pressure. e -
M Next, describe th = -
ext, describe the Avnaive
. . System desergtion  [rSHP ERT °3
cooling and heating plants B = —
represented by the WSHP
system and backup boiler. s |
3 Drag the appropriate icons -
from the Equipment Tive 2| s it | oot | e
Category section to define i O T "
[None 0 (] kwiCim
each plant. Rename the o 0 la Tkwrtim
. exhasail o I I TkwiCim | fuveslabie (1007%)
cooling plant as WSHP and (- — . —
the heating plant as
Backup boiler.
) __Sekomn | Qs | QedosdO ] TeeiHumsly Fans Schematic
4 Select the cooling plant and e
click the Cooling Aamsive 1
H [Ecupmert Catngery Confap stin
Equipment tab. e e — -
5 Choose the watersource rcoka wssco. wasss : “e%’"?'rﬁ.'ﬁi'&?,.“" o —
heat pump that best B @ @ P e wat e o 3P|
x Lt | 1
matches the target v [ ?tmmﬁb@;’ g P
performance. — " - @ Howas o o |
g e F @
6 Enter the full-load e —— : PR
consumption of the pump Y, Click to save the displayed entries.
that serves the common Cockalre Souce Host Paro =] || T - Cocegover 7 | &0
. Eaknentlin  [Woioucsbenpmo 001 5] | | Hosbanberimtbbohe | F G|
water loop—the primary F reprrr——
chilled-water pump, in o | Bt [WoeSoscb? HuneR 5 5] tiow Eaip |
this case [sian BT ) Hl|| N e
. Backip hest rource  [Gackas siectis restance =] || copscnr [i2 [satnen = |
Pispect conderses bt [Fieal epecten squprmard =] || Schedde [Hodgrep =]
Flsject heat bo plank w| I
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Note: Do not remove thermal
storage. The water loop is
modeled as a special thermal
storage type in TRACE 700.
Removing the thermal storage
eliminates the water loop
from the simulation.

7 Be sure to apply your ==

changes. On the Heating P

Equipment tab, pick the e e e ol

boiler that most closely A

matches the anticipated ::_:x’” ::“:mW7__|ﬂ

performance. S

RO D —

8 Enter the full-load N s 5] | | |

consumption of the pump schedte [T 5]

that circulates hot water g

from the boiler. Type  [FqRll0 Heaten mote cac g =] Equperant schedus [votaioos) 7]

neien [0 [ | e r——
Note: The minimum 8
operating condenser
temperature of the selected = L ot :
heat pump (refer to page
3-67) determines when the =lolx
boiler turns on to maintain the A sl
condenser water o e e
temperature. To view or alter e il e _Mengguen |
this entry, use the Library/ 9 e :::‘:::
Template Editors program. Hentespen]
_ D |

9 = Finally, assign each coil L |l

load to the appropriate
plant.
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Ground-source heat-pump system

A common variation of the watersource heat-pump system uses
the earth as both a heat source and a heat sink. Known as a
ground-source (GSHP) system, this variation takes advantage of
the relatively constant 45°F to 65°F temperatures that exist 20 to
30 feet below the surface. When buried in the ground, the high-
density thermal plastic pipe acts as a heat exchanger. During the
cooling season, it transfers the heat absorbed by the heat pumps
to the ground for storage. When heating is needed, the heat
exchanger recaptures the heat from the ground and returns it to
the building.

Figure 3-19 Applied ground-source heat-pump system

other
HVAC equipment

waterto-water |:’

heat pumps l:’
water
r@j heaters
LG pumps
ground level
456 ft T T T I to additional grids
1004200 ft

Temperatures at this depth typically
range from 45°F to 65°F

If properly designed, an applied GSHP system does not require a
cooling tower. Aesthetically, this means that all of the heat from
the building can be rejected without any visible sign of a cooling
system. A boiler is also unnecessary if the heat pumps can
satisfy the entire heating load, which saves initial cost and floor
space.
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Application considerations

m GSHP systems are more expensive to install, but less expensive
to operate, than conventional watersource heat-pump systems.
Perform a life-cycle cost analysis to determine the economic
viability for a particular application.

m |nstallation requires excavation, trenching, or boring by a qualified
contractor.

m  Ground-coupled loops can be installed in a horizontal, vertical, or
spiral configuration. Available land, soil conditions, and excavation
costs will determine the appropriate choice for a given
application.

Note: A boiler will still need to be input for a GSHP model in
TRACE 700. However, if the water loop is properly sized (input as
the thermal storage capacity), the minimum and maximum
condenser operating temperatures are correct, and the load
profile is realistic, the boiler may not activate.

Related reading
m  WaterSource Heat-Pump Systems Air Conditioning Clinic, one of
the systems series (Trane literature number TRG-TRCO15-EN)

Sample scenario

An applied, ground-source heat-pump system (one heat pump
per room) provides comfort cooling and heating for a multistory
commercial building. The pump that circulates water through the
common condenser loop is rated for 50 feet of static head. A gas-
fired boiler and an auxiliary pump rated for 20 feet of static head
serve as a backup if the condenser loop is unable to satisfy the
entire heating load.

Note: TRACE 700 generates a special report, Thermal Storage,
for HVAC designs that include thermal storage. The report
provides an hourly profile of ambient conditions and plant-level
cooling loads, as well as heat-pump loads, heat-pump energy
consumption, and condenserloop temperatures for hot and cold
storage applications.

The following procedure demonstrates how to model the air
distribution, cooling, and heating functions of the GSHP system
and assign the coil loads.
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G‘I: To model an applied
GSHP system, begin by
defining air distribution.

1 Pick Water Source Heat
Pump as the system type.
Then click Apply to save
your entries.

2 On the Fans tab, select
Hydronic in heat pump
fan and enter 0.5 for the
static pressure.

lﬁ Next, describe the
cooling and heating plants
represented by the GSHP
system and backup boiler.

3 Drag the appropriate icons
from the Equipment
Category section to define
each plant. Rename the
cooling plant as Ground
source heat pump and the
heating plant as Backup
boiler.

4 Select the cooling plant and
click the Cooling
Equipment tab.

5 Choose the ground-source
heat pump that best
matches the target
performance.

6 Enter the full-load
consumption of the pump
that serves the common
water loop—the primary
chilled-water pump, in
this case.

7 Select the backup heat
source and select the
ground loop for reject
condenser heat.

8 Click Controls.
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nnot satisfy the load.

from the heat pump is
rejected to the ground loop.
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9 Click Cooling Plant and
Geothermal Controls.

10Choose the geothermal
loop type by specifying the
temperature of the loop
entering the building in the
TLoop Ent Bldg field.

Note: IGSHPA should only be
used for horizontal borefields.
Vertical bore requires a
separate IDF file to be used in
conjunction with the project.
The Custom selection in this
field requires a separate
Geothermal schedule defined
in the Schedules Library.
When using either IGSHPA or
Custom geothermal loop
types, plant- or equipment-
level thermal storage should
be defined to reflect the
capacity of the borefield loop.

11 Enter the geothermal loop
flow rate, geothermal loop
pump type and associated
full-load energy rate.
Enter fully mixed as the
flow scheme.

120n the Heating
Equipment tab, pick the
boiler that most closely
matches the anticipated
performance.

13Enter the full-load
consumption of the pump
that circulates hot water
from the boiler.

14@ Finally, assign each coil
load to the appropriate
plant.
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the selected heat pump (refer to page 3-67) determines when
the boiler turns on to maintain the condenser water
temperature. To view or alter this entry, use the Library/
Template Editors program.
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Central geothermal chillers

A central geothermal system uses the earth as a heat sink and
energy source to provide cooling and heating. Unlike a distributed
ground-source heat pump system, a central geothermal system
uses centrally located chillers instead of small unitary heat
pumps distributed throughout the building. This system allows
greater freedom of airside system selection as heated and chilled
water can be distributed to system coils throughout the building.

Figure 3-20 Central geothermal chiller system (Trane bidirectional

cascade)
pump
<
I
&
' — heating
] load
cond.
evap.
I I
round level
46t — T T 1 )
to additional grids
100200 ft
Temperatures at this depth typically
range from 45°F to 65°F

Application considerations

m [nputting the entire cooling and heating load is critical for chiller
selection and modeling. Include all end-use components such as
domestic hot water (refer to “Domestic hot water assigned to a
boiler” on page 3-62), dedicated outside air systems (refer to
"Dedicated outdoorair systems” on page 4-50), etc.

m The Building Cool/Heat Demand report shows airside coil loads
from the System simulation. The Plant Load Summary report
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shows all loads assigned to the central geothermal chiller system
including all end-use components.

m Central geothermal systems may have additional pumps. Be sure
to include all pumps within Create Plants. If additional pumps are
needed, they may be modeled as accessory pumps within
Miscellaneous Accessories. The bidirectional cascade system
employs condenser and evaporator energy transfer pumps, which
are modeled as Miscellaneous Accessories in this example.

Related reading
m  Central Geothermal Systems Application Manual (Trane literature
number SYS-APMOO09-EN)

Sample scenario

A central geothermal system uses two RTWD chillers in parallel,
each capable of providing 200 tons of cooling and 1870 Mbh of
heating. This system is set up as a bidirectional cascade and uses
two energy transfer loops with pumps to transfer energy
between the chillers during simultaneous cooling and heating.

Figure 3-21 Two-chiller bidirectional cascade central geothermal
system

condenser energy
| ) ©_ transfer pump
from borefield >

to borefield
« —@_
evaporator energy
transfer pump
:J
& heating
load
cond.
evap.
[ cooling %)
load

The following procedure demonstrates how to implement the
cooling plants, pumps, geothermal loop, and heating equipment.
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Define the cooling plant by Note: The two chillers are identical. As an alternative, drag only one
selecting Create Plants in the water-cooled chiller to the cooling plant, follow steps 2 through 14,

i W creaf
Project Navigator window. & and then click Copy Equip to create the other chiller.
] g Alrsnial
. Caupmert Categery Configuation
1 Drgg two Watercopled & @ [ ﬁ- oo —
chillers to the cooling plant e W e 1 a:'.*mm o= |
and click the Cooling = R W=t ﬁ
Equipment tab. & o & I
\n::;rme Doder |el:::|ef::e G;:;:i:& m
For each chiller: & 8 & o e |
. daooked  Coolgiower  Pumps Themal M
2 Select the appropriate e Horsgn
equipment type. %wn__
3 Pick Parallel as the T
sequencing type. Aamsiee] =
Codngplaet  [Codkegpsn 001 %] Hestrsiacken e
4 Enter the cooling capacity e e [Friere———3 (=]
(200 tOﬂS) Eepmpument cabegeny [l sher cocted chiller - Houlp svbierd vt baicltind [ F
) Gqumertipe D Deind Grabem Crlnties =] Themelovsge _Mewtasm |
5 Enter the cooling capacity sy [P 3 I ;’:’w I“"'_ l—_lj F‘
e 3 i
for the chiller when it is in Sehmchde [T -
heat recovery mode (1870 T T Fraae 8 i
Mbh). e [
e i T
6 Specify the full-load energy — i _—
consumption for the chiller r et = 7¢ I
in the cooling mode and in —— = ' :
the heat recovery mode. Lntosen CotspuCosmet | NoowgChonen | DueUiby/bieg decr
TRACE will automatically add !
These energy consumption
7 Enter the pump types and  ngatof-com i
pression to the | t t desi il
full-load energy entered value to account for Z:;i:;;safoftsrlznc;olli:g; and
consumption rates for the  compressor heat. heating mode
chilled water pump and
condenser water pump. (If i this entry is left blank,
there is no heat rejection TRACE calculates this value —
device, there would be no and sizes the first chiller for
condenser water pump.) the entire cooling capacity.
The bidirectional cascade
pumps for the evaporator
and condenser energy
transfer loops will be
entered as miscellaneous
accessories in a later step,
as will a secondary
distribution pump and a
borefield pump.
8 Click Controls.
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9 Select the back-up heating x

plant for Reject heat to i
plant. Fion Costng
Type e -] | e
10Select Ground loop for Fuadcodmtpe | | “m"
: Pue - |
Reject condenser heat. R
11Click Cooling Plant and Evopounosare Coreenses Wokr Loaying lsset O .
Rieget Curve Reset TO
Geoth:rn:l (io(r;tr(;ls ;[o g [t T
opent e Plant Controls | o
dialog box.
economizst Mo ¥]  DinchledwssdeaT[10 F
12Choose the geothermal ?LT;:M o u,:mm :: -
loop type by specifying the Energy suace [ |
Beistoomdenams et [Ground ken Q) |
tempgrature of .thle Iogp R -
entering the building in the Eqimertichedde  [wameions 1]
TLoop Ent Bldg field. v Lo

it gas rebmat fox iﬁl
delu?v:ﬁtm =

Note: IGSHPA should only be
used for horizontal borefields.

Vertical bore requires a X
Description Cooling plant - 001
separate IDF file to be used in Stingnetod |28 design snultien
conjunction with the project. Heatgection o]
The Custom selection in this | |
field requires a separate ) — Lo
Geothermal schedule defined - MepEuiigloes 12%we
in the Schedules Library. Secondaly divbion purp Fourte [0 [F<of cordenserflow ate =l
When using either IGSHPA or o m 3memIVMMMHWDDumD .
Custom geothermal loop e FumpLide [0 [ =
types, plant- or equipment- Uik Fovchete [6-dcior e Kl
Type [GLHE designed for 20F (1101 0 welfild =] Mot of siulston peas [T

level thermal storage should T e | P
be defined to reflect the Schede  [Fegmme = Hestectongerpposch [1
capacity of the borefield loop.
13Enter the geothermal loop

flow rate, geothermal loop

pump type and associated

full-load energy rate.

Enter Bidirectional

cascade as the flow

scheme.
14If a primary-secondary

distribution system will be

used, enter the secondary

distribution pump type

and full load consumption

rate.
CDS-PRMO0O01-EN e TRACE 700 User's Manual Cooling and Heating Plants 3-79

Central geothermal chillers



15Enter the evaporator and 2101 =l
condenser energy transfer mm
pumps within the Base eI e M e O :’:w lm! e |
Utility / Misc. Accessory Codraglrt—. A1 Comermy. Stwas fosts1008 g g m
screen. The evaporator e e ""‘“f"
energy transfer pump will ;:h E% ] ﬁl
be activated when the -
chiller(s) are in cooling :";w {JL'ZZ."ZL’:ZI: |
mode, and the condenser B e
energy transfer pump will = e
be activated when the %’wiwm =
chiller(s) are in heating |
mode. In simultaneous Contgusion Coglasmert | Hooing Eqsoment fase Utity / Wisc. Accessory
mode, both pumps will be
active. The pumps only Sl
need to be assigned to the Adries 1
Cooling Plant using the Hosiogplies  [Gocus P 5
Plant field. To ensure T | el |

Exuapmmeri cobegony [Doder E|

proper bidirectional cascade Eaupmertiype  [Orio oder | liewEado
pump modeling, it is critical R M
to use the standard library Cloncty I - o —
members already created il . o '—,—_| =
for this system (Evap
energy transfer pump and ™ e = O et 3]
Cond energy transfer e [0 [ e e —
pump).

16Configure the back-up Feran Dol

heating water system on
the Heating Equipment
tab by choosing a boiler
type, capacity, full-load
energy rate, hot water
pump type, and pump full-
load consumption rate.
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Variable refrigerant flow system

Variable refrigerant flow (VRF) systems use a combination of
indoor and outdoor units to provide cooling and heating to
conditioned spaces within a building. In a typical VRF system,
each room is served by an indoor unit located in or near that
room. Indoor units may be unducted (attached to the ceiling or
wall of the room) or ducted (located in the ceiling plenum or
closet). Each indoor unit contains a refrigerant-to-air heat
exchanger and a fan (typically multi-speed). All of the indoor units
are connected to an aircooled condensing unit located outdoors
using a common set of refrigerant pipes. Outdoor units contain
one or more compressors and an aircooled condenser.

In some applications, the indoor units may be able to handle a
portion of the outdoor air load; however, a dedicated outdoor-air
system is typically used with a VRF system.

Multiple configurations are available for the indoor and outdoor
units. Using a heat pump outdoor unit allows the system to
operate in either the cooling mode or heating mode. Using a heat
recovery system allows some zones to operate in the cooling
mode at the same time other zones operate in the heating mode.

Figure 3-22 Variable refrigerant flow system

indoor units

outdoor unit

Application considerations

m The indoor units are modeled with multi-speed fans. The VAV
Minimum controls on the Airflows template or Airflows tab of
Create Systems can be used to define the supply airflow when
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the space temperature is within the thermostat deadband. The
default is 10% of design supply airflow.

m |f a VRF Heat Pump outdoor unit is selected, the zones served
by that unit will either all operate in the cooling mode or all
operate in the heating mode. If a VRF Heat Recovery outdoor
unit is selected, some zones served by that unit can operate in
the cooling mode while others operate in the heating mode.

m |n some applications, the indoor units may be able to handle a
portion of the outdoor air load; however, a separate dedicated
outdoorair system is often required. See “Dedicated outdoorair
systems” on page 4-50 for more information.

Related reading
m "ASHRAE Standard 15 Applied to Packaged, Split, and VRF
Systems,” Engineers Newsletter (volume 37, number 1)

Sample scenario

A VRF system is used to condition multiple spaces within a
multistory building. Electric resistance heat is employed as a
backup heating source, and the ventilation is handled by a
dedicated outdoor-air system. Both a VRF heat pump and heat
recovery system will be illustrated.

The following procedure demonstrates how to model the VRF
airside system, cooling and heating equipment, as well as
assigning the coil loads.

To model the VRF system, alolx
begin by defining the air e = e
Summdasciption [RF =] e
distribution system. .
yiheen cabageny
o ]
1 Pick Variable Refrigerant gm‘m.umm o |
oratan Vohame . oo
Volume as the system type. (e v '.__[_.—1 |
Urabentionn fur Dretrbaduon
Click Apply to save your Ruglaconart Vanduion o X ._i =l
entries. ot dvereed. |
Syshem hpe -— q—l
i oI
U i daoneary [ — |
Undesfloor A Digtribastion CV
Underfloor A Distrbation PRRVAY
Linderfioos Ar Dismbution SFEVEY _l
Lire Hoabers
Lre Venkish
i N ] —
| Selocton [ Oofos | Dedcoled0A | Teve/Humdty | [T Cob ] Schemetc
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2 On the Fans tab, select
VRV Indoor Fan and enter
0.5 for the static pressure.

Note: If a ducted indoor VRF
unit is used, the static
pressure on the indoor fan will
be higher.

Next, describe the cooling
and heating plants
represented by the VRF
system and backup electric
resistance heat.

3 VRF plants are considered
Air-Cooled Unitary plants.
Drag the appropriate icons
from the Equipment
Category section to define
each plant. Rename the
cooling plant as VRF and
the heating plant as Backup
electric resistance by
selecting the plant and
clicking the Edit button.

4 Select the cooling plant and
click on the Cooling
Equipment tab.

5 Choose the VRF plant that
best matches the target
performance and operation.
There are two categories of
plant available: VRF Heat
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Pump and VRF Heat
Recovery.

Specify Backup electric
resistance as the backup
heat source.

Note: The VRF Heat Recovery option is able to recover heat from one VRF
indoor unit and share it with other indoor units that are connected to the
same refrigerant circuit. TRACE assumes that heat can be recovered between
all zones that are assigned to the system. However, heat recovery outdoor
units are available only up to a certain capacity (20 tons, as of this writing). To
accurately model VRF heat recovery, the design capacity of all the indoor
units (zones) assigned to the system should be no larger than the available
capacity of the VRF Heat Recovery outdoor unit. This might require the
creation of several systems and several cooling plants.
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7 On the Heating
Equipment tab, refine your
backup heating plant if
necessary.

8 Finally, assign each coil load
to the appropriate plant.
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System Design Options

Modeling examples in this chapter

Energy recovery and dehumidification
m Desiccant dehumidification, page 4-2

m Coil loop for exhaust-air energy recovery, page 4-8

m Total-energy (enthalpy) wheel, page 4-15

m Fixed-plate heat exchanger, page 4-21

m Heat pipe, page 4-27

m Sensible wheel, page 4-34
System options

m Direct and indirect evaporative cooling, page 4-40

m Dedicated outdoorair systems, page 4-50

m Dual-path air handler (split dehumidification unit), page 4-72

m Systems with 100% outdoor air, page 4-78

m Cold-air distribution, page 4-81

m Chilled beams, page 4-84

m Underfloor air distribution, page 4-89

m Displacement ventilation, page 4-93

m ASHRAE Standard 62.1, page 4-96
This chapter provides basic how-to instructions to help you model
system-level options such as energy recovery. Each example
begins with a brief description of the option, followed by a

sample scenario that illustrates how to model it. Typical values
are suggested where appropriate.
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4-2

Desiccant dehumidification

System Design Options

Desiccant dehumidification describes the use of a moisture-
attracting material (solid or liquid) in the air stream. As Figure 4-1
suggests, desiccant dehumidification requires a process air
stream and a regeneration air stream. In this example, the
moisture in the process (outdoor) air stream is absorbed by the
desiccant wheel, which then releases the collected moisture in
the regeneration (exhaust) air stream.

Figure 4-1 Air-distribution system with desiccant dehumidification

regeneration air stream

system-exhaust
(SYS-EXH) deck
1 =1 =1
] 5 return fan
central o 3
haust air e e
exhaus sl [
g 5
e 3
_ 2
13 TT. recirculated
= air
€ runaround
S loop space 1
?
3
- = ] [= '
g 3 3 radiant ht
central 8 5l 2 %
outdoor air Z 2 § space 2
o 51 s}
L 1< | VAV
‘ ‘ supply fan radiant ht

process air stream

Continued operation of the desiccant requires a regeneration
process. Regeneration is usually accomplished by applying heat
to the regeneration air stream before it reaches the desiccant.

Consideration of desiccant dehumidification is warranted
whenever one or more of the following conditions is true of a
prospective application:

The latent load is significantly larger than the sensible load

The cost to regenerate the desiccant is low when compared to
the cost associated with overcooling the space

The humidity-control level in the space would require chilling the
supply air to subfreezing dew points when vaporcompression
refrigeration alone is used
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01: To model desiccant
dehumidification, which is a
means of removing latent
heat from an air stream,
begin by modeling the air
distribution system.

1 Choose the desired
system type from the
categories listed.

For this example, select
Series Fan-Powered VAV
from the Variable
Volume category.

Typical applications for desiccant dehumidification include ice
rinks, supermarkets, retail clothing stores, and clean rooms, as
well as installations in humid southern climates. In each instance,
desiccant dehumidification provides independent control of
sensible and latent heat without the need for reheat. It also
dehumidifies the supply air stream without lowering the dry-bulb
temperature.

Application considerations
Desiccant regeneration commonly requires high temperatures,
which incurs a significant energy cost.

Exposure to contaminants, clogging, and thermal stress causes
desiccants to degrade over time.

One should consider space requirements, cost, and added
pressure drop when evaluating whether desiccant
dehumidification is practical for a particular application.

Related reading
Dehumidification in HVAC Systems Applications Engineering
Manual (Trane literature number SYS-APMO004-EN)

Sample scenario

The ventilation deck of the airdistribution system for a building
includes a solid-desiccant wheel with an integral run-around coil
loop. The wheel only operates from 6 a.m. until 6 p.m.
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2 Specify the type of airto-

air energy recovery /
transfer and the location
of the process air stream.
This example uses a solid
desiccant located on the
ventilation deck.

A message will appear
that asks whether the
user wants to account for
energy recovery / transfer
during the design and
energy analysis
simulations or only during
the energy analysis
simulation. Select Yes for
this example.

Select the appropriate
supply-side deck for the
device. For this example,
Ventilation upstream
will be selected as the
supply-side deck. The

Abemative 1
Sysvern description [Sysrem - 01 =]
Evapoeaiive Cocling

Type Mone x

Diecteficiency | 4
Divwct cxd schmehin [0 10500 5]

Indisct aficiency  |F

et cod schedis [75 - 101 - El

Senge 1 oA Enaegy lecoveryTrander

Tyoe [obddeic onvera deck 2 =]

k| . .
simulation.

NG
Click Yes to activate or include the
desiccant device for design and energy
analysis. Click No to ignore the desiccant
device during the design calculation and
include it only during the energy-analysis

Note: This message will only appear
whenever an energy-transfer device is

E
e added and Allow energy recovery /
Al fur ot danion” it Curmanily hamad . . . .
&) transfer during design calculations is
3w ] = | | turned off.
| —Seection Dptions Dedeoted 04| TempiHumidty | [ ] [0 | Schematic
m Select Ventilation upstream if the
device is located in the outdoor air
Abemative 1 .
Sy desciemen[mn =] |  Stream and upstream of the optional
Evapaeaen Coolng ventilation coil.
T Miare -

Irafenct cod schachde [£ 0 105 =]

Supsidedeck [Vestiatn movess 4 ——=

m Select Ventilation downstream if the
device is located in the outdoor air
stream and downstream of the optional
ventilation cooling coil.

St 1 kst Enengy Focarosp!Trardes = Select Return / outdoor air

downstream if the device is located

Enriade doch [Dutdknn -]
Schmiden [uvadstio 1) =l

after the mixed air stream, downstream
of the main cooling coil.

desiccant device will be i [ | Select Return / outdoor air upstream if
used to dehumidify the the device is located after the mixed air
—setwn  Optos [ Descoedoa | stream, upstream of the main cooling

outdoor air stream.

coil.

Note: If no optional ventilation system has been input, then Ventilation
upstream and Ventilation downstream will function identically. If the main
cooling coil has been deleted, or if the ventilation-deck location on the
Advanced window in Create Systems is not Return/Outdoor deck, then
Return / outdoor air upstream and Return / outdoor air downstream
will function identically.
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5 Select the exhaust-side

deck for the device. This
will determine which
airflow will be used as the
regeneration air stream.

The airstreams typically
used are building exhaust
air, outdoor air, or a
mixture of the two.

Note: In this case, the airflow
that is being exhausted from
the building at the system
level will be used as the
regeneration airstream for the
desiccant device. Because of
this, System Exhaust will be
used.
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m Select Outdoor & room exhaust mix if the regenerator will first try to
use room exhaust as the sole source of regeneration airflow. If the room
exhaust airflow is insufficient, the rest of the regeneration airflow will be
made up of outdoor air.

m Select Outdoor & system exhaust mix if the regenerator will first try to
use system exhaust as the sole source of regeneration airflow. If the
system exhaust airflow is insufficient, the rest of the regeneration airflow
will be made up of outdoor air.

m Select Outdoor if outdoor air is used exclusively as the regeneration
airstream.

m Select System Exhaust if main system exhaust is used exclusively as the
regeneration airstream. If a liquid desiccant is used and the system
exhaust varies in volume (due to varying ventilation rates), do not use this
input for the exhaust-side deck—use Outdoor & system exhaust mix to
get the required constant regeneration airflow.

m Select Room Exhaust if the room exhaust airflow is used exclusively as

the regeneration airstream. Room exhaust airflows are input on the
Airflows tab of Create Rooms. If no room exhaust is input, then all
exhaust air will be at the system level. Also, if a liquid desiccant is used
and the room exhaust varies in volume (due to varying ventilation rates or
room exhaust schedules), do not use this input for the exhaust-side
deck—use Outdoor & room exhaust mix to get the required constant
regeneration airflow.

Note: If the proper airstreams are not selected for the energy recovery /
transfer device, then the device will not function correctly or may not
function at all. The Airflows section of the System Checksums report
can be used to verify that sufficient airflow is available to be used for
energy recovery / transfer. Room Exhaust = Rm Exh on the System
Checksums report and System Exhaust = Exhaust on the System
Checksums report.

System Design Options
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6 Choose the schedule that
describes when the

desiccant device is izl
. Abemative 1
permitted to operate. For Syt s [ 0T =] s FanPowmued Vi
this example, a custom R Evamsi Codks — |G|
Type [Mane - Tyes e = ==
schedule was created - a— oo . e

that allows the desiccant
device to operate only
from 6 a.m. to 6 p.m.

Staga 1 Aot Enengy Rlecowesy/Transer Stie 2 AidoAit Enesgy FlacovenyTeansler
7 Now that the desiccant G I || T 2
subsystem has been
input, the coil loop needs
to be added as the
second stage of energy
recovery. The coil loop
will preheat the
regeneration airstream,
reducing the amount of
energy required to
regenerate the desiccant
and cool the outdoor air
after it leaves the
desiccant device,
therefore reducing the
amount of cooling energy

The default schedule Available 100% will allow the energy recovery / transfer
device to operate yearround. Liquid-desiccant systems should typically only be
made available to operate during occupied hours, because the liquid-desiccant
system will try to maintain the ERD (energy-recovery device) leaving-air humidity
ratio at its design value. (This is auto-calculated, based on the design conditions,
unless overridden by the user on the Desiccant Dehumidification Options
screen that appears when the Options button is clicked.)

Note: For instructions on how to create custom schedules, refer to “Creating
schedules” on page 6-137. Within the custom schedule, 0 percent would
indicate that the desiccant device is deactivated, and 100 percent would
indicate that it is available to operate.

required. Refer to “Coll — S|
loop for exhaust-air ot sl o B ]| Sada P
energy recovery” on [ v Cooky—— Eccromizy |
page 4-8 for step-by-step - — = e I | gt

Diecteffciency [ % e [t
instructions on how to = i i [0
input a coil loop.

Note: If both stage 1 and
stage 2 energy recovery/
transfer devices are given

the same exhaust-side deck,

then stage 1 will be
upstream of stage 2.
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M Next, define the
heating plant that serves the
airside heating loads.

8 Add a gas-fired, hot-water
boiler to serve the main
heating load.

To provide the heat
needed to regenerate the
desiccant, add a gas-fired
heat exchanger.

Not shown: Specify
equipment types,
capacities, schedules,
and the full-load
consumption of the hot-
water pump on the
Heating Equipment tab.

9 ﬁ Assign the heating
coil loads to the heating
plants.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Note: To further refine the model of the desiccant dehumidification
device, the Options button on the Options tab of Create Systems can
be used to define such items as parasitic energy consumers, supply-
side design air conditions, coolant types, approach temperatures, heat-
source temperatures, economizer lockout, and so on.
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appropriate cooling or

heating plant at right.

T 1L

®

The Stage 1 desiccant
regenerator regenerates
the solid desiccant.

Additional item

When adding a desiccant subsystem to an airside system, it is
recommended that the minimum and maximum cooling supply-
air dry bulbs be set equal to each other to fix the value for the
cooling supply-air dry bulb. This is suggested because

TRACE 700 cannot psychrometrically solve for the cooling supply-
air dry bulb when an energy recovery / transfer device is attached
to the Return/Outdoor deck. Refer to “Frequently asked
questions” on page 6-20 for the ramifications of inputting a
cooling supply-air dry bulb.
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Coil loop for exhaust-air energy recovery

m An exhaust-air energy-recovery system can reduce utility costs
by capturing and using energy that would normally be lost to the

Devices (including total- exhaust air stream.
energy wheels and heat

pipes) other than the coil A coil loop can be applied either to the primary supply-air system
loop described here can or to independent systems such as the dedicated ventilation
exchange sensible and/or system that serves a laboratory. The effectiveness of the coil
latent heat for energy loop typically ranges from 45 percent to 60 percent for
recovery. recovering sensible heat.

Figure 4-2 illustrates how the coil loop works. During the heating
season (Inset A), heat extracted from the exhaust air stream (EA)
warms the air brought into the building. Operation of the coil loop
is limited to prevent the supply-air temperature from exceeding
the cooling set point. (This condition is most likely to occur on
mild days during the spring and fall.) Preconditioning the outdoor
air (OA) in this manner reduces the heating load, which in turn
reduces the energy consumption of the HVAC system.

Figure 4-2 Operating modes for coil-loop energy recovery

to to
outdoors 75°F EA outdoors 75°F EA
32.5°F 85°F

to to
HVAC HVAC
OA B OA :
» S2.5°F system 85°F system
-10°F 95°F

efficiency = 222~ 10 _ a9, officiency = 2585
75— -10 95-75

Inset A ¢ winter operation Inset B  summer operation

=50%

Coil-loop operation reverses during the cooling season (Inset B).
Sensible heat is extracted from the air brought into the building
and is rejected to the cooler and drier exhaust air stream. This
time, preconditioning by the coil loop reduces the cooling load
and, in turn, the energy consumption of the HVAC system.
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A coil loop—also called a coil runaround loop—consists of two or
more finned-tube coils that are piped together in a closed loop. A
small pump circulates the working fluid (usually a solution of
inhibited glycol and water) through the two coils. An expansion
tank and a means for modulating capacity, either a three-way
mixing valve or a variable-frequency drive on the pump, complete
this energy-recovery device.

Figure 4-3, and Figure 4-4 on page 4-10, show the typical
arrangements for sensible-heat recovery in mixed-air and
dedicated ventilation systems. In Figure 4-3, which shows
mixed-air systems, sensible-heat recovery can be used to reheat
the dehumidified supply air for independent control of both
temperature and humidity (Insets A and C), or to precondition the
outdoor air (Insets B and C).

Figure 4-3 Mixed-air arrangements

EA RA \ EA RA \ EA RA
OA SA )OA SA )OA SA
Inset A ¢ parallel recovery Inset B ¢ parallel recovery Inset C ¢ series transfer

(stream to stream) (stream to stream) (upstream to downstream)

In Figure 4-4 on page 4-10, which shows dedicated ventilation
systems, sensible-heat recovery is often used to reheat the
dehumidified outdoor air (Insets A and C), or to precondition the
outdoor air (Insets B and C). Insets A and C are typically used
with systems that deliver dehumidified outdoor air at a neutral
dry-bulb temperature.

Each of the arrangements in Figure 4-3 and Figure 4-4 can be
modeled using TRACE 700. However, only the arrangement
shown in Figure 4-4, Inset C, will be covered in this discussion of
coil-loop energy recovery. For arrangements other than this one,
select the appropriate energy-recovery configuration (similar to
step 2 in this example) and refer to the following:
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Figure 44 Dedicated ventilation arrangements

EA

OA

4-10

Inset A ¢ parallel recovery
(stream to stream)

System Design Options

EA
SA JOA SA JOA SA
Inset B ¢ parallel recovery Inset C ¢ series transfer
(stream to stream) (upstream to downstream)
Figure 4-3:

for Inset A, refer to steps 1 through 6 in “Fixed-plate heat
exchanger” on page 4-21

for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

for Inset C, refer to steps 1 through 6 in “Heat pipe” on page 4-
27

Figure 4-4.

for Inset A, refer to steps 1 through 6 in “Sensible wheel” on
page 4-34

for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

Application considerations

Coil-loop energy recovery increases the static pressure on both
sides of the air-distribution system—supply and exhaust. Contact
the manufacturers of the heat-exchange devices for estimated
pressure drops.

Unlike other types of exhaust-air energy recovery, a coil-loop
recovery system does not require close proximity of the exhaust,
supply, or makeup air streams. It can recover heat from diverse
exhaust locations scattered throughout the building.

TRACE 700 User’s Manual ¢ CDS-PRMO001-EN
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To model the coil-loop
scenario:

1 On the Actions list,
select Change Load
Parameters and define
the first month and last
month of the summer
(cooling) season. These
entries help determine
when the energy
recovery / transfer device
provides cooling rather
than heating.

Related reading
"Airto-Air Energy Recovery,” Engineers Newsletter (volume 29,
number 5)

m  Airto-Air Energy Recovery in HVAC Systems Applications

Engineering Manual (Trane literature number SYS-APMOOQ3-EN)

Sample scenario

To input the type of heat recovery in Figure 4-4, Inset C, we will
model an office building with a dedicated ventilation unit
(makeup-air unit) that dehumidifies the outdoor air, and then
reheats the air to a room neutral dry-bulb temperature before the
air is delivered directly to the space. Watersource heat-pump
(WSHP) units are installed in the ceiling plenum above each room
and handle the cooling and heating needs for the rooms. To
reduce the amount of reheat energy needed, and to increase the
dehumidification capacity of the cooling coil in the dedicated
ventilation unit, a coil loop is used to precool the outdoor air
stream before it enters the optional ventilation-unit cooling coil,
and then reheat the dehumidified outdoor air after it leaves the
optional ventilation-unit cooling coil.

Note: For details on modeling the WSHP portion of the system,
refer to “Watersource heat-pump system” on page 3-68. For
details on modeling the Dedicated Ventilation Unit portion of the
system, refer to “Dedicated outdoorair systems” on page 4-50.
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2 After defining the system,

click the Options tab and
select the desired airto-
air energy recovery /
transfer type, which
determines the type of
energy recovery / transfer
and the basic
configuration. In this
case, Coil loop (series
supply-air tempering).

A message will appear
that asks whether the
user wants to account for
energy recovery / transfer
during the design and
energy analysis
simulations or only during
the energy analysis
simulation. Select Yes for
this example.

Select the appropriate
supply-side deck for the
device. For this example,
Ventilation downstream
will be selected as the
supply-side deck. The coll
loop will be used to
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m Select Ventilation downstream if the
device is located in the outdoor air
stream and downstream of the
optional ventilation cooling coil.

m Select Return / outdoor air
downstream if the device is located
after the mixed air stream,

Sthedde  [rvaigierions ] sehed
reheat the ventilation air T opsns_| downstream of the main cooling coil.
downstream of the
optional ventilation oo Opiows [ DedcoedA | Joveumdy J__ Few | Ch | Schenwic ]
cooling coil.
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5 Select the exhaust-side
deck for the device. In
this case, Ventilation
upstream will be
selected as the exhaust-
side deck. The coil loop
will be used to precool
the ventilation air
upstream of the optional
ventilation cooling coil.

6 Choose the schedule that
describes when the coll
loop is permitted to
operate. The schedule
Available 100% will allow
the device to operate
year-round.
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m Select Return / outdoor air upstream if the mixed air stream (recirculated

return air—after room exhaust and system exhaust—plus the ventilation) is
used as the exhaust side.

m Select Ventilation upstream if the outdoor air, before it enters the make-up

air (dedicated ventilation) unit, is going to be used as the exhaust side. This
selection should only be used in combination with a make-up air unit. In this
case, Ventilation upstream will be selected as the exhaust-side deck. The
coil loop will be used to precool the ventilation air upstream of the optional
ventilation cooling coil.
Note: If the proper airstreams are not selected for supply-side and
exhaust-side decks of the energy recovery/transfer device, then the unit
will not function correctly or may not function at all.

Note: If both stage 1 and stage 2 energy recovery/transfer devices are
given the same exhaust-side deck, then stage 1 will be upstream of
stage 2.
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Coil loop for exhaust-air energy recovery
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model of the energy-
recovery device, the
Options button on the
Options tab can be used to
define such items as
parasitic energy consumers
(such as the pump in this
example), static pressure
drop, bypass dampers, part
load controls, economizer
lockout, and frost
prevention.

Note: Cooling Effectiveness refers to supply-side ARI entering
conditions at 95°F dry bulb / 78°F wet bulb and exhaust-side air
entering at 75°F dry bulb / 63°F wet bulb. Heating Effectiveness refers
to supply-side ARI entering conditions at 35°F dry bulb / 33°F wet bulb
and exhaust-side air entering at 70°F dry bulb / 58°F wet bulb.

Additional Item

1 When adding a coil loop to an airside system, it is recommended
that the minimum and maximum cooling supply-air dry bulbs be
set equal to each other to fix the value for the cooling supply-air
dry bulb. This is suggested because TRACE 700 cannot
psychrometrically solve for the cooling supply-air dry bulb when
an energy recovery / transfer device is attached to the Return/
Outdoor deck. Please read the FAQ and Oversizing and
Undersizing sections of the manual for the ramifications of fixing
a cooling supply-air dry bulb.
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Total-energy (enthalpy) wheel

A total-energy wheel is a revolving cylinder filled with a
desiccant-treated medium that is suited for transferring sensible
and latent heat. Heat transfer occurs when adjacent air streams
(usually supply and exhaust) pass through the wheel in a
counterflow arrangement. The exchange medium inside the
wheel collects sensible heat from the warmer of the two air
streams and releases it in the cooler air stream. Latent heat
transfer occurs as the medium collects moisture from the more-
humid air stream and releases it in the drier air stream.

Figure 4-5 Total-energy wheel

exhaust

outdoor air

building exhaust air

r dry ventilation air

Like other energy-recovery devices, total-energy wheels can yield
significant energy savings in systems that exhaust large amounts
of air.

Figure 4-6 and Figure 4-7 on page 4-16 show the typical
arrangements for total-energy recovery in mixed-air and
dedicated ventilation systems. In Figure 4-6, which shows a
mixed-air system, total-energy recovery can be used to
precondition the outdoor air.
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Figure 4-6 Mixed-air arrangement

EA RA

OA SA

Parallel recovery
(stream to stream)

In Figure 4-7, which shows a dedicated ventilation system, total-
energy recovery is often used to precondition the outdoor air.

Figure 4-7 Dedicated ventilation arrangement

EA

OA SA

Parallel recovery
(stream to stream)

The arrangements in Figure 4-6 and Figure 4—7 can be modeled
using TRACE 700.

Figure 4-6 and Figure 4-7 are input identically, however, a
dedicated ventilation unit must be input to accurately simulate
Figure 4-7. Refer to "Dedicated outdoorair systems” on page 4-
50 for information related to modeling a dedicated ventilation/
makeup air unit.

Application considerations
The air streams targeted for energy transfer (usually exhaust air
and ventilation air) must be situated near each other.

TRACE 700 User’s Manual ¢ CDS-PRMO001-EN
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m TJotal-energy wheels can recover both latent heat and sensible
heat with an effectiveness that typically ranges from 65 percent
to 80 percent. Adding a wheel usually increases the system
static pressure by 0.7 in. wg to 1.2 in. wg.

m Cross contamination between air streams is possible. To
minimize air carryover in critical applications, add an effective
purge arrangement. Placement of the fan in relation to the wheel
should promote leakage from the outdoor (ventilation) air stream
to the exhaust air stream, rather than the reverse.

m The relatively compact size of a total-energy wheel can permit
factory installation in air handlers, rooftop air conditioners, and
some terminal devices such as unit ventilators.

m Climates that economically favor heat pumps are good
candidates for successful total-energy wheel applications. When
applied in very cold climates, it may be necessary to add preheat
to prevent frosting of the wheel.

Related reading
m "Airto-Air Energy Recovery,” Engineers Newsletter (volume 29,
number 5)

m Airto-Air Energy Recovery in HVAC Systems Applications
Engineering Manual (Trane literature number SYS-APMOO3-EN)

Sample scenario

The airdistribution system for a building includes a total-energy
wheel (also commonly referred to as an enthalpy wheel). The
wheel preconditions the outdoor air entering the building by
exchanging both sensible and latent heat with the main exhaust
air stream. When operating in the heating mode, the wheel
warms and humidifies the outdoor air. During the cooling mode,
it cools and dehumidifies.
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To model the total-energy
wheel scenario:

1 After defining the airside
system, select the
desired airto-air energy
recovery / transfer type,
which determines the
type of energy recovery /
transfer and the basic
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4 Select the exhaust-side
deck for the device. In
this case, the energy
from the system exhaust
air stream will be used to
precool and dehumidify
the ventilation air. As a
result, System Exhaust
will be selected.

Note: If the proper airstreams
are not selected for supply-
side and exhaust-side decks of
the energy recovery/transfer
device, then the unit will not
function correctly or may not
function at all. The Airflows
section of the System
Checksums report can be
used to verify that a specific
airflow is available for energy
recovery. On the System
Checksums reports, Room
Exhaust = Rm Exh, System
Exhaust = Exhaust, and Return
air = Return Air.

5 Choose the schedule that
describes when the total-
energy wheel is
permitted to operate. The
schedule Available 100%
will allow the device to
operate whenever it is
advantageous.

6 Input the effectiveness of
the wheel (essentially
how efficiently the wheel
recovers energy) by
clicking Effectiveness
and entering the sensible
and latent effectiveness
percentages at different
airflows. Click OK and
then click Apply when
finished.
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m Select System Exhaust if main system exhaust is used exclusively as the

exhaust side.

m Select Room Exhaust if the room exhaust airflow is used exclusively as the

exhaust side. Room exhaust airflows are input on the Airflows tab of Create
Rooms. If no room exhaust is input, then all exhaust air will be at system level.

=lol=]
Anemative 1
ﬁmm‘ﬁnlsmn-ml -| Sy FanPoweed VAV
Evaporsive Coolng Ecsnamas  _Cancat |
Tope iz X Tres Hore - 8&&\9«1
Disctoficionay [ X On” pet ¥ | ==
Stage 1 a2k Energy Rlecowsy Trander . Stagh 2 Aivio-hi Enesgy lacovaiy Tesnsles
Typ IYMMWMM'I Type Hore |deloull] -I
Supriide deck [Vertaen wpimean =] v n =
Extriie dock[ystem vt =l
Schackde  [avaiatie (100%) =
- p ] L
Anemative 1
o b |
Evaporsive Coolng et  _Cancat |
Toee [Fere Codling effeckverass ol 100% sfiow | [71 % Cren_| = e
Disctsiciorey  [F Coclre effectverass 8 T5% sifow | [73 '6 *
[Ess a0 100% antiowe | [72 %
) oSt |73 X [z
Indieect oo schede [ 27
Latent
R e Cookrg effectvermss ot 100% aow | [71 %
Tiwe [Todece Codlrg effecivermss o 75% mefow | 75 % =]
Sugrside deck. [Verrionar Heating allectivensss st 10000 sfiow | [71 ~6 |
Extriste dock. [Sytem ex Heating rllectiveness ot 5% afow [ % 7]
Schedde  [avaiatie! -1
I el Y] =
oo Optioms [ DodcoedOh J ety [ Few [ ok | 5
System Design Options 4-19

Total-energy (enthalpy) wheel



4-20

System Design Options

Note: To further refine the model of the energy-recovery device, the Options
button on the Create Systems - Options tab can be used to define such
items as parasitic energy consumers, static pressure drop, bypass dampers,
part load controls, economizer lockout, and frost prevention.

Additional Items

When adding an energy wheel to an airside system, it is
recommended that the minimum and maximum cooling supply-
air dry bulbs be set equal to each other to fix the value for the
cooling supply-air dry bulb. This is suggested because

TRACE 700 cannot psychrometrically solve for the cooling supply-
air dry bulb when an energy-recovery device is attached to the
Return/Outdoor deck. Please read the FAQ and Oversizing and
Undersizing sections of the manual for the ramifications of fixing
a cooling supply-air dry bulb.

Energy recovery / transfer devices are generally applied at higher
airflows (higher face velocities) than what the manufacturer
submits for ARI certification. For example, if a wheel is rated at
400 fpm, a typical sensible-heating effectiveness is around

74 percent. However, it is likely that this wheel will be applied at a
much higher airflow (600-700 fpm), which will decrease its
effectiveness. The user should work with the manufacturer's
representative to determine the effectiveness of the device at
the desired airflow (and at 75 percent of the desired airflow), and
then input these values for the 100 percent and 75 percent
airflow points for accurate modeling.

Refer to Table 4-1 for recommendations on energy-recovery
applications in different scenarios.

Table 4-1 Applications for Air-to-Air Energy recovery

Ventilation System Energy-Recovery Technology
Supply-air Supply-air Outdoorair
Source Temperature Tempering Preconditioning
Dedicated Cold Not applicable Sensible or total
outdoor air - -
Neutral Sensible Sensible or total
(parallel or series)
Mixed air Modulated Sensible Sensible or total
(outdoor air plus (constant volume)  (parallel or series)
recirculated return - -
air) Cold Not applicable Sensible or total

(variable volume)
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Fixed-plate heat exchanger

A fixed-plate heat exchanger consists of alternate layers of
thermally conductive plates that are sealed to form separate
passages for two air streams. The plates are constructed from
aluminum or other materials with a similarly high thermal
conductivity. Fixed-plate heat exchangers exist in various
configurations, materials, and capacities—of the available flow
patterns, cross-flow is the most common. The plates in most of
these devices transfer only sensible heat between the two air
streams.

Figure 4-8, and Figure 4-9 on page 4-22, show the typical
arrangements for sensible-heat recovery in mixed-air and
dedicated ventilation systems. In Figure 4-8, which shows
mixed-air systems, sensible-heat recovery can be used to reheat
the dehumidified supply air (Insets A and C) or to precondition
the outdoor air (Insets B and C).

Figure 4-8 Mixed-air arrangements

EA SA EA SA

OA RA OA RA

Inset B ¢ parallel recovery

(stream to stream)
Inset A ¢ parallel recovery

(stream to stream)
SA

OA

EA RA
Inset C ¢ series transfer
(upstream to downstream)
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In Figure 4-9, which shows dedicated ventilation systems,
sensible-heat recovery is often used to reheat the dehumidified
outdoor air (Insets A and C), or to precondition the outdoor air
(Insets B and C). Insets A and C are typically used with systems
that deliver dehumidified outdoor air at a neutral dry-bulb
temperature.

Figure 4-9 Dedicated ventilation arrangements

EA

OA

4-22

Inset A ¢ parallel recovery
(stream to stream)

System Design Options

SA EA SA
OA
Inset B ¢ parallel recovery
(stream to stream)
SA
OA

Inset C ¢ series transfer

(upstream to downstream)
Each of the arrangements in Figure 4-8 and Figure 4-9 can be
modeled using TRACE 700. However, only the arrangement
shown in Figure 4-8, Inset A, will be covered in this discussion of
fixed-plate heat-exchanger energy recovery. For arrangements
other than this one, select the appropriate energy-recovery
configuration (similar to step 1 in this example) and refer to the
following:

Figure 4-8:

for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

for Inset C, refer to steps 1 through 6 in “Heat pipe” on page 4-
27
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To model the fixed-plate
heat exchanger scenario:

1 After defining the system,
select the desired air-to-
air energy recovery /
transfer type, which
determines the type of
energy recovery / transfer
and the basic
configuration. In this
case, Fixed-plate HX
(parallel SA tempering).

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Figure 4-9:

for Inset A, refer to steps 1 through 6 in “Sensible wheel” on
page 4-34

for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

for Inset C, refer to steps 2 through 7 in “Coil loop for exhaust-air
energy recovery” on page 4-8

Related reading
"Airto-Air Energy Recovery,” Engineers Newsletter (volume 29,
number 5)

Airto-Air Energy Recovery in HVAC Systems Applications
Engineering Manual (Trane literature number SYS-APMOO3-EN)

Sample scenario

To input the type of heat recovery in Figure 4-8, Inset A, we will
model a laboratory that is conditioned by a variable-volume
reheat system. To reduce the amount of reheat energy required,
a fixed-plate heat exchanger will transfer sensible heat from the
return air stream to reheat the supply air stream after it leaves the
main cooling coil.
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2 A message will appear
that asks whether the
user wants to account for
energy recovery / transfer
during the design and
energy analysis
simulations or only during
the energy analysis
simulation. Select Yes for
this example.

Select the appropriate
supply-side deck for the
device. For this example,
Return / outdoor air
downstream will be
selected as the supply-
side deck. This will allow
the heat exchanger to
reheat the supply air after
it has left the cooling coil.

Select the exhaust-side
deck for the device. In
this case, Return air will
be selected as the
exhaust-side deck. This
will allow the heat
exchanger to use energy
from the return air stream
to provide reheat.

Note: If the proper airstreams
are not selected for supply-
side and exhaust-side decks of
the energy recovery/transfer
device, then the unit will not
function correctly or may not
function at all.

Note: If two energy recovery/
transfer devices are input, and
both stage 1 and stage 2
devices are given the same
exhaust-side deck, then

stage 1 will be upstream of
stage 2.
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5 Choose the schedule that
describes when the heat
exchanger is permitted to
operate. The schedule
Available 100% will allow
the device to operate
year-round.

6 Input the effectiveness of
the fixed-plate heat
exchanger (essentially
how efficiently the heat
exchanger recovers
energy) by clicking
Effectiveness and
entering the sensible
effectiveness
percentages at different
airflows. Click OK and
then click Apply when
finished.

Note: To further refine the
model of the energy-
recovery device, the
Options button can be used
to define such items as
parasitic energy consumers,
static pressure drop, bypass
dampers, part load controls,
economizer lockout, and
frost prevention.
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Additional Items

When adding a fixed-plate heat exchanger to an airside system, it
is recommended that the minimum and maximum cooling
supply-air dry bulbs be set equal to each other to fix the value for
the cooling supply-air dry bulb. This is suggested because
TRACE 700 cannot psychrometrically solve for the cooling supply-
air dry bulb when an energy-recovery device is attached to the
Return/Outdoor deck. Please read the FAQ and Oversizing and
Undersizing sections of the manual for the ramifications of fixing
a cooling supply-air dry bulb.
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Energy recovery / transfer devices are generally applied at higher
airflows (higher face velocities) than what the manufacturer
submits for ARI certification. For example, if a fixed-plate heat
exchanger is rated at 400 fpm, a typical sensible-heating
effectiveness is around 65 percent. However, it is likely that this
device will be applied at a much higher airflow (600-700 fpm),
which will decrease its effectiveness. The user should work with
the manufacturer's representative to determine the effectiveness
of the device at the desired airflow (and at 75 percent of the
desired airflow), and then input these values for the 100 percent
and 75 percent airflow points for accurate modeling.

Refer to Table 4-2 for recommendations on energy-recovery
applications in different scenarios.

Table 4-2 Applications for Air-to-Air Energy recovery

Ventilation System Energy-Recovery Technology

Supply-air Supply-air Outdoorair
Source Temperature Tempering Preconditioning
Dedicated Cold Not applicable Sensible or total
outdoor air - -
Neutral Sensible Sensible or total
(parallel or series)
Mixed air Modulated Sensible Sensible or total

(outdoor air plus
recirculated return
air)

(constant volume)

(parallel or series)

Not applicable

Sensible or total

old
(variable volume)
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Heat pipe

A heat pipe resembles a finned-tube coil. Each of its large tubes
is an independent, sealed container that is filled with a heat-
transfer fluid (typically a chemical refrigerant). A partition divides
the air side of the heat pipe into separate evaporator and
condenser sections. The capillary wick structure within the pipe
walls induces refrigerant flow between the evaporator and
condenser without the help of a compressor or pump.

Two air streams flow across each heat pipe. Warm air flows
across the evaporator and cool air flows across the condenser.
The refrigerant inside the evaporator evaporates as it absorbs
heat from the warm air. Given the comparative coolness of the air
flowing over the condenser, the refrigerant vapor pressure is
lower in that section of the heat pipe than in the evaporator. The
difference in vapor pressures causes the refrigerant vapor to
migrate from the evaporator to the condenser. Cool air flowing
over the condenser absorbs heat from the refrigerant vapor,
causing the refrigerant to condense. The liquid refrigerant then
wicks back to the evaporator section of the heat pipe and the
cycle repeats.

The direction of heat transfer reverses when the relative
temperatures of the two air streams are reversed. In an outdoor
air preconditioning application, for example, when the outdoor air
is warmer than the exhaust air, the evaporatoris in the outdoor
air stream and the condenseris in the exhaust air stream. When
the outdoor air is cooler than the exhaust air, the evaporatoris in
the exhaust air stream and the condenser is in the outdoor air
stream.

Figure 4-10 and Figure 4-11 on page 4-28 show the typical
arrangements for sensible-heat recovery in mixed-air and
dedicated ventilation systems. In Figure 4-10, which shows
mixed-air systems, sensible-heat recovery can be used to reheat
the dehumidified supply air (Insets A and C) or to precondition
the outdoor air (Insets B and C).
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Figure 4-10 Mixed-air arrangements

EA

OA

Inset A ¢ parallel recovery
(stream to stream)

RA \ EA RA \ EA RA

SA )OA SA )OA SA

Inset B ¢ parallel recovery Inset C ¢ series transfer
(stream to stream) (upstream to downstream)

In Figure 4-11, which shows dedicated ventilation systems,
sensible-heat recovery is often used to reheat the dehumidified
outdoor air (Insets A and C), or to precondition the outdoor air
(Inset B). Insets A and C are typically used with systems that
deliver dehumidified outdoor air at a neutral dry-bulb
temperature.

Figure 4-11 Dedicated ventilation arrangements

EA

OA

4-28

Inset A ¢ parallel recovery
(stream to stream)
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SA )OA SA )OA SA

Inset B ¢ parallel recovery Inset C ¢ series transfer
(stream to stream) (upstream to downstream)

Each of the arrangements in Figure 4-10 and Figure 4-11 can be
modeled using TRACE 700. However, only the arrangement
shown in Figure 4-10, Inset C, will be covered in this discussion
of heat-pipe energy recovery. For arrangements other than this
one, select the appropriate energy-recovery configuration (similar
to step 1 in this example) and refer to the following:
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Figure 4-10:

m for Inset A, refer to steps 1 through 6 in “Fixed-plate heat
exchanger” on page 4-21

m for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

Figure 4-11:

m for Inset A, refer to steps 1 through 6 in “Sensible wheel” on
page 4-34

m for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

m for Inset C, refer to steps 2 through 7 in “Coil loop for exhaust-air
energy recovery” on page 4-8

Related reading
m "Airto-Air Energy Recovery," Engineers Newsletter (volume 29,
number 5)

m Airto-Air Energy Recovery in HVAC Systems Applications
Engineering Manual (Trane literature number SYS-APMOO3-EN)

Sample scenario

To input the type of heat recovery in Figure 4-10, Inset C, we will
model a restaurant that is cooled by a constant-volume rooftop. A
heat pipe will be used to precool the mixed air before it enters
the main cooling coil and reheat the air after it leaves the main
cooling coil. This arrangement is sometimes referred to as series
energy recovery. The series arrangement will reduce both the
cooling energy and the reheat energy required by the system (if it
is a system with reheat), while increasing dehumidification
capabilities.
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To model the heat pipe
scenario:

1 After defining the system,
select the desired airto-
air energy recovery /
transfer type, which

Click Yes to activate energy recovery /
transfer for design and energy analysis. Click
No to ignore energy recovery / transfer
during the design calculation and include it

[ Create Systems - Options.

determines the type of spwemdescioiion [Femsass =] seq ONly during the energy-analysis simulation.
 Evapoeative Coving [(ee|
energy recovery / transfer - = -

Note: This message will only appear
whenever an energy recovery / transfer
device is added and Allow energy
recovery / transfer during design

and the basic
configuration. In this
case, Heat pipe (series
SA tempering).

[ PR ISa—— = calculations is turned off.
Hore [defaull) *i

Typer |de oo smwws SA bompereg) 1] Tiem
Sapraide deck |nuuwwcm:u downaeem ] Swmm
Extrae dock. [Fia 7 outiioos ot e -1

2 A message will appear

that asks whether the £
Scredis  [namennm 2] e )

user wants to account for - - .\)

energy recovery / transfer £

during the design and Secton Options [ Dedcued0n ] Tenousy | e

energy analysis
simulations or only during
the energy analysis
simulation. Select Yes for
this example.

Note: Series energy transfer
in mixed-air systems
typically does not reduce
cooling-equipment capacity,

I Create Systems - Options.

fbemative |

because no energy transfer Sptemdorcrpton [Fozoasn =] SegeZons |
on oo [ S o
occurs at the design cooling Tno = = a Selact Ventilation downstream

if the device is located in the
outdoor air stream and
downstream of the optional
e | ventilation cooling coil.

Tope [t g [ 5 tonpuer) 2] m Select Return / outdoor air

conditions.

3 Select the appropriate
supply-side deck for the
device. For this example,

Return / outdoor air
downstream will be
selected as the supply-
side deck. The heat pipe
will be used to reheat the
mixed air stream
downstream of the main
cooling coil.
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Supaidedeck [em./ cudoor o dowrafioam 33—
Extvao dock. [Fn/ cutioce o iguenm -1

downstream if the device is
located after the mixed air

Schedue [vvodotie 0021 | d fth .
stream, downstream of the main
Ellmcirveranss Uphers: I . .
cooling coil.
Selecin Optioes Dedcaed A | JewpiMumdly | fwm | ok | Schemax
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4 Select the exhaust-side
deck for the device. In
this case, Return /
outdoor air upstream
will be selected as the
exhaust-side deck. The
heat pipe will be used to
precool the mixed air
stream before it enters
the main cooling coil.

Note: If the proper airstreams
are not selected for supply-
side and exhaust-side decks of
the energy recovery/transfer
device, then the unit will not
function correctly or may not
function at all.

5 Choose the schedule that
describes when the heat
pipe is permitted to
operate. The schedule
Available 100% will allow
the device to operate
year-round.

6 Input the heat pipe
effectiveness (essentially
how efficiently the heat
pipe recovers energy) by
clicking Effectiveness
and entering the sensible
effectiveness
percentages at different
airflows. Click OK and
then click Apply when
finished.

a:m‘

Bt Note: If both stage 1 and
Smmlnmum -| Single Tone
- ; - stage 2 energy recovery/
T = | Tipe [+ transfer devices are given
I * | wrwn [ the same exhaust-side deck,
Divect o schede [vaotie (1007 =] M cuteonn s [1 .
e || . i then stage 1 will be
Irafrect col schedida [1 e 1000 upstream of stage 2.
~ Slagn 1 i Ervenggy Flccremy Triansles. [~ Sleage 2 b Erngy FecorosnyTranai "
e [Fied g [100ms S torgrers) =] Tipe Homs Idefoul] gl
Supaidedeck [erm 7 outdow or dowrtioom x| Supsidn dock [Vertision ugstieam G
4. Estvstn dock [Frevam / cetsioce o iguenm -1 Exbreidodeck [DUABDN & rooem exbmust i
Schede  [weddenonm =] Schedde IT_I
Eltactrenncs l i I ey
e Dptions Dedeated 04| Terp/Mumdiy | o ] [ | Schemaic

Select Return / outdoor air upstream if the mixed air stream (recirculated
return air—after room exhaust and system exhaust—plus the ventilation) is

used as the exhaust side.

Select Ventilation upstream if the outdoor air, before it enters the dedicated
ventilation unit, is going to be used as the exhaust side. This selection should
only be used in combination with a dedicated ventilation unit.

Absinaive |
EmmlRmmm -l
- Evapoeative Coving
Trpn [tiorn =
Descteiciency |0 — |
Divect ool schedue [vtanie 1007 =]
indncteticency [T %

Irfeect col schedue |/

slatle (100%)

- Shagn 1 2w bo b Ereergy Receneoy Transder
Type [Fied g [smums 58 oo =]
PR [Ty pe—— |
Extvain dock [Fruam cutooe se tgemen -1
Schecun WS

W Create Systems - Duunm

BEE

Single Zone |
- Ecornsmize 1
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s cubdons s 100 x

Schedde Rkt [1X0%] |
[~ Slage 2 Au-dorfua Ereagy FlecorveTransles
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7 On the Temp/Humidity Irr——

tab of Create Systems, e
. . Symeendescription  [Fleatsasnt =] SeghZme
input the maximum room

relative humidity that the

Dresion A Termpmt e

Cocling ok Ma [5r it Type [tiore |

system should try to o [ % Maim oo e busity 7 [0

maintain. In this cas.e, e [ Mobexdgcolatioum sl 1
input 60 percent. Click Y g dasmbcaon o " ool bl

Apply when finished. P umr:ma:;mm. [—_[

: 70— Percont sifowatlowspeed [ %

Note: To further refine the Pescon it of mckan spoed [ %

model of the energy- Smrdctmenain 02

Oerign bumty 1o dlfcserce gt
M vocen pelatron Faaradly | x

Selection Dipsions Dedcaled 04 T Humidity l [ Cols Schematic

recovery device, the
Options button on the
Options tab can be used to
define such items as
parasitic energy consumers,
static pressure drop, bypass
dampers, part load controls,
economizer lockout, and
frost prevention.

Additional Items

1 When adding a heat pipe to an airside system, it is recommended
that the minimum and maximum cooling supply-air dry bulbs be
set equal to each other to fix the value for the cooling supply-air
dry bulb. This is suggested because TRACE 700 cannot
psychrometrically solve for the cooling supply-air dry bulb when
an energy-recovery device is attached to the Return/Outdoor
deck. For the ramifications of fixing a cooling supply-air dry bulb,
please refer to “Frequently asked questions” on page 6-20 and
“Qversizing and undersizing” on page 6-51.

2 Energy recovery / transfer devices are generally applied at higher
airflows (higher face velocities) than what the manufacturer
submits for ARI certification. For example, if a heat pipe is rated
at 400 fpm, a typical sensible-heating effectiveness is around
50 percent. However, it is likely that this device will be applied at
a much higher airflow (600-700 fpm), which will decrease its
effectiveness. The user should work with the manufacturer's
representative to determine the effectiveness of the device at
the desired airflow (and at 75 percent of the desired airflow), and
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then input these values for the 100 percent and 75 percent
airflow points for accurate modeling.

Refer to Table 4-3 for recommendations on energy-recovery
applications in different scenarios.

Table 4-3 Applications for Air-to-Air Energy recovery

Ventilation System

Energy-Recovery Technology

Supply-air Supply-air Outdoorair
Source Temperature Tempering Preconditioning
Dedicated Cold Not applicable Sensible or total
outdoor air - -
Neutral Sensible Sensible or total
(parallel or series)
Mixed air Modulated Sensible Sensible or total

(outdoor air plus
recirculated return
air)

(constant volume)

(parallel or series)

old
(variable volume)

Not applicable

Sensible or total
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Sensible wheel

Sensible-energy rotary heat exchangers (sensible-energy wheels)
are similar to total-energy wheels in both price and appearance.
The main difference between the two types of energy wheels is
a coating that is applied to the total energy wheel that allows it to
transfer moisture in addition to sensible heat. Sensible energy
wheels are typically applied in scenarios where the addition of
moisture would be detrimental to the system.

Figure 4-12, and Figure 4-13 on page 4-35, show the typical
arrangements for sensible-heat recovery in mixed-air and
dedicated ventilation systems. In Figure 4-12, which shows
mixed-air systems, sensible-heat recovery can be used to reheat
the dehumidified supply air (Insets A and C) or to precondition
the outdoor air (Inset B).

Figure 4-12 Mixed-air arrangements

EA

OA

4-34

Inset A ¢ parallel recovery
(stream to stream)

System Design Options
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RA \ EA RA \ EA RA

SA )OA SA JOA

Inset B ¢ parallel recovery
(stream to stream)
SA

Inset C ¢ series transfer

(upstream to downstream)
In Figure 4-13 on page 4-35, which shows dedicated ventilation
systems, sensible-heat recovery is often used to reheat the
dehumidified outdoor air (Insets A and C), or to precondition the
outdoor air (Insets B and C). Insets A and C are typically used
with systems that deliver dehumidified outdoor air at a neutral
dry-bulb temperature.

TRACE 700 User’s Manual ¢ CDS-PRMO001-EN



Figure 4-13 Dedicated ventilation arrangements

EA EA OA

OA SA )OA SA ) SA

Inset A ¢ parallel recovery Inset B ¢ parallel recovery Inset C ¢ series transfer
(stream to stream) (stream to stream) (upstream to downstream)

Each of the arrangements in Figure 4-12 and Figure 4-13 can be
modeled using TRACE 700. However, only the arrangement
shown in Figure 4-13, Inset A, will be covered in this discussion
of sensible-wheel energy recovery. For arrangements other than
this one, select the appropriate energy-recovery configuration
(similar to step 1 in this example) and refer to the following:

Figure 4-12:
m for Inset A, refer to steps 1 through 6 in “Fixed-plate heat
exchanger” on page 4-21

m for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

m for Inset C, refer to steps 1 through 6 in “Heat pipe” on page 4—
27
Figure 4-13:

m for Inset B, refer to steps 1 through 6 in “Total-energy (enthalpy)
wheel” on page 4-15

m for Inset C, refer to steps 2 through 7 in “Coil loop for exhaust-air
energy recovery” on page 4-8

Related reading
m "Airto-Air Energy Recovery," Engineers Newsletter (volume 29,
number 5)

m Airto-Air Energy Recovery in HVAC Systems Applications
Engineering Manual (Trane literature number SYS-APMOO3-EN)
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1 After defining the WSHP

system and the dedicated
ventilation system, select
the desired airto-air energy
recovery / transfer type,
which determines the type
of energy recovery /
transfer and the basic
configuration. In this case,
Sensible wheel (parallel
SA tempering).

A message will appear that
asks whether the user
wants to account for energy
recovery / transfer during
the design and energy
analysis simulations or only
during the energy analysis
simulation. Select Yes for
this example.

Select the appropriate
supply-side deck for the
device. For this example,
Ventilation downstream
will be selected as the
supply-side deck. The
sensible-energy wheel will
be used to reheat the
ventilation air downstream
of the optional ventilation
cooling coil.

System Design Options
Sensible wheel

Sample scenario

To input the type of heat recovery in Figure 4-13, Inset A, we will
model an office building with a dedicated ventilation unit (make-
up air unit) that dehumidifies the outdoor air and then reheats the
air to a room neutral dry-bulb temperature, before the air is
delivered directly to the space. Watersource heat-pump (WSHP)
units are installed in the ceiling plenum above each room and
handle the cooling and heating needs for the rooms. To reduce
the amount of reheat energy needed, a sensible-energy wheel
will be used to remove heat from the exhaust air stream and
reheat the dehumidified outdoor air.

I Create Systems - Options.

fbemative |
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Diect el schachda [Frmie (100 =
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Stege 1 A ordis Enengy PlecovenTranster

[Serithe wheel loaatel 54 terrgm =]
Faund isin PO Iparalel 54 irmgeirgl <]
Foured plaln B4 [arrs 54 Inegeenrg)

Troe
Suprtide deck.
Estviide dack.
Sehadule

Click Yes to activate energy recovery /
transfer for design and energy analysis. Click
| No to ignore energy recovery / transfer
during the design calculation and include it

—only during the energy-analysis simulation.

Note: This message will only appear
-|whenever an energy recovery / transfer
device is added and Allow energy
recovery / transfer during design
calculations is turned off.

e ' = I

TRACE 700 |

&M\n

3) "l atr g rucovarybranchie s daon® i curmendly hamad of

fbemative |

Syshem devcription [\W/SHP with DOAS -

(== -
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Schecin — [ayadabie [100%] -]
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Uptions DedcasdOh_|

Selection

Wi S Host o
Ecornmiont —Il:,mod

= Select Ventilation downstream J
if the device is located in the
outdoor air stream and
downstream of the optional
ventilation cooling coil.

= Select Return / outdoor air
downstream if the device is
located after the mixed air
stream, downstream of the main
cooling coil.

J

o |

-

s )
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4 Select the exhaust-side
deck for the device. In
this case, the energy
from the system exhaust
air stream will be used to
reheat the ventilation air.
As a result, System
Exhaust will be selected.

Note: If the proper airstreams
are not selected for supply-
side and exhaust-side decks of
the energy recovery/transfer
device, then the unit will not
function correctly or may not
function at all. The Airflows
section of the System
Checksums report can be
used to verify that a specific
airflow is available for energy
recovery. On the System
Checksums reports, Room
Exhaust = Rm Exh, System
Exhaust = Exhaust, and Return
air = Return Air.

5 Choose the schedule that
describes when the
sensible-energy wheel is
permitted to operate. The
schedule Available 100%
will allow the device to
operate yearround.

I Create Systems - Options

Aemative 1
Syshem description IG§HPM\DOAS -I
~ Evapueative Cooing
Tre Ficrer -

~ Shagn 1 A bt E vy FlocerersyTransbes
Tre | e — |
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[E=mm= . racovery/transfer devices
r:w are input, and both stage 1
usosk and stage 2 devices are
sehedds  gjven the same exhaust-side
deck, then stage 1 will be

umezied upstream of stage 2.

T 4 Eshuedeck [System st — =l
Schocuds  [avalable (100 -]
Elfmctverms: Uphers: |

e

the exhaust side.

Select System Exhaust if main system exhaust is used

exclusively as the exhaust side.

= Select Room Exhaust if the room exhaust airflow is used
exclusively as the exhaust side. Room exhaust airflows are input
on the Airflows tab of Create Rooms. If no room exhaust is input,
then all exhaust air will be at system level.

m Select Return air if airflow returning back through the plenum or

return duct (pre system exhaust and post room exhaust) is used as
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6 Input the effectiveness of
the sensible-energy
wheel (essentially how
efficiently the wheel
recovers energy) by
clicking Effectiveness
and entering the sensible
effectiveness
percentages at different
airflows. Click OK and
then click Apply when
finished.

Note: To further refine the
model of the energy-
recovery device, the
Options button can be used
to define such items as
parasitic energy consumers,
static pressure drop, bypass
dampers, part load controls,
economizer lockout, and
frost prevention.
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Additional Items

When adding an energy wheel to an airside system, it is
recommended that the minimum and maximum cooling supply-
air dry bulbs be set equal to each other to fix the value for the
cooling supply-air dry bulb. This is suggested because

TRACE 700 cannot psychrometrically solve for the cooling supply-
air dry bulb when an energy-recovery device is attached to the
Return/Outdoor deck. For the ramifications of fixing a cooling
supply-air dry bulb, please refer to “Frequently asked questions”
on page 6-20 and “Oversizing and undersizing” on page 6-51.

Energy recovery / transfer devices are generally applied at higher
airflows (higher face velocities) than what the manufacturer
submits for ARI certification. For example, if a wheel is rated at
400 fpm, a typical sensible-heating effectiveness is around

74 percent. However, it is likely that this wheel will be applied at a
much higher airflow (600-700 fpm), which will decrease its
effectiveness. The user should work with the manufacturer's
representative to determine the effectiveness of the device at
the desired airflow (and at 75 percent of the desired airflow), and
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then input these values for the 100 percent and 75 percent
airflow points for accurate modeling.

Refer to Table 4-4 for recommendations on energy-recovery
applications in different scenarios.

Table 4-4 Applications for Air-to-Air Energy recovery

Ventilation System

Energy-Recovery Technology

Supply-air Supply-air Outdoorair
Source Temperature Tempering Preconditioning
Dedicated Cold Not applicable Sensible or total
outdoor air

Neutral Sensible Sensible or total

(parallel or series)

Mixed air Modulated Sensible Sensible or total
(outdoor air plus (constant volume)  (parallel or series)
recirculated return
air) Cold Not applicable Sensible or total

(variable volume)
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Direct and indirect evaporative cooling

Using the evaporative process to precool the supply air stream
can reduce the energy consumption of mechanical cooling
equipment. Two methods of evaporative cooling exist: direct and
indirect. The effectiveness of each method depends on the
extent to which the dry-bulb temperature of the supply air
exceeds the wet-bulb temperature of the supply air.

Figure 4-14 Examples of evaporative cooling arrangements

exhaust air return air exhaust air return air exhaust air return air
direct
conventional conventional evaporative
cooling coil cooling coil 'Ip
——— —— coi
100% I supply air 100% I supply air 100% Pt} supply air
outdoor air H H outdoor air H H outdoor air ! !
P P I
direct o indirect o indirect I
evaporative " evaporative " evaporative =" conventional
coil coil coil cooling coil
- cooling-tower
auxiliary chilled-water 9 loop chilled-water  cooling-tower aux chilled-water
water source loop (optional) loop (optional) loop water loop (optional)
(stage 1) source
(stage 2)
Inset A Inset B Inset C
direct evaporative cooling indirect evaporative cooling staged evaporative cooling

Direct evaporative cooling (Figure 4-14, Inset A) introduces water
directly into the supply air stream, usually with a spray or wetted
media. The water evaporates as it absorbs heat from the passing
air, which lowers the dry-bulb temperature of the air. However, it
also increases the moisture content of the air, which raises the
dew point.

By contrast, indirect evaporative cooling (Inset B) uses an
additional waterside coil to cool the supply air. Positioned
upstream of the conventional cooling coil, the indirect coil is
piped to a cooling tower where the evaporative process occurs.
This method of precooling does not increase the moisture
content (dew point) of the supply air because evaporation occurs
at the tower. It is, however, not as effective as the direct
evaporative cooling process.
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A third option blends both direct and indirect evaporative
processes. Staged evaporative cooling systems (Inset C) are
arranged so that the indirect coil activates first, precooling the
supply air without increasing the moisture content. The supply air
then passes through the direct evaporative coil, where it is
cooled further with only a slight increase in humidity. A
conventional cooling coil, if used, provides the additional cooling
needed to satisfy any remaining load.

Application considerations

m Although evaporative cooling can effectively reduce the amount
of mechanical cooling an application requires, it seldom
eliminates the need for a conventional cooling coil altogether.

m Using evaporative coils in conjunction with a conventional cooling
coil typically adds from 0.2 in. wg to 0.4 in. wg to the static
pressure of the airdistribution system.

m Direct evaporative cooling systems require additional care to
ensure proper cleanliness and operation.

Sample scenarios

Scenario 1: Heat-pipe or fixed-plate heat exchanger (HX)
with supply-side on return outside air deck and evaporative
precool of exhaust side. In this configuration, the supply side of
an air-to-air heat exchanger (heat pipe, flat plate or wheel) is
located upstream of the main cooling coil. The exhaust side of
the HX transfers heat to a scavenger outside air stream
pretreated by a separate evaporative HX. The example below is
shown as a completely recirculated system typical of data
centers but a mixed air ventilation deck could be added to provide
airside economizer operation for part of the year.

Figure 4-15 Fixed-plate heat exchanger with evaporative precooling of exhaust-side airflow

heat pipe (or fixed plate HX)
with evaporator precool cooling coil

data center

wetted scavenger supply
media outside air

’//*~ \
\,j/ pump

energy recovery
device

outside air
fan

CDS-PRMO0O01-EN e TRACE 700 User's Manual System Design Options 4-41
Direct and indirect evaporative cooling



In TRACE, this configuration can
be created via the Create
Systems- Options dialog using
the standalone Evaporative
Cooling.

1 Click Options next to Indirect
Efficiency to change the
defaults as follows:

2 Heat Exchanger Type: Airto-
air heat exchanger.

3 Indirect Efficiency: Overall
wet-mode effectiveness at
rated supply airflow.

4 Dry Effectiveness: Refers to
the overall dry-mode
effectiveness at rated supply
airflow.

5 Switchover Oadb: The water
circulation pump will not
operate below this Oadb
which causes the HX to
operate in dry mode. Above
this Oadb, the HX can operate
in wet mode.

6 Makeup Water Drift and
Blowdown Ratio: Used to
model additional water
consumed by the cooler from
drift and blowdown.

7 Circulation Pump: Power per
design scavenger OA airflow.
Operates at its design value
whenever the HX is in wet
mode.
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[T Ereate ystems - Options
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Evapcesive Cosing Econcmizer Loncel
oo Incimet =l Tiot Hore - e
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Stoge 1 Aivtorhi Encegy Recaveny/ Transler Stoge 2 Aok Ener Plecoven Transier
Tyom None [defauk] - oot [ et =
L Sthckn | Oolow Indirect Bvaporative Canling Options ==
Heat Exchanger
[ & ||
Type oo he:
2 Cancel
Dry Effectiveness |70 % 4
|3‘Swwtchweroadb 50 tg
rMakeupWatar
6 DrtFraction 0.l %
| Blowdown Ratia 5
7 Circulation Pump 0.05 Wiatt f{cFm of supply-side airflow)

Secondary Airfl

Maz % Supply Airflow | 125 o
Hlin % Supply it lzs— %

* Default effectiveness is used above switchover oadh while dry-mode
effectiveness is used below the switchover

m Be sure to include the supply-side static pressure drop across the HX
by including it with the primary fan's static pressure via the Create
Systems - Fan Overrides screen. In a similar manner, be sure to include
the exhaust-side (scavenger OA) static pressure drop by defining it in
the auxiliary fan's static pressure field via the Create Systems - Fan
Overrides screen (see p 4-43).

m The controls are designed to minimize scavenger fan energy
consumption rather than minimize water consumption. The scavenger
airflow is first modulated between the max and min scavenger airflow
settings to achieve the primary air leaving dry bulb setpoint. If the HX is
operating in wet mode, the circulation pump (and associated water
flow) operates at its maximum. Once the scavenger fan has slowed
down to its minimum speed to prevent overcooling, the circulation
pump modulates, if necessary, to maintain desired HX leaving setpoint.
The circulation pump shuts off when the HX runs in dry mode or when
Oawb > primary air leaving dry bulb setpoint or when
Oadb < Switchover Db.
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Next, the scavenger OA fan
should be specified on the
Create Systems - Fan
Overrides.

Abenstve 1
Syitem dercnpbon Data Certer _vl VAV w/Hannteand Healrg. —l
Faneyelng schedde [Nolsncyng 7] : I
S | Dt
Tipe 'r:“‘" Erty o hnf;‘HL:ﬂhix’ Er]
acts as an Fra T Contrimgal v cqed ot [ GO0 |Wwitkmne
. Seconday | one (7] [o [
outdoor air et Nore o 10 Tk
7 Mo 6 I W
scavenger Moom exheuat_|Nore IG] 0 KW
[Mowrm (1] 1] bw 1
fan — sy B1 Conmiugal var spd mis D O0E KW/ n g

. Create ystems - Fan Ovemndes f= © bl

To save fan energy, the scavenger airflow is modulated between the
Minimum and Maximum OA% of Supply values to maintain target supply
air dry bulb. If both Minimum and Maximum OA % of Supply are set to
the same value, then the scavenger fan is constant volume and the ERD
is modulated by reducing or shutting down the evaporative cooler first.

Scenario 2: Polymer tube HX with supply-side on ROA deck
with exhaust side using scavenger outside air. In this
configuration, the supply side of a Polymer tube HX is located
upstream of the main cooling coil. The exhaust side of the HX
transfers heat to a scavenger outside air stream. With this
design, outdoor scavenger air is drawn across the exterior of
elliptical tubes, which are wetted by a recirculation water pump.
The example below is shown as a completely recirculated
system typical of data centers but a mixed air ventilation deck
could be added to provide airside economizer operation for part
of the year.

Figure 4-16 Wetted plate/tube heat exchanger with scavenger outside air on exhaust deck
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In TRACE, this configuration
can be created via the Create
Systems- Options dialog.

1 Click Options button next
to Indirect Efficiency
allows you to change the
following default options.

2 Heat Exchanger Type:
Wetted plate/tube heat
exchanger.

3 Indirect Efficiency:
Overall wet-mode
effectiveness at rated
supply airflow.

4 Dry Effectiveness: Refers
to the overall dry-mode
effectiveness at rated
supply airflow.

5 Switchover Oadb: The
water circulation pump will
not operate below this
Oadb which causes the HX
to operate in dry mode.
Above this Oadb, the HX
can operate in wet mode.

6 Makeup Water Drift and
Blowdown Ratio: Used to
model additional water
consumed by the cooler
from drift and blowdown.

7 Circulation Pump: Power
per design scavenger OA
airflow. Operates at its
design value whenever the
HX'is in wet mode.

8 As in the previous
scenario, the scavenger
OA fan should be
designated in Create
Systems-Fan Overrides
(see p.4-43).
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|—Heat Exchanger

2 Tupe [Welted platedube heal svehanger
| Dry Effectiveness 75 % 4

|3 * Suiicchaver Oadh 50 °F 5

[ M thater
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7 Circulation Pump
|

Secandary Airflow
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* Default effectiveness is used abawe switchover oadb while dry-mads
effectiveness is used below the switchover

Be sure to include the supply-side static pressure drop across the HX
by including it with the primary fan's static pressure via the Create
Systems - Fan Overrides screen. In a similar manner, be sure to include
the exhaust-side (scavenger OA) static pressure drop by defining it in
the auxiliary fan's static pressure field via the Create Systems - Fan
Overrides screen (see p. 4-43).

The controls are designed to minimize scavenger fan energy
consumption rather than minimize water consumption. The scavenger
airflow is first modulated between the max and min scavenger airflow
settings to achieve the primary air leaving dry bulb setpoint. If the HX is
operating in wet mode, the circulation pump (and associated water
flow) operates at its maximum. Once the scavenger fan has slowed
down to its minimum speed to prevent overcooling, the circulation
pump modulates, if necessary, to maintain desired HX leaving setpoint.
The circulation pump shuts off when the HX runs in dry mode or when
Oawb > primary air leaving dry bulb setpoint or when Oadb <
Switchover Dry Bulb.
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Scenario 3: Indirect evaporative cooling via water-to-air HX
with cooling tower. In this configuration, a water-to-air HX is
located upstream of the main cooling coil on the supply deck. The
waterto-air HX is similar to a regular finned tube water cooling
coil except that the "chilled" water comes from a cooling tower
rather than a chiller. The example below is shown with a mixed air
ventilation deck to provide airside economizer operation for part
of the year.

Figure 4-17 Indirect evaporative cooling via a water-to-air heat exchanger on the ROA deck
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In TRACE, this configuration can be
created via the Create Systems-
Options dialog.

1 Click Options button next to Indirect
Efficiency allows you to change the
following default options.

Heat Exchanger Type: Waterto-air
heat exchanger with tower.

Indirect Efficiency: Refers to the
effectiveness above the Switchover
Oadb.

Dry Effectiveness: Refers to the
effectiveness below the Switchover
Oadb.

Switchover Oadb: Used to
determine the value of the HX
effectiveness. Above this value, the
indirect effectiveness is set equal to
the Indirect Efficiency field; below
this value, the indirect effectiveness
is set equal the Dry Effectiveness
field.
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The cooling tower and associated pump attached to the waterto-
air HX need not be specified for design or system simulation but
are needed for the equipment simulation. On the Create Plants -
Cooling Equipment screen, create a separate cooling plant (6-

10).
6 Category set to Water- T reae i =)o ==
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Scenario 4: Staged direct (wetted media) and indirect
evaporative (water-to-air HX) in ROA deck. In this
configuration, a direct evaporative heat exchanger is placed
upstream of an indirect evaporative heat exchanger located
upstream of the main cooling coil on the ROA deck. The example
below is shown with a mixed air ventilation deck to provide
airside economizer operation for part of the year.

Figure 4-18 Staged direct (wetted media) and indirect evaporative (water-to-air HX) in ROA deck
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Scenario 5: Indirect evaporative (water-to-air) heat exchanger
in ventilation deck (DualCool system). This configuration is not
used for data centers but was added to implement the DualCool
add-on to DX rooftops. In this configuration, a waterto-air heat
exchanger integrated with a separate evaporative media coil is
placed in the ventilation deck. A submersible pump moves cool
water from the reservoir beneath the evaporative media to, and
through, the vent air pre-cooling coil, and then back to a
distribution tube above the evaporative media. Water flowing by
gravity downward through the wetted media cools the air
entering the large condenser coil through which refrigerant is
discharging heat to the outdoor air.

Figure 4-19 Indirect evaporative (water-to-air) heat exchanger in ventilation deck (DualCool system)
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m Because the evaporative
media is precooling the
condenser air, this must
be accounted for in the
Cooling Equipment library
member attached to this
system by specifying the
Evaporative Precooling
Flag = Yes and Evap
Precool Effectiveness =
65% as illustrated.
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The Stage 1 Air-to-Air Energy Recovery/Transfer Type is a
standard library member called DualCool (OA Evap Precooling)
and would be defined on the Create System - Options screen
via the Stage 1 Energy Recovery.
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Schedule lockouts
Schedule lockouts can be used to limit direct and/or indirect
evaporative coil or Energy Recovery operation within a specific

Oadb range.
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In Create Systems-Options screen select the custom
schedule for the respective coil.

Suggested defaults:

| Evaporative HX Type
Water-to- Water-to-

Spray media  sthXw/ air KX w/ ATger WEIECERe!

Optional Scavenger Airflow

Max OA% of Supply , % n/a n/a n/a 125 125 125

Min OA% of Supply, % n/a n/a n/a 25 25 25
HX Effectiveness

Default Effectiveness, % 95 95 80 70 80 85

Dry Effectiveness, % 0 0 70 0 70 75

Switchover Oadb, F 40 40 45 60 50 50
Makeup Water

Drift Loss Fraction, % 0.1 0.1 n/a 0.1 0.1 0.1

Blowdown Ratio 5 5 n/a 5 5 5

Circulation Pump Power, W/cfm 0.05 0.05 n/a 0.05 0.05 0.05
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4-50

Dedicated outdoor-air systems

System Design Options

A dedicated outdoor-air system (DOAS) (dedicated ventilation
unit) uses a separate air handler to dehumidify, cool, heat, and
sometimes humidify the incoming outdoor air before delivering it
to other HVAC units or directly to the occupied zones. In either
case, the local HVAC units handle the zone cooling and heating
loads. Treating the outdoor air separately from recirculated return
air makes it easy to verify sufficient ventilation airflow and
enables enforcement of a maximum humidity limit in occupied
zones.

Figure 4-20 Dedicated outdoor-air systems
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Application considerations

Always provide conditioned air that is drier than the air in the
space. This practice minimizes the cooling capacity required from
the local HVAC terminals and adequately controls the indoor
relative humidity without additional, zone-level dehumidification
enhancements.

Deliver “cold” conditioned air whenever possible, and use
recovered energy to reheat during mild weather. Providing “cold”
conditioned air from the DOAS minimizes the cooling loads at the
local HVAC terminals. During mild weather (spring and fall),
modulate the amount of recovered energy used by the DOAS for
reheat; only warm the conditioned air enough to minimize
inefficient reheat at the local HVAC terminals. “Neutral”-
temperature conditioned air (which has a dry-bulb temperature
approximating that of the air in the space) increases the cooling
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capacity required from the local HVAC terminals and requires
more reheat at the dedicated outdoorair unit.

m Select equipment to limit indoor relative humidity to
60-65 percent. Targeting a drier condition in the space will
require larger equipment and consume more energy.

m Employ communicating controls to optimize energy use.
Dynamically resetting the dew point or dry-bulb temperature
delivered by the DOAS can minimize the energy use by the
overall system.

Related reading
m “Dedicated Ventilation Systems,” Engineers Newsletter (volume
30, number 3)

m  Dehumidification in HVAC Systems Applications Engineering
Manual (Trane literature number SYS-APMOO04-EN)

m Designing Dedicated Outdoor-Air Systems Application Guide
(Trane literature number SYS-APGOO1-EN.

Sample scenarios

Table 4-5 Sample Scenarios

Topic

Scenario 1 (page 51) Cool/Heat (Fixed Setpoints)

Scenario 2 (page 56) Dehumidify and Reheat/Heat (Fixed Setpoints)
Scenario 3 (page 61) Dehumidify (Priority) or Cool/Heat (Optimized SADP)
Scenario 4 (page 67) Dehumidify and Reheat/Heat (Optimized SADB))

Scenario 1. A building is served by a fan-coil system and a
dedicated outdoor-air unit that cools the outdoor air to 70°F dry
bulb during the cooling season, or heats the outdoor air to 68°F
dry bulb during the heating season, before delivering the
conditioned outdoor air directly to the individual spaces. (Note: In
non-arid climates, this approach may not adequately dehumidify
the outdoor air.)

m \When the outdoor dry-bulb temperature is greater than the
cooling supply-air dry-bulb setpoint, the dedicated outdoorair unit
will cool the entering outdoor air to the cooling supply-air dry-bulb
setpoint.
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m When the outdoor dry-bulb temperature is less than the cooling
supply-air dry-bulb setpoint, the dedicated outdoorair unit will
heat the entering outdoor air to the heating supply-air dry-bulb
setpoint.

This example will cover how to model the airdistribution system
(steps 1-8), model the cooling and heating equipment (steps 9-
11), and assign the loads from the coils to the equipment (step
12).
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Uret Ventisior

Varisbis Tampeeshies Corgtant Vokme

Water Source Hest Pumg

W Create Systems - Dedicated Yentilation
. bsmative |
2 On the Dedicated OA Spiem dorcroton o CA a0 ] FnCol
H Cancel
tab, select the type of =2 [t ] Cortolnathad [FoeaSeperss =l |
dedicated ventilation unit o o
) - CoclngHeating Desion Setpoiniy CoolingMeating Setpoint Limiy.
to be modeled. In this Cotmnmdebd 7 || sehmmbaipm
example, the dedicated Hosrgneebsdyb | F || Sebsdybubbei [ %
G . . Canlng supeh: s dew pont. [ F || Cooleg A dew ot bagh et [ T
vgntllatlon unit will sup.p.ly T
air to spaces at a specific
ry bulo. erg ore, Coongeed  [fvatable (100%) = Dieck RetumDutdon: Deck -]
Cool / Heat will be Hestrgead  [Avalatle (1007 - Level Symem -]
selected DMI. fan[Povetatie 00 -
2
Seeciin Do Do Tep/Humdly | Earu ] Cob | Schema

None - no dedicated ventilation unit

Cool / heat — a dedicated ventilation unit is used to cool the outdoor air to the
user-input cooling dry bulb during the cooling season or heat the outdoor air to
the userinput heating dry bulb during the heating season.

Dehumidify (priority) or Cool / Heat - a dedicated ventilation unit is used to
L_| dehumidify the outdoor air to the userinput cooling dew point (not reheated)
during the cooling season or heat the outdoor air to the userinput heating dry
bulb during the heating season.

Dehumidify and Reheat / Heat — a dedicated ventilation unit is used to
dehumidify the outdoor air to the userinput cooling dew point (then reheat it
to the userinput cooling dry bulb) during the cooling season or heat the
outdoor air to the userinput heating dry bulb during the heating season.
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3 Select the control method

for the unit. Because the
dedicated ventilation
cooling coil cools the
outdoor air to the cooling
supply-air dry bulb, or the
dedicated ventilation
heating coil heats the
outdoor air to the heating
supply-air dry bulb, Fixed
Setpoints will be used.

Input the Cooling and
Heating Design
Setpoints. In this
scenario, 70°F should be
input for the cooling
supply-air dry bulb, and
68°F for the heating
supply-air dry bulb.

5 Select the schedule for

the coils and fan in the

dedicated outdoor-air unit.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

I Create Systems - Dedicated Yentilation

Abenative 1

System desertion [Fan Cols ond DOAL =] Fancal e ]
Cancel |

Conbgeation  [Cool/Hest =]  (Coonelmethod [Fuied Setponts 3 -]

- CoslngHeating Design Seipoints “ Note: For additional information

Coueg mpply o byt | F
Mo svpchy se dyb | 'F
Coolng sech s dewpont [ F

Z related to the other Control
! Methods, press F1 and click
= Control Method.

Dadkcr:-= [ s .
e - Dedicated Yentilation
Sl e
:: EWWIMMMWJ = FanCol
vert Cancel |
Cordguesion [Coal / Heat =] Conmelmathed [Foead Setports =
Sec|  ~ CoslmaMeating Desion Setpoints CoolingHealing Setpoint Limis 1
Coueg mpply s dybuds [0 ‘F] Supply o chy bbb tagh ke [ £
[Ian————— 14] | Sueoh s dybublwine [ ¥
Codbrgreghardewpont [ -rJ Conleg 54 o ot hagh i | ¥
Coclerg 58 coww pesrd ko et [ T
Dadcated Vertlstion Schadues | Diacheaned Vansistion Locafiont
Cooingesl  [Avaiatle 100%) = Dack: et Dutdoot Dech -]
Hodrgood  [Avalatie [100%] - Level Syitem =]
Ol [fuvatie 100%) A -
verdiaian by If the ventilation air is to be precooled, the

Dedicated Ventilation Cooling Coil
schedule defines the hours of available

I Create Systems - Dedicated Yentilation

Akenative |
Sy dorcrcton [Fon Cots o DOAD =] F operation of the ventilation cooling coil. The
ke [omies =] Optional ventilation cooling coil is available
_ _ for any hour that this schedule reads
~ CoslrgHealng Design Seipoirts 1] ]
ey o | percent or greater.
Heding saehy sh dybuib [ £ (|

1 If the ventilation air is to be preheated, the
' Dedicated Ventilation Heating Coil
Diadicatad Virtlaton Schaddes ] | & schedule defines the hours of available

Coolng mech: o dew pornt. [ 'F

Codingeed  [vmistieioon) 5 I operation of the ventilation heating coil. The
v %] hd . . . . .. .
Hodegoad  [avalatie 1007 = Iopnonal ventilation heating coil is available

Do [votionmz =]
i L ]

for any hour that this schedule reads

1 percent or greater.
Smbection) Dptiorie Dedscated (1A E P E

The Optional ventilation fan schedule
defines the hours that the ventilation unit
can operate. If the Optional ventilation fan
schedule reads 1 percent or greater, the fan
is available that hour.

Note: If a custom schedule is created for
the fan or coils, it is recommended to use
values of 0 percent for hours off and

100 percent for hours available to run to
avoid confusion.
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6 Select the dedicated
ventilation-deck location.
This tells TRACE 700
where to supply the
preconditioned outdoor
air. For this scenario, the
outdoor air will be
delivered directly to the
spaces. As a result,
Room Direct will be
selected.

7 Select the level of the
ventilation-deck location.
For this scenario, one
large dedicated
ventilation unit will
condition the outdoor air
for all of the rooms
assigned to the fan-coil
system, so the coils
should be set at the
System level.

4-54 System Design Options

Return/Outdoor Deck — conditioned
outdoor air is mixed with the return air in the
main unit(s).

Plenum - conditioned outdoor air is
delivered to the plenum above the spaces.

e - Dedicated Yentilation

Sy dorcrction Fn TR od00A) 3] Fan oom Direct — conditioned outdoor air is

delivered directly to the spaces. This can
Condgraation  [Coct /Heat 4] Con) .

also be used to model the delivery of
R “t conditioned outdoor air to dual-duct VAV

R E L .
s | [ I boxes where it mixes locally with
Hesigrpehsrdybul [ F || Sh .
Coirameshsdempon [ |r || o recirculated return air.
Cockerg 58 cow pird v vl [ T

Dadicated Vintlabon Schadues Drecicated Ventlaion Locations
Coolngeod  [Avadatle (100%) j—é Diach: | Fooe Divect j]
Heategeod  [avalatte (100%) | Tevel 5ummem |

Dpsoral [votionmz =]
e oy |Foroitin (1005

Srmn Qv e TenpMundy | faw | ok | Schemax

ystems - Dedicated Yentilation
Abenative 1
System description [Fan Cota ard DOAL =] FanCd
concel |
Cordguesion  [Cocl /Hew =] Conmelmathed [Foead Setports =
CoolrHeaing Desion Setpoiny Cocling Heating Setpoint Limis
Conlrg supply a¢ dey ks |?0 F Suppy am dhy buas bagh bl I L4
Meding ek s dybub [ F Supply o dy bublow it | F
Coolng suephy s dew pont | ¥ Conlens 5 dow ot bih e [ T
Coclerg 58 coww pesrd ko et [ T
Dadicated Vertiston Schadues Dracicated Ventlation Locatont
Coolng cod |mmnw‘-,| x| Dack. oo Divect [
ratroy f oo -7 74 [ =]
O [Povadatic 1005 =
System — The dedicated ventilation unit will be placed at the system level. It
will pretreat the outdoor air for all of the rooms and zones assigned to the

airside system. This is the most common choice for dedicated ventilation
systems. The System Checksums or System Component Selection reports
should be used to size the dedicated ventilation unit.

Zone — Each zone (or room assigned directly to the system) will get a separate
dedicated ventilation system. The Zone Checksums or System Component
Selection reports should be used to size the dedicated ventilation unit.

Room - Each room will get a separate dedicated ventilation system. The Room
Checksums or System Component Selection reports should be used to size
the dedicated ventilation unit.

Same level as main cooling coil — The dedicated ventilation unit will be placed
at the same level as the main cooling coil. The System Component Selection
report should be used to size the dedicated ventilation unit.

Same level as main heating coil - The dedicated ventilation unit will be
placed at the same level as the main heating coil. The System Component
Selection report should be used to size the dedicated ventilation unit.
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8 On the Fans tab, input LEE
Abmnative 1
the fan type and the total Sytemderrcton Gl ed00M) =] FanCal e |
static pressure for the ) T R
primary fan (the fans in D |
the fan-coil units) and the
optional ventilation fan —
. . Full Lo ol Load
(the fan in the dedicated L e ‘W““l‘wm'““| e
. . . [Fan cxd by Lan 8 0% 0 (s KW A Tm "“""hulﬂl
ventilation unit). e 18 1 LT [Fovaltde O]
m Next, define the n:::‘ :: 8 : g mg: | fuveslabie (1007%)
’ vertaton _|FC Certifugal const vol IE] 10000321 KW/l wg |Fursiable [100%]
cooling and heating plants = = H = T
represented by the fan-coil
system and the rooftop air T S
conditioner: "
Equpmert Calegory Conbgurstion.
9 Add two new cooling & G T @ D ki Corgraee s o cosiegera [ ]
plants and two new Ve vas ¥ Enlf;ff-:'“"hmm“' P o |
. ® Hudeeg plari 1 [bcsien]
heating plants to the e & @ @ 15 L ook ot 2 ekt 0 i gimcere
. . | Hew Hig
Configuration pane. Jwom  foler oot Gastiod
10Drag the appropriate @& & 7 m ) ] .
. rookd  Codkg  Pures  Themsl For cooling, use water-cooled chiller
icons from the condames lower flslie . .
Equi c and air-cooled unitary.
qm_pment _ategory For heating, use boiler and gas-fired
section to define each __ heat exchanger.
plant. : = ”
o o . . | - T -
11To finish defmmg this M
equipment, enter the
information from Bk
At 1
Table 4-6 on page 4-56 PE—— S
on the appropriate | o ERSE O, oy o
. E| iptional Vertion Coolrg Cod It Colg plart 2 [devicate 04 uri) Gkl
equipment tab. ﬂrimnnsnlm Fan Cods and DOAL s Heatrg pland 2 [decicalrd (14 ] Mew CoolPlant
Man Heatng Cod
. . . i :
Zﬁ Finally, assign the coil "HWUMHm';efore___ =]
loads of the airdistribution 12 oo |
system to the proper =0l
cooling and heating plants: At
9 gp — —
12Drag each coil in the Aft o oyt Fanas wsb0Al
. er... | Moin Cocing Ced Hewe Gyitem I
Unassigned Systems/ et vrid L g AU o ok P |
Coils pane to the pa o e e tes i
. . @€ Coolrg System . Fan Ciods and DOAL
appropriate plant in the --..HHE‘,'JZ’;’..”J::&E’E“ g |
Systems and Plants 08 ko St FnCoe d DM |
pane.
The illustration labeled
After shows the
completed assignments.
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Table 4-6 Equipment types

Cooling Equipment tab Heating Equipment tab

Water-cooled chiller 2-stage centrifugal gas-fired hot water
boiler
Aircooled unitary split system RAUC- rooftop gas heat

20+ ton scroll

Scenario 2. A building is served by a watersource heat pump
(WSHP) system and a dedicated outdoor-air unit that delivers
conditioned outdoor air to the individual heat pumps. During the
cooling season, the dedicated outdoorair unit dehumidifies the
outdoor air to 55°F dew point and then reheats it to a “neutral”
70°F dry bulb. During the heating season, the dedicated unit
heats the outdoor air to 68°F dry bulb.

m \When the outdoor dew point is greater than the cooling supply-air
dew point setpoint, the dedicated outdoorair unit will dehumidify
the entering outdoor air to the cooling supply-air dew point
setpoint, then reheat it to the cooling supply-air dry-bulb setpoint.

m When the outdoor dew point is less than the cooling supply-air
dew point setpoint and the outdoor dry-bulb temperature is
greater than the cooling supply-air dry-bulb setpoint, the
dedicated outdoor-air unit will cool the entering outdoor air to the
cooling supply-air dry-bulb setpoint.

m When the outdoor dew point is less than the cooling supply-air
dew point setpoint and the outdoor dry-bulb temperature is less
than the cooling supply-air dry-bulb setpoint, the dedicated
outdoorair unit will heat the entering outdoor air to the heating
supply-air dry-bulb setpoint.

This example will cover how to model the airdistribution system
(steps 1-8), model the cooling and heating equipment (steps 9—
11), and assign the loads from the coils to the equipment (step
12).
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1 Start by selecting Water
source heat pump as the
system type.

2 On the Dedicated OA
tab, select the type of
dedicated ventilation unit
to be modeled. In this
example, the dedicated
ventilation unit will supply
low dew-point air
reheated to a room-
neutral dry bulb in cooling
mode, and air at a specific
dry bulb in heating mode.
Therefore, Dehumidify
and Reheat / Heat will
be selected.
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Abpinatnee 1
Syitarn descrption  [WSHP s COAL =] Wast Sowcs Heat Purp
‘System categony

Waniable Yolume

Coratant Viokume - Hon médng
Coratant Moiume - Maarg
Heatasg Crdy

Irchsctzon 4 ]

Uraderfioos A Distrbation

Wariable Volume Peheat [X0% Min Flow Defaul]

VAY wiBasebosd Heating
VAV wiiaseboaed Skin Heatng

VAN wiF oteared Fltms Shan Healng
Vi H-ud-ii 1

I Create Systems - Dedicated Yentilation

Avemative |
Syutem descripton [WEHP and DOAL 7] WaterSouece Hest Pup [ ]
Cancel |
[ |2 Cotaprsiin  [Detumsity snd Rebwst/Heat =] Cortrol mathod [Fued Setpoinns =
- Coslra/Maaing Desian Setpsirts Cool Meaing Setpsin Limks )
Coodrguppymdpbs | F || Swhsdybbngnes [ F
Heating sugeky or dybub | F Supply o dy bublow it | ¥
Coolng sueeh s dewpont. [ 'F Condng 5 cow o bagh e [ ¥
Conleg 54 dow o ko b [ L4
Diedicaned Ventlaton Sthaduler | Dedcated Ventiation Locators
Coologed  [wmmienioon =] || Deek [Feurudaiteck =]
Heatrg cod |umnm.~n = Level Syrhem .|
e o [ooonms 1]
e lay|Povitie 100E]
2
Sincin Dot Dedscated 1A | TeroHumdty | o ] o | Schemaic

None - no dedicated ventilation unit

Cool / heat - a dedicated ventilation unit is used to cool the outdoor air to the
userinput cooling dry bulb during the cooling season, or heat the outdoor air to

the userinput heating dry bulb during the heating season.

Dehumidify (priority) or Cool / Heat — a dedicated ventilation unit is used to
dehumidify the outdoor air to the userinput cooling dew point (not reheated)
during the cooling season, or heat the outdoor air to the userinput heating dry

bulb during the heating season.
Dehumidify and Reheat / Heat — a dedicated ventilation unit is used to

dehumidify the outdoor air to the userinput cooling dew point (then reheat it to
the userinput cooling dry bulb) during the cooling season, or heat the outdoor air

to the userinput heating dry bulb during the heating season.

System Design Options
Dedicated outdoor-air systems

4-57



3 Select the control method
for the unit. Because the
dedicated ventilation
cooling coil dehumidifies
the outdoor air to cooling
supply-air dew point and
reheats it to room neutral,
or the dedicated
ventilation heating coil

I Create Systems - Dedicated Yentilation

Aemative 1
Sysem descriizn [WEHP and DOAL =]
Cordagaation  [Octumdly ondPiebeat 7Host =]

- CoslingMeating Design Selports
Corgupphorigbd [ F
Heating suoply s dybub [ 3
Cooing sueeh a¥ dewpont [ 3

‘Water Souece Heat Purg.

3—3

! Note: For additional information
related to the other Control
Methods, press the F1 key and
click Control Method.

Cortrol mathed [Foied Setports

heats the outdoor air to e rDadcated Variaion Lacasices
heating supply-air dry :::: m: ilj o :::m’““““i’“" j
bulb, Fixed Setpoints O [oemmpo 5]
will be used. /| =
_i* Abenative 1
Sysem descrption [WEFP end DO =] Waber Souce Heat Pure.
Cancel
Conkgurstion  [Detursdiy ondMchent /Hest =] Cortrol mathed [Fued Setporns = |
- ConlingHeating Design Setpointy. Cocling Heating Setpoint Limis 1
4 Input the Cooling and Coirg gy st [0 7| s spai | ¥
. . MHestig gk ot dybu [ ‘4| Sephsdybublomi [ %
Heating Design Caolng supeh s dew pont Issi'FJ CodkegShdemporthghbent [ T
Setpoints. In this Coneg Sa dowpat e [ F
scenario, 55°F should be Dedicarad Vereision Schadhdes - Decaied Ventision Locakons
input for the cooling Cooingeed  [Mvsbilel10y) =] || Deck  [Aewmludabesk 7]
; : o H | - 1 S - |
supply-air dew point, 70°F om‘” bm—;]
wertlabon fan
for the cooling supply-air I
dry bulb, and 68°F for the T [ ey | Fe ] T T

heating supply-air dry

bulb.
W Create Systems - Dedicated Yentilation
Akenative |
Sy deverlion [WERP 000 7]
5 Select the schedule for
the coils and fan in the [[Fresrineutmensy
. . . Codrgupph mdgbid [0 F
dedicated outdoor-air unit. O E—
Coolrgmech srdewpont [55 F
Note: If a custom schedule
is created for the fan or e
coils, it is recommended to Codgel  [rvammie 1007 =)
use values of 0 percent for oo vt 101 :5
L vt [1101%] -J
hours off and 100 percent
for hours available to run to
avoid confusion.
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Dedicated outdoorair systems

If the ventilation air is to be precooled, the
Dedicated Ventilation Cooling Coil schedule
defines the hours of available operation of the
ventilation cooling coil. The optional ventilation
cooling coil is available for any hour that this
schedule reads 1 percent or greater.

If the ventilation air is to be preheated, the
Dedicated Ventilation Heating Coil schedule
defines the hours of available operation of the
ventilation heating coil. The optional

“ventilation heating coil is available for any hour

that this schedule reads 1 percent or greater.

The Optional ventilation fan schedule

- defines the hours that the ventilation unit can
S [ urdcand0s [ operate. If the Optional ventilation fan

schedule reads 1 percent or greater, the fan is
available that hour.
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6 Select the dedicated
ventilation deck location.
This tells TRACE 700
where to supply the
preconditioned outdoor
air. For this scenario, the
outdoor air will be
delivered to the heat
pumps. As a result,
Return/Outdoor Deck
will be selected.

7 Select the level of the
ventilation deck location.
For this scenario, one
large dedicated
ventilation unit will
condition the outdoor air
for all of the rooms
assigned to the WSHP
airside system, so the
coils should be set at the
System level.

Note: For additional details
on Systems, refer to the
System Type:
Characteristics in online
Help.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Return/Outdoor Deck - conditioned outdoor air is

mixed with the return air in the main unit(s). Bk

A o - .

.| Plenum — conditioned outdoor air is delivered to the
plenum above the spaces. Cancel
Room Direct — conditioned outdoor air is delivered

“ directly to the spaces. This can also be used to model
the delivery of conditioned outdoor air to dual-duct :

VAV boxes where it mixes with conditioned —
recirculated return air. (T

Dadcated Vantlston Schadues Dedicated Ventistion Locatons

Coirgead — Diadia e = é Dieck Retumutdont Deck -J

Hosrgood  [Avaatie (100%] | Tervel [5ustem =l

m‘m [fuvatie [1001%) -

St P Dedicated 1A | sy | Fan ] Cols | Schenaic

I Create Systems - Dedicated Yentilation
Absmative |
EMWM[EHF“WU = ‘water Source Heat Purg
concel |
Conbgrestion  [Dehuridiy ond Nehest { Hoat =] Contalmathed [Fouad Setports =l
CoolirgHeting Desion Setpoints CoolingHe.ating Serport Ltz
Coulng supply o dey buls I?ﬂ e Seppy s chy buads hugin bl T
Meating supchy o dybu [/ L3 Supply s chy bubs bowe ik ¥
Cooling ek o dewpont [55 T || Cooleg 5 dow et high et [ ]
el 5 ehows proard ko bl T
Diadhcated Vantlation Schadues Dredcated Ventiation Locations
Cooling ool Acvasable [100%) = Deck. FRetumDutdoot Dech 3
e =y A e )|
Dpsoral l—;|
dasicn fan | Aol [1000%]

System - The dedicated ventilation unit will be placed at the system level. It will
pretreat the outdoor air for all of the rooms and zones assigned to the airside
system. This is the most common choice for dedicated ventilation systems. The
System Checksums or System Component Selection reports should be used
to size the dedicated ventilation unit.

Zone - Each zone (or room assigned directly to the system) will get a separate
dedicated ventilation system. The Zone Checksums or System Component

| Selection reports should be used to size the dedicated ventilation unit.

Room — Each room will get a separate dedicated ventilation system. The Room
Checksums or System Component Selection reports should be used to size
the dedicated ventilation unit.

Same level as main cooling coil - The dedicated ventilation unit will be placed
at the same level as the main cooling coil. The System Component Selection
report should be used to size the dedicated ventilation unit.

Same level as main heating coil — The dedicated ventilation unit will be placed
at the same level as the main heating coil. The System Component Selection
report should be used to size the dedicated ventilation unit.

Dedicated outdoorair systems
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8 On the Fans tab, input

=I5l
the fan type and the total
static pressure for the i e © L ]
‘ P i fuwmlm cwcat |
primary fan (the fans in
the WSHP units) and the [
optional ventilation fan
. . -
(the _fan_ in thg dedicated — o :L‘.‘,‘“n"..lm&'n‘ﬂ:’m| -
ventilation unit). 8T OO kWit ot [10LEE]
Ficre |[1] |[1] | (7 [Fovestatin (100 ]
. Herm I[] i _KwiiCim : [iEq]
Mag Next, define the e P
cooling and heating plants o veriuion {rC Cernigd con vl £ KA 1003]
represented by the WSHP =0
system and the rooftop air ' ;
L Tt [Euipment Category Confaurstion.
conditioner. —= Q& h} &% ﬁ e Chie
" WSHP1
9 Add two new cooling e as 5l G 2 et 0 ) Pl |
10 5§ Deceated 04 et —
plants and two new & v @ ®m “:."E‘LI.‘*;;:". tetsoi 9"”—]“»
heating plants to the — o B TR Lt Heoio ot 3 Do O]
Configuration pane o e o o—— :
. g R For cooling, use water-source heat
. hicocked  Coclng  Purgs  Themal -
10Drag the appropriate Aicored - Cockr Tiwnd pump and air-cooled unitary.
icons from the For heating, use boiler (for the WSHP
Equipment Category system) and gas-fired heat

i i To arsign squemen, drag the deseed oqup exchanger.
section to define each

plant. | Canligueation [ Coofrg Equpment 11 __ Hewirg Equpemen e Lty J/ Mise: Accessory
- - . =I5l
117To finish defining this ‘
equipment, enter the Unassined Syvems/Cols Syt and ity
information from R s e e
[ OptionslVeriaior Cockrg €l It Cocien o 2 [Dcicaied 04 i _ Memgpusm |
Table 4-7 on page 4-61 ﬂhimh::;srﬂ:'mm\;ﬁnvmmml list Hesating plarst 2 [Dnceatnd (32 urd] NMMMI
on the appropriate L "M”M"m'; ; e s ek
H efore...
equipment tab. |
Q Finally, assign the coil i |
loads of the air distribution 12 Rer
system to the proper et |
; ; Unassigned Systemi/Cols Systems ond Plarts o= ]
cooling and heating plants. e —
: phem & o
12Drag each coil in the After ... S i e e ,,:,,::4
Unassigned Systems/ u:ﬂ:‘ﬂ?ﬁ?ﬁﬁ:ﬁ:w Mo st Pt
Coils pane to the G G Sten- Wb miDOM)
appropriate plant in the e oy COAL l%ll
Systems and Plants pane. B Opnititen eana
The illustration labeled
"After” shows the
completed assignments.
4-60 System Design Options TRACE 700 User's Manual ® CDS-PRMO001-EN

Dedicated outdoor-air systems



Table 4-7 Equipment types

Cooling Equipment tab Heating Equipment tab

Watersource heat water source HP- gas-fired hot water
pump high efficiency boiler
Aircooled unitary split system RAUC- rooftop gas heat

20+ ton scroll

Scenario 3. A building is served by a VAV airhandling system
on each floor. A dedicated outdoor-air unit delivers conditioned
outdoor air to the intake of each air handler. During the cooling
season, the dedicated outdoorair unit dehumidifies the outdoor
air to 55°F dew point, but does not reheat it. During the heating
season, the dedicated unit heats the outdoor air to 68°F dry bulb.

In addition, the system-level controller polls the humidity sensors
located in each room and resets the dew point leaving the
dedicated outdoor-air unit, to prevent the relative humidity in the
worst-case room from rising above 60% while minimizing energy
use.

m The system controller determines the highest possible cooling
supply-air dew point setpoint that still avoids the relative humidity
from rising above the maximum upper limit (60%, in our
example) in any room.

m \When the outdoor dew point is greater than the current cooling
supply-air dew point setpoint, the dedicated outdoorair unit will
dehumidify the entering outdoor air to the cooling supply-air dew
point setpoint.

m \When the outdoor dew point is less than the current supply-air
dew point setpoint and the outdoor dry-bulb temperature is
greater than the cooling supply-air dry-bulb setpoint, the
dedicated outdoor-air unit will cool the entering outdoor air to the
cooling supply-air dry-bulb setpoint.

m When the outdoor dew point is less than the current cooling
supply-air dew point setpoint and the outdoor dry-bulb
temperature is less than the cooling supply-air dry-bulb setpoint,
the dedicated outdoorair unit will heat the entering outdoor air to
the heating supply-air dry-bulb setpoint.

CDS-PRMOO01-EN e TRACE 700 User’s Manual System Design Options 4-61
Dedicated outdoorair systems



1 Start by selecting
Variable Volume Reheat
as the system type.

2 On the Dedicated OA
tab, select the type of
dedicated ventilation unit
to be modeled. In this
example, the dedicated
ventilation unit will supply
low dew-point air (not
reheated) in cooling
mode, and air at a specific
dry bulb in heating mode.
Therefore, Dehumidify
(priority) or Cool / Heat
will be selected.

4-62 System Design Options

This example will cover how to model the airdistribution system
(steps 1-8), model the cooling and heating equipment (steps 9-
11), and assign the loads from the coils to the equipment (step

12).
At 1
Syuneen description [V and DAL -
‘System categony
Variabls Y ohame:

Coratant Wgkume - Honmiing

Uraderfioos A Distrbation
Disglacament Vertishon
[ eamt

Sytham yoe

Tvaer F i Dicasbin D VBN

LIFAD) VAV w Rcebred Huatrg
UFAD VAY w/' Fansusited Retmat
Underfiont A Distrbution OV

Underficas A Distribution PRPVAY
Underfloos dir Distrbution SIPYAY
Uit Heaters

eI |
T T |
b |
[ . |
b |
P
# |
|_>

I Create Systems - Dedicated Yentilation

Absinaive |
System deserion [7H and DOAD =] Vimiable Vokame icheat [30% M |
Cancel |
2 Cortapusiin  [Oehurmsdiy lovoriyl o Cot T Hew. =] Contol mathed [Fad Setpars =l
+~ CoslraMeating Desion Seipoirts CoolingMealing Setpoint Limis. 1
Cookrg wpk s dybus | F Supply o chy bbb tagh ke [ F
Mot supchy se dy b | F Supply o dy bublow it | F
Coolng sueeh s dewpont. [ F Condng 5 cow o bagh e [ b3
Coclerg 58 coww pesrd ko et [ T
Dadcated Vertlstion Schadues | Diacheaned Vansistion Locafiont
Cooingesl  [Avaiatle 100%) =| Dieck: | PetumaDiuadess Deck. =
Hestegood  [Avadatle [100%] | Level [5ustem = |
o e —
e lay|Povitie 100E]
G Outrs: e TempHumssly | o ] [ | Schemaic

None - no dedicated ventilation unit

Cool / heat — a dedicated ventilation unit is used to cool the outdoor air to the
userinput cooling dry bulb during the cooling season, or heat the outdoor air to
the userinput heating dry bulb during the heating season.

Dehumidify (priority) or Cool / Heat — a dedicated ventilation unit is used to
dehumidify the outdoor air to the userinput cooling dew point (not reheated)
during the cooling season, or heat the outdoor air to the userinput heating dry

bulb during the heating season.
Dehumidify and Reheat / Heat

— a dedicated ventilation unit is used to

dehumidify the outdoor air to the userinput cooling dew point (then reheat it to
the userinput cooling dry bulb) during the cooling season, or heat the outdoor air
to the userinput heating dry bulb during the heating season.

Dedicated outdoorair systems
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3 Select the control method
for the unit. Because the
dew point delivered by
the dedicated ventilation
cooling coil is reset based
on the worst-case room,
Optimize Supply Air
Dew Point will be used.

4 Input the Cooling and
Heating Design
Setpoints. In this
scenario, 65°F should be
input for the cooling
supply-air dry bulb, 68°F
for the heating supply-air
dry bulb, 65°F for the
cooling supply-air dew
point high limit, and 55°F
for the cooling supply-air
dew point low limit.

5 Select the schedule for
the coils and fan in the

dedicated outdoorair unit.

Note: If a custom schedule
is created for the fan or
coils, it is recommended to
use values of 0 percent for
hours off and 100 percent
for hours available to run to
avoid confusion.

I Create Systems - Dedicated Yentilation

fbemative |

Sysbem description ﬁH and DOAY El
[Dehumiiy ooyl or Cooi / Hest =

 CoclryMeating Design Seiponty

Coueg mpply o byt | F
Mo svpchy se dyb | 'F
Coolng sech s dewpont [ F

Cordguesion

Wasiable Vohme Fighest (3%

Contol ethed [Dptrrice Suppl i Dew Port 3=

= Note: For additional information
Z related to the other Control
! Methods, press the F1 key and
© click Control Method.

Diadhcated Vartlabon Schadules | Dracheated Ventiation Locations
Codingeol  [Avaatie (100%) = Dack: et Dutdoot Dech =]
Hodrgool  [Avalatie [100%] - Level Syitem =]
e I e —
el |Povitie 1]
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If the ventilation air is to be precooled, the
Dedicated Ventilation Cooling Coil schedule
defines the hours of available operation of the
ventilation cooling coil. The optional
ventilation cooling coil is available for any hour
' that this schedule reads 1 percent or greater.
If the ventilation air is to be preheated, the
Dedicated Ventilation Heating Coil
schedule defines the hours of available
operation of the ventilation heating coil. The
optional ventilation heating coil is available for
| any hour that this schedule reads 1 percent or
greater.

| The Optional ventilation fan schedule

Diadhcated Vartlabon Schadules
Cooingesl  [Avaiatle (100 =l
Hodrgool  [Avalatie [100%] 5
Opril [vmtatie 0017y -J
Soin | Qs Deseatcaon [ 1

defines the hours that the ventilation unit can
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operate. If the Optional ventilation fan
schedule reads 1 percent or greater, the fan is
available that hour.
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6 Select the dedicated
ventilation deck location.

. Return/Outdoor Deck — conditioned
This tells TRACE 700 outdoor air is mixed with the return air in the
where to supply the main unit(s). BT
preconditioned outdoor Plenum - conditioned outdoor air is
air. For this scenario, the delivered to the plenum above the spaces. B e |
outdoor air will be Room Direct — conditioned outdoor air is e eesiebenient =
delivered to the mixing delivered directly to the spaces. This can  wsrues
box of the VAV air handler. also be used to model the delivery of thich it [ E—
As a result, Return / conditioned outdoor air to dual-duct VAV ::H'ﬁ :
Outdoor Deck will be boxes where it mixes with conditioned —— -
recirculated return air.

selected. P S

e e L i |

Heategeod  [avalatte (100%) | Level [5ustem |

mlﬂ'\ Iﬁvdﬂiblll[l?{l hd

Seecicn Dusors oe | by | Fwe | Cok | Schemac

¥ Create Systems - Dedicated Yentilation
7 Select the level of the Asnaive 1
L . Syshem deverition [VAH and DOAL =] Vasbie Viohme Rchest | Ay |
ventilation deck location. cwcel_|
. - Conbguaion.  [Detusmsdly rortl o Coot /Hew: ] e § " =
For this scenario, one Bl =i oot o oot i) =
|arge dedicated CoolirgHeting Desion Setpoints CoolngMeating Setpoind Limds
ventilation unit will 5"“""‘::*‘:‘: . : ;"::::ﬁ: :
- ) ooty supply o CH [ —
condition the outdoor air Codiogmep srdowpont [ 'F || Cones A dow it high e [i5 '
for all of the rooms Soskash wpcrlionied 155 1/
assigned to the VAV Dedcatad Viartlstion Schadues Dadicsted Ventlsion Locstions
airside System, S0 the Coolng eod |mmnw‘-,| x| Dk RetumdDutdon Deck -
. e f THoONT —~t7 Lo System =]
coils should be set at the I Errr E
System level. System - The dedicated ventilation unit will be placed at the system level. It will
. . pretreat the outdoor air for all of the rooms and zones assigned to the airside
Note: For addit [ detail:
ote: For additional details

system. This is the most common choice for dedicated ventilation systems. The

on Systems, refer to the System Checksums or System Component Selection reports should be used

System Type: to size the dedicated ventilation unit.
Characteristics in online Zone - Each zone (or room assigned directly to the system) will get a separate
Help. dedicated ventilation system. The Zone Checksums or System Component

Selection reports should be used to size the dedicated ventilation unit.

~ |Room - Each room will get a separate dedicated ventilation system. The Room
Checksums or System Component Selection reports should be used to size
the dedicated ventilation unit.

Same level as main cooling coil - The dedicated ventilation unit will be placed
at the same level as the main cooling coil. The System Component Selection
report should be used to size the dedicated ventilation unit.

Same level as main heating coil — The dedicated ventilation unit will be placed
at the same level as the main heating coil. The System Component Selection
report should be used to size the dedicated ventilation unit.
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8 On the Temp/Humidity
tab, specify a Maximum
room relative humidity
of 60%.

9 On the Fans tab, input
the fan type and the total
static pressure for the
primary fan (the fans in
the VAV air handler) and
the optional ventilation
fan (the fan in the
dedicated ventilation
unit).

lﬁ Next, define the
cooling and heating plants
represented by the VAV
system and the rooftop air
conditioner.

10Add two new cooling
plants and two new
heating plants to the
Configuration pane.

11Drag the appropriate
icons from the
Equipment Category
section to define each
plant.

12To finish defining this
equipment, enter the
information from
Table 4-8 on page 4-66
on the appropriate
equipment tab.

v Design Temperatures
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ﬁ Finally, assign the coil =Iolx
. . . . Aderalnn 1
loads of the air distribution P o e
system to the proper Ter L Cosio e 1 (o cociod o]
Man Cocling Cod st Heaing plani 1 [boder]
cooling and heating plants. [ Optionsl Vertticn Cocirg Col lit Covkg o 2 deckenid 04 ) Gkl
ﬂrimmtsg;mm\?:qmlNW| llas Heatng plant 2 [dndeaind (1A und] NMMMI
13Drag each coil in the | Mo Moot Pt
Unassigned Systems/ ' e B efore ... o |
Coils pane to the |
appropriate plant in the 13 Rer
Systems and Plants pane. rm——
_ , e —
The illustration labeled Aft S Cocroolr s orcodehle]
er... [
"After” shows the el G e
. &€ Heatng System - VEM and D0AL MI
completed assignments. S B Mnosenl N o |
) [ ] Preheat Cod
Pl Sotasiiniontcinn |
b e e |
12 @ Hiteag Syeehoen - VRH el DALY
B Ol Veridisbion Hisbrg Cisd
Table 4-8 Equipment types
Cooling Equipment tab  Heating Equipment tab
Aircooled chiller air-cooled helical- gas-fired hot water
rotary chiller boiler
Aircooled unitary split system RAUC- rooftop gas heat
20+ ton scroll
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Scenario 4. A building is served by a fan-coil system and a
dedicated outdoor-air unit that delivers conditioned outdoor air
directly to the individual spaces. The system-level controller polls
the fan-coils and resets the dry-bulb temperature leaving the
dedicated outdoorair unit to avoid overcooling or overheating any
room.

During the cooling season, the dedicated outdoorair unit
dehumidifies the outdoor air to 55°F dew point and then, if
necessary, reheats it just enough to avoid overcooling the room
with the lowest sensible cooling load. During the heating season,
the dedicated unit heats the outdoor air as much as possible,
without overheating the room with the lowest sensible heating
load.

m The system controller determines the current supply-air dry-bulb
setpoint needed to avoid overcooling or overheating any room.

m \When the outdoor dew point is greater than the cooling supply-air
dew point setpoint, the dedicated outdoorair unit will dehumidify
the entering outdoor air to the cooling supply-air dew point
setpoint, then reheat it to the current supply-air dry-bulb setpoint.

m \When the outdoor dew point is less than the cooling supply-air
dew point setpoint and the outdoor dry-bulb temperature is
greater than the current supply-air dry-bulb setpoint, the
dedicated outdoor-air unit will cool the entering outdoor air to the
current supply-air dry-bulb setpoint.

m When the outdoor dew point is less than the cooling supply-air
dew point setpoint and the outdoor dry-bulb temperature is less
than the current supply-air dry-bulb setpoint, the dedicated
outdoorair unit will heat the entering outdoor air to the current
supply-air dry-bulb setpoint.

This example will cover how to model the airdistribution system
(steps 1-8), model the cooling and heating equipment (steps 9-
11), and assign the loads from the coils to the equipment (step
12).
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4-68

1 Start by selecting Fan
Coil as the system type.

2 On the Dedicated OA

tab, select the type of
dedicated ventilation unit
to be modeled. In this
example, the dedicated
ventilation unit will supply
low dew-point air (and
possibly reheated) in
cooling mode, and air at a
specific dry bulb in
heating mode. Therefore,
Dehumidify and Reheat
/ Heat will be selected.

Select the control method
for the unit. Because the
dedicated ventilation
cooling coil dehumidifies
the outdoor air to cooling
supply-air dew point and
reheats it based on the
worst-case room, or the
dedicated ventilation
heating coil heats the
outdoor air to heating
supply-air dry bulb,
Optimize SADB will be
used.

S|
Abpinatnee 1
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Heating supphy s dry bubs | F . .
e | I used to cool the outdoor air to the user-input

cooling dry bulb during the cooling season, or

heat the outdoor air to the userinput heating

Dadcated Ventlston Schadues

e [ommeng =] dry bulb during the heating season.

Herged  [wwsennn =] Dehumidify (priority) or Cool / Heat - a

et [ =l dedicated ventilation unit is used to dehumidify
2 the outdoor air to the userinput cooling dew

Skt Dy peaeated 04| noint (not reheated) during the cooling season,

I Create Systems - Dedicated Yentilation

or heat the outdoor air to the userinput heating
dry bulb during the heating season.
Dehumidify and Reheat / Heat - a dedicated
ventilation unit is used to dehumidify the
outdoor air to the userinput cooling dew point
(then reheat it to the userinput cooling dry
bulb) during the cooling season, or heat the
outdoor air to the userinput heating dry bulb
during the heating season.

Abeinative 1

Sy dertion [ G 0ORT =] FanCl
Cancel |

Confpeston  [Debumadiy and Reheat / Heat =] Control mathed [Optinice Supply As Ory B 3=

AR ! Note: For additional information

Coueg mpply o b | F
Mo svpchy se dy b | 'F
Caolng supph s dow pont [ L

related to the other Control
Methods, press the F1 key and
click Control Method.
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4 Input the Cooling and
Heating Design
Setpoints. In this
scenario, 55°F should be
input for the cooling
supply-air dew point, 55°F
for the supply-air dry bulb
low limit, and 70°F for the
supply-air dry bulb high
limit.

5 Select the schedule for
the coils and fan in the

dedicated outdoorair unit.

Note: If a custom schedule
is created for the fan or
colils, it is recommended to
use values of 0 percent for
hours off and 100 percent
for hours available to run to
avoid confusion.

6 Select the dedicated
ventilation deck location.
This tells TRACE 700
where to supply the
preconditioned outdoor
air. For this scenario, the
outdoor air will be
delivered directly to the
spaces. As a result,
Room Direct will be
selected.

I Create Systems - Dedicated Yentilation

fbemative |

Sytem descrpion [Fan Cath rd DAL =]
Cordaaation  [Octumdly ond Aebest /Hew =]

+ CoslngMeating Desion Seipoints
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Abenative 1
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Cancel |
Cordguestion  [Dehumicly and Neheat 7 Heat =] Contol mathed [Tpenice Suppl s Ory B =]
~CoslingMeing Design Setpois Cosing Mesing Seiport Limds .
Coueg mpply o dybuds | ] [smuwum.—. m
P Supph ar dy bublowlet  [f5
[rm-ewimm 53 'rJ4 Corcleag 58 cew peart gh e | T
Coclerg 58 coww pesrd ko et [ T
Dadicated Vintlabon Schadues Dracicated Ventlation Locatont
Coolng eod |mmnm'u x| Dieck RetumdDutdos Deck 'l
Hrabrg cod IMMIIM-“-’I | Level Syitem 'I
: o —
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If the ventilation air is to be precooled, the
e | OGwew _oedewed Dodicated Ventilation Cooling Coil schedule

defines the hours of available operation of the
ventilation cooling coil. The optional ventilation
cooling coil is available for any hour that this
schedule reads 1 percent or greater.

If the ventilation air is to be preheated, the
Dedicated Ventilation Heating Coil schedule
defines the hours of available operation of the
ventilation heating coil. The optional ventilation
heating coil is available for any hour that this
schedule reads 1 percent or greater. The
Optional ventilation fan schedule defines the
hours that the ventilation unit can operate.

_ If the Optional ventilation fan schedule reads

— T
Dodenion [ 1 percent or greater, the fan is available that

hour.

Return/Outdoor Deck — conditioned
outdoor air is mixed with the return air in the

main unit(s). =Iol«
Plenum - conditioned outdoor air is

) [ |
delivered to the plenum above the spaces. ?W
Room Direct - conditioned outdoor air is 1+ Supely s Dy Bl |
delivered directly to the spaces. This can Uiy )
also be used to model the delivery of het [ f
conditioned outdoor air to dual-duct VAV s ¥
boxes where it mixes with conditioned :: :

) ) [
recirculated return air.

Dadicated Vantlston Schadues Dedicated Ventiation Locatons

e 6 be [RocmD =)
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Opril fm [fuvatie 100%) -
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7 Select the level of the
ventilation deck location.
For this scenario, one
large dedicated
ventilation unit will
condition the outdoor air
for all of the rooms
assigned to the Fan Coil
system, so the coils
should be set at the
System level.

Note: For additional details
on Systems, refer to the
System Type:
Characteristics in online
Help.

8 On the Fans tab, input
the fan type and the total
static pressure for the
primary fan (the fans in
the Fan Coil units) and the
optional ventilation fan
(the fan in the dedicated
ventilation unit).

4-70 System Design Options

I Create Systems - Dedicated Yentilation
Absmative |
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System - The dedicated ventilation unit will be placed at the system level. It will
pretreat the outdoor air for all of the rooms and zones assigned to the airside
system. This is the most common choice for dedicated ventilation systems. The ~
System Checksums or System Component Selection reports should be used
to size the dedicated ventilation unit.

Zone - Each zone (or room assigned directly to the system) will get a separate
dedicated ventilation system. The Zone Checksums or System Component
Selection reports should be used to size the dedicated ventilation unit.

Room - Each room will get a separate dedicated ventilation system. The Room
Checksums or System Component Selection reports should be used to size
the dedicated ventilation unit.

Same level as main cooling coil — The dedicated ventilation unit will be placed
at the same level as the main cooling coil. The System Component Selection
report should be used to size the dedicated ventilation unit.

Same level as main heating coil - The dedicated ventilation unit will be placed
at the same level as the main heating coil. The System Component Selection
report should be used to size the dedicated ventilation unit.
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I.ﬁ Next, define the
cooling and heating plants
represented by the fan coil
system and the rooftop air
conditioner.

9 Add two new cooling
plants and two new
heating plants to the
Configuration pane.

10Drag the appropriate
icons from the
Equipment Category
section to define each
plant.

11To finish defining this
equipment, enter the
information from
Table 4-9 on page 4-71
on the appropriate
equipment tab.

ﬁ Finally, assign the coill
loads of the air distribution
system to the proper

cooling and heating plants.

12Drag each coil in the
Unassigned Systems/
Coils pane to the
appropriate plant in the

Systems and Plants pane.

The illustration labeled
“After” shows the
completed assignments.
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Table 4-9 Equipment types

Cooling Equipment tab

Heating Equipment tab

Watersource heat
pump

3-stage centrifugal
chiller

gas-fired hot water
boiler

Aircooled unitary

split system RAUC-

20+ ton scroll

rooftop gas heat
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4-72

Dual-Path Air Handler (Split Dehumidification Unit)

System Design Options

A dual-path air handler (split dehumidification unit) separately
conditions the outdoor and recirculated airstreams within the
same unit. Each airstream has its own cooling coil, but a single
constant-volume fan serves both paths.

Figure 4-21 Split dehumidification unit

s //7( . minimum

DA

Sample scenario

A large meeting room is served by a dual-path air handler (split
dehumidification unit). During the cooling season, the dew point
of the air leaving the outdoorair cooling coil is adjusted to prevent
the relative humidity in the room from rising above 60%. The
return-air cooling coil is then modulated to maintain the space
dry-bulb temperature at setpoint. During the heating season, the
outdoorair heating coil heats the entering outdoor air to 55°F dry
bulb.

The system controller determines the highest possible dew point
leaving the outdoorair cooling coil that avoids the room relative
humidity from rising above the maximum upper limit (60%, in this
example).

When the outdoor dew point is greater than the current cooling
supply-air dew point setpoint, the outdoor-air cooling coil will
dehumidify the entering outdoor air to the cooling supply-air dew
point setpoint. The return-air cooling or heating coil modulates to
maintain the space temperature at setpoint.

TRACE 700 User’s Manual ¢ CDS-PRMO001-EN
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1 Start by selecting Single

Zone as the system type.

2 Click Advanced and
select (or verify) Draw
Thru fan configuration.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

m When the outdoor dew point is less than the current supply-air

dew point setpoint and the outdoor dry-bulb temperature is
greater than the cooling supply-air dry-bulb setpoint, the outdoor-
air cooling coil will cool the entering outdoor air to the cooling
supply-air dry-bulb setpoint. The return-air cooling or heating coil
modulates to maintain the space temperature at setpoint.

When the outdoor dew point is less than the current cooling
supply-air dew point setpoint and the outdoor dry-bulb
temperature is less than the cooling supply-air dry-bulb setpoint,
the outdoorair heating coil will heat the entering outdoor air to
the heating supply-air dry-bulb setpoint. (If no heating coil exists
in the outdoorair path, input the heating supply-air dry bulb colder
than the winter outdoor design temperature.) The return-air
cooling or heating coil modulates to maintain the space
temperature at setpoint.

This example will cover how to model the air-distribution system
(steps 1-8), model the cooling and heating equipment (steps 9-
11), and assign the loads from the coils to the equipment (step
12).

S|
Abpinatnee 1
Sy descrption  [Dus Path A M =] SinghZon |
o |
System cabageny
a1
Voriable Vobame |
Coratant Volums - Msang
Heate (Irky |‘ - Comw I
Irachuachaon - — —]
Uratethons e Distat [ o okete
E:\»'d;;m»vmu;' i ._i o |
et '
el -
o~
- &
—— o W
Teming aben
r x =
e B Ceate o) BEL
waken 5
AR g paen descrption D P s Marutior o]
Syttemd  Syuremn e Sigde Zerm Coent_|
. B N e = farcet |
location [Frotuan |
ki (For contipstion Diaw Thea =) 2 i |
Tar sizing merod. [res =1
Supoly ok path 4 it locasion [Trenan = |
Fietum s path [Paraem =l hekte |
Blech. coolng saflow I = v
Coolng eo sisng mathed.  [Fos = |
Eondng cod koc stee [zone. = ﬂl
P - =
Syshem vertiation fag [5uem oo DA Frega =]
Agply ASHRAE Sid B2 1-2004/2007 People Averagng (o0 7 10
Warring:  Tha helds madked n sed ans cons
ikl AGHIAR S1062 M Vet (2] Flatic Alowesd [ % components of ths syshem. Changng
5 Brae vahas can drsihcaly attect how
Populston Dvarsty Inon- 00V Plooms ony) |10 x e gyitom cpotates. Flease make
y0u 0 awware of B lobal ramdcatonn
CO2based DOV & Hooe € Frogoton i Lad Eeadoee you make cuch a changs
Seleetion [ Duors Dedeated 04| Terp/Mumdiy | Far | [ | Schemaic

System Design Options 4-73
Dual-Path Air Handler (Split Dehumidification Unit)



3 On the Dedicated OA
tab, select Split
Dehumidification Unit.

4 Select the control method
for the unit. Because the
ventilation cooling coil
dehumidifies the outdoor
air to the cooling supply-
air dew point that is reset
based on room relative
humidity, Optimize
Supply Air Dew Point
will be used.

5 Input the Cooling and
Heating Design
Setpoints. In this
scenario, 65°F should be
input for the cooling
supply-air dry bulb, 55°F
for the heating supply-air
dry bulb, 65°F for the
cooling supply-air dew
point high limit, and 55°F
for the cooling supply-air
dew point low limit.
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Split Dehumidification Unit — a dual-path air handler brings outdoor air

through a dedicated coil to cool the outdoor air to the userinput cooling dew
point (not reheated) during the cooling season, or heat the outdoor air to the
userinput heating dry bulb during the heating season, before it is mixed with

recirculated return air and delivered through a common supply fan.
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6 Select the schedule for

the coils and fan in the
split dehumidification
unit.

7 On the Temp/Humidity

tab, select Direct
Dehumidification...

as the Dehumidification
Method and specify a
Maximum room relative
humidity of 60%.

I Create Systems - Dedicated Yentilation

Coolng mech s dowpont [ 'F

If the ventilation air is to be precooled, the
Dedicated Ventilation Cooling Coil
schedule defines the hours of available
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The Optional ventilation fan schedule
defines the hours that the ventilation unit
can operate. If the Optional ventilation fan
schedule reads 1 percent or greater, the fan
is available that hour.

Note: If a custom schedule is created for
the fan or coils, it is recommended to use
values of 0 percent for hours off and

100 percent for hours available to run to
avoid confusion.
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8 On the Fans tab, input
the fan type and the total

. =I5l
static pressure for the ;
primary fan in the dual- P s (A |
; [Crkewithocopancy =]
path air handler. o |
Do |
Tt
Tyoo o) :%“'ﬁ‘nl:m&'ﬁlﬂ?m| Schedde
s 8 e e
Herm I[] i _KwiiCim ! [iEq]
ehaal_|None I[] i _KwiiCim | [iEq]
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[Mire 0 0 KwiiCim Furaiable (100%)
Geecin | Opien | DedesedOA | TewpiHumdly Fans [ Cols ‘Schematic
lﬁ Next, define the
cooling and heating plants
represented by the dual-
path air handler system and
the rooftop air conditioner: =[0ld
Admnative 1
9 Add a new cooling plant (e Confueation
and a new heating plant & G T & it [ ]
®B Woater-cooled chilel
to the Configuration M Ve vas e Pt ot
15 L Hooteng o [
pane. & m E @ ) B Gavteed oo 9 ::::M
Walee Hoder Elecin: G end
10Drag the appropriate sacnte o bt e —
icons from the g & ¥ o . ) ]
. reoed Coden Pumgr Themel For cooling, use water-cooled chiller
Equipment Category Tower oz . .
tion to defi h and air-cooled unitary. ]
section 1o detine eac For heating, use boiler and gas-fired =
plant. ___heat exchanger. Bl
11To finish defining this "
. N | Cockea Eodk Bravom Lty / Mive. fccmssony
equipment, enter the : == — —

information from

Table 4-10 on page 4-77
on the appropriate
equipment tab.
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3& Finally, assign the coil
loads of the airdistribution
system to the proper

cooling and heating plants:

12Drag each coil in the
Unassigned Systems/
Coils pane to the
appropriate plant in the
Systems and Plants
pane.

The illustration labeled
After shows the

completed assignments.
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|
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Table 4-10 Equipment types
Cooling Equipment tab  Heating Equipment tab
Water-cooled chiller 3-stage centrifugal gas-fired hot water
chiller boiler
System Design Options 4-77
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Systems with 100% outdoor air

1 Select a weather file and
input the room
information (room areas,
thermostat setpoints,
internal loads, and so on)
as would be done in a
typical file.

4-78 System Design Options

Systems that use 100 percent outdoor air are common in
laboratories and hospitals. This system is the only equipment
serving the assigned zones.

Note: This system should not be confused with a dedicated
outdoor air system or dedicated ventilation unit. A dedicated
outdoor air system uses a separate air handler to condition the
outdoor air before delivering it to the outdoor- and/or mixed-air
intakes of other HVAC units, or directly to the occupied spaces.
Terminal units handle only the local space loads associated with
the building.

Sample scenario

A hospital has a laboratory area that requires 100 percent outdoor
air. The air handler will be used to treat the outdoor air and deliver
it to the laboratory area. This same air handler will also provide all
cooling and heating to the laboratory area.
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2 The cooling ventilation
rate should be input as
100 and the units should
be selected as
% Cooling Airflow. The
heating ventilation rate
should be input as 100
and the units should be
selected as % Heating
Airflow. This can be done
on a room-by-room basis
on the Airflows tab of
Create Rooms, or for the
rooms in general on the
Airflow template in
Create Templates

Note: For additional details
on templates, please refer
to “Using templates” on
page 6-125.

3 If a minimum airflow
must be supplied to the
space, then input the
minimum airflow rate
under the main supply
airflow, using the units of
air changes/hour, cfm/sq
ft, L/s/sq m, cfm/person,
or L/s/person. By default,
TRACE 700 will calculate
the supply airflow based
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Note: Ventilation can also be input at the system level. On the
Options tab of Create Systems, click Advanced Options to
override system level ventilation. Refer to online Help for additional
information related to system-level ventilation input and how it will
affect the simulation.
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o=
Abemative 1
. Syatern deseription. [0 -1 - 30 [ |
5 Select the appropriate e i Carce|
airside system,
. . Dwesides. I
associated fans, static
pressures, and supply-air
temperature ranges for — | pFE? rwm|Ewwm‘| —
the system in Create Ly T R e
econdany e [ TRwiiCim [ valable [100%]
Systems. T e oo
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. edection ated O gy Humidiy 5
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Additional Items
m For a system to be 100 percent outdoor air, all rooms assigned to
the system must be specified as 100 percent outdoor air.

m Ventilation load (shown on the output reports) will only reflect the
cooling required to cool the air from ambient conditions to room
neutral. The cooling coil will be sized based on the total load—
cooling the air from ambient conditions to the leaving cooling-coil
conditions in a 100 percent outdoorair system. Ventilation load is
calculated based on equations 26 and 27 found on page 26.9 in
the 2001 ASHRAE Handbook of Fundamentals.
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Cold-air distribution

Cold-air distribution describes comfort-cooling applications that
deliver supply air of 48°F or less to the occupied spaces in a
building. Supply-air temperatures of 45°F to 48°F are most
common, but applications with temperatures as cold as 42°F also
exist. Successful installations throughout this range demonstrate
how readily cold-air distribution can be adapted to individual job
requirements.

The appeal of cold supply air lies in the dramatic impact on the
amount of air required for sensible cooling. Lowering the supply-
air temperature from 55°F to 45°F reduces the supply-air volume
by 30 to 40 percent.

Reducing the amount of supply air needed in an application
lowers the first cost of the HVAC system (smaller fans and
ductwork, smaller overall ampacity). Cold supply air also lowers
the relative humidity in the occupied space, improving indoor-air
quality.

Figure 4-22 Effect of cold-air distribution

100 o

55°F supply air

m 34,485 cfm
80

X m 4.0in. wg total
g static pressure
2 60 P m fan: 379 bhp
; 45°F supply air 40-hp motor
2 = 20,900 cfm
° 40 = 4.0 in. wg total
s static pressure
3 5 = fan:23.0 bhp
25-hp motor
0 3 36 40 44 48 52 56 60

supply-air temperature, °F

Application considerations
m Use a vapor retarder on the warm side of perimeter walls to
minimize vapor-pressure diffusion.
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O‘I: Begin by defining the
airdistribution system.

1 From the variable
volume category, choose
series fan-powered VAV
as the system type.

Lock in the design supply-
air temperature for
cooling by entering the
same value for minimum
and maximum (in this
case, 45°F).

4-82 System Design Options

Cold-air distribution

Maintain a slightly positive pressure inside the building to prevent
infiltration.

Ideally, use linear slot diffusers with a high aspiration ratio to
provide proper air movement.

Implement a control strategy that resets the supply-air
temperature set point to minimize reheat.

Related reading
“Cold Air Makes Good $ense,” Engineers Newsletter (volume 29,
number 2)

Sample scenario

The airdistribution system for a building consists of series-fan-
powered VAV terminals rated for 0.5 in. wg static pressure, and a
variable-volume, forward-curved (FC) fan sized for the system
static pressure of 3 in. wg. Chilled water, produced by a three-
stage centrifugal chiller that consumes 0.7 kW/ton at full load,
cools the supply air to 45°F
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3 Specify the type, static
pressure, and schedule
for each fan in the
system—in this case,
the primary, secondary,
and exhaust fans.

Typically, the secondary
fan is a central heating
fan. However, in a fan-
powered VAV system, it
represents the fans in the
VAV terminals.

lﬁ When defining the
cooling plant:

4 Increase the full-load
energy rate of the chiller
to reflect the additional lift
required from the
compressor. (Use a
computerized selection
program to determine the
new energy rate.)
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If left blank in a single-chiller plant, TRACE 700
sets the capacity of the chiller equal to the

design load of the airside systems and/or coils
assigned to it. The capacity should not be left
blank in a multiple-chiller plant.

Note: Some cold air systems deliver 45°F air to fan-powered VAV
terminals, where it is warmed to 55°F by mixing it with plenum
air. This technique increases the energy consumed by the
secondary fans in the VAV terminals.

To model the effect on the secondary fans, either enter the new
full-load energy rate for the secondary fans on the Fans tab in
your TRACE 700 project or use the Library/Template Editors
program to customize an existing fan type. The new full-load
energy rate can be determined from the ratio of airflows.

System Design Options
Cold-air distribution
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4-84

Chilled beams

System Design Options
Chilled beams

TRACE 700 incorporates two chilled beam strategies: passive
and active.

Passive chilled beams consist of a fin-and-tube cooling coil,
contained in a housing (or casing), suspended from the ceiling.
Chilled water passes through the tubes. Warm air from the space
rises toward the ceiling, and the air around the chilled beam is
cooled, causing it to descend back toward the floor. It essentially
cools the space through convection. Passive chilled beams are
used for sensible cooling only (no latent cooling, no
dehumidification).

A building with passive chilled beams requires a separate
mechanical ventilation system to deliver the required amount of
ventilation air to each space and deliver that air dry enough (at a
low dew point) to offset the space latent loads and maintain the
indoor dew point low enough to avoid condensation on the chilled
beams.

Figure 4-23 Passive chilled beam

ceiling

coil

perforated
metal casing

Active chilled beams also consist of a fin-and-tube cooling cail,
contained in a housing, suspended from or recessed into the
ceiling. Active chilled beams are also used for sensible cooling
only (no latent cooling, no dehumidification). Active chilled beams
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differ from passive chilled beams because they have an integral
air supply. This “primary air” passes through nozzles at a high
velocity. As a result, air is induced from the space through the
cooling coil. Because of the induction process, active chilled
beams provide more cooling capacity than a same-sized passive
chilled beam.

By definition, active chilled beams are combined with a separate
primary air system that 1) delivers the required amount of
ventilation air to each space, 2) delivers the air dry enough (at a
low dew point) to offset the space latent loads and maintain the
indoor dew point low enough to avoid condensation on the chilled
beams, and 3) delivers enough primary air to induce sufficient
room airflow to offset the space sensible cooling loads.

Although active chilled beam systems include the ability to
provide some heat ing, cooler climates may necessitate
additional heating systems (e.g., baseboard heating).

Figure 4-24 Active chilled beam

ceiling

primary air

induced air

Application considerations

m Chilled beam systems require smaller ductwork, air handlers, and
fans than a comparable VAV system. However, energy use
depends on climate, operating hours, and building use.

m Chiller plant arrangement may also play a role in energy use. To
avoid condensation, chilled beams must be supplied with
warmer-than-normal chilled water temperatures. When coupling
chilled beams with a traditional air handler for the primary air
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To model each active chilled
beam:

1 Create an airside system
and define it as Active
Chilled Beam.

4-86 System Design Options

Chilled beams

system, designers may choose a dedicated chiller arrangement
(one plant delivering very cold water to the primary air handlers
and a separate plant delivering warmer chilled water to the chilled
beams) or a shared plant serving both chilled beams and air
handlers. Consider the advantages and disadvantages of both
options when determining your plant configuration.

Due to the potential for condensation, special consideration
should be given to the geographic region where chilled beams
are employed.

Sample scenario

An active chilled beam system satisfies the ventilation and
cooling requirements for an office building. Supplemental heating
in the form of radiant floor heating will be included to satisfy any
heating requirement the primary air system is unable to handle.
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Active chilled beams
are zone level coils.
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2 Click the Options tab and
click Advanced Options.

3 Select the control
method. Also, ensure the
Type reads Active
Chilled Beams.

4 Select the Auxiliary
heating coil type.

Note: With respect to the
auxiliary coil (chilled beam)
calculations, the Cooling
supply and Leaving
cooling coil temperatures
(found under the Temp/
Humidity tab) entered by
the user will be ignored for
both passive and active
chilled beam systems.
TRACE 700 calculates the
supply air temperature for
the chilled beams based on
the upper limit of the room
dew point plus a safety
margin.

5 On the Fans tab, choose
a fan type for the primary
air handler fan.

6 Enter a static pressure for
the primary air handler.
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7 Use water-cooled
chiller and boiler to
begin defining the cooling
and heating plants for the
air handler. Rename the
cooling plant to Air
Handler and heating
plant to Air Handler
Heat.

8 Use the water-cooled
chiller and boiler to
begin defining the cooling
and heating plants for the
air handler. Rename the
cooling plant to Chilled
Beam and heating plant
to Radiant Floor.

Note: Two chiller plants and
two heating plants were
created. This models a
dedicated chiller
arrangement. One chiller
provides chilled water to the
chilled beams, while the
other chiller provides chilled
water to the main cooling
coil in the primary air
handler. One boiler provides
water to the main and pre-
heat coils found in the
primary air handler. The
other boiler provides water
for the radiant floor.
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Underfloor air distribution

An underfloor air distribution (UFAD) system delivers supply air
via an underfloor plenum, and a return-air bypass arrangement
around the cooling coil is implemented in order to provide
sufficient dehumidification without the need for reheat.

In traditional systems, complete mixing results in equally
distributed temperatures and heat gains. In contrast, UFAD
systems result in a temperature gradient. Since the air moves
vertically, temperature increases as the air rises. The air
movement also distributes a fraction of the heat gains directly to
the return air plenum.

Figure 4-25 Underfloor air distribution system
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‘_ ceiling plenum
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exhausla’retum
fan
coil bypass
cooling
fan
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floor plenum
preheat cooling _————
coll coll
cefling plenum

adjacent room
space

Application considerations

m The cool temperatures in the underfloor plenum increase
conduction and radiation in the space. As a result, the conductive
resistance of the floor must be considered.

m \When modeling multiple floors, an adjacent floor should be
modeled as the surface separating the return air plenum of the
lower space and the supply air plenum of the adjacent upper
space.
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1 Enter the percent of the
wall area that is exposed
to the underfloor plenum.

Note: This must be done for
all spaces that have
underfloor plenums.

4-90 System Design Options

Underfloor air distribution

Because the supply air is introduced from the pressurized floor
plenum, a warmer supply-air temperature is necessary to avoid
an uncomfortable temperature difference between ankle and
head heights. As the room sensible cooling load decreases, the
capacity of the main cooling coil will be reduced, resulting in a
warmer supply-air temperature.

While the supply air is delivered at warmer dry bulb
temperatures, it still must be delivered dry enough to provide
sufficient dehumidification. Thus, air leaving the cooling coil
should be about the same temperature as in a traditional system,
which drives the need for the return air bypass.

Related reading
“Underfloor Air Distribution: Turning Air Distribution Upside
Down,” Engineers Newsletter (volume 30, number 4)

Sample scenario

A UFAD system is to be installed in a two-story office building. To
model this system, each floor requires a floor plenum and a
ceiling plenum. Calculations will have to be completed to
determine the portion of wall conduction into the floor plenum.
This will be the fraction of the wall exposed to the floor plenum.
TRACE 700 also accounts for heat transfer between floor plenum
and the corresponding adjacent space.
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2 Room-101 is exposed to
the ground. On the
Floors tab of Create
Rooms, create a New
Floor to account for the
heat transfer.

3 Room-201 is directly
above Room-101. To
model the heat transfer
between the rooms,
create an exposed floor
with an Adjacent Room

external temperature
method. Select Room-101

as the Adjacent Room.

4 In Create Systems,
select UFAD VAV w/
Baseboard Heating.
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5 On the Options tab, click
Advanced Options.

Define the Supply air
path/duct location,
Space sensible gains to
occupied layer,
Underfloor plenum
height, and Conductive
resistance of raised
floor.

Note: If Space sensible
gains to occupied layer is
left blank, it will be
calculated automatically.

7 Define Fans, Static
Pressure, and Full Load
Energy Rate.
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Displacement ventilation

A displacement ventilation system supplies very low velocity air
to the space via a raised floor system or through low sidewall air
outlets.

As this cool air nears heat sources in the room (people,
equipment, etc.), thermal plumes cause the air to rise, taking
heat and contaminants out of the breathing zone.

One of the advantages of a displacement ventilation system is
that only the lower portion of the room is actually conditioned
(typically six feet from the floor), while the air in the upper portion
is much warmer.

In addition to supplying air at low velocities, displacement
ventilation systems must also supply conditioned air at
temperatures typically between 65°F and 68°F to avoid drafts and
cold feet.

Displacement ventilation systems can be paired with radiant
ceiling or chilled beam systems that handle some of the sensible
cooling loads of the space.

Application considerations

m \When 100 percent outdoor air is used, good air quality conditions
can be achieved because the contaminants are continually
exhausted from the space.

m The use of warmer supply air allows extended use of
economizers, especially in drier climates. In addition, climates
with low humidity may also operate with chilled water at higher
temperatures, which improves chiller efficiency.

m |n humid climates, the supply air typically must be dehumidified
before being reheated or mixed with return air, to reach the
desired warmer supply temperatures (typically 65°F or greater).
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To model a displacement
ventilation system, begin by
specifying the ventilation for
each room.

1 On the Airflows tab of
Create Rooms, specify
the ventilation for each
room.

Note: TRACE defaults to
100% Outdoor Air for the
Displacement Ventilation w/
Chilled Ceilings,
Displacement Ventilation w/
Passive Chilled Beams, and
Displacement Ventilation
with Room Induction
systems (i.e., supply airflow
always equals ventilation
airflow). Do not use the %
Clg Airflow or % Htg
Airflow as the ventilation
types.
Next, define air distribution.
2 In Create Systems,
select Displacement
Ventilation w/Chilled
Ceilings as the System
Type.

4-94

Sample scenario

A displacement ventilation system is being installed in a new
school and will supply air via sidewall diffusers. The displacement
system will be sized to meet the ventilation load as well as the
latent load in the occupied space. A chilled ceiling system will
meet the sensible loads of the occupied space. Since both the
displacement ventilation and the chilled beam system use chilled
water coils, a watercooled chiller will deliver cold water to each.
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3 On the Options tab, click
Advanced Options.
Choose Supply via
Sidewall Displacement
Ventilation.

4 On the Temp/Humidity
tab, enter the appropriate
Cooling supply
temperature for the
system.

Note: TRACE 700 defaults
to 65°F supply air for all
displacement ventilation
systems. It is not
recommended to set the
supply temperature below
65°F
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ASHRAE Standard 62.1

System Design Options
ASHRAE Standard 62.1

ASHRAE Standard 62.1 prescribes minimum breathing zone
ventilation rates and a calculation procedure to find the minimum
intake airflow needed for different ventilation systems. These
rates and procedures must be used to find the design outdoor air
intake flow, which establishes the required capacity of the
mechanical system equipment.

The first step is to determine the minimum ventilation that is
required for each different space type. This is also known as the
zone level procedure. The ventilation requirements for individual
space types can be found in Table 6-1 of Standard 62.1.

Once the minimum ventilation requirement for each space type
has been determined, equation 6-1 of the standard is used to
calculate the required amount of airflow for the breathing zone.
The effectiveness of the air mixture within the space, called the
Zone Effectiveness, is determined based on the position of the
supply diffusers and return air grilles in each zone. This factor also
accounts for any ventilation that would not be used within the
breathing zone that could be recirculated into the space.

The zone level procedure concludes with the solving of equation
6-2 to determine the required outdoor air for each zone. This is
determined by dividing the Breathing Zone Outdoor Airflow by
the Zone Effectiveness. This process must be completed for
each zone that will comply with Standard 62.1.

Now that each zone level ventilation requirement has been
determined, the system level ventilation can be calculated, which
is also known as the Outdoor Air Intake for the system. This
procedure varies for different system types. For single zone
systems, equation 6-3 indicates that the ventilation requirement
will be identical for both the zone and the system because they
are one and the same. For 100% Outdoor Air systems (also
known as Dedicated Outdoor Air systems within TRACE),
equation 6-4 is used, which sums the zone level outdoor airflow
to derive the system level. For multiple zone, recirculating
systems (i.e., variable-airvolume reheat systems), sections
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6.2.5.1 through 6.2.5.4 are used to determine the required
system level ventilation. Once the system level ventilation has
been determined, the procedure is complete.

Application considerations

m ASHRAE Standard 62.1 may not be as stringent as local codes.
You can create new airflow requirements using the Internal
Loads and Airflows library.

m The minimum discharge airflow for each space is critical in
determining the system level ventilation requirements when
using ASHRAE Standard 62.1 calculation methods. The ASHRAE
Standard 62.1 calculations in TRACE assume that each VAV box is
at the minimum reheat setting when determining the critical
fraction of outside air for the system. This can be conservative if
all VAV reheat minimums are set to the same value or when
utilizing the default reheat minimum that comes with each
TRACE system selection.

In reality, the expected minimum airflow at the worst case
outside air condition analyzed will likely be greater than the
reheat minimum for most VAV boxes when in cooling mode.
Adjusting the reheat minimums in each VAV box to the expected
minimum values can reduce required outside air intake; however,
in most cases, this will increase reheat energy when performing
an energy simulation.

m Designers should account for occupant diversity in cases where
the design population is significantly larger than what the actual
population will be in the building.

m To ensure that each space receives its specified ventilation
airflow by automatically increasing VAV reheat minimum settings
when they are set lower than the ventilation requirement, check
the Force VAV minimum always >= nominal ventilation
during design check box on the Change Load Parameters
screen.
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Related reading
m "Addendum 62N Breathes New Life into ASHRAE 62," Engineers
Newsletter (volume 33, number 1)

m “CO2-Based Demand-Controlled Ventilation with ASHRAE 62.1-
2004," Engineers Newsletter (volume 34, number 5)

m "Potential ASHRAE Standard Conflicts—Indoor Air Quality and
Energy Standards,” Engineers Newsletter (volume 37, number 4)

Sample scenario

ASHRAE Standard 62.1 ventilation requirements will be applied
to an elementary school to ensure proper space ventilation for
the occupants.

Note: Ventilation requirements can be applied either in the
Airflows tab of Create Rooms or in the Ventilation templates.
For a discussion of templates, see “Using templates” on page 6-
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3 Select the appropriate
cooling and heating
effectiveness numbers.
Be sure to specify a
recirculation rate.

4 Click Advanced for each
system that will have
outside air calculations
based on Standard 62.1.

5 Select the appropriate

Standard 62.1 calculation.
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Note: The ventilation reset option allows system outdoor intake
dampers to dynamically reset ventilation airflow for hourly changing
system loads and airflows.
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Additional items

Create Systems - Advanced x|
System description VAV-Reheat (Classrooms)
System type “ariable Yolume Reheat (30% Min Flow Defaul) Cancel |
Supply fan matar location ISuppIy j
Return far motar lacation IF\etum j
Fan configuration IDraw Thiu j
Fan sizing method [Biock: =
Supply air path / duct location IHetum Air j
Return air path IPIenum ﬂ
Black. cacling itflow | [efm =l
Coaling coil sizing method IBIun:k j
Coaling coil location ISystem j
Wentilation deck location IF\etum/Duthor Deck j
System ventiation flag | 2 [ASHRAE Std 62.1-2004/2007 w/ Vet Reset =]

Apply ASHRAE 5td B2.1-2004/2007 Peaple Averaging ¢ Yes (¢ No
‘Waming:  The fields marked in red are core
ASHRAE 5td62 Max Yent [2) Riatio Allowed || % 1 componehts of this system. Changing
these values can drastically affect how
Population Diversity (non-DCY F ooms only] IW 0 X the spstem operates. Please make sure
vou are aware of the tatal ramifications
CO2based DCY ¢+ Mone ¢ Proportional Control  Single Setpoint befare you make such a changs.

1 The ASHRAE Std62 Max Vent (Z) Ratio Allowed field can be
used to optimize the trade-off between reheat and outside air
intake. Spaces that have lesser loads and airflows may have
outside air requirements that force them to become a critical
factor in the Standard 62.1 ventilation calculations. By examining
the Z fractions in the ASHRAE Std 62.1 report, users can set the
maximum outside air fraction for the system such that the
program automatically adjusts the reheat minimum for those
spaces to match the maximum outside air fraction (Z). In doing
s0, zones that have their reheat minimum adjusted based on this
constraint will see larger minimum airflows and an increase in
reheat energy necessary to maintain space conditions. However,
the resultant system outside air intake can be reduced and
therefore may result in overall energy savings. An iterative
process may be required to determine the optimal ratio.

2 There is an additional option that is available when ASHRAE Std
62.1-2004/2007 w/ Vent Reset is selected. The CO2-based
Demand Controlled Ventilation (DCV) is enabled and can be
set to None, Proportional Control, or Single Setpoint.
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Proportional Control is detailed in Appendix A of Standard 62.1-
2004.

a When Proportional Control is selected, the outdoor air
controller will adjust the outdoor air intake flow proportionally
between the minimum ventilation flow and the design
ventilation flow.

b When Single Setpoint is selected, the intake airflow is
adjusted to maintain the indoor CO2 concentration at the
minimum CO2 concentration in the space for any population. If
the OA damper reaches the minimum outdoor air intake flow
and the population in the zone continues to drop, the OA
damper remains at the minimum outdoor air intake flow as
specified in the DCV Minimum OA Intake field on the Create
Rooms - Airflows screen.

The Outdoor Carbon Dioxide Level, which defaults to 400 ppm
for each weather location, is located on the Weather Overrides
screen. This value can be changed if desired.

CO2 sensor locations must be specified within Create Rooms or
the Rooms template.
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4-102

ASHRAE Standard 170

System Design Options
ASHRAE Standard 170

The purpose of ASHRAE standard 170 is to define ventilation
system design requirements that provide environmental control
for comfort, asepsis, and odor in health care facilities. Spaces are
required to be ventilated according to Table 7.1 of the standard.
TRACE wiill help you determine the required ventilation, supply,
and room exhaust rates to comply with the requirements of the
standard. In addition, the standard also requires pressure
balancing relationships so that air generally moves from clean to
less clean areas. You will need to adjust the final design airflows
to maintain the correct pressure relationships between the
spaces.

In the ventilation library there are now five types of ventilation:
1. Sum or room OA

2.62.1

3.62.1*

4.170

5. 170*%

The star (*) indicates that the space type being described has a
ventilation requirement in both standard 62.1 and 170.

When all the spaces assigned to a system are using standard 170
ventilation rates, the system level ventilation requirement is
simply the sum of the room ventilation requirements. When
areas with prescribed airflow rates in both standard 62.1 and
standard 170 exist in a 170 only model, the standard 170 values
will be used (even though the 62.1 values will be displayed for
170* library members).

Assuming the 62.1 ventilation rate procedure (VRP) is being used
at the system level in TRACE; it is possible to assign both
standard 62.1 and standard 170 spaces to a single system.
TRACE wiill calculate the required ventilation rates in accordance
with the standard 62.1 VRP while using the ventilation rates
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entered for the standard 170 spaces as Voz for the purposes of
the 62.1 calculations. When areas with prescribed airflow rates in
both standard 62.1 and standard 170 exist, the higher of the two
airflow rates will be used. It may not be immediately apparent
which standard requires the higher ventilation rate since standard
62.1 uses people and area based units, while standard 170 uses
units of air changes per hour. Space types that exist in both
standards include the following:

m Laboratories

m Laundry rooms

m Pharmacy

m Dwelling unit/Resident room

TRACE wiill not display both sets of ventilation rates (62.1 and
170); it displays only the 62.1 ventilation rates in the user
interface.

Some standard 170 space types require that all room air be
exhausted directly outdoors. In TRACE, this requirement is met
by setting the room exhaust units to ARAE (all room air

exhausted).
Room exhaust..
Rate |D |air changesz/hr [ARAE] j
Schedue  |awsilable [100%) |

When ARAE is selected in the units field, all air coming into the
space will be exhausted as room exhaust. This includes
ventilation, infiltration, adjacent room air transfer, and supply
airflow. This will cause the room to become negatively
pressurized. Another consequence is that the airflows will no
longer balance at the system level, it is the responsibility of the
designer to select the correct airflow balance at the system level.
See the Airflow Balance Reports for the airflow details of your
model.
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System Control Strategies

Modeling examples in this chapter

Airside controls
m Airside economizers, page 5-2

m Fan cycling, page 5-4

m  Optimum start and stop, page 5-6

m Humidification, page 5-9

m Fan-pressure optimization for VAV systems, page 5-12

m Ventilation reset for VAV systems, page 5-14

m Unoccupied ventilation (night purge), page 5-17

m Morning warm-up for dual-fuel applications, page 5-20
Waterside controls

m Chilled-water reset, page 5-24

m Condenser-water reset, page 5-26

m | oad-shedding economizer, page 5-30
Miscellaneous controls

m Daylighting, page 5-33

m Demand limiting, page 5-43

m Duty cycling, page 5-47

m Supply air temperature reset, page 5-50

Note: Use the basic how-to instructions in this chapter to help
you model typical, system-level control strategies. Each example
begins with a brief description of the control strategy, followed by
a sample scenario that illustrates the entries needed to model it.
Typical values are suggested where appropriate.
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5-2

Airside economizers

System Control Strategies
Airside economizers

When ambient conditions permit, an airside economizer cycle
brings outdoor air into the building to provide natural, non-
mechanical cooling. Operating the mechanical cooling system
less reduces utility costs.

One way to control the economizer cycle is to monitor the
enthalpy of the outdoor air and compare it with a predefined limit.
As the ambient enthalpy drops below this limit, the position of
the outdoor-return air dampers modulates to maintain the
desired supply-air temperature.

Designers often set a conservative limit for economizer cycles
based on outdoor enthalpy. If improperly adjusted, the
economizer cycle may actually increase the mechanical cooling
load. Comparative enthalpy control takes better advantage of
natural cooling by monitoring both the outdoor-air stream and the
return-air stream. The outdoor—return air dampers are then
positioned to use the air stream with the lowest enthalpy.

Figure 5-1 Airside economizer

outdoor air

supply air

central air handler with
comparative enthalpy control

return air

Application considerations

The control system must monitor the outdoorair and return-air
enthalpies, and control the outdoor—return air dampers and fans
accordingly.
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O‘l: To model an airside
economizer with enthalpy-
based control, complete the
following entries for the
selected airside system.

1 Choose an Economizer
Type to define the basis of
operation. (For this
example, pick Enthalpy.)

2 Ensure that “On” point is
blank.

Note: If comparative enthalpy
control is not available, input
the desired “On point” —

30 Btu/Ib is typical for
enthalpy-based economizers.
(Notice that Btu/lb is used
instead of °F, as is used with
dry bulb economizers.)

3 Define the maximum
percentage of outdoor air.
(A value of 100 lets the
outdoor-air dampers provide
up to 100 percent of the
supply airflow for cooling
design.)

4 Select a schedule to define
when the economizer can
operate, provided that
outdoor-air conditions are
suitable.

Select a high-quality enthalpy sensor (low cost sensors are often
short-lived and require frequent replacement). Avoid placing the
sensor in direct sunlight or near heat sources.

Consider the climate when assessing the appropriateness of
airside economizing and setting an economizer control point.
Bringing air that is too moist or too dry into the building can
degrade indoorair quality.

To avoid overpressurization, provide a means of exhausting large
amounts of air from the building during the economizer mode.

Position intakes to avoid bringing contaminated air into the
building.

Sample scenario

An enthalpy-controlled economizer is available to provide natural
cooling whenever the enthalpy of the outdoor air is less than that
of the return air. The outdoor—return air dampers can be opened
to supply 100 percent of design airflow.

TRACE 700 can model three types
of airside economizers: Enthalpy, |—
Dry Bulb, and Wet Bulb.

=lol=|

Abamative 1
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Indeec sticurcy | P T - )
Indvest col schede [Liiie o ]
Saspa 1 Anacrdir Enengy Recoveny/Transer St 2 Aiodi Enengy Flacoveny/Tranale:
Type [P et -1 Tipe = r =
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Available (100%) means that
the economizer is available,
but not necessarily on, every
hour of the year.
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If “On" point is not blank, then
whenever the enthalpy of the
outdoor air is below the "On" | —

point, the outdoor air dampers
are fully open.
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Fan cycling

In terms of energy consumption, constant-volume (CV) systems
are costly. Comfort is maintained by modulating temperature
rather than the amount of air delivered. Consequently, the fans
run continuously, delivering design (full-load) airflow even at part-
load conditions.

For CV systems that use many small fans rather than a few large
ones, fan cycling can provide one of the economic benefits
normally attributed to variable-volume systems—reducing energy
consumption by moving less air.

Figure 5-2 Fan cycling

This chart represents the
cycle with occupancy fan-
cycling schedule. The fan
cycles on and off with loads
during unoccupied hours
(defined in TRACE 700 as less
than or equal to 5 percent of
design occupancy).

fan runs
continuously |
fan fan
cycles cycles

40

N
[}

building occupancy, % of design

o

midnight
7am
11 a.m
2p.m

p
9p.m
midnight

Application considerations

m A building automation system (BAS) is required to implement fan
cycling. To ensure occupant comfort, the BAS should
automatically override fan cycling if the temperature in the space
is outside the accepted range.

m Cycling increases the number of fan starts, which accelerates
wear and increases maintenance costs. Avoid cycling fans with
motors larger than 20 hp.

m Fan cycling is only an option for CV systems and for VAV systems
with minimum stops.
Sample scenario

A constant-volume fan is scheduled to operate continuously
when the building is occupied. During unoccupied hours, the fan
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cycles on/off when the thermostat set point/driftpoint
temperature is exceeded. (Figure 5-2 on page 54 illustrates this
control strategy.)

=l
Alternative 1
o-l: TO model a fan—cycling System description  |System - 001 | Single Zone
Strategy: System categary ﬂl
1 Select the desired type of Corstant lure o 1 ey
o X 8 Consiant Yolume - Mixing oy
airside system (in this case, Heaing On . |
a single-zone, constant- Dreimamnl =
Chilled Beams
volume system). = )—".'
System type. l . Clixess
2 Enter the type and static Conpia Foanld ‘ A
pressure of the supply fan e ——"Il'o-.-I
0 TR | I
to describe it. TexminalRcheal
Lrit ¢ =
. il ==
3 Choose the appropriate fan- [Waier | abenaie 1
cycling schedule. For this S e Shooe o
. . N Fan epeling tehedu [Cyncle wih cccuguancy B Carert |
scenario, pick cycle with Select
occupancy. Bt
4 For additional information
Stabe
related to how the fan- T . | e |ertioe, | cominbons | st
cycling schedule and the fan T 77 T 2
. Vehan [None {] {] Kw'fChm T [
schedule interact, refer to = icne 0 o Kim | oo 100%
o ahy . (Mone 0 {:] KwCHm | Avalsble [100%)
“Frequently asked - C— (¥
questions” on page 6-20.

Fan cycfihg schedule defines whether fan cilcling is permittediaind, if so, how it

is implemented:

= Cycle with all loads. Fan operates continuously when any building load
exists, regardless of occupancy: fan stops when the load is satisfied.

= Cycle with cooling loads only. Fan operates continuously when a cooling
load exists, regardless of occupancy: fan stops when the cooling load is
satisfied. When a heating load exists, the fan runs continuously.

= Cycle with heating loads only. Fan operates continuously when a heating
load exists, regardless of occupancy: fan stops when the heating load is
satisfied. When a cooling load exists, the fan runs continuously.

= Cycle with occupancy. Fan operates continuously during occupied hours.
Fan is off during unoccupied hours (occupancy is less than 5 percent), but
starts if cooling or heating is needed and then stops when the load is
satisfied.

= No fan cycling. Fan operates continuously whenever the utilization
percentage in the fan (not fan cycling) schedule is greater than 0 percent: fan
is off when utilization is 0 percent.
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Optimum start and stop

Optimum start and stop is a control strategy that leverages the
thermal capacity of the building to reduce the hours of
equipment operation. For example, lightly constructed, wood-
frame buildings respond more quickly to the operation of the
HVAC system than buildings constructed of denser materials
such as brick. Knowing how quickly the target temperature in the
space can be achieved lets you minimize the length of time that
the HVAC system operates before the occupied period begins.

Starting equipment as late (and stopping it as early) as possible,
based on scheduled occupancy, ambient conditions, and the
thermal characteristics of the building, can yield significant
energy savings without sacrificing comfort.

Figure 5-3 Comparison of occupancy and operating schedules

equipment enabled

equipment operation
with optimum start/stop

scheduled occupancy

12a.m 6am. 12 p.m. 6 p.m 12.a.m.

Application consideration

m Use a building automation system (BAS) to monitor and control
the entire HVAC system. Ideally, the BAS should be capable of
learning from previous experience so that it can optimally start
and stop equipment daily.
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g In the Library/Template
Editors program:

1 {B Create a new
Utilization schedule to
define when the supply fan
operates (from 6 a.m. to
6 p.m. daily for this
example).

Make the Heating design
schedule 100 percent
midnight to midnight.

2 Create a second schedule
that tells the program when
to search for an Optimum
start time for the supply
fan—in this case, from
6a.m.to7am.on
weekdays only.
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Sample scenario

The building supply fan is scheduled to operate from 6 a.m. until
6 p.m. each day. An optimal start/stop strategy turns on the fan
as late as possible between 6 a.m. and 7 a.m., then turns it off as
early as possible between 5 p.m. and 6 p.m.

An override will restore normal operation while the optimal start/
stop strategy is in effect, if the space temperature drifts more
than 3°F from the set point, or if the relative humidity in the
space exceeds design by more than 10 percent.

Note: For additional information related to creating utilization
schedules and reset lockouts, refer to “Creating schedules” on
page 6-137.
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3 Create a third Utilization
schedule that tells the
program when to search for
an Optimum stop time for
the fan (that is, between
5p.m.and 6 p.m. on
weekdays only).

4 Use the Reset and lockout
table to describe the
conditions that determine
whether the fan remains on
throughout this period.

E; The optimum start/stop
strategy for the central fan
would be implemented by a
building automation system
(BAS). In the Create Systems
window of your TRACE 700
project:

5 G‘lz Click the Options tab
and click Advanced
Options to display the
optional, airside control
strategies.

6 Enable optimum start and
optimum stop by selecting
a schedule for each control
strategy.

7 While still in the Create
Systems window, switch to
the Fans tab and select the
desired operating schedule
for the supply (primary) fan.
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Humidification

Some buildings require humidification to provide a comfortable,
healthy environment and help protect computing equipment and
furnishings.

Depending on the climate, maintaining a relative humidity of at
least 30 percent may require the addition of moisture. In
commercial applications with central airhandling systems, this
can be accomplished by adding a humidifier to the air handler. Of
the types available, ASHRAE encourages the use of steam rather
than wetted media or atomized water. Using low-pressure, low-
temperature water vapor simplifies the humidification process. It
is also effective—complete absorption occurs in a short distance
and the sensible air temperature remains constant, so higher
relative humidities can be achieved without condensate forming
in the air handler or ductwork.

Application considerations
m |t is important to introduce no more moisture into the air stream
than can be absorbed without condensation.

m Condensate is most likely to form first on windows, because the
surface temperature on them is usually the coldest in the building
during cold weather. If the humidity required for a particular
application causes condensation on windows, add insulative
films or extra panes of glass to increase the thermal resistance.

m A humidifier that is factory-installed, and controlled as an integral
part of a central-station air handler, is typically more cost-effective
and less prone to misapplication than an equivalent field-built
system.

Relating reading. Designing an “IAQ-Ready” Air Handler
System Applications Engineering Manual (Trane literature number
SYS-AM-14)

Sample scenario

The variable-volume air-distribution system for the building
consists of series-fan-powered VAV terminals that are equipped
with electric heat coils. To maintain a minimum relative humidity
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&} Begin by defining the air
distribution system.

1 Choose Variable Volume
as the system category and
Series Fan-Powered VAV
as the system type.

2 Add a humidification coil to
the system by specifying
the minimum room
relative humidity. For this
example, use the minimum
room relative humidity
recommended by ASHRAE,
which is 30 percent.

The humidification coil will
activate whenever the
relative humidity falls below
this value.

5-10

System Control Strategies
Humidification

of 30 percent during the heating season, the airdistribution
system includes a steam humidifier that is fed by a gas-fired

boil

er.
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lﬁ Next, describe the
cooling and heating plants that
will satisfy the coil loads.

1

To represent the rooftop air
conditioner, drag the air-
cooled unitary icon to the
cooling plant.

On the Cooling Equipment
tab, select a specific
equipment type.

Drag the Electric
resistance icon to the
heating plant to represent
the electric heat coils in the
VAV terminals.

Create a new heating plant
to represent the boiler that
serves the humidification
coil.

On the Heating
Equipment tab, select the
Gas Fired Steam Boiler.

ﬁ Assign each coil load to
the appropriate plant.
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5-12

Fan-pressure optimization for VAV systems

System Control Strategies
Fan-pressure optimization

Fan-pressure optimization is a control strategy that reduces the
energy use of the supply fan at part-load conditions. In
applications with variable airflow, the control system monitors
the operation of each VAV terminal to identify the zone with the
highest load. It then unloads the supply fan just enough to keep
the VAV damper in the critical zone fully open.

Figure 5-4 Fan-pressure optimization
damper positions
of VAV terminals

static
pressure
sensor

speed or /"m_"'rﬁ[.

inlet-vane position |:' %
of supply fan

\n_ﬂ___! _ communicating
building automation system

Unloading the fan in this fashion decreases the static pressure in
the duct, reducing the energy consumption and noise level of the
fan.

Application consideration

Effective implementation of fan-pressure optimization requires a
control system capable of monitoring the damper positions in all
the VAV terminal units.

Relating reading
Ventilation and Fan Pressure Optimization for VAV Systems
Engineering Bulletin (Trane literature number SYS-EB-2)

"VAV System Optimization,” Engineers Newsletter (volume 20,
number 2)
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Sample scenario

Parallel-fan-powered VAV terminals deliver supply air to the
occupied spaces in a building. Fan-pressure optimization is one of
the control strategies implemented by the building automation
system. The BAS polls the individual VAV terminals to verify that
each is receiving the airflow needed to satisfy the space load. It
then modulates the supply fan, which is equipped with a variable-
frequency drive, to satisfy the VAV terminal with the largest load.
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Spsndescipion Pamiimion =] PasFan ! i
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Gf%mMHhmm&we %$MMP Tom Hew |
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distribution system. st Verien . |-_Q_I__ |
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type from the Variable %g&“ﬁixx““' I.-TP_
Volume category. For this e vy o R
example, use Parallel Fan- %F&?E&Lﬁg [P
Powered VAV. TwoFar Deutla Dl VAV -1 —
2 For the primary (central ot "‘ﬁ:‘“":;m e E— I
supply) fan, pick one of the Fancpingiehadie [Hotmeeieg 3] _Cored |
predefined fan types with .
critical zone reset. This
example uses a forward-
curved fan with a variable- Topo | % et et | st
frequency drive. ) R R <L e, e 1]
lehan None o 0 KT [Buraable (T00%]
Then choose an appropriate S o 4 i (avalan 1003
fan type to represent the [y e o o 7 vt )
secondary fans in the fan- L
powered VAV terminals. O | sy B q e |
Eopapmeni g [FCw/VED Gt Zorm Rt 3] o EQ4213C2 e | [5e
3 Enter the static pressure Conmers (Ll caved VP nd sl : —
required for each fan type. Fubogonery [0 it 3 E w |
To model the primary Pk
fan selected above, ¢ ok
TRACE 700 uses an t ok
unloading curve thatis * . F G|
not pressure - ;
dependent, enabling -
optimization based on ok et A Y O 1O Y
the critical zone. pouomom s e s mm s
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Ventilation reset for VAV systems

ANSI/ASHRAE 62, Ventilation for Acceptable Indoor Air Quality, is
considered the standard of care for designing ventilation systems
in commercial buildings. That document details a prescriptive
Ventilation Rate Procedure for compliance, which relies on
adequate dilution of space contaminants to achieve acceptable
indoor-air quality.

Two ventilation rates must be considered to successfully apply
the Ventilation Rate Procedure in a multiple-space system: the
minimum required ventilation rate for each space, which can be
determined from the type of occupancy and design population;
and the total system ventilation rate needed at the air handler,
which is defined by Equation 6-1 from ANSI/ASHRAE 62-2001.
Equation 6-1 takes credit for unused ventilation air returning
from overventilated spaces, reducing the total amount of outdoor
airflow for the system.

Figure 5-5 Ventilation reset for VAV systems

central air handler with controls

m outdoor airflow, measured and controlled
m outdoorair temperature

m supply-air temperature

m supply static pressure

"

. : VAV terminals with
DDC controls
m required ventilation
m primary airflow
communicating m calculated space
building automation system ventilation fraction
m total supply airflow
m calculated minimum-
outdoorairflow set point
m critical space

RA

SA
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A ventilation-reset strategy that dynamically solves Equation 6-1,
and regulates outdoor airflow accordingly, helps ensure that
every zone is properly ventilated at all load conditions.
Implementing such a strategy requires:

m DDC-VAV terminals that continuously measure the volume of
supply air and the ventilation fraction for each space

m A building automation system (BAS) that continuously monitors
this information and dynamically solves Equation 6-1 to
determine the amount of outdoor air needed at the air handler

m An air handler that continuously monitors the amount of outdoor
air entering the system and resets the position of the outdoor—
return air damper accordingly to maintain the set point calculated
by the BAS

When effectively applied, ventilation reset can also prevent costly
overventilation.

Application considerations

m Ventilation reset is most effective if each VAV terminal senses
and controls supply airflow independently from fluctuations in
duct pressure.

m A building automation system that monitors and logs the
operation of the ventilation system can provide a useful record of
compliance with ANSI/ASHRAE 62.

Related reading
m \entilation and Fan Pressure Optimization for VAV Systems
Engineering Bulletin (Trane literature number SYS-EB-2)

m “Ventilating Single-Duct VAV Systems,” Engineers Newsletter
(volume 27 number 1)

Sample scenario

The variable-volume (VAV) airside system for a building is
designed for compliance with ANSI/ASHRAE 62-2001,
Ventilation for Acceptable Indoor Quality. It is controlled by a
building automation system that iteratively solves Equation 6-1
to dynamically regulate the amount of outdoor air brought into
the system.
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To model ventilation reset in a
VAV system:

1 ﬁ Specify the ventilation
airflows (cooling and
heating), as well as the
minimum primary airflow
(VAV min), for each room.

VAV min sets the minimum
stop on the VAV terminals.
It is required to model
ventilation reset in a VAV,
bypass, or terminal mixing
system.

EL
Templates often include values
for ventilation airflow. To add a

Abemative 1
IRocen descephon [E e oo

Templster . Lengh

he [mome %] B [0 = template to your project, click Hiow Rl
. e x| f= @i & Create Templates on the Capy
T: ,‘Tt’—;‘ R A ctions menu. ks |
- ,ﬁ Wl

Deserpdam lu-nﬁl“l Hl’-nh‘lll Dueecton X Glass o Oty  Longth ) WFJ

&, Choose the desired

system type from the
Variable Volume category.

3 Open the Advanced dialog
box and change the system
ventilation flag (control
method) to ASHRAE Std
62 w/Vent Reset.

This entry directs the

program to calculate the
system-level ventilation
airflow required for design
by solving Equation 6-1 of
ASHRAE Standard 62-2001.

During simulation,

TRACE 700 calculates the
individual room ventilation
fractions for each hour, to
arrive at the hourly
ventilation airflow required
at the system level.
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Other methods of controlling system-level ventilation include:
= ASHRAE Std 62, which directs TRACE 700 to use Equation 6-1 to

calculate the system-level ventilation airflow required for design. During
simulation, the system will attempt to introduce this amount of air
whenever ventilation is needed.

Sum Room OA Regs., which defines the system-level ventilation
requirement for design, and for each hour of simulation, as the sum of the
hourly room requirements for outdoor air. This control method does not
satisfy the ventilation requirement for multiple-space systems that is
defined in ASHRAE Standard 62-2001.
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Unoccupied ventilation (night purge)

Unoccupied ventilation can serve as an effective tool to improve
indoor-air quality by flushing many indoor contaminants from the
building. This practice introduces large quantities of outdoor air to
purge stale air from the building without increasing the cooling
load.

In climates with cool nighttime temperatures, this control
strategy can also reduce utility costs by taking advantage of the
thermal capacity of the building. When the nighttime
temperature outside reaches a predefined value, the control
system activates the supply fan and opens the outdoor-air
damper to introduce outdoor air directly into the building. The
fans remain on until the space temperature falls to a specified
level. In effect, the cool air brought into the building at night
reduces or eliminates the morning pull-down load that often
develops in a building during the cooling season.

Figure 5-6 Effect of unoccupied ventilation on space temperature

ace temperature

|

\ / \
12am ‘ 6am 12 p.m 6p.m \ 12a.m 12am 6am 12 p.m 6p.m 12am

HVAC night " HVAC night -

equipment setback equipment setback

starts begins starts begins
without unoccupied ventilation with unoccupied ventilation

Application considerations
m The control system must monitor both inside and outside
temperatures (and/or enthalpies).

m [n humid climates, avoid bringing moisture-laden outdoor air into
the building.

m Position the outdoor-air intakes to avoid introducing contaminated
air into the space.

CDS-PRMO0O01-EN e TRACE 700 User's Manual System Control Strategies 5-17
Unoccupied ventilation (night purge)



In the Schedule library of
the Library/Template Editors
program:

1 {B Create a new
Utilization schedule to
define when normal
ventilation occurs.

2 Define the cooling design
schedule to establish
occupancy as 7 a.m. to
5 p.m. on weekdays. Then
define a heating design
schedule that is
100 percent from midnight
to midnight.

Set the midnight-to-
midnight percentage to 0
for Saturday and Sunday,
indicating that the building
is not supplied ventilation
during that time.

Create a new Utilization
schedule that defines when
the night-purge cycle
occurs—that is, on from
3a.m. to5a.m. Cooling
design to Weekday.

Set the Midnight to
Midnight percentage to 0
for Saturday and Sunday,
indicating the night purge is
not active on weekends
(not shown).
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Sample scenario

Normal quantities of outdoor air are brought into the building for
ventilation during occupancy, which occurs weekdays from

7 a.m. until 5 p.m. The night-purge cycle is enabled between

3 a.m. and 5 a.m. whenever the outdoorair temperature is cooler
than 55°F Monday through Friday.
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6 Establish a lockout that will
disable the night-purge
cycle if the outdoor-air
temperature is greater than
55°F

42 In either the Create
Rooms or the Create
Templates section of your
TRACE 700 project:

7 Switch to the Airflows tab
and select the ventilation
schedule defined in Steps
1-3 for normal occupancy.

In this example, the When
Occupied schedule
introduces 100 percent of
the design outdoor-airflow
requirement between

7 a.m.and 5 p.m. on
weekdays.

At all other times, the
outdoor-air dampers are
closed, unless the night-
purge cycle is active.

8 G‘I: The night-purge cycle
is an option for the airside
system. Click the Options
tab of the Create Systems
window and click
Advanced Options.

9 To make the night-purge
cycle available, choose the
custom schedule just
created.
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Morning warm-up for dual-fuel applications

The interior zones in many buildings require yearround cooling
during the day, even when the temperature outside is 20°F or
less. Such conditions also require heating—at night, and in
perimeter zones during the day.

Depending on the load profile of the building, it may be cost-
effective to design an HVAC system that uses two sources of
heating energy. For example, if relatively little heat is required
during the day, the terminal units may be equipped with small
electric heat coils. An inexpensive heat source such as natural
gas can then be used to handle the increased heating load that
exists at night and during morning warm-up.

Note: To conserve heating energy, it is common practice to set
back the thermostat during unoccupied periods. Morning warm-
up describes the control strategy that restores the desired space
temperature in time for occupancy.

Figure 5-7 HVAC system with two energy sources for heating

—

packaged air conditioner
with gas-fired heat

air terminals
with electric heat

Application considerations
m Controls must be provided to switch from one heat source to the
other.

m A dual-fuel system design may be ineligible for the special rates
that some utilities offer for all-electric systems.
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§7 1 Use the Library/Template
Editors program to create a
schedule for the thermostat
set points.

1 {B Open the Schedule
library and pick Thermostat
as the schedule type.

2 Create a new schedule and
name it Morning Warmup.
Add comments, if desired,

Sample scenario

A gas-fired, rooftop air conditioner and VAV terminals with
electric heating coils serve a small building. Either heat source
can handle the design heating load of 200 MBh. However, the
electric heating coils only operate during scheduled occupancy,
that is, from 7 a.m. until 8 p.m. on weekdays. The gas-fired
furnace in the rooftop air conditioner provides heating at night,
during morning warm-up (which begins at 5 a.m. on weekdays),
and on weekends.

The illustrations that follow demonstrate how to create schedules
that simulate morning warm-up (Steps 1-3), determine
equipment availability (Steps 4-5), and assign the schedules to
the appropriate rooms and equipment (Steps 6-9).

Click New Definition to define a new
timetable for a different day type or
month within the current schedule.

Eschedulo tbeary _=lolx]
Schedudo lype [Themmons 17 3| | Schedsspein
53 St End
e 2 Meeth  [laruimy =] [Oecerber =] cuen |
Sendsionps (7 Reduced e
- Py Dy s [Cockog deign. v] [weebans 31 |
Camndnis  [Erisbie mosmng wasmap betrreen 5 am and |
occupancy ot 7 am

to further describe the ooueicn | = ::Z: B
schedule.
3 Define a Weekday
schedule with an after
hours set point of 55°F and p—
an occupied set point of
68°F that is also in effect
during the morning warm- =
up period (from 5 a.m. to TRACE 700 schedules define timetables
7 a.m.). for four day types: Cooling design,
Weekday, Saturday, and Sunday. The
To maintain the 55°F definitions within each schedule must
set point throughout the account for all four day types. Refer to
weekend, define a separate “Create schedules” on page 2-19. For
schedule for Saturday and more information, refer to online Help.
Sunday.
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With the Schedule library still
open, select Equipment
operation from the Schedule
type list to create schedules
that describe when each heat
source is available.

4 Create a new schedule with
two definitions to describe
when the gas-fired furnace
in the rooftop air conditioner
can operate.

m On weekdays during
morning warm-up (5 a.m. to
7 a.m.) and at night after
occupancy ends (8 p.m.).

m On weekends
throughout the day.

5 Create a new schedule that
describes when the electric
heating coils can operate.

m On weekdays during
occupancy (7 a.m. to

8 p.m.), but not on
weekends.

242 Return to the TRACE 700
project to assign the new
Thermostat and Equipment
operation schedules.

6 In either the Create Rooms
or the Create Templates
section: for each room,
choose the Morning
Warm-up schedule as the
Thermostat heating
schedule.
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Uz Finally, create a heating

P
Alenatiee 1
plant that consists of the gas- o
fired furnace in the rooftop air & o 6T @& (Coe]
conditioner and the electric Racoded Arcoded Wasco. Was |
heating coils in the VAV & S G e et chinges - 012 i Ci e
terminals. Wi LS
touace ha To add equipment to a
7 Add a gas-fired heat £ y plant, dfag the . %
exchanger and electric fochd Qukm P T appropriate equipment
resistance heat to the category to the sm%
heating plant. configuration section. ;::
Then use the entries on the
Heating Equipment tab to Lot |foatwwrer __ __Mesabwprer )_Inellb o oo
finish defining each piece of
equipment. — alel]
8 With the gas-fired heat Hesrgpiat  [Fosrm o - 002 =
exchanger displayed: :m:mlii:::mw ﬂ o
a5 exchanger -1
m Choose the appropriate Eaasiyee [ Poshon Gin Hoat 8 I Q
equipment type. i 8 3 “m’“;':: — _| [pimatai
m Enter the heating T m"_,—J j
capacity. o
Hot vl puamg
m Select the Equipment s — 3 ‘WMWST
operation schedule that comain : s
determines when the gas-
fired furnace can operate. Cortgasion Cieglommert .

9 Switch to the electric
resistance heat and:

Use these entries to move between
plants and equipment, respectively.

m Choose the appropriate
equipment type. Abemsive 1

- Heatig park [Heairsg plars - 002 =] -m
m Enter the heating [ T ol Coneel
capacity. Ecnigment coogeny [Thacim resatarce = _

(TIPS ey el - S| [ Weneas |
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. L ==
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Chilled-water reset

System Control Strategies
Chilled-water reset

Chilled-water reset adjusts the chilled-water set point to improve
the efficiency of the chiller, reducing the energy consumption of
the chiller.

Usually, a chilled-waterreset strategy raises the set-point
temperature when the building load is at less-than-design
conditions. Producing warmer chilled water lessens the burden
on the compressor, which means that the chiller consumes less
energy.

Consider a centrifugal chiller with entering- and leaving-water
temperatures of 54°F and 44°F, respectively, at design conditions,
and a maximum reset of 4°F When the building load falls to

80 percent of design, the water temperature leaving the
evaporator is reset upward, by 2°F, to 46°F. If the building load
continues to drop, the set point is adjusted upward until the
maximum reset set point of 48°F is reached (44°F design

set point + 4°F maximum reset).

As a rule-of-thumb, each 1°F increase in the chilled-water
temperature reduces the energy consumption of the chiller by an
amount from 1 percent to 1.5 percent.

Figure 5-8 Example of chiller unloading characteristics

100

design chilled-water
temperature, no reset

\J design chilled-water

5 cycle point
: temperature, +10°F reset

percent of full-load power consumption

0 10 20 30 40 50 60 70 80 90 100

percent of full-load capacity
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Ut Aster adding a water
cooled chiller to the cooling
plant:

1 Describe the chiller type.

2 Review the default pumps
and choose a different type,
if appropriate.

3 Specify the full-load
consumption for each
pump.

4 Click Controls on the
Cooling Equipment tab.
On the Cooling
Equipment Controls
screen, enter the maximum
amount of reset that can be
applied to the chilled-water
set point—in this case, 5°F

Application considerations

Raising the chilled-water temperature in variable-volume systems
increases the energy consumption of pumps, and may more than
offset the savings in chiller efficiency.

If humidity control is critical, take particular care to ensure that
the warmer chilled water does not cause the loss of space
temperature or humidity control.

To ensure adequate refrigerant flow and maintain proper oil
movement within the chiller, maintain the minimum pressure
differential (specified by the manufacturer) between the
condenser and evaporator.

Related reading
Multiple-ChillerSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

Sample scenario

The chilled-water plant for a building consists of a water-cooled
chiller, a cooling tower, and related pumps. At part-load
conditions, the chilled-water set point is reset upward. The
maximum amount of reset is 5°F

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Chilled-water reset

=loi=]
Ademive 1
_ el
Cosing plant Coclreg plar - 001 =] Hest rapschon ype | E o100 - Coxbrag et -
Equpmentlog  [watercoked chibes - 001 - _ Gl |
Eumment coteoney | W atei-coced chller T| Thoemal shorage
Equmentiype  [Hedeal Botary 2130 1oea] 13 Tiwm  [None = =
Sequencingties  [Srge - Capacty [ [iohe | _I
[ Capaciy | Enrgy 102
Tions 3] TiiAen
[Heal 1t
T —
Purgs D Tipe [ 3 “Fulliead consumpiien |
x Eq5001 - Cnat vol chll wales pump |70 IS I
| Cronclarm vanlmi e vl el waet pusngy L] LI
_— =
Corfigasion Coofirg Equipment M . et a4
5 Wl 00 —
Note: TRACE 700 models "7
e Nane -
a 1-percent reduction in Puidcooler e [llone z
compressor energy P [ B
consumption for every s
1°F of reset.
Lood sheddes economizer |No -
Evapotaire mecooing No -
Ermigy smrcn | B
Blalosibost s aloca 1
System Control Strategies 5-25



0.64
5

5-26

Condenser-water reset

As long as the evaporator temperature remains constant,
lowering the entering-condenser-water temperature increases
the efficiency of a chiller. That is because the colder condensing
temperature reduces the pressure difference between the
evaporator and the condenser, easing the burden on the
compressor. Gains in efficiency are limited, however.

At the system level, the energy savings that accrue from
improved chiller efficiency may be offset by increased operating
costs for fans and pumps. Note, also, that chiller efficiency will
not continue to improve with every reduction in condenser
temperature. Power used per cooling ton bottoms out and
80 75 70 6 60 actually begins to increase as condensing pressure falls.

water tomperaure, Consequently, the best way to improve chiller efficiency is by

actively controlling condenser pressure.

80% chiller load

There are several ways to control condenser pressure. The most
versatile of these automatically accounts for changing loads. It
regulates the difference in refrigerant pressure between the
condenser and the evaporator by:

m Modulating the speed of the cooling-tower fans—or adjusting a
tower bypass valve, as shown in Inset A of Figure 5-9—to
control the entering-condenserwater temperature

m Adjusting the condenserwater flow rate using a pump equipped
with an inverter and a variable-frequency drive (Inset B)

Figure 5-9 Methods for controlling condenser pressure

differential differential
pressure controller pressure controller

butterfly valves, } I,

actuator

chiller
condenser

chiller

to/from
condenser

cooling tower

condenserwater refrigerant condenserwater refrigerant

pump chiller gauge line pump chiller gauge line
evaporator evaporator
Inset A Inset B
cooling-tower bypass variable-speed condenser pump
System Control Strategies TRACE 700 User’s Manual ® CDS-PRMO001-EN

Condenser-water reset



Application considerations

m Chiller efficiency represents only part of the total operating cost
for a chilled-water plant. Use a building automation system
capable of controlling all plant components.

m Contact the chiller manufacturer to determine the differential
refrigerant pressure that will maximize efficiency while ensuring
adequate refrigerant flow and lubrication.

m Although the butterfly valves associated with the cooling-tower
bypass provide excellent control, they also increase the first cost
of the system.

m Be sure to maintain the condenserwater flow rate above the
minimum limit recommended by the chiller manufacturer.
Monitor the condenser approach temperature to check for fouled
tubes.

Related reading
m  Multiple-ChilleSystem Design and Control Applications
Engineering Manual (Trane literature number SYS-APMOO1-EN)

Sample scenario

A 500-ton, three-stage, centrifugal chiller is designed for a
condensing temperature of 85°F The leaving-tower set point is
reset downward to 55°F when ambient and operating conditions
permit (usually when a 20°F to 22°F differential exists between
the water temperatures entering and leaving the condenser).

m The following examples demonstrate two ways to model
condenserwater reset: by regulating the condenserwater
You can model either temperature (page 5-28) and by varying condenser-water flow
temperature-based reset (page 5-29). Both methods require you to copy and modify an
orflow-based reset, but existing piece of cooling equipment.
not both.
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Temperature-based condenser-water reset

Use the procedure illustrated below when the speed of the tower
fans, or the position of a tower bypass valve, controls the
entering condenser-water temperature.
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.'éf." Use the Library/Template
Editors program to customize
an existing piece of cooling
equipment:

1 E Open the Cooling
Equipment library and
choose the Equipment
type that best matches
what you want to model.

2 Click Copy.

3 Replace the generic name
for the equipment type
with something more
descriptive, and add
comments if desired.

4 Choose a variable-flow
pump for the condenser
water loop.

5 To eliminate the effect of
ambient relief for the
condenser, specify a
minimum-operating
temperature that equals the
design-entering
temperature.

E; When finished, return to
the TRACE 700 project to add
the newly created equipment
to the cooling plant.
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Flow-based condenser-water reset

Most of the watercooled chillers in the Cooling Equipment
library are defined with constant-flow condenser pumps. The
following example demonstrates how to model condenser-water
reset that is controlled by varying the flow of water through the
condenser.
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Changing the curve type to None will not disable ambient
relief. Instead, use equal values for the design-entering and
minimum-operating condenser temperatures.
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Load-shedding economizer

Conventional practice uses an airside economizer to satisfy
internal loads when ambient conditions permit, and thereby
minimize operation of the mechanical cooling equipment.
Similarly, recovered condenser heat can be used to supplement
an auxiliary source of heat to offset thermal heat losses in
perimeter zones.

A load-shedding economizer saves energy by combining these
concepts to minimize the operation of both the chiller and the
auxiliary heating equipment. The chiller satisfies the heating load
and virtually eliminates the need for auxiliary heat during
occupied hours. Meanwhile, natural cooling—that is, outdoor air
introduced by an airside economizer—satisfies only the portion
of the cooling load that is not already handled by the chiller. In this
way, the economizer balances the operation of the chiller with
the perimeter heating loads. That is, the economizer only trims
the excess cooling load that is not needed for heating purposes.
Refer to Figure 5-10.

Figure 5-10 Effect of operating a load-shedding economizer

&auxiliary heat

700 heating

economizer :

X : cooling
cooling

Y

recovered heat

cooling and heating demand, MBh

: chiller
100 22°-39°F :
outdoor air :
0 Y
2 4 6 8 10 ‘ 2 4 6 8 10 ‘
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For coordinated operation, the same controller governs the
economizer and the heat-recovery equipment. An initial decrease
in the heating demand prompts the controller to turn off the
auxiliary heat and rely on recovered heat to satisfy the perimeter
loads. Further decreases in heating demand indicate that less
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heat is needed, so the controller modulates the economizer
dampers open. The chiller responds by unloading to reduce the
amount of recovered heat available.

If the economizer is fully open (shedding as much chiller capacity
as ambient conditions permit) and the heating demand drops
further, the cooling condenser rejects the unneeded heat to the
cooling tower.

The control sequence just described operates in reverse when
the heating demand increases.

Application considerations

m For a load-shedding economizer to operate as intended, the
temperature and humidity outdoors must be low enough to
provide effective cooling.

m When specifying equipment for the chilled-water plant, the chiller
must be equipped for condenser heat recovery, and the control
system must be capable of balancing cooling and heating
demands, to optimize the operation of the economizer.

Sample scenario

A chilled-water plant includes a three-stage, centrifugal chiller,
equipped for heat recovery, and a load-shedding economizer.
During the standard cooling mode, the chiller can produce
500 tons of cooling while consuming 0.58 kW/ton. When
operating in the heat-recovery mode, the chiller can produce
400 tons of cooling and consumes 0.70 k\W/ton.

Mz To model the cooling and

=loi=]
heating plants in this example: Abungive
. Ecupmert Categery Confuration
1 Add a vvatgr—cooled chiller & | 62 L 1 +%w (o= ]
to the cooling plant. If saseohs sicod| Mo e 7 8 Voo it —
desired, replace the generic @ 2 How CaPirt
equipment tag with a more s B &:..u L
descriptive name. . .
g a8 W o -
2 Waterside heat-recovery Aroshy Gy Pmes  Thew
_appllca'uons typically %W”w_
include a backup source of
heat. For this example, add T 4%
a boiler to the heating plant. & kg takuat ] Hodig Fdonat Toue Uity / Mg Accormoy
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Choose a boiler type.

Enter the static head to
represent the full-load
consumption of the hot-
water pump.

Select a heat-recovery
chiller as the equipment

type.

Specify the capacity and
energy rate for each
operating mode (cooling
and heat recovery).

Enter the full-load
consumption for each
pump.

Assign the heat recovered

by the chiller to the heating
plant.

Add a load-shedding

economizer to balance the
heating demand.

System Control Strategies
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Daylighting

Daylighting systems can significantly reduce both lighting
consumption and cooling-energy consumption by reducing the
electric-lighting heat gain in the building. However, daylighting
can also cause increased heating-energy consumption,
something that must be considered when evaluating adding
daylighting to a building. Different control strategies, window
configurations, surface reflectivities, and so forth, can greatly
influence the energy savings provided by these systems.

Note: Daylight is typically defined as diffuse light and is very
different from sunlight (direct solar radiation).

The TRACE 700 Daylighting algorithm is identical to that used by
the DOE-2 computer program except for the user interface. It is
comprised of three main stages, as follows.

1 A preprocessor calculates a set of daylight factors (interior
illuminance divided by exterior horizontal illuminance) for later
use in the hourly-loads calculation. The program automatically
calculates the three-dimensional coordinates of one or two
reference points in a space, using either the room and glass
dimensions or optional aspect ratios defined by the user. The
algorithm then integrates over the area of each window to obtain
the contribution of direct light from the window to the
illuminance at the reference points, and the contribution of light
from sky and ground, which enters the window and reflects from
the walls, floor, and ceiling before reaching the reference points.
Taken into account are such factors as window size and
orientation, glass visible transmittance, inside surface reflectance
of the space, sun-controlled devices such as blinds and
overhangs, and the illuminance distribution of the sky. Because
this distribution depends on the position of the sun and the of 20
different solar altitude and azimuth values, covering the annual
range of sun positions.

2 An hourly daylight-illuminance glare calculation is performed. The
illuminance contribution from each window is found by
interpolating the stored daylight factors using the current-hour
sun position and cloud cover, and then multiplying by the current-
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hour exterior horizontal illuminance obtained from the Step 1
calculation. If applicable, the solar-gain threshold is tested to
determine whether the window blinds or drapes should be
closed to maintain a userdefined comfort level. Adding the
illuminance contributions from all the windows (including
skylights) then gives the total illumination (daylight effect) at each
reference point.

3 Stepped and continuously dimming control systems are
simulated to determine the electrical lighting energy needed to
make up the difference, if any, between the daylighting level and
the required illuminance. The effect of the diminished lighting
level (and possibly reduced solar heat gain if the internal shading
device is employed) is calculated and passed to the load phase.

Application considerations

m Daylighting does not necessarily mean an increase in the amount
of fenestration on a building. Proper placement and configuration
for the fenestration is as important to a properly designed
daylighting system as the amount of fenestration.

m \When designing a building with daylighting, be aware of the
possible increase in solar heat gain and the possibility of glare
from sunlight.

Related reading

m For additional information related to daylighting, refer to Daylight
in Buildings: A Source Book on Daylighting Systems and
Components at: http://gaia.lbl.gov/iea21/

Sample scenario

Daylighting controls will be added to all of the perimeter rooms in
a building. All windows were input using dimensions (rather than
percent glass), and a standard stepped controller will be used.
The user would like to find the savings that daylighting will
provide for the building.

Note: Assuming that the other default inputs are acceptable, this
scenario can be modeled in TRACE 700 with as few as three
inputs.
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I.ﬁ To model daylighting:

1 Start by modeling the first
alternative completely. It is
required that all glass be
input using the same
method (percent or
dimensions) for daylighting.
For more-accurate
modeling of daylighting, the
dimensions method is
recommended. After
Alternative 1 has been
completed, a second
alternative can be created
with daylighting.

2 To create the second
alternative, click Copy
Alternative on the
Alternatives Setup menu
to create a copy of
Alternative 1.

3 With the second alternative
created, the templates
from Alternative 1 must be
copied so that the design
and system section of
Alternative 2 will be
recalculated with
daylighting. Right-click
Alternative 2 and click
Templates on the list. To
make the copy of the
templates editable, select
Create Templates for this
Alternative based on
Alternative 1 and click OK.
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Two alternatives are not required
to model daylighting. However,
to determine the effects of
daylighting on a model, two
alternatives are recommended
and will be used in this example.
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4 To activate Daylighting, click
Create Daylighting
Definition on the Actions
menu. The Daylighting
Parameters screen should
open, displaying where the
daylighting definitions will
be created and added to
the spaces. The
Daylighting Parameters
screen should open to the
General tab.
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- - F
5 Daylighting Geometry e — =
. Generd | onols | | B | P |
Type, Atmospheric 5
Moisture, Atmospheric L S —
Turbidity, and Inside fy b oinas Note: Recommended values and
Visible Reflectivity are e LD typical ranges for these values can
input from the General tab. be obtained by accessing Help
) . © Pimsbess: Tutidty (press F1).
Note: Select the Daylighting Sumerm [ 0712
i o
Geometry Type that reflects
how the glass was input, in drsiskidan— Note: Inside Visible Reflectivity for
this example, as GLAS-DIM. Celna [ 070 Floor, Wall, and Partition are
wal
Pusion 337 defined via the Advanced tab in the
Construction /ibrary and can be
overridden on the Construction
Parameters tab. ]
I 7|
a The Daylighting Geometry Type tells the program how the glass was input
and is used to determine the fraction of the available daylight, passing
through the glazing area, that can be used to offset the power consumption
of the electric lights.
b The Atmospheric Moisture represents the amount of perceptible water vapor
in the atmosphere and affects the calculation of the luminance of clear skies
(this is not the amount of rainfall).
¢ The Atmospheric Turbidity is a measure of aerosols (particulate pollutants and
water droplets) in the atmosphere and affects the calculation of the
luminance of clear skies.
d The Inside Visible Reflectivity is the fraction of visible (not solar) light that is
reflected, rather than absorbed, by the opaque surface. This value is used to
help calculate the luminance of both natural and electric lighting within a
space.
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6 Click the Daylighting
Controls tab, which
contains standard and user
defined Daylighting Control
Strategies. No inputs are
required on this tab for the
example scenario because
it is using a default control
type.

Note: To create a custom
controls template, click Copy
and enter a description. This
activates the fields under the
Controls and Geometry
sections.

Note: Values under the
Controls section should be
input starting at the top and
working down:
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a The Percent of Space Affected represents the fraction of the space floor
area for which the lights are controlled by the specified daylighting controls.

b The Lighting Setpoint represents the design lighting level in the space, in
footcandles.

¢ The Lighting Control Type is the type of daylighting control being used in the
template (continuous or stepped). Depending on the Lighting Control Type
selected, either input the Minimum Power and Lighting Percent or the Light
Control Steps to simulate how the selected controls will operate.
d The Light Control Probability is the probability that manually controlled,
stepped controls are utilized.
Note: Under the Geometry section, input the Reference Height (A) of the
daylight sensor. All other values under the Geometry section will be auto-
calculated if not input. Multiple templates can be created and used in the
same file and even in the same space.
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6 Click the Room
Parameters tab to select
the Alternative, the
Daylighting Schedule, the
Daylighting Reference
Points, and the Perimeter
Depth.

7 For this Daylighting
schedule, choose Available
(100%) and click Yes to
apply this schedule to all
rooms.

8 For Daylighting Reference
Point 1, choose Std
Stepped Controller and
click Yes to apply this to all
rooms.

Note: If daylighting is added to
a space that has no
fenestration, then the
daylighting controls will be
ignored for that space.
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The Daylighting Schedule acts as an on/off switch. Utilization percent

hours > 1 percent means the daylighting controls are available, while
utilization percent hours = 0 means the daylighting controls are deactivated
and no daylight reduction of lighting energy is allowed that hour. Typically, the
schedule will be available 100 percent, off 0 percent, or a custom schedule
that neglects daylighting during design but applies it during energy analysis
(for details on creating schedules, refer to “Create schedules” on page 2-19).

The Daylighting Reference Points are used to select the templates created on
the Daylighting Controls tab. Up to two Daylighting Reference Points are
allowed per space.

The Perimeter Depth is used to calculate the distance of the Daylighting
Reference Point from the perimeter wall. In addition, if the glass dimension
method is used, Perimeter Depth is used to estimate the field of view seen by
the daylighting sensor. Perimeter Depth can be selected as the room length or
width, or manually input for each space.
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10The Glass Parameters tab
allows the user to input the
Visible Transmissivity and
the Inside Visible
Reflectivity. No inputs are
required on this tab for the
example scenario.

11The Internal Shade
Parameters tab allows the
user to input the Visible
Transmissivity and the
Inside Visible Reflectance
of the glass and internal
shade combination at
normal incidence. No inputs
are required on this tab for
the example scenario.

12 When completed, click OK
and the Daylighting
Parameters will close. The
second alternative can now
be calculated and the
effects of daylighting can
be seen by comparing the
output reports.
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Only glass types used in the file will
appear under the Glass Library
Member menu.

Refer to online Help for a table
with typical Inside Visible
Reflectivity values.
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The Visible Transmissivity represents visible transmittance of the glass
at normal incidence. Do not confuse visible (daylight) transmittance
with total solar transmittance, which determines how much solar
radiation is transmitted. The Inside Visible Reflectivity is the fraction of
visible (not solar) light that is reflected on the inside surface of the
glazing. This value is used to help calculate the luminance due to both
natural and electric lighting within a space.

x
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The Overall Visible Transmittance
can be obtained by multiplying
the Visible Transmittance of the
shading device by the Visible
Transmittance of the unshaded
glass.
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Additional Items
1 Userdefined templates are available only for the file in which they
were created.

2 Typical values and explanations for all fields can be found by
pressing F1 to access online Help.

3 Daylighting can affect all sections of the building simulation
(depending on the daylighting schedule selected on the Room
Parameters tab). For cooling-load design, the cooling load and
airflow will both change based on the lower lighting load, possible
increased solar loads, changes in plenum temperature, and
changes in time of peak. The heating-design simulation will also
be affected, but the effects may be smaller than the effects on
the cooling-design simulation, due to the typical neglecting of the
solar and internal loads in heating-design calculations. In
TRACE 700, two alternatives (one with daylighting and one
without daylighting) can be used compare the overall effects of
daylighting on the rooms, systems, plants, and life-cycle costs.
The checksums reports can be used to view the effects on the
design calculations for the rooms and systems—usually a
reduction in cooling capacity and airflows occurs. The energy
consumption reports can be used to view the effects on the
plants—usually lower lighting energy, lower cooling energy, and
possibly higher heating energy (because the heat given off by the
lights in the spaces is less). The economic reports can be used to
see the reduction in utility costs and the effects on the life-cycle
cost for the building.

Note: For conservativeness, it may be desirable to disregard
daylighting during the sizing calculations. This can be done by
creating a custom utilization schedule, which can be selected on
the Room Parameters tab (refer to step 8 of the daylighting
example for the location of the daylighting utilization schedule).
The custom schedule would have the cooling-design and heating-
design daytypes input as midnight-to-midnight O percent (to turn
off the daylighting controls during the design simulation). The
Weekday, Saturday, and Sunday daytypes in the custom schedule
would define the hours that daylighting controls should be
available to operate as Available 100%. For example, Weekday to
Sunday could be set to 100 percent from midnight to midnight, to
have the daylighting controls available to reduce the lighting
power during any hour of the energy-analysis simulation. It is
recommended that a full 8760 simulation be performed if the
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daylighting controls are going to be neglected during the design
simulation.

4 For additional information related to creating custom schedules,
refer to “Creating schedules” on page 6-137.

5 For additional information related to performing a full 8760
simulation, refer to “Adding weather locations and activating the
8760 calculation methodology” on page 6-167.

6 For additional information related to daylighting, visit:
http://www.eere.energy.gov/
or
http://eande.lbl.gov/Task21/LBL_11353/titlepg.html
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Demand limiting

Many utility companies face a shortage of generating capacity
during periods of high demand. To discourage energy use at
these times, they may implement time-of-day rate structures that
charge a premium for electricity used during on-peak periods.
Ratchet clauses (minimum demand charges) levy a further
penalty.

Note: Under aratchet clause, the peak demand set during a given
month establishes the demand charge for the succeeding 12-
month (typical) period. The higher demand rate remains in effect
even if monthly demand drops in succeeding months.

Demand limiting is a control strategy that restricts the amount of
electrical demand for the HVAC system. To accomplish this, the
building automation system (BAS) implements one or more
temporary corrective actions when electrical demand exceeds a
predefined level. It increases the temperature set point in the
zones, modulates the speed of electric motors, and/or cycles off
electric equipment.

Figure 5-11 Effect of demand limiting on electrical consumption
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Normal operation is restored at the end of the demand-limiting
period, which usually lasts 15 to 30 minutes. To avoid
compromising occupant comfort, the control strategy usually
includes overrides that restore normal operation before the end
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Use the Library/Template
Editors program to define
when the on-peak periods
occur.

1 {B' In the Schedule
library, create a new
Utilization schedule and
rename it as On Peak.

2 Assuming that on-peak
periods only occur on
weekdays from 11 a.m. to
4 p.m., define the cooling
and heating design
schedules as shown here.

5-44

Demand limiting

System Control Strategies

of the demand-limiting period if the space temperature exceeds a
predefined limit.

Application consideration.

Ensure that the building automation system:
a Monitors the entire electrical load

b Controls the HVAC system and any other electric devices that
contribute to the energy consumption of the building

Includes a demand-limiting function

d Provides a means to ensure that occupant comfort takes
precedence over electrical demand

Sample scenario

The targeted, annual electrical demand for a building is 1,400 kW.
Determine the effect of limiting demand to 1,200 kW during
on-peak periods. Assume that:

Space temperature can drift as much as 3°F from the set point

Heating equipment will operate as needed to ensure that the
space temperature remains within this range

=lo]=]
St bype [Lthzston A
Descipion [oneen ] = _?I
Siulstion ype (v Faduced pas
™ Full pet
Sauaday
Hesting desgn
Use 0 percent as the |
midnight-to-midnight Cog Dot
e s SETtING for the Saturday
E= and Sunday schedule. #—————1—&= —'-T—“-’—q
| — L=
NOTE: The sl and lockouts are. werbislon, arefl ol system
errudabin schmdule:
Sehedule I Giope

The on-peak period is in effect during any|
hour with a percentage greater than 0.
Percentages greater than 0 are applied to the
maximum demand limit

(refer to Step 4 on page 5-45).
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E; In the Create Plants
section of your TRACE 700
project:

3 Choose any plant and click
Energy Mgmt to display
the entries for demand
limiting.

4 Specify the Maximum kW
(or upper control limit) for
the overall electrical
demand of the building.

5 Set the maximum amount
that the room temperature
can drift when demand
limiting is in effect (3°F in
this case).

6 Choose the schedule that
describes when demand
limiting is permitted. (Use
the On-Peak schedule
defined in steps 1 and 2.)

7 Assign a demand-limiting
priority to each piece of
equipment to set the
shutdown order—assign
the appropriate priority to
the domestic hot water (on
the Base Utility / Misc.
Accessories tab) first.
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8 Now assign a demand-
limiting priority to the chiller
(in the Cooling Equipment
Controls window - click
Controls on the Cooling
Equipment tab)

9 Finally, assign a demand-
limiting priority to the
electric heating coils (on
the Heating Equipment
tab).

Note: TRACE 700 can also
model demand limiting for
fans. Shutdown priorities are
set in the Advanced Options
dialog box, which is available
from the Options tab of
Create Systems.
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Duty cycling

Duty cycling helps avoid unnecessarily high peaks in electrical
demand caused by synchronized equipment operating schedules.
This control strategy is particularly appropriate for HVAC systems
with greater heating or cooling capacity than is needed to meet
load conditions.

m During morning warm-up, for example, a duty-cycling strategy
would energize the electric heating coil in each VAV terminal at a
The TRACE 700 program slightly different time. Preventing the coils from energizing
models duty cycling only simultaneously reduces the electrical demand peak. (Depending
for the main cooling fan on the local rate structure, demand charges can be a significant

and/or the main hea?ng percentage of the monthly utility bill.)
an.

Duty cycling can also be effective for an application with several
packaged airconditioning systems. In this case, staggering the
operation of compressors (or compressors and fans) decreases
the demand peak.

Figure 5-12 Comparison of heating utilization schedules

100% 100%

50%

0% 0%
[ [ [ [
6am 6p.m 6am 6 p.m.
2am 12 p.m. 2am 12a.m 12p.m 12a.m

heating-coil utilization heating-coil utilization
without duty cycling with duty cycling

Application considerations

m A building automation system is required to implement duty
cycling. To ensure occupant comfort, the BAS should temporarily
suspend duty cycling if the temperature in the space is outside
the accepted range.

m Duty-cycled equipment starts more often, which accelerates
wear and increases maintenance costs.

m The sound of equipment being turned on and off at regular
intervals may disturb occupants.
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Sample scenario

A fan is subject to duty cycling for no more than 20 minutes each
hour between 6 a.m. and 6 p.m. Duty cycling is not permitted if
the temperature in the controlled space drifts more than 3°F from
the set point orif the relative humidity exceeds the design target
by more than 10 percent.

5 In TRACE 700, duty

cycling is modeled similarly to =
the optimum start/stop m" l—l:':‘”;"m = j i -
strategy: refer to page 5-6. As R ey | | | |
in that scenario, duty cycling e I i T | e T
is implemented by a building | e
automation system (BAS). T e i
Hesting desgn
1 Use the Library/Template || | P
Editors program to create a L S
custom fan schedule from e — — ©e e
the scenario description. | 1 1 [ 1 ;E::
The 6 a.m. to 6 p.m. NOTE:Tha et sl o e et st
schedule defines when the Schedle I e
supply fan normally
operates—that is, Monday
through Friday from 6 a.m.
until 6 p.m. (The schedule
definitions for cooling
design and heating design
are identical.)
A separate definition for
Saturday and Sunday (not
shown) schedules the fan §
off from midnight to P =5
midnight. Sywmmdesipion  [Smem 001 =] SngaZom
Funcpingschedis [iimois 3] _Coree |
2 On the Fans tab in the
Create Systems window of =
your TRACE 700 project,
choose the desired o [ [t [t | oo 2
operating schedule for the T L
supply (primary) fan. e v C—— e —
e 1o I — 1 —
H |Len 0 [ K AT Avalsble (100%]
2
Selecion Dofiorn Cedcoled 04| Temp/Huamidiy Fans [ Col |5
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3 Use the Library/Template
Editors program to create a
custom duty cycling
schedule. The Duty
Cycling schedule describes
when this control strategy
can be used—in this case,
on weekdays from 6 a.m.
until 6 p.m. The schedule
also establishes criteria that
prevent duty cycling if it
impairs thermal comfort.

4 On the Options tab, click
Advanced Options to
display the optional airside
control strategies.

5 Select the custom schedule
that was created in Step 3.

6 Enter a pattern length to
set the duration of each
duty cycle (60 minutes in
this example).

7 Setthe maximum offtime
to define how long the fan
can remain off during a duty
cycle. In this case, the fan
can remain off for up to
20 minutes, but not longer.
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occur when the duty-cycling schedule is in effect:

m Room dry-bulb temperature exceeds the thermostat set point for
cooling by more than 3°F

m Room dry-bulb temperature is more than 3°F cooler than the
thermostat set point for heating

m Room relative humidity exceeds the design target by more than
10 percent (not shown in above picture)

L A percentage of 0 prevents duty cycling if any of these conditions ;

Duty cycling
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Supply air temperature reset

Supply air temperature reset is a control scheme that allows an
airside system to modulate the supply air temperature based on
outside air temperature, worst-case room demand, or a
combination of the two. When enabled, the temperature of
supply air is increased, which allows for reduced compressor
energy or reheat energy, but also increases fan energy in a VAV
system.

When supply air temperature reset is based on outside air
temperature, the supply air temperature can be increased as the
outside air temperature decreases, allowing for more economizer
operation. This is done in a linear fashion as shown in Figure 5-

13.
Figure 5-13 Supply air temperature reset based on outside air tem-
perature
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Supply air temperature reset can also be based on the worst-
case space load demands. If the worst-case space does not
require conditioned air at the design supply air temperature, the
temperature can be reset upward.
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The two individual strategies can also be combined so that the
supply air temperature is reset based on both outside air
temperature and worst case room (Figure 5-14).

Figure 5-14 Supply air temperature reset based on worst case room
and outside air
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Application considerations
m Cooling loads that are being served by higher supply air
temperatures often require more air and increased fan energy.

m \When the outdoor air temperature is less than the supply
temperature, the compressors can be shut off and an airside
economizer can provide the needed cooling.

m The use of warmer supply air can result in higher space humidity
levels, especially during humid weather.

Related reading
m Rooftop VAV Systems Applications Engineering Manual (Trane
literature number SYS-APMOO7-EN)
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Sample scenarios

Table 5-1 Sample Scenarios

Topic

Scenario 1 (page 52)

Supply air temperature reset based on worst case

room

Scenario 2 (page 53)

Supply air temperature reset based on outside air

temperature

Scenario 3 (page 53)

Supply air temperature reset based on outside air

temperature and worst case room loads

Note: For further discussion of creating utilization schedules,
refer to “Creating schedules” on page 6-137. For further
discussion of creating alternatives, refer to “Creating

alternatives” on page 6-131.

Scenario 1. Supply air temperature reset based on
worst case room.

1 In Create Systems, select
the Options tab for the
system to which supply air
reset is to be applied. Click
the Advanced Options
button.

2 Select a utilization schedule
that accommodates supply
air temperature reset. A
custom schedule can be
applied.

3 (Optional) Enter the

¥ Create Systems - Dptions

Abematree 1

Mancodnglen [ Reomeheustien [
O Dglicnal vackleion [

maximum reset ] i — e
temperature difference. Suesly e s (F)
Pt poe

Note: When the utilization
schedule reads 1% or greater,
supply air temperature reset
will be enabled.
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1 Uncheck Use system
default outside air reset to
input a new reset schedule.

2 Enter the appropriate
values for the air reset
schedule.

1 Select an appropriate
utilization schedule or
create a custom schedule.

2 Uncheck Use system
default outside air reset to

input a new reset schedule.

3 (Optional) Enter a
maximum reset differential.

4 Enter the appropriate
values for the air reset
schedule.
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Scenario 2. Supply air temperature reset based on
outside air temperature.

See Figure 5-13 for a graph of this strategy.
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Scenario 3. Supply air temperature reset based on

outside air temperature and worst case room loads.

See Figure 5-14 for a graph of the strategy.
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Additional items

TRACE will not use the supply air temperature reset fields during

the design simulation.
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2 Do not specify a reset supply air temperature lower than the
design supply air temperature.

3 System types that have room-controlled cooling coils controlled
via the room thermostat cannot use supply air temperature reset.
Examples of these systems include, but are not limited to: single
zone, fan coils, packaged terminal air conditioner, and water
source heat pump.
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Advanced Usage and General Modeling Tips

Modeling examples in this chapter
Modeling tips

m Common modeling mistakes, page 6-3

m Frequently asked questions, page 6-20

m Comparing input data, page 6-37

m No- or low-heating energy consumption, page 6-39

m Modeling large rooms and zones, page 6-45

m Zoning of rooms, page 6-47

m Oversizing and undersizing, page 6-51

m Balancing airflows, page 6-60

m Selecting a DX unit using TRACE 700 output, page 6-68

m Selecting a chilled-water cooling coil using TRACE 700 output,
page 6-74

m Modeling for LEED®, page 6-80
Input tips
m Quick building inputs via the New File Wizard, page 6-110
m Using TRACE 700 Chiller-Plant Analyzer, page 6-114
m |nputting an existing load profile, page 6-118

m Creating spreadsheets and tables from calculation results
(TRACE 700 Visualizer), page 6-122

m Using templates, page 6-125

m Creating alternatives, page 6-131

m Creating schedules, page 6-137

m Creating equipment and unloading curves, page 6-143
m Creating utility rates, page 6-150

m Adding weather locations and activating the 8760 calculation
methodology, page 6-167
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m Altering a load design file for energy analysis, page 6-170

Advanced usage
m Archiving and un-archiving instructions (storing library members
with project files), page 6-175

m Printing used library members, page 6-176

m Combining files, page 6-177

m Creating a new file based on an existing file, page 6-179
= How to sort output, page 6-180

m gbXML import and export, page 6-181

m |Importing a load design Version 3.x or Version 2.x file, page 6-
189
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Common modeling mistakes

This section describes modeling errors that are frequently made
in TRACE 700, and indicates whether the errors apply to load
design, energy analysis, or both.

IMPORTANT NOTE: The graphics illustrate many, but not all, of
the errors.

Note: The modeling situations listed in this section are not always
mistakes, but can cause inaccurate results if used
inappropriately. In certain instances, some of these situations can
be used successfully for unique modeling needs. Contact C.D.S.
Support for additional information.
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m |arge areas are being modeled as a single space. This will
typically lead to an underestimation of loads and energy
consumption. Refer to “Modeling large rooms and zones” on
page 6-45 for a detailed explanation. Load Design and Energy

m The inputs for floorto-floor height and plenum height conflict. The
floorto-floor height is the vertical distance between floors,
including the plenum height and excluding the floor slab
thickness. The plenum height is the vertical distance between
the ceiling and the floor slab surface of the floor above. The
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plenum height is subtracted from the floorto-floor height to
determine the height of the space that is conditioned. Not
correcting this input can lead to underestimation of airflows and
loads. For additional information refer to Figure 6-1 on page 6-
30. Load Design and Energy

The input values for the design cooling and heating dry bulb are
not the same as the worst-case temperatures in the selected
Thermostat schedules. For example, the design conditions for
the selected room are input as 74°F cooling and 70°F heating.
The cooling and heating systems will be sized based on these
values. If the Thermostat schedule shows a minimum cooling
setpoint of 73°F in the summer, the cooling coil will probably be
undersized. Similarly, if the heating Thermostat schedule shows
a maximum space setpoint of 72°F in the winter, the heating coil
will probably be undersized. Load Design and Energy

The default values for the design thermostat setpoints are being
used (75°F for cooling, 68°F for heating, and 50 percent RH). For
accurate results, the actual space setpoints should be entered.
Load Design and Energy

The default values for the thermostat driftpoints, 90°F and 55°F
respectively, are being used. This means that whenever there are
5 percent or less of the people in the space (determined from the
people schedule), the room will be allowed to drift up to 90°F or
down to 55°F before the coils turn back on. If the building control
system is not going to allow the room setpoints to setback this
far, the values need to be overridden. Not correcting this input
will result in an underestimation of the cooling and heating
energy during hours of reduced occupancy. Energy Only

Cstat and Hstat have been selected for the Thermostat
schedules. These schedules will allow the building to drift up to
95°F and down to 55°F depending on the time of day (the
schedules can be viewed by clicking Schedules on the Libraries
menu). Typically, users need to either create their own
Thermostat schedules or select none and let the program use
the driftpoints (the schedules override the driftpoints). Not
correcting this input will result in an underestimation of the
cooling and heating energy at night. Energy Only
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Roofs and Walls tabs of Create Rooms
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m Roofs with no area (length x width) have been input. Roofs
should be deleted, not zeroed out, if they do not exist. This can
lead to errors in the calculations and output values. Load Design

and Energy

m The entered area of the window is larger than the entered area of
the wall. Glass area is subtracted from the entered wall area—
therefore this is not a valid input. This will result in an
underestimation of solar and conduction loads. Load Design and

Energy

m The custom internal shading selected has a higher U-factor and/
or Shading Coefficient than the glass type selected. The values
input for the custom shading device represent the combined U-
factor and SC for the glass and shading device. Load Design and

Energy

Note: The values used in the simulation are the values input for
the custom internal shading device (that is, the values input for
the glass U-factor and SC are ignored, unless the shading device

is scheduled off or not selected).

m Overhang-Sample, or any of the other Sample shadings, has
been selected for the external glass-shading device. Creating a
custom shading device in the Library/Template Editors program
will result in more-accurate estimations for the glass solar loads.
Be sure to select none if there is no overhang shading the
windows. Load Design and Energy
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Internal Loads tab of Create Rooms
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m People types and their respective heat gains have been specified,

but the actual number of people entered is zero. This will cause
the program to neglect any heat given off by people in the space
and to neglect ventilation for the space if the ventilation was
entered as cfm/person. Load Design and Energy

The Cooling Only (Design) schedule is selected for any of the
internal loads. This schedule should only be used for design
calculations, not for energy analysis. It simulates 100 percent of
the internal loads in the building 24 hours a day (except during the
heating-design portion of the calculation), which may not be what
is actually occurring in the building. This tends to lead to an
overestimation of cooling energy and an underestimation of
heating energy. To view the schedule, click Schedules on the
Libraries menu and select Utilization as the Schedule type.
Here, the user should be able to view the schedule and find
schedules that more closely follow the actual operation of the
building. Energy Only

The internal loads are scheduled as Available 100%. This
schedule, typically, should not be used for internal loads. It
simulates 100 percent of the internal loads in the building

24 hours a day, which may not be what is actually occurring in the
building. In addition, it also tells the program to take credit for the
internal loads during the heating-design calculation. This tends to
lead to an overestimation of cooling energy, an underestimation
of heating energy, and undersizing of the heating coils, because
the internal loads are meeting all or most of the heating loads. To
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view the schedule, click Schedules on the Libraries menu and
select Utilization as the Schedule type. Here, the user should
be able to view the schedule and find schedules that more-
closely follow the actual operation of the building. Load Design
and Energy

m The custom schedules for internal loads have values greater than
zero for the heating-design day type. This tells the program to
take credit for the internal loads during the heating-design
calculation. This tends to lead to undersizing of the heating coils
and is not common design practice. To view the schedule, click
Schedules on the Libraries menu and select Utilization as the
Schedule type. Here, the user should be able to view the
schedule and the individual day types. Load Design and Energy

m The lighting type selected has less than 100 percent load to
space, which will cause a portion of the lighting load to go to the
plenum. Make sure that all rooms using this lighting type have a
plenum. If some rooms do not have a plenum, then select one of
the 100 percent load to space lights. Load Design and Energy

m Click Internal and Airflow Loads on the Libraries menu, and
select Miscellaneous Loads as the Library type. The custom
miscellaneous load has zero percent load to space and zero
percent load to plenum. Because zero percent of the load is seen
in the building, no heat gain will be applied to the space. Load
Design and Energy

m The energy meter is selected as none. The heat given off by the
miscellaneous equipment will still be calculated correctly,
however, the energy consumed by the miscellaneous equipment
will be neglected. Typically, electricity or gas should be selected
for this field. Energy Only

m The energy meter is selected as a cooling load or a heating load.
The energy meter tells the program what utility type is being
used to produce the given internal load. Typically, electricity or
gas should be selected for this field. For example, if heat gain
from a computer is being modeled, then electricity should be
selected. If heat gain from a Bunsen burner is being modeled,
then gas should be selected as the energy meter. Energy Only
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Airflows tab of Create Rooms

=101
el Achacent s hanider hom rooes
Finom descsiption [S.arrgie Difee =] [<chio sdiscert sa wanass =] [ e I
Terrolsier... Main ugedy.. Aundieey tupoh,.
Room [eton 5] Codng oo fam o] Coskrg | Josrchagear =]
e [ooer ] Mesro [0 [k Cpao - Hesirg [1 [schrgerme =]
Aifiews [0t <] Vemstcn. ; -
I e M e T B o
T — Type [GeredOliceSgaee =] =t | Wl
Corse [Delwt e Wm |—_”—
Schedde  [Pocgle Hosptd =] Poomeshaut,
Indimation Fain ,!I_ chndpeton ol
Twe  [heee =] Scheckily [eodatic (1005 -
Cooing [0 [oe changeuie = TR —
Hesrg [0 [motwmeets 7] e [0 [om -
Schedue [ruvatabin (100%) - Scheddo [fvsise 1005 7]
Twe  [Cowr =]
Srohshes | Boorns ] Rocts ] ks | ok Loads Aumtiomws PairsFios

m The ventilation schedule is using an internal-loads schedule (any
schedule that starts with People, Lights, or Misc is an internal-
loads schedule). Internal-loads schedules should never be used
for ventilation. Internal-loads schedules are zero percent for the
heating-design calculation. This will cause the program to neglect
the ventilation load for heating design. This tends to lead to
undersizing of the heating coils and is not common design
practice. To view the schedule, click Schedules on the Libraries
menu and select Utilization as the Schedule type. Here you can
view the schedule and find schedules that will give more accurate
results. Typically, selecting a ventilation schedule for the
ventilation, or copying the people schedule and making heating
design 100 percent midnight-to-midnight, will give more accurate
results. Load Design and Energy

m The heating design day type for the ventilation schedule has
hours that are not 100 percent. The time that the heating load is
peaking may be during one of the hours when the ventilation is
scheduled off. This tends to lead to undersizing of the heating
coils and is not common design practice. Load Design and
Energy

Note: Because the heating design calculation assumes no solar
loads and constant ambient conditions, the hour of peak does not
affect the conditions of the outdoor air. Also, this portion of the
schedule only effects the heating design calculation. Therefore,
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energy analysis (other than the size of your heating plant and/or
coils) and cooling design should be mostly unaffected.

m The input value for heating supply does not match the input value
for the VAV minimum airflow. This will cause erroneous airflow
values. In addition, TRACE 700 should typically be allowed to
calculate the supply airflows based on the input loads by
selecting Main Supply units of “To Be Calculated.” Load Design
and Energy

Note: The VAV minimum airflow only applies to variable-volume
systems. The VAV minimum airflow is ignored for constant-
volume systems.

m The entered VAV minimum stop may be too low for some rooms.
This can lead to spaces having a higher specified ventilation rate
than the minimum airflow. This will result in insufficient
ventilation airflow in heating mode. This typically leads to heating
ventilation being different than cooling ventilation at the room
and/or the system level. The Airflows section of the Room
Checksums can be used to check for this condition. Load Design
and Energy

Note: In most VAV systems, a zero for the VAV minimum will
cause the box to close completely when the room calls for
heating.

m The VAV minimum-airflow schedule is not using the schedule
Available 100%. For most cases, this will cause low airflows to
the space and incorrect results. The only time this schedule
should be changed is for a VAV box with two minimum stop
settings. The VAV system may not operate properly if any other
schedule is used, and cooling and heating energy may be
underestimated. Load Design and Energy

m The airflows are not balanced in room(s) in which room exhaust is
entered. Airflows must be balanced at the space level for
TRACE 700 to calculate the space energy balance properly.
Please refer to “Balancing airflows” on page 6-60 for additional
details. Load Design and Energy
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Selection tab of Create Systems
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m For the VAV systems, the fan- and/or coil-sizing methodology has

been changed from block to peak. VAV systems should be sized
according to the block methodology. This will lead to the program
simulating a system that does not actually exist and may cause
the system to be oversized. Load Design and Energy

For the constant volume systems, the fan- and/or coil-sizing
methodology has been changed from peak to block. Constant
volume systems should be sized according to the peak
methodology. This will lead to the program simulating a system
that does not actually exist, and may cause the system to be
undersized. Load Design and Energy

Note: For more information related to the sum-of-the-peaks and
block- sizing methodologies, refer to the topic Block vs. Sum-of-
Peaks in TRACE 700 Help.

The supply-duct location is return air, and the return-air path is
ducted (Advanced button in Create Systems). This essentially
tells the program that the supply duct is inside the return duct.
Load Design and Energy

The supply-duct location is return air, and the return-air path is
plenum. If the building does not have a plenum (i.e., by entering
the Plenum Height as zero on the Rooms tab of Create
Systems), these values should be changed to reflect how the air
will actually travel in the building. Load Design and Energy
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m The location of the cooling coil has been changed from the
default value for the airside system. This can lead to the program
simulating a system that does not actually exist and may cause
erroneous results. Load Design and Energy

m The ventilation-deck location has been changed from Return/
Outdoor Deck. Return/Outdoor Deck simulates the ventilation
(outdoor) air being mixed with the return air immediately prior to
being sent to the main cooling/heating coils. This is common in
most conventional systems that use dampers to mix the two air
paths. Any other selection is atypical for most HVAC systems
(except Room Direct or Plenum for Dedicated Outdoor Air
Systems that supply outdoor air directly to the space). Load
Design and Energy

Options tab of Create Systems

I Create Systems - Options.
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m For the energy recovery / transfer devices on the Options tab of
Create Systems, the airstreams that will be used are not
selected correctly. If the proper airstreams are not selected, the
energy recovery / transfer device will not function correctly or
may not function at all. Refer to “Coil loop for exhaust-air energy
recovery” on page 4-8, “Total-energy (enthalpy) wheel” on
page 4-15, "Fixed-plate heat exchanger” on page 4-21, “Heat
pipe” on page 4-27, or “Sensible wheel” on page 4-34, for
instructions on properly modeling energy recovery / transfer
devices. Load Design and Energy
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Temp/Humidity tab of Create Systems
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m The input cooling supply-air temperature (75°F) is too high. The
cooling supply-air temperature must be lower than the entered
room set point for cooling in Create Rooms. This will cause
cooling energy to be underestimated and result in erroneous
airflows. Load Design and Energy

m The input heating supply-air temperature (55°F) is too low. The
heating supply-air temperature must be greater than the entered
room setpoint for heating in Create Rooms. This will cause
heating energy to be underestimated and result in erroneous
airflows. Load Design and Energy

m A Reheat Temperature Difference (25°F) has been input. This
value is typically used to model reheat done during cooling
design (typically for dehumidification). Inputting this value can
lead to extremely low leaving cooling-coil conditions and
oversizing of the cooling coil. Load Design and Energy
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Fans tab of Create Systems.
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m The fan type has not been selected. Without a fan type, the

program cannot calculate fan energy. Energy Only

m The fan static pressure has not been input. Without a fan static

pressure, the program will not calculate fan heat pickup and

possibly not fan energy. Load Design and Energy

m A fan schedule (Lights-Elementary kitchen) has been input.

Typically, the fan-cycling schedule should be used to cycle the
fan, not the fan schedule. Energy Only

Note: The fan schedule overrides the fan-cycling schedule. Refer
to “Frequently asked questions” on page 6-20 for additional

information.
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Coils tab of Create Systems
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m A capacity (52 MBh) for the auxiliary cooling coil has been input.
Only the induction system types (2-pipe and 4-pipe Induction)
have an auxiliary cooling coil by default—it is the secondary
induction coil located in each room. However, it is possible to add
an auxiliary coil to any of the other system types by specifying a
capacity value/units (typically as 100 percent of Design Capacity.)
This auxiliary coil is sized according to the skin-envelope load. In
addition, this auxiliary cooling coil can only operate during the
summer period months as defined on the Load Parameters
screen. Activating this coil can lead to erroneous load calculations
and energy analysis. Load Design and Energy

m A capacity (100 percent of design capacity) for the auxiliary
heating coil has been input. Only the 2-pipe Induction, 4-pipe
Induction, VAV w/ Baseboard Skin Heating, Changeover-Bypass
VAV with Local Heat, and VAV w/ Forced Flow Skin Heating
system types have an auxiliary heating coil (it is the secondary
induction coil located in each room for those systems.) However,
it is possible to add an auxiliary coil to any of the other system
types by specifying a capacity value/units (typically as 100
percent of Design Capacity.) This auxiliary coil is sized according
to the skin-envelope load. In addition, this auxiliary heating coil
can only operate during the non-summer period months as
defined on the Load Parameters screen. Refer to online Help for
additional details. Load Design and Energy
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m Some of the coils in the systems have been zeroed out. For most
cases, this is strongly recommended against. For example, if
either the reheat coil or the main coil is zeroed out in a VAV
system, the design and energy-analysis calculations will be
incorrect. In this system, reheat and main heating are actually the
same physical coil. Please refer to the System Type
Characteristics section of the Help file for additional information
related to coil sizing and location. Load Design and Energy

m Schedules have been entered for the coils. For most cases, this is
strongly recommended against. The default schedules need to be
used in order for the coils to operate in response to the
thermostats. The schedules for internal loads, ventilation, fan
cycling, and so on, are the proper place to adjust the loads seen
by the coils. Energy Only
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m  Multiple rooms are assigned directly to a Single Zone System.
Refer to “Zoning of rooms” on page 6-47 for instructions on
proper zoning of single-zone systems, and for details on how
zoning affects this system and other system types. Load Design
and Energy

m  Only thermally similar rooms should be zoned together. If
thermally dissimilar rooms are zoned together, oversizing and
poor space temperature control will typically occur. Load Design
and Energy
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Cooling Equipment and Heating Equipment tabs
of Create Plants
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m For any WSHP system, the thermal storage has been removed.

The thermal storage associated with the WSHP is the water loop.
Without the water loop, the results for the energy consumption
of the WHSP compressors will be highly inaccurate. Energy Only

The Equipment Type has been left at the default value (Default
Air-cooled Chiller, Default Boiler, and so on). For accurate energy
analysis, the program needs to know the specific type of
equipment used in the building. The equipment type tells

TRACE 700 the type of fuel that will be consumed by the
equipment, the unloading curve, auxiliary energy consumers, full-
load energy rate, and so on. Not selecting the appropriate
equipment type can lead to highly inaccurate energy-
consumption results. Energy Only

Multiple pieces of equipment are assigned to the same plant, but
the sequencing type is set to single. This is not a valid input and
can lead to the chiller plant operating incorrectly. Energy Only

Multiple pieces of equipment are assigned to the same plant, but
the capacities of the individual pieces of equipment have not
been input. This is not a valid input and will lead to the first piece
of equipment handling the entire load. Energy Only

For any type of heat-pump equipment, the heat-recovery capacity
and/or heat-recovery energy rate of the heat pump has been
deleted on the Cooling Equipment tab of Create Plants. This
value tells the program how much heating, and at what efficiency,
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the heat pump can provide based on the cooling capacity.
Removing these values disables the heating energy consumption
of the heat pump unit. Energy Only

m The pump full-load consumption has not been input. Without a
pump head or size, the program cannot calculate pump energy.
Energy Only

Base Utility / Misc. Accessory tab of Create Plants
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m Gallons is not a valid input for a domestic hot-water base utility,
because the program does not know the change in temperature
that will occur to water traveling through the heating equipment.
To correctly model domestic hot water, input the data using units
of therms, kWh, or MBh. The user can also create a custom base
utility in the libraries with units of gpm, and input the delta T
across the waterheating equipment. Energy Only
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Economics and utilities
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m The default utility rates have been selected. Creating a custom
utility rate and, if applicable, a Time-of-Day schedule in the
Library/Template Editors program will result in more-accurate
estimations of the energy costs. Please refer to “Creating utility
rates” on page 6-150 for instructions on creating your own utility
rate. Energy Only

m The utility rate has off-peak rates entered, but there is no Time-
of-Day schedule selected. TRACE 700 assumes that if there is no
Time-of-Day schedule, then all hours are on-peak. A Time-of-
Day schedule needs to be added to each of the energy sources
that have on- and off-peak charges. To create a Time-of-Day
schedule, select Time-of-Day as the Schedule type in the
Schedules library, and copy or create a new Time-of-Day
schedule. Energy Only

m The utility company has been applied to all Utility types and a
Time-of-Day schedule is selected. Verify that all utility types have
on-peak and off-peak rates. Otherwise, not all off-peak
consumption will be accounted for in the economic calculations.
The user can also disassociate the Time-of-Day schedule from
individual utilities to correct this problem. Energy Only

m No demand charge has been input in the utility rate. This is often
a sign that a blended rate is being used. Blended rates combine
the charges for electric demand and consumption, and give
inaccurate estimated energy costs. Demand charges can be
50 percent or more of the cost of electricity, and need to be
modeled separately to give an accurate picture of the cost to
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operate the building. If the utility company charges for demand,
demand must be modeled separately from consumption. Energy
Only

m The recurring cost is input with an actual year incurred (for
example, 2015). This means that the cost will never appear in the
calculation results, because TRACE 700 wiill try to add in the cost
2015 years from the start of the study. For accurate results, the
user should enter the number of years after the start of the study
that the cost is incurred, rather than the actual date. Energy Only

Version

m Verify that the most-current version of the program is installed. To
determine what version of the program is installed, click About
TRACE 700 on the Help menu. The most-current version can be
reached by clicking Help, then clicking Trane on the Web, and
finally clicking Check for updates.

When you have downloaded the update (assuming that an
update with a higher version number exists), you need to double-
click the executable patch to apply it. Please ensure that

TRACE 700 is closed during the update process, and click Yes to
Exporting and Importing Custom Library Members. Load
Design and Energy
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Frequently asked questions

This section contains some frequently asked questions regarding
TRACE 700. Additional questions and answers can be found in
the online C.D.S. Software Knowledge Base found on
www.tranecds.com.

Q How does TRACE 700 determine cooling supply airflow and
temperature?

A TRACE 700 performs an iterative psychrometric analysis to
determine cooling supply-air temperatures and solves the
sensible-heat equation to determine supply airflow volumes.

Sensible-Heat Equation:

Q, = DSHPX SAX (T, = T o)

where,

Qs =sensible load in the space. Qs is calculated based on
the input walls, windows, lights, people, and so
forth. Qs can be found on the Checksums report.

DSHP  =density specific heat product. DSHP can be found on
the Title Page report.

SA =supply airflow. SA is typically a variable but can be
input at the room or system level. SA can be found
on the Checksums report.

Trm =room setpoint. Trm is a required input on the Rooms
tab of Create Rooms.
Tsadb =supply-air temperature. Tsaap is typically a variable but

can be input on the Temperatures tab of Create
Rooms. Tsaap can be found on the Checksums
report.
Depending on what values in the equation are known and/or
input, TRACE 700 will calculate differently. The following
paragraphs discuss the different calculation scenarios.

If the cooling supply temperature and airflow are not specified,
TRACE 700 iterates to find the supply-air temperature that
satisfies the specified room relative humidity and thermostat
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setpoint. Sometimes this calculation can lead to high supply-air
temperatures and high airflows due to proportionally low latent
loads in the spaces. To correct the high airflow and supply-air
temperature issue, the user can input a more realistic supply-air
temperature range (minimum and maximum values) on the
Temperatures tab of Create Systems.

If a supply-air temperature is input and the supply-air flow is not
input, TRACE 700 solves for the supply airflow using the
sensible-heat equation. The program will also determine the
resulting room relative humidity based on the specified supply-air
temperature, and will report it on the Psychrometric State
Points report.

If a VAV system is being modeled, the user can enter the Block
Cooling Airflow on the Advanced tab of Create Systems.
TRACE 700 will calculate the system-level, cooling-coil leaving
conditions using the sensible-heat equation. The program will
also determine the resulting room relative humidity, based on the
specified airflow, and will report it on the Psychrometric State
Points report.

If a system with a room-level cooling coil (such as a fan-coil
system) is being modeled and the user enters room-level
airflows, TRACE 700 will calculate the room-level, cooling-coil
leaving conditions using the sensible-heat equation and the input
airflows. The program will also determine the resulting room
relative humidity, based on the specified airflow, and will report it
on the Psychrometric State Points report.

If a system that has a zone-level coil (single zone, VTCV), or a
system-level coil (terminal reheat) that uses peak fan sizing, is
being modeled, there is currently no way to specify a system-
level CFM. Note that the peak fan-sizing method is typically used
for constant-volume systems. To specify a supply airflow for
these system types, the user will need to input the airflows at
the room level on the Airflows tab of Create Rooms, or in the
Airflows template(s), and TRACE 700 will sum the room-level
values to get the supply airflow. The program will also determine
the resulting room relative humidity based on the specified
airflow and will report it on the Psychrometric State Points
report. If the desired relative humidity is not achieved, it may be
necessary to input the supply air temperature.
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If both the supply-air temperature and the supply airflow are
specified, the coil capacity is locked in, based on over
specification of the sensible-heat equation. TRACE 700 can only
compare the calculated load to the specified coil capacity and
report the difference between the two numbers as the over
sizing or under-sizing of the coil. For more information related to
over/undersizing, please refer to “Oversizing and undersizing” on
page 6-51.

Q How are split systems modeled?

A TRACE 700 treats a split system (defined as compressor and
condenser outside and DX evaporator coil inside) exactly like any
other aircooled DX system. To model this, the user can choose
either a rooftop or an air-cooled condensing unit from the
Equipment library.

If the split system consists of a chiller with a remote condenser
(air or water-cooled), pick a different piece of equipment in
Create Plants. The piece of equipment depends on the type of
compressor being modeled and whether it is air or watercooled.
There are several types of compressors with both air- and water
cooled options, including scroll, reciprocating, centrifugal, and
helical-rotary.

The added inefficiency of the split system over a non-split system
would be included via a decrease in the efficiency of the
compressor in the selection.

Q What is exhaust heat, and why is it negative?

A Exhaust heat is heat that is picked up by the return air in the
plenum but is exhausted out of the building before it can return to
the cooling coil. As the return air travels through the return-air
plenum, it absorbs some of the load that is in the plenum f(i.e.,
lights, roof load, and so forth). As a result, the return-air
temperature rises. However, some of this air is exhausted before
it returns to the cooling coil. Because the coil never sees the load,
the program removes the portion of the return-air load that is
exhausted from the coil totals to balance the load. Exhaust heat
is not a credit. It is an energy balance.

Note: Exhaust heat will be zero if the system exhaust is zero.
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Q The Checksums report shows that the heating coil peaks during
Heating Design. \What is Heating Design?

A TRACE 700 performs a separate calculation to determine heating
coil sizes based on the heating-design temperature. As a result,
the heating loads are determined not from the monthly weather
data but from the heating-design temperature, which does not
have a month and time associated with it. In TRACE 700
terminology, and for reporting purposes, this heating design
month is designated as Heating Design on the Checksums
reports.

Heating Design is only used for heating-coil and fan sizing, and
only affects energy consumption in that it sets the heating-
equipment capacity, thereby allowing the program to determine
the part-load point and unloading status for all other conditions.
Note that the actual part-load conditions used for energy analysis
are based on the hourly analysis data.

Utilization schedules include a special Heating definition used
only for heating-design calculations during the program's Design
phase. (The Heating definition is not included in the energy
analysis simulation, only in the heating-design calculations.) Per
recommendations from ASHRAE, many scheduled loads are
typically not included in the heating-design calculations. For
example, loads associated with people, lights, and certain
miscellaneous equipment should be excluded from the Heating
design calculation to avoid taking credit for the heat they
generate. To accomplish this, set the utilization value to O percent
for the Heating calculation. Also, by default, Trace 700 will
automatically neglect solar loads during the Heating Design
calculation.

By the same token, it is important to account for scheduled
loads, such as ventilation and infiltration, which contribute
significantly to the building heating load. To include a load—
ventilation, infiltration, and so forth—in the heating design
calculations, set utilization value to 100 percent for the Heating
definition.

For additional information related to schedules, please refer to
“Creating schedules” on page 6-137.
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Q Can | change the default weather location?

A To change the default weather location, first close any open files.
Then, on the File menu, click Customize settings. In the default
Location field, type in the desired weatherfile description, exactly
as it appears in the library.

Q How do | model a latent miscellaneous load?

A To do this, you must first create a custom miscellaneous
equipment library member. Click Internal and Airflow Loads on
the Libraries menu and select the library type as Miscellaneous
Loads. Press New or Copy to create a custom miscellaneous
load. Here, you can define the total load and the percentage of
the load that is sensible. The remaining percentage is considered
latent load. Fill in all other relevant fields for the custom
miscellaneous load and click Save. Now you can utilize this new
library member in any project file.

Q Can SEER (Seasonal Energy Efficiency Ratio) be input for energy
rates?

A SEER is a measurement of overall energy efficiency. SEER is
defined as the total cooling of a central unitary air conditioner in
Btus during its normal annual usage period for cooling, divided by
the total electric energy input in watt-hours during the same
period. The Seasonal Energy Efficiency Ratio is a standard
method of rating air conditioners based on three tests. All three
tests are run at 80°F inside and 82°F outside. The first test is run
with humid indoor conditions, the second with dry indoor
conditions, and the third with dry conditions cycling the air
conditioner on for 6 minutes and off for 24 minutes. In other
words, the SEER is a combined efficiency calculated from three
different conditions. (Note: The published SEER may not
represent the actual seasonal energy efficiency of an air
conditioner in different climates.) ARI Standard 210/240-94
provides detailed information about SEER and how it is
calculated. Refer to the following Web site for more information
about ARI Standard 210/240-94: http://www.ari.org/std/individual/
210.240-94 .pdf.

TRACE 700 requires a full-load energy rate at design conditions,
an unloading curve at constant condenser temperature, and an
ambient relief and/or modification curve. This data will give the
program detailed information about the energy consumed by the
equipment under a wide variety of operating conditions.
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Plainly put, the combined energy efficiency that a SEER provides
is not detailed-enough information for TRACE 700 to calculate
accurate energy consumption data on an hourby-hour basis.

Q How is a rooftop modeled?

A The answer depends on the type of rooftop that is being used.
Most rooftops fall into one of three categories: constant volume,
variable volume, and constant-volume fan with variable-volume
terminal devices.

For a constant-volume RTU, there are three airside-system types
that are typically used: single zone, variable temperature constant
volume, and terminal reheat.

The single-zone and VTCV system types are very similar. They
should be used to model RTUs that have one heating coil, one
cooling coil, and a constant-volume fan that serves one or
multiple spaces. For the single zone and VTCV system types to
serve multiple rooms in TRACE 700, a zone must be created in
Assign Rooms to Systems, and all rooms served by the RTU
must be assigned to that one zone.

Each zone assigned to this system type, or each room directly
assigned to the system type, will be modeled as a separate RTU.
Please refer to “Zoning of rooms” on page 6-47 for more details
on zoning with SZ and VTCV systems.

The terminal reheat system type has one system-level cooling
coil, one system-level heating coil, and multiple zone-level main
and/or reheat heating coils (the heating coil in the terminal
device). The terminal reheat system is very similar to a typical
VAV with reheat system, except that the airflow for the rooms
and from the supply fan is constant. Zones should be created for
this system if one terminal device will serve multiple rooms. All
rooms and zones assigned to this system type will be served by
the same supply fan and cooling coil.

For a variable volume (at the supply fan and at the terminal
devices) RTU, there are several different airside system types
that are typically used: Variable Volume Reheat, VAV with
Baseboard Heating, Series Fan-Powered VAV, and so forth. The
schematic drawing of the systems in Create Systems can be
used to help find the correct system type, based on the location
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of the heating coils, what type of terminal devices will be used,
and so forth. For these system types, zones should be created if
one terminal device will serve multiple rooms. The same supply
fan and cooling coil will serve all rooms and zones assigned to
these system types.

For a system with a constant-volume fan and variable-volume
terminal devices (also know as a VariTrac system), there are three
airside-system types that are typically used: Changeover-Bypass
VAV, Changeover-Bypass VAV with Local Heat, and Changeover-
Bypass VAV with Reheat. The schematic drawing of the systems
in Create Systems can be used to help find the correct system
type, based on the heating coil location(s). For these system
types, zones should be created if one terminal device will serve
multiple rooms. The same supply fan and cooling coil will serve
all rooms and zones assigned to these system types.

For the compressors and whatever type of heating will be used,
the user will need to go to Create Plants. The AirCooled Unitary
equipment category contains all of the rooftop compressor
models. The specific type of rooftop can be selected using the
Equipment Type menu on the Cooling Equipment tab. For the
heating side, a gas-fired heat exchanger, boiler, and/or electric
resistance equipment category can be used depending on what
is appropriate for the model. The specific type of heating
equipment can be selected using the Equipment Type menu on
the Heating Equipment tab. If two different heating sources will
be used in the same system (gas-fired heat exchanger and
electric resistance reheat), two separate heating plants will need
to be created. The appropriate coils should be assigned to the
heating plant(s) in Assign Systems to Plants.

Q On the System, Zone, or Room Checksums reports, why are
the ventilation airflows for cooling and heating not equal?

A Three scenarios can typically cause ventilation airflows to differ,

1. For a VAV system, the minimum stop position for the VAV box
has been set too low or has not been input.

To remedy this situation, look at the Room Checksums reports
and find a room with unequal ventilation rates. If the reported

minimum airflow (Refer to the Airflows section of the report) is
lower than the cooling ventilation airflow, the minimum stop for
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the VAV box will need to be raised to at least the cooling
ventilation airflow. If the VAV minimum stop input on the
Airflows tab of Create Rooms is higher than the cooling
ventilation airflow, check the VAV minimum airflow schedule. If a
schedule other than Available 100% is used, change back to the
default schedule.

2. A schedule is being used that causes the ventilation rates to
differ between the cooling-design and heating-design
calculations.

For example if a standard TRACE 700 internal load schedule
(People — Office, Lights — School, and so on) is being used for the
ventilation, zero ventilation will be calculated for the heating-
design portion of the simulation. This is because standard
TRACE 700 internal load schedules are 0 percent for the heating-
design calculation so that credit will not be taken for the heat
generated by the internal loads. Selecting a standard TRACE 700
internal-load schedule for ventilation tells TRACE 700 to zero the
ventilation for the heating-design calculation as well. To remedy
this situation, select a ventilation schedule for the ventilation, or
copy the internal-load schedule and set the heating-design
definition to 100 percent.

3. The user has input different ventilation rates for cooling and
heating.

The easiest way to check for this problem is to click Component
Tree on the View menu, click the Airflows icon on the left side of
the screen, and scroll through the inputs for ventilation airflow on
the right side of the screen. If the input values or units for
ventilation differ, the user will need to correct the inputs.

Q How is baseboard/radiant heating added to one of the existing
system types?

A Baseboard/radiant heating can be added to any system (if the
system does not include this function by default) by specifying a
capacity of 100% of Design Capacity for the Auxiliary Heating
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Coil on the Coils tab of Create Systems. This auxiliary heating
system will be sized according to the skin-envelope load.

What is the difference between the schedule for the fans and the
fan-cycling schedule, and how do they interact?

The schedule for the fan, found on the right side of the Fans tab
of Create Systems, tells TRACE 700 whether the fan is available
to run that hour or is turned off. For VAV systems, if the fan
schedule is greater than 0 percent, the fan is available to run that
hour. If the fan schedule is 0 percent, the fan is off. For constant-
volume systems, the hourly percentages in the fan schedule are
used to calculate fan energy. It is recommended that fan
schedules not be used or should be input using only 0 percent for
off and 100 percent for on, in order to avoid confusion. Generally,
the fan-cycling schedule discussed below should be used to
simulate most common fan-control strategies.

The fan-cycling schedule, found in the upper left-hand corner of
the Fans tab of Create Systems, tells TRACE 700 whether the
supply fan is allowed to cycle with the cooling and/or heating
load, and whether occupancy is a consideration. During normal
operation, only VAV systems let the fans modulate in response to
room load. Choosing an entry other than No fan cycling for the
fan-cycling schedule lets the fans of constant-volume systems (or
VAV fans with minimum stops) cycle with the corresponding
cooling or heating load. The resulting fan energy consumption is
proportional to the part-load ratio (heating load/design-heating
load) for that hour. For example, if the part-load heating ratio is
30 percent, TRACE 700 simulates fan operation at full bhp for

18 minutes (30 percent) of that hour.

The following types of fan-cycling schedules are available:

No fan cycling: No demand-related fan cycling occurs—the fan
follows its schedule in time-clock fashion.

Cycle with heating load only: Fan cycles only with the heating
load, regardless of occupancy.

Cycle with cooling load only: Fan cycles only with the cooling
load, regardless of occupancy.

Cycle with all loads: Fan cycles with cooling and heating loads,
regardless of occupancy.
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Cycle with occupancy: Fan cycles with cooling and heating loads,
but only when the room is unoccupied (i.e., when the people
utilization schedule specifies 5 percent or less of design
occupancy).

Note: The fan schedules, when scheduled at 0 percent, override
all other fan-related schedules, including duty cycling, optimum
start, and optimum stop. Example: If the system includes an
economizer with OA dampers on the RA/OA deck and a main fan
schedule reads 0 percent for a particular hour, the fan cannot be
made to come on during that hour by the action of any other
schedule.

Q On the Rooms tab of Create Rooms, what is the difference
between Thermostat schedules and the thermostat driftpoints,
and how do they interact?

A The thermostat driftpoints are the temperatures that the room is
allowed to drift up to, or down to, during periods of low or no
occupancy. If the room temperature starts to go outside the
driftpoint temperatures, the cooling or heating coils will be
activated (assuming the coils are available to operate).

TRACE 700 will allow the room to drift up to, or down to, the
driftpoint temperatures during the hours in which the people
schedule for the room reads 5 percent or less. If the people
schedule reads greater than 5 percent, the cooling thermostat
will try to control the room to the design setpoints.

The Thermostat schedules allow the user to enter heating and
cooling setpoints based on time instead of occupancy.
Thermostat schedules are created using the Library/Template
Editors program.

Note: If a cooling-thermostat schedule is selected (other than the
default None), the program will ignore the entered cooling
setpoints and driftpoints for the energy simulation. However, the
setpoints will still be used during the design calculations. The
heating-thermostat schedules and driftpoints work identically.
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Q What is the difference between Floorto-Floor Height and Wall

Height, and how does plenum height work in conjunction with
these two inputs?

The Wall Height is used to define the size of the exterior wall
exposed to ambient conditions and solar loads. Wall Height is
multiplied by the Wall Length to calculate the gross area of the
external walls. This area should include any window area and the
wall area above an acoustic ceiling (the plenum), if it exists.
Unless the user has unchecked Wall Load to Plenum, the load
for the portion of the wall above the acoustic ceiling will be
assigned to the plenum during the heat-balance calculations
(assuming that the entered plenum height is greater than zero).
Also, if a wall is 100 percent glass, the wall dimensions must still
be entered.

Figure 6-1 Floor-to-floor height to wall height relationship
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The Floorto-Floor Height is the vertical distance between floors,
including the plenum height. For floors except the top floor, the F
T-F Height is the distance measured from the floor slab surface to
the bottom of the next higher floor slab surface. For the top floor,
the FT-F Height is the distance between the floor slab surface
and the internal roof surface. This value is used in conjunction
with the entered Plenum Height to calculate the percent of non-
glass wall conduction load that is assigned to the return-air path
and the volume of the room (used to calculate any airflows
entered with the units of air changes per hour).
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The Plenum Height is the vertical distance between the ceiling
and the floor slab surface of the floor above. If no plenum exists,
the user should enter a value of zero. This value is used in
conjunction with the entered Floorto-Floor Height to calculate
the percent of non-glass wall conduction load that is assigned to
the return-air path and the volume of the room (used to calculate
any airflows entered with the units of air changes per hour). The
plenum height is also used to decide if the roof conduction and
solar heat-gain loads are to be directed into the plenum or directly
into the room. Refer to F1 Help for additional details.

Note: Entering a plenum height does not tell the program if the
system has a ducted return or a plenum return. The return air
path can only be selected on the Advanced button in Create
Systems.

Q Why does purchased chilled water only have a COP of 1 when a
chiller has a COP of 67

A The COP (Coefficient of Performance) is a dimensionless term
used to report the efficiency of cooling and heating equipment
and systems. For cooling equipment, COP can be defined as the
ratio of the rate of heat removal to the rate of energy input to the
CoMpressor.

Note: Both sides of the ratio must use the same units.

Stated another way:

COP = Cooling provided
Energy used to provide cooling

Example 1 - Chiller/Cooling Plant COP

To calculate the COP of a chiller providing 500 tons of cooling for
one hour, at design conditions, with an efficiency of 0.55 kW/ton,
the following calculation would be used:

500 tons x 0.565 kW/ton x 1 hour = 275 kWh
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Therefore, to produce 500 ton-hours of cooling, the chiller
consumed 275 kWh of electricity.

12,000 Btu/hr = 1 ton of cooling
1 kW = 3413 Btu/hr

Cooling provided = 500 ton-hours x 12,000 Btu/hr/ton = 6,000,000 Btu
Energy used to provide cooling = 275 kWh x 3,413 Btu/hr/kW = 938,575 Btu

6,000,000 Btu

COP of chiller = m
4

A COP of 6.4 indicates that for every Btu of energy input into the
compressor, 6.4 Btus of cooling are provided.

Depending on how COP is defined, the term may or may not
include the energy consumption of ancillary equipment such as
chilled-water pumps, condenserwater pumps, cooling towers,
and/or condenser fans.

Note: This example is meant as a generalization. For the standard
chillers provided in the Equipment library, the chiller COP
includes only the compressor energy because the ancillary
equipment is called out separately via the miscellaneous
accessories.

Therefore, an overall system COP for Example 1 might be:

Cooling tower = 50 kWh

Chilled-water pump = 45 kWh

Condenser-water pump = 40 kWh
Chiller = 0.55 kW/ton x 500 ton-hours = 275 kWh

System energy consumption = 50 kWh + 45 kWh + 40 kWh + 275 kWh = 410 kWh

Cooling provided = 500 ton-hours x 12,000 Btu/hr/ton = 6,000,000 Btu
Energy used to provide cooling = 410 kWh x 3,413 Btu/hr/kW = 1,399,330 Btu

. _ 6,000,000 Btu
COP of chiller = 7399330 Btu

=43

A COP of 4.3 indicates that for every Btu of energy input into the
system, 4.3 Btu of cooling are provided.
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The cost of energy to meet the 500 ton-hours of cooling load
using this chiller plant could be estimated as:

410 kWh x $0.05 per kWh = $20.50

(if no demand charge, customer charge, and so on exists in the
utility rate structure)

Assuming that we own the chiller plant and want to sell chilled
water to a neighboring building, the price for the purchased
chilled water (PCW) would be determined as follows:

1 therm = 100,000 Btu

6,000,000 Btu
100,000 Btu/therm

= 60 therms of cooling

From above, it costs $20.50 to produce the 60 therms (500 ton-
hours) of cooling. This would yield a cost of:

$20.50

B0 therms = $0.34 per therm

The charge to the neighboring building for the purchased chilled
water in this scenario would be $0.34 per therm plus a profit
margin. In this scenario we will use a profit margin of $0.11 per
therm.

The cost of using the PCW to meet the 500 ton-hours of cooling
load would be:
Cost of PCW = 60 therms x ($0.34 per therm + $0.11 per therm)
$27.00
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Example 2 — Purchased Chilled Water COP

To calculate the COP of the purchased chilled water (PCW) that is
used to provide 500 tons of cooling for one hour, the following
calculations would be used:

Cooling provided

COP of PCW = Energy used to provide cooling

Cooling provided = 500 ton-hours x 12,000 Btu/hr/ton = 6,000,000 Btu
Energy used to provide cooling = 500 ton-hours of PCW x 12,000 Btu/hr/ton = 6,000,000 Btu

6,000,000 Btu
6,000,000 Btu
1

COP of PCW =

A COP of 1.0 indicates that for each Btu of purchased chilled
water consumed, a Btu of cooling is provided.

Note: Inputting a COP greater than 1 for purchased chilled water
will cause an underestimation of the amount of purchased chilled
water consumed by the building. For example, ifa COP of 2 is
used for purchased chilled water, then for every therm of
purchased chilled water consumed, 2 therms of cooling will be
provided.

Q Is the Cooling Energy Rate (Cooling Equipment tab of Create
Plants) determined at the design condenser temperature? Does
it change at off-design conditions?

A The Cooling Energy Rate (efficiency rate of the compressor)
represents the energy consumption of the compressor at
cooling-design conditions. To calculate the hourly energy
consumption for the compressor, TRACE 700 utilizes a primary
unloading curve to account for changes in load (determined
based on a constant entering condenserwater temperature), an
ambient relief curve to account for changes in condenserwater
temperatures (water-cooled equipment) or outside-air dry-bulb
temperatures (air-cooled equipment), and the design-cooling
energy rate. For increased accuracy, a capacity-correction curve
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can also be included in the calculation to account for changes in
capacity based on changing temperatures.

Note: The full-load energy rate has to be determined at the
temperature of the design condenser temperature, or the
amount of ambient relief applied will be incorrect.

Q For water or ground-source heat pumps, how does TRACE 700
change the hourly compressorenergy consumption? Does the
calculation change based on the heat pump providing cooling or
heating?

A For GSHP systems, TRACE 700 accounts for changes in the
mean ground temperature based on IGSHPA (International
Ground Source Heat Pump Association) derived equations. The
combination of the mean ground temperature and the loads seen
by the equipment during the current hour determine the actual
waterloop temperature. The difference between the actual
condenser entering-water temperature and the design entering-
water temperature yields a sink-temperature difference. In
cooling mode, the energy consumption of the compressor is then
calculated based on the entered design Cooling Energy Rate, the
load seen by the compressor paired with the compressor
unloading curve, and the heat-sink temperature difference paired
with the ambient modification curve. Water-source heat-pump
calculations are done similarly, except that the ground
temperature is not factored into the calculation.

In heating mode, TRACE 700 uses the heat-recovery energy rate
(the design energy consumption of the compressor in heating
mode), the secondary unloading curve, and the ambient relief
curve to calculate the energy consumption of the WSHP
compressor. In the case of GSHPs, the unloading curve is the
same regardless of mode, and the ambient modification curve for
heat-recovery mode is now based upon the minimum entering
condenserwater temperature (approximately 40°F) rather than
the design entering condenser water temperature (approximately
85°F) used for cooling. The full load energy rate for heating mode
should be determined at the temperature specified for the
Minimum Condenser Temp (which is actually loop temp for
WSHP and GSHP). The Heat Sink Delta T = TLoopAvg -
MinCondTemp.
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Advanced Usage and General Modeling Tips

Frequently asked questions

What should be selected for the Heating Plant for a ground-
source heat-pump system? What should be selected for the
Heat Rejection type?

The heating equipment is used to define a backup heating plant.
The backup heating equipment is used to keep the water loop
from falling below the minimum condenserwater temperature.
Typically, a boiler should be selected as the backup heating
source. The heat-rejection equipment, selected as the Heat
Rejection type, is used as a backup to keep the water loop from
exceeding the design condenser entering-water temperature.
Typically, a cooling tower should be selected.

Note: If the entered GSHP system has a large enough water loop
(entered as the thermal storage capacity); the minimum
condenserwater temperature is input accurately; and the load
profile is realistic; then the backup heating equipment and heat-
rejection equipment may never be activated.
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Comparing input data

U‘l: To compare alternative
inputs:

1 Open the file in
TRACE 700.

2 On the View menu, click
Entered Values.

3 Select the first
alternative, select the
section of the program to
compare, and click
Preview.

4 Click the envelope at the
top of the Entered
Values report, click Rich
Text Format or
MS WORD on the Save
as type list, choose the
destination for the export,
and click OK.

5 Select All as the Page
Range to export all pages
and click OK.

In TRACE 700, it is often useful to compare the inputs of one
alternative to the inputs of another. Microsoft Word can be used
to help make comparisons of input values easier.

1 T

Fie Edl Actorn( Wwew ) Oplrn Lieaies Templales  Aberalives Sehup oo Help

Dede | PR e E@el@ ¥ v @& MY

fbsinative | Absinative 2
=p Dasa Case
St Lowis MO B7E0 St Lowis MO B7E0

[/ E ][] >
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6 Select a destination
directory for exporting the
file, name the file, and
click Save.

7 Repeat the same
process for the
Alternative 2 input data.

8 Open the file for
Alternative 1 in MS Word,
click Track Changes on
the Tools menu, and click
Compare Documents.

Note: The location and
actual name of Track
Changes may vary
depending on your version
of MS Word.

9 Select the Files of Type
as Rich Text Format or
MS Word (whichever
was selected in step 4),
select the export file
containing Alternative 2
data, and click Open.

10 The differences between
the alternatives (lighting
density and glass type, in
this case) will be shown
in red automatically.

Note: If the alternatives are
too dissimilar, then all of the
data will be highlighted in
red.
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No- or low-heating energy consumption

There are several reasons why an energy simulation can calculate
no/low amounts of heating energy despite showing realistic
heating loads in the design calculation. The following points are
common reasons why heating energy is often underestimated.

Note: Not all of these inputs are necessarily incorrect. Some are
reasons that heating energy may be minimized or eliminated.

Example 1
=lol=|
Abemaiive 1
oo mecrpion EEIITE -
Tamplster .. Sie. Diasign...
L T I N 30000 Coskgdybuds [2 ¥ Nt e
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fiflow [t =] Hewge. Relsve by [50 &
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Tt [Deton - Foorlofior  [12 1 Thesmastat
Coratr [Defk = Pierum f Cooleg ditgort [0 F
Moegand F & umml--_T‘,I
Dupkcate.. [ Coring scheduls [Catal =
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Aensthe codeg wastien [1 775 he BBl Mumacistat ke [F oo -
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1 The default values for the thermostat driftpoints, 90°F and 55°F
respectively, are being used. This means that whenever there are
5 percent or less of the people in the space (determined from the
people schedule), the room will be allowed to drift up to 90°F or down
to 55°F before the equipment turns back on. If the building control
system is not going to allow the room setpoints to setback this far, or
at all, the default values need to be set to more realistic values.

2 The selected Thermostat schedules allow the building to drift to an
unrealistic temperature at night. For example, the CSTAT and HSTAT
schedules will allow the building to drift up to 95°F and down to 55°F,
depending on the time of day. The values used in the schedules can be
viewed by clicking Schedules on the Libraries menu and selecting
Thermostat as the schedule type. Typically, users need to either
create their own Thermostat schedules, or select none and let the
program use the driftpoints (the schedules override the driftpoints). Not
correcting this input will result in an underestimation of the cooling and
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heating energy at night. Refer to “Frequently asked questions” on
page 6-20 for information regarding how driftpoints and thermostat
schedules interact.

3 Large areas are being modeled as a single space. This can cause the
internal loads to negate the envelope losses, leading to an
underestimation or elimination of the heating loads in the energy
simulation. Because internal loads are typically neglected during the
heating design calculations, reasonable heating-design results may be
returned using this assumption. Modeling interior and perimeter areas
as separate rooms will eliminate this modeling error. Refer to
“Modeling large rooms and zones” on page 6-45 for a detailed

explanation.
Example 2
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1 The Cooling Only (Design) schedule is selected for any of the internal
loads. This schedule should typically only be used for design
calculations, not for energy analysis. It simulates 100 percent of the
internal loads in the building 24 hours a day (except during the heating-
design portion of the calculation), which may not be what is actually
occurring in the building. This tends to lead to the internal loads
meeting the heating loads. To view the schedule, click Schedules on
the Libraries menu and select Utilization as the schedule type. Here
the user should be able to view the schedule and find schedules that
more-closely follow the actual operation of the building.

2 The internal loads are scheduled as Available 100%. This schedule
should not be used for internal loads. It simulates 100 percent of the
internal loads in the building 24 hours a day, which may not be what is
actually occurring in the building. In addition, it also tells the program to
take credit for the internal loads during the heating-design calculation.
This schedule tends to lead to an underestimation of heating energy
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and undersizing of the heating coils, due to the internal loads meeting
all or most of the heating loads. To view the schedule, click Schedules
on the Libraries menu. Here the user should be able to view the
schedule and find schedules that more closely follow the actual
operation of the building.

3 The custom schedule(s) for internal loads have values greater than zero
for the heating-design day type. This tells the program to take credit for
the internal loads during the heating-design calculation. This tends to
lead to undersizing of the heating coils and is not common design
practice. To view the schedule, click Schedules on the Libraries menu.
Here the user should be able to view the schedule and the individual

day types.
Example 3
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1 No infiltration has been input on the Airflows tab of Create Rooms.
Infiltration is air from outside the building that leaks into the room,
often adding to the heating requirement.

2 No VAV minimum airflow has been input for VAV systems. This can
result in no (or minimal) airflow being supplied to the space in heating
mode.
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Example 4
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1 The heating supply-air temperature has been input at an unrealistically
low temperature. The capacity of the heating coil is calculated based
on the airflow through the coil and the temperature difference across
the coil. If coil capacity is underestimated, the energy consumed by
the coil will also be underestimated.

Example 5
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1 The selected fan schedule does not allow the fan to run at hours when
heating loads occur. If the fan is turned off, the heating coils cannot
consume energy. Schedules for fans should be used only when the
fans are turned off for certain time periods and not allowed to turn back
on no matter what the temperature is in the space. The schedules Off
(0 percent) and Heating Only (Design) would be two examples of
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incorrect schedule selection. Refer to “Frequently asked questions” on
page 6-20 for additional details regarding how fan schedules and fan
cycling operate in TRACE 700.

Example 6

| Copacity Dvenides
s | Sibmhin
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1 The heating coil(s) capacity has been zeroed out. This will cause the
program to eliminate all energy associated with the coil(s).

2 The heating coil(s) have been scheduled off during hours when heating
loads occur. If the coil(s) are turned off, they cannot consume energy.
Schedules for coils should be used only when the coils are turned off
for certain time periods and not allowed to turn back on no matter what
the temperature is in the space.

Example 7
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1 The heating equipment schedule does not allow the heating

equipment to run during hours when heating loads occur. If the heating
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equipment is turned off, then it cannot consume energy or meet the
calculated heating loads.
Note: Switching to a full-year (8760 analysis) will typically provide a more-

accurate estimation of heating energy consumption. Refer to "Adding
weather locations and activating the 8760 calculation methodology” on

page 6-167.
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Modeling large rooms and zones

As a time-saving measure, users will occasionally choose to
model large, thermally diverse areas as a single space. The
ramifications of this simplified model for load—design and energy
analysis are discussed below.

Figure 6-2 Large Room Example

Offices - North

Conference Room

Offices - West
Offices - East

Offices - South

Energy analysis

In the building above, five separate thermal zones are shown.
Inside of the zones are thermally similar rooms. The loads
(positive loads indicate heat gains, negative loads indicate heat
losses) for the zones during a typical fall morning are as follows:

Table 6-1 Zone loads

Internal Loads Envelope Loads Space Load
Office - North 10,000 Btu/h -16,000 Btu/h -6,000 Btu/h
Office - East 6,000 Btu/h -8,000 Btu/h -2,000 Btu/h
Office - South 10,000 Btu/h -12,000 Btu/h -2,000 Btu/h
Office - West 6,000 Btu/h -10,000 Btu/h -4,000 Btu/h
Conference Room 16,000 Btu/h 0 Btu/h 16,000 Btu/h
Total 48,000 Btu/h -46,000 Btu/h 2,000 Btu/h
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If these five zones are modeled separately, all of the offices will
be in heating and the conference room will be in cooling.
However, if these five zones are modeled as one large room,
then 2,000 Btu/h of cooling and no heating are required. In the
case of the one-room model, the heating and cooling energy
consumptions would both be underestimated.

Load design

In load design, the above situation does not apply because the
cooling and heating calculations are done separately, and internal
loads are typically neglected for heating design. However, large
rooms and/or zones can still cause problems.

For constant-volume systems modeled using one large room, a
single time-of-peak is assumed. In a constant-volume system, a
sum-of-the-peaks methodology must be used to properly size the
equipment. If one of the spaces has a different time-of-peak than
the others, the system will be undersized when a one-room
and/or one-zone model is used. In the example shown above, the
Office—East would peak in the morning and the Office—\West
would peak in the afternoon. If a single time-of-peak is assumed,
the maximum airflow for at least one of the rooms, and the
system serving it, would be undersized. Modeling this example
as one large room can cause an underestimation of the capacity
of the system by as much as 30 to 40 percent.

For variable-volume systems modeled using one large room, a
single time-of-peak is also assumed. In a variable-volume system,
a block methodology must be used to properly size the system.
Modeling this example as one large room may allow the program
to calculate a reasonable estimate for the size of the system,
provided that all of the spaces are occupied and operated
similarly. However, determining precise airflows to the individual
rooms and/or zones is not possible when a single room is used.

Note: For additional information related to the sum-of-the-peaks
and block-sizing methodologies, refer to the topic Block vs.
Sume-of-Peaks in TRACE 700 Help.
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Zoning of rooms

Room and zone assignments

In TRACE 700, the Assign Rooms to Systems section of the
program is used to configure the rooms and zones on the airside
systems. Airside systems can have system-, zone-, or room-level
coils and fans. For accurate simulations, correct zoning is
essential, because the level of the fans and coils will affect how
the rooms and zones should be configured. The following three
examples show proper configurations.

System-level coils

Figure 6-3 Typical VAV example

o VoY wiRh o VoY w/Rh o VAN wiRh -1 L VALY wiRh
t@ East Office == @ East Zone L @ East Zone L @ 2-Room Zone
(=) west Office L & E st Difice L & E st Difice t (&) East Office
@ West Zone ol Ay w/Rh-2 &) 'west Office
L =) whest Oifice L @ “wiest Zone
L &) whest Oifice
AHU 1 AHU 2

Q@ (e

Note: To model the far right example for energy analysis, the user
would also have to specify a Thermostat location of Zone for
the rooms served by the same terminal device.

The following systems have system-level fans, system-level
main-cooling coils, and system-level preheat coils by default:
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terminal reheat, all VAV systems, all constant-volume
mixing systems, and all induction systems.

In TRACE 700, a system-level unit serves all rooms and zones
assigned to that system. For system-level units, each airside
system would represent an air handler or RTU, and the zoning
would work as shown above.

After calculations have been completed, the user would want to
look at the System Component Selection report for all coil and
fan sizing information. Alternately, the user could refer to the
Zone or Room Checksums for VAV box sizing information, and
the System Checksums for supply-fan, preheat-coil, and main
cooling-coil sizing information.

Zone-level coils

Figure 6-4 Single zone or VTCV only

& Single Zone [Rooftop] € Single Zone [Rooftop)
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In TRACE 700, single zone (SZ) and variable-temperature,
constant-volume (VTCV) units represent zone-level pieces of
equipment. These two system types (SZ and VTCV) are
commonly used to model constant-volume rooftops and, by
default, are the only zone-level systems available by default. For
zone-level systems, each zone represents a separate RTU and
the zoning would work as shown in Figure 6-4.

TRACE 700 User's Manual ® CDS-PRMO001-EN



It is important to note that a room assigned directly to a system
is a separate zone in TRACE 700. Therefore, if multiple rooms are
to be served by a single SZ or VTCV unit, the rooms must be
assigned to the same single zone underneath the system (refer
to the middle example above).

After calculations have been completed, the user would want to
look at the System Component Selection report or Zone
Checksums, not the Room or System Checksums, for coil- and
fan-sizing information.

Room-level coils (fan coils)

Figure 6-5 Fan Coils
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1 Plenum

East Room West Room East Room West Room

The following systems have room-level fans, room-level main-
cooling coils, and room-level main-heating coils by default:
computerroom unit, fan coil, incremental heat pump, PTAC,
radiation, unit heaters, unit ventilators, and WSHP.

With room-level systems, each room assigned to the system
gets a separate unit. If a building with 200 rooms is going to be
conditioned by 200 fan-coil units with similar input criteria, as
defined in the Create Systems window of TRACE 700, then only
one airside system needs to be created. All rooms would be
assigned to this system, and TRACE 700 would calculate
individual fan and coil sizes for each of the 200 fan-coil units.
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After calculations have been completed, the user would want to
look at the System Component Selection report or Rooms
Checksums for all coil- and fan-sizing information.

6-50 Advanced Usage and General Modeling Tips TRACE 700 User's Manual ¢ CDS-PRMO001-EN
Zoning of rooms



Oversizing and undersizing

Over/undersizing, which appears on the Checksums and Airflow
Loads reports, typically occurs with constant-volume system
types, especially Single Zone (SZ), Fan Coil (FC), Variable
Temperature Constant Volume (VTCV), and Multizone (MZ)
systems.

The following airside system and rooms will be used to illustrate
over/undersizing and how it is calculated in TRACE 700.

Figure 6-6 Airside system and rooms

Exhaust Return
Air Air
= ACU
Ventilation Supply Supply
Air 1 Air 2
Room 1 Room 2

The sensible-heat equation will be used to calculate the sensible
loads, airflows, and sensible over/undersizing.

Q, = DSHPx SAX(T,—T)

where:

m Qs is the sensible load in the space, calculated based on the
input walls, windows, internal loads, and so forth. A positive
value indicates heat gains, and a negative value indicates heat
losses. Qs can be found on the Checksums report.
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m DSHP is the density specific heat product (1.085 at sea level).
For simplification purposes, 1.1 is used. DSHP is calculated for
each weather location and can be found on the Title Page
report.

m SA is the supply airflow. This can either be input on the
Airflows tab of Create Rooms or calculated by TRACE 700
using the sensible-heat equation. SA can be found on the
Checksums report.

m T, is the room set-point temperature entered on the Rooms
tab of Create Rooms. \We will assume 75°F for cooling and
70°F for heating.

m T is supply-air dry bulb (SADB), which is either input on the
Temperatures tab of Create Systems or calculated by
TRACE 700 using the sensible-heat equation. Ts can be found
on the Checksums report.

If only the sensible over/undersizing is considered, then the
over/undersizing would be equal to the difference between Qs
and DSHP X SA X (T, - Ts).

over/undersizing = (DSHP x SAX(T,—T)) - Qg

For cooling design reports:

m a positive value (+) denotes overcooling (or oversizing of the
cooling coil)

m a negative value (-) denotes undercooling (or undersizing of the
cooling coil)
For heating design reports:

m a positive value (+) denotes underheating (or undersizing of the
heating coil)

m a negative value (-) denotes overheating (or oversizing of the

heating coil)

Seven scenarios will be used to calculate over/undersizing and
explain why it occurs and how to minimize it.

Scenario 1

Over/undersizing on heating for a constant-volume system with
heating supply-air dry bulb and airflow specified by the user.
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* Inputting the leaving
cooling-coil temperature will
cause the same situations
to occur as inputting the
supply-air dry bulb. The
relationship between the
two inputs is shown below:

Supply Air Dry Bulb =
Leaving Cooling Coil
Temperature + Duct Heat
Gain + Fan Heat Gain (draw-
thru fan configurations only)
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Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

m Heating Qs = -5,500 Btu (calculated by TRACE 700 based on
heat losses)

m SA = 500 cfm (input by user)
m Heating Ts = 105°F (input by user)
In this scenario, the over/undersizing on heating would be:

over/undersizing = (1.1x 500x (70— 105)) — (=5, 500)
—13,750 Btu

This would indicate overheating of 13,750 Btu, because the
space would need only 143 cfm at a supply-air dry bulb of 105°F
to properly condition the space. To minimize the overheating,
remove the heating supply-air dry bulb and/or the supply airflow,
and allow the program to calculate the value(s).

Scenario 2

Over/undersizing on cooling for a constant-volume system with
cooling supply-air dry bulb* and airflow specified by the user.

Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

m Heating Qs =-5,500 Btu (calculated by TRACE 700 based on
heat losses)

m SA =500 cfm (input by user)
m Cooling Ts = 50°F (input by user)

In this scenario, the over/undersizing on cooling would be:

over/undersizing = (1.1x 500x (75— 50))— 11,000
2,750 Btu

This would indicate overcooling of 2,750 Btu, because the space
would need only 400 ¢fm at a supply-air dry bulb of 50°F to
properly condition the space.

Note: If the selected system has the ability to reheat at the
terminal device, this is the amount of reheat that would be done
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* Inputting the leaving
cooling-coil temperature will
cause the same situations
to occur as inputting the
supply-air dry bulb. The
relationship between the
two inputs is shown below:

Supply Air Dry Bulb =
Leaving Cooling Coil
Temperature + Duct Heat
Gain + Fan Heat Gain (draw-
thru fan configurations only)
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at cooling design. To minimize the overcooling, remove the
cooling supply-air dry bulb and/or the supply airflow and allow the
program to calculate the value(s).

Scenario 3

Over/undersizing on heating for a constant-volume system with
cooling supply-air dry bulb* entered by the user or calculated by
TRACE 700, and the heating supply-air dry bulb specified by the
user.

Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

m Heating Qs = -5,500 Btu (calculated by TRACE 700 based on
heat losses)

m Cooling Ts = 55°F (Input by user or calculated by TRACE 700)
m Heating Ts = 100°F (input by user)

Because constant-volume systems supply the same airflow for
both heating and cooling conditions, TRACE 700 calculates the
design cooling and heating airflows separately and selects the
larger of the two airflows as the design supply airflow for the
system. This same supply airflow is then used for heating design
and for cooling design.

Cooling:

11,000 = 1.1x SAX (75— 55)
SA = 500 cfm
Heating:

=5,500 = 1.1x SAx (70— 100)
SA = 167 cfm

In this scenario, the over/undersizing on heating would be:

over/undersizing = (1.1x 500 x (70— 100)) — (=5,500)
= —11,000 Btu

This would indicate overheating of 11,000 Btu, because the
space would need 167 cfm at a supply-air dry bulb of 100°F to
properly condition the space. Rooms typically do not need as
much airflow for heating as for cooling. Oversizing therefore
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* Inputting the leaving
cooling-coil temperature will
cause the same situations
to occur as inputting the
supply-air dry bulb. The
relationship between the
two inputs is shown below:

Supply Air Dry Bulb =
Leaving Cooling Coil
Temperature + Duct Heat
Gain + Fan Heat Gain (draw-
thru fan configurations only)
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occurs because there is too much airflow for the design-heating
load. The program tries to reduce the design supply-air dry bulb
for heating, but cannot reduce it below the Minimum Heating
Supply-Air Dry-Bulb Temperature or the Room Design-Heating
Dry-Bulb Temperature. To minimize the overheating, remove the
heating supply-air dry bulb and allow the program to calculate the
value(s).

Scenario 4

Over/undersizing on heating for a variable-volume system with
cooling supply-air dry bulb* entered by the user or calculated by
TRACE 700, and the heating supply-air dry bulb specified by the
user.

Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

Heating Qs = -5,500 Btu (calculated by TRACE 700 based on
heat losses)

Cooling Ts = 55°F (Input by user or calculated by TRACE 700)

Heating Ts = 100°F (input by user)
m VAV minimum stop = 50 percent of cooling supply airflow
(entered on Airflows tab of Create Rooms)

The cooling supply cfm would be calculated using the sensible-
heat equation. The heating supply cfm would be calculated using
the cooling supply cfm and the minimum stop.

Cooling:
11,000 = 1.1x SAX (75— 55)
SA = 500 cfm
Heating:
SA = 500 50%
SA = 250 cfm

In this scenario, the over/undersizing on heating would be:

over/undersizing = (1.1x 250 x (70— 100)) — (=5,500)
—2,750 Btu
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* Inputting the leaving
cooling-coil temperature will
cause the same situations
to occur as inputting the
supply-air dry bulb. The
relationship between the
two inputs is shown below:

Supply Air Dry Bulb =
Leaving Cooling Coil
Temperature + Duct Heat
Gain + Fan Heat Gain (draw-
thru fan configurations only)
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This would indicate overheating of 2,750 Btu, because the space
would need only 167 cfm at a supply-air dry bulb of 100°F to
properly condition the space. Any time a heating supply-air dry
bulb is entered for a variable-volume system, oversizing or
undersizing of the coil should be expected. To minimize the
overheating, remove the heating supply-air dry bulb and allow the
program to calculate the value.

Scenario 5

Over/undersizing on heating for a constant-volume system with
cooling supply-air dry bulb* entered by the user or calculated by
TRACE 700.

Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

m Heating Qs = -8,250 Btu (calculated by TRACE 700 based on
heat losses)

m Cooling Ts = 55°F (Input by the user or calculated by
TRACE 700)

The heating supply-air dry bulb will typically be calculated from
the sensible-heat losses and the supply cfm calculated during the
cooling calculations.

Cooling:

11,000 = 1.1x SAx (75— 55)
SA = 500 cfm
Heating:

-8,250 = 1.1x500x (70-T,)

Heating T, = 85°F
(calculated by TRACE)

Room 2
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on
heat gains)

m Heating Qs =-2,750 Btu (calculated by TRACE 700 based on
heat losses)

m Cooling Ts = 55°F (Input by the user or calculated by
TRACE 700)
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m Heating Ts = 85°F (calculated by TRACE 700 based on the
worst-case room assigned to the system).

Cooling:

1.17x SAX (75— 55)

500 cfm

11,000
SA

Heating:
SA = 500 cfm

In this scenario, the over/undersizing on heating would be:

over/undersizing = (1.1x 500x (70— 85)) —(—2,750)
= —5,500 Btu

This would indicate overheating of 5,500 Btu, because the space
would need only 167 cfm at a supply-air dry bulb of 85°F to
properly condition the space.

Constant-volume systems supply the same airflow for both
heating and cooling conditions. TRACE 700 calculates the design
cooling and heating airflows separately and selects the larger of
the two airflows as the design supply airflow for the system. This
same supply airflow is used for heating design and for cooling
design.

When multiple spaces are conditioned by the same coil, a single
supply-air dry bulb is calculated. This often will cause one room to
set the heating supply-air dry bulb, and other rooms to be
overheated. Rooms that have very different thermal properties
(internal versus external rooms) will experience large amounts of
overheating, as is shown in scenario 5.

Scenario 6

Over/undersizing on cooling for a variable-volume system.

Room 1 - East facing

m Cooling space Qs = 11,000 Btu (Maximum sensible load
calculated by TRACE 700 based on heat gains at the time of
the space peak—9 a.m. for this example)

m Cooling coil Qs = 5,000 Btu (Sensible load calculated by
TRACE 700 based on heat gains at the time of the system
[cooling-coil] peak—3 p.m. for this example)
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m Cooling Ts = 55°F (Input by the user or calculated by
TRACE 700)

m VAV minimum stop = 50 percent of cooling supply airflow
(entered on Airflows tab of Create Rooms)

The cooling supply cfm would be calculated using the sensible-
heat equation and the loads at the time of the space peak—

9 a.m. for this east-facing office. The minimum supply cfm would
be calculated using the cooling supply cfm and the minimum

stop.
Cooling:
11,000 = 1.1x SAX (75— 55)
SA = 500 cfm

Minimum airflow supplied to space:
SA = 500x 50%
SA = 250 cfm

When sizing the cooling coil, oversizing would appear in this
example based on the minimum airflow requirements:

over/undersizing = (1.1x 250x (75-55)) — 5,000
500 Btu

This would indicate overcooling of 500 Btu, because the space
would need only 227 cfm, but the minimum stop on the VAV box
is 250 cfm. Any time the minimum airflow is more than what is
required to condition the space, oversizing of the coil should be
expected.

Scenario 7

Over/undersizing on cooling for a system with cooling supply-air
dry bulb specified by the user, and a ventilation rate greater than
the supply airflow needed to condition the space.

Room 1
m Cooling Qs = 11,000 Btu (calculated by TRACE 700 based on

heat gains)
m Ventilation cfm = 600 cfm (input by the user)

m Cooling Ts = 55°F (input by the user)
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Required supply airflow to condition the space:

11,000 = 1.1x SAx (75— 55)
SA = 500 cfm

Because the userinput ventilation rate is larger than the airflow
required to cool the space, TRACE 700 will use the ventilation
rate as the supply airflow for the space. In this scenario, the over/
undersizing on cooling would be:

over/undersizing = (1.1x 600x (75— 55))— 11,000
= 2,200 Btu

This would indicate overcooling of 2,200 Btu, because the space
would need only 500 c¢fm at a supply-air dry bulb of 55°F to
properly condition the space.

Note: If the system selected has the ability to reheat at the
terminal device, this is the amount of reheat that would be done
at cooling design. To minimize the overcooling, remove the
cooling supply-air dry bulb and allow the program to calculate the
value.

Summary points and additional items
1 For cooling design reports:

a a positive value (+) denotes overcooling (or oversizing of the
cooling coil)
b a negative value (-) denotes undercooling (or undersizing of the
cooling coil)
2 For heating design reports:

a a positive value (+) denotes underheating (or undersizing of
the heating coil)

b a negative value (-) denotes overheating (or oversizing of the
heating coil)

3 Over/undersizing is an actual load on the coil that cannot be
ignored.

4 There are many other situations that can cause over/undersizing.
These situations are all caused by a space being either over- or
under-conditioned due to the system selected, the user inputs, or
both.
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Balancing airflows

The following one-room example will be used to illustrate how
airflows are balanced in TRACE 700, where the airflow values can
be input, and where the airflow results can be viewed.

Figure 6-7 One-room airflow balancing

Exhaust
Air

Ventilation

ACU

Return
Air
Supply
Air Room
Exhaust
Room 1

Infiltration

Advanced Usage and General Modeling Tips

Balancing airflows

Ventilation, Infiltration, Supply Air (Main Supply), and Room
Exhaust can be input on the Airflows tab of Create Rooms.

Note: Supply Air (Main Supply) typically should not be input.
TRACE 700 can calculate this value based on the input loads.
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The calculated results for the airflows can be viewed on the
Checksums reports. For room-level data, the Room Checksums
should be used to view Ventilation, Infiltration, Supply Air, Return
Air, Exhaust, and Room Exhaust.

AIRFLOWS

Cooling Heating
went 200 200
Infil a0 50
Supply 1,000 1,000
Min Stop/Rhb 1] 1]
Return 40 250
Exhaust 50 50
Rm Exh 200 200
Al ] 1]

In all steady-state situations (real-life or simulated), the amount of
air that enters the space must be equal to the amount of air that
leaves the space. Two equations can be used to represent this:

Room level balance:

infiltration + supply air = room exhaust + return air

System level balance:
ventilation + infiltration = room exhaust + exhaust

Four examples will be used to help explain how these equations
affect the one-room calculation.

Scenario 1 — No infiltration, no room exhaust

m Ventilation = 200 cfm
AIRFLOWS
L Supp|y Air = 1000 cfm Cooling  Hesting
‘et 200 200
= Infiltration = 0 cfm oty rae 10w
WinStopsRh 1] 1]
m Room Exhaust = 0 cfm Return 1000 1000
Exhaust 200 200
Rm Exh 1} 1}
Al 1 i
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Based on these inputs, TRACE 700 will calculate:

exhaust air = ventilation + infiltration — room exhaust
200+ 0-0
200 cfm

return air = supply air + infiltration — room exhaust
1000+ 0-0
1000 cfm

Scenario 2 - Infiltration, no room exhaust

Ventilation = 200 cfm
AIRFLOWS
SUpply Air = 1000 cfm Cooling  Hesting
vert 200 200
Infiltration = 50 cfm ety B
Min Stop/RA o o
Room Exhaust = 0 ¢cfm Return 1050 1,060
Exhaust 50 250
Rm Exh 1} o
Pl i 0

Based on these inputs, TRACE 700 will calculate:

exhaust air = ventilation + infiltration — room exhaust
200+ 50-0
250 cfm

return air = supply air + infiltration — room exhaust
17000+ 50-0
1050 cfm

Scenario 3 - Infiltration, with room exhaust less
than or equal to the sum of ventilation and
infiltration

Ventilation = 200 cfm
AIRFLOWS
Supp|y Air = 1000 ¢fm Cooling  Heating
Went 200 200
Infiltration = 50 cfm ety ro00 100
Min Stop/Rb 1} 1}
Room Exhaust = 250 c¢fm Return 800 800
Exhaust o o
Rrn Exh 260 260
Aol o o
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Based on these inputs, TRACE 700 will calculate:

exhaust air = ventilation + infiltration — room exhaust
200+ 50-250
0 cfm

return air = supply air + infiltration — room exhaust
1000 + 50— 250
800 cfm

Scenario 4 - Infiltration, with room exhaust
greater than the sum of ventilation and infiltration

m Ventilation = 200 cfm
AIRFLOWS
- SUpply Air = 1000 cfm Cooling  Heating
Went 200 200
m Infiltration = 50 cfm o e 1m0
Min Stop/Rb 1} 1}
m Room Exhaust = 350 cfm Return 800 800
Exhaust o o
Rrn Exh 260 260
Aol o o

Based on these inputs, TRACE 700 will calculate:

exhaust air = ventilation + infiltration — room exhaust
200+ 50— 350
—100 cfm

The airflows do not balance—therefore, the results will not be
valid. In a one-room building, it is not possible to continually
exhaust 100 cfm more of air than is brought into the building. If a
building was set up to operate in this manner, eventually
infiltration would increase or room exhaust would decrease so
that the airflows would balance (TRACE 700 will automatically
decrease the room exhaust to balance the airflows). For airflows
to balance, the following equation must be followed:

ventilation + infiltration > room exhaust

Refer to Summary Point 1 on page 67 for a more detailed
explanation of this scenario.
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When more than one room is involved, modeling becomes more
complicated. Two more scenarios will be used to illustrate how
airflows are calculated.

Figure 6-8 Multiple-room airflow balancing

Exhaust Return
Air Air
Supply
ACU Air
Ventilation Transferred Room
Air Exhaust
Room
Exhaust Room 1 Room 2
Infiltration Infiltration

Scenario 5 — Two rooms with balanced airflows
and no transferred air.

Room 1

Ventilation = 200 ¢fm
Supply Air = 1000 cfm

Infiltration = 0 cfm

Room Exhaust = 0 ¢cfm

Transferred Air = 0 ¢fm

Room 2

Ventilation = 300 cfm
Supply Air = 1000 cfm

Infiltration = 0 ¢fm

Room Exhaust = 250 c¢cfm

Transferred Air = 0 ¢fm
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Balancing airflows

AIRFLOWS

Cooling  Hezting
“ent 00 200
Irifil 1] 1}
Supply 1,000 1,000
WinStopsRh 1] 1]
Return 1.000 1,000
Exhaust 00 200
R Exh 1] 1]
Aol ] 1}

AIRFLOWS

Cooling  Hesting
Wernt 200 300
Irifil o o
Supply 1,000 1,000
MinStopsRh o o
Return TS50 760
Exhaust 50 50
Rm Exh 250 250
Ayl 1} 1}
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Based on these inputs, TRACE 700 will calculate:

Room 1 exhaust air = ventilation + infiltration — room exhaust
200+ 0-0
= 200 cfm

Room 1 return air = supply air + infiltration — room exhaust
= 7000+ 0-0
= 1000 cfm

Room 2 exhaust air = ventilation + infiltration — room exhaust
= 300+ 0-250
= 50 cfm

Room 2 return air = supply air + infiltration — room exhaust
= 1000+ 0- 250
= 750 cfm

Scenario 6 — One room with room exhaust and air
transferred from the adjacent space.

Room 1

m Ventilation = 250 cfm
= Supply Air = 1000 cfm
m |nfiltration = 0 cfm

m Room Exhaust = 0 ¢cfm

m Transferred Air = -250 cfm
Room 2

m Ventilation = 0 ¢cfm

= Supply Air = 1000 cfm

m |nfiltration = 0 cfm

m Room Exhaust = 250 c¢fm

m Transferred Air = 250 cfm
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Based on these inputs, TRACE 700 will calculate:

Room 1 exhaust air = ventilation + infiltration — room exhaust
= 250+ 0-0
250 cfm

Room 1 return air = supply air + infiltration — room exhaust
= 7000+ 0-0
= 1000 cfm

Room 2 exhaust air = ventilation + infiltration — room exhaust
= 0+ 0-250
= -250 cfm

The airflows for room 1 balance, but the airflows for room 2 do
not balance—the results will not be valid. There is no field to
input transfer air—therefore, it cannot be directly modeled in
TRACE 700 or in any other simulation software that balances
airflows at the space level.

The same airflow-balancing rules that applied in the one-room
model are true in multiple-room models, as follows:

Room level balance:
infiltration + supply air = room exhaust + return air

System level balance:
ventilation + infiltration = room exhaust + exhaust

ventilation + infiltration > room exhaust

There are three possible ways to model a scenario where air is
transferred from one space to another.

If the air transferred from room 1 to room 2 is not used to
condition the space, all or a portion of the room exhaust can be
entered on room 1. This will allow the program to calculate the
correct amount of return air and keep the airflows balanced
assuming that the airflows in each of the spaces are balanced.

If air is transferred from one space to another, and the transferred
air conditions room 2, the two spaces are actually being treated
as one in the building. Model the two spaces as one in
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TRACE 700 and make sure that the airflows balance for the
combined room.

3 If the amount of room exhaust is small, the assumption can be
made that room exhaust is not a significant factor. If room
exhaust is not entered, then 250 cfm of extra return air will be
calculated in the scenario above. This will change the plenum
temperature slightly and increase the exhaust value by 250 cfm.

Summary points and additional items

1 Inreal life, it is possible to pressurize a space by having unequal
amounts of air enter and leave the space—100 cfm more could
enter the space than leaves the space. This would result in
positive pressurization of the space. However, it is not possible to
continually have more airflow entering the space than leaves the
space. If 100 ft3 of extra air enters the space every minute, the
pressure will continue to rise until the air finds a way out. When
this pressure has been reached, the airflows will return to steady
state and the amount of air entering and leaving the space will
equalize. The air can leave the space as exfiltration (modeled as
room exhaust with no fan) or as return air. Conversely, it is not
possible to have a room where more airflow leaves the space
than enters it. Infiltration can be used to balance the airflows and
approximate the steady-state conditions for the space.
Remember that TRACE 700 can only model the airflows at the
balanced steady-state condition. It cannot model the temporary
imbalance in airflows that causes space pressurization.

2 Inreal life, it is possible to exhaust air from a space without
supplying an equal or greater amount of ventilation plus
infiltration to that space. However, if room exhaust exceeds
infiltration plus ventilation in that space, then somewhere in the
building, a balancing amount of air is going to find a way in. That
airflow can enter the building as ventilation or as infiltration.
TRACE 700 requires that the user tell the program how that air is
going to enter the building. In addition, that added airflow must
be balanced with the room exhaust using the equation

ventilation + infiltration > room exhaust

at the space level.
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Selecting a DX unit using TRACE 700 output

This section discusses the steps for properly selecting DX
equipment using the TRACE 700 output reports. It will be
assumed that no mistakes have been made in the modeling
process and that all results are accurate for the building and
systems.

Related reading
"Cooling-Coil Heat Transfer,” Engineers Newsletter (volume 31,
number 1)

“The DX Refrigerant Cooling Coil Conundrum,” Engineers
Newsletter (volume 17, number 1)

Sample scenario

The design team has decided to use a VAV rooftop unit with a DX
cooling coil to cool the proposed building. TRACE 700 has been
used to estimate the design load and airflows. The design data
will need to be input into a selection program to find an
appropriate piece of equipment that meets the load and airflow
requirements. In this scenario, TOPSS will be used to select a DX
cooling coil in a rooftop unit.
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1 After calculating the
TRACE 700 file, there are
several output reports
that can be used to get
the data required to
select the cooling coil. For e e | oo e 3¢ ST | e BT - = 3 3 8-
the Variable Volume '
Reheat system used in
this example, the System
Checksums report and
the System Component
Selection Summary
report can be used.

2 From these reports, the
Total Capacity, Peak

Airflow, Entering Dry The following numbers will be used during the
Bulb, Entering Wet Bulb, selection process.
and so forth, can be Total -Capacny = 374 Tons = 448.9 MBh
taken. Sensible Capacity = 369.4 MBh
Supply Airflow at Space Sensible Peak Load = 19,575 cfm
Supply Airflow at Cooling Coil Peak Load = 19,329 cfm
Entering Cooling Coil Conditions (DB/WB) = 76.5°F / 63.8°F
Entering Main Heating Coil (DB) = 53.7°F
Altitude (from Title Page report) = 812 feet
CDS-PRMOO01-EN e TRACE 700 User’s Manual Advanced Usage and General Modeling Tips 6-69

Selecting a DX unit using TRACE 700 output



3 These reSUltS will need to rane Official Product Selection System - [Job Workspace - Job01 : Input Yiew] =l=l4

be input into the selection 3 e vws Note: When using a selection program it is often easy to over %2
program. In this case, the ) I;M‘ specify the unit. TOPSS changes the colors of required inputs

: | slafi 4 red, optional inputs to blue, and all other inputs to white. =
Trane selection software T e e ot et e
(TOPSS) will be used. VOVAGERZT e o e . 41 T = ) -

VIIAGER32 e T e
H H H w5 F
4 While inputting the results ﬁg:& 2 e
from TRACE 700, TOPSS o = : Note: This example:
will give warning and error ey Lo oot G NCC=40 ton
. . [Heating EAT 5 F —
messages if appropriate. In b:&mi o ggg\‘/?g_f:g
this case, when inputting gk fan el UF YC_coél‘ng NGH
. L — =YC: cooling,

th?l ma>;|mur:n Supply 4 bﬁuid‘nm Dosefo HC=low heat
airflow for the unit, an fmssn . 1 : _

o di El Heating EAT=53.7
error message is displayed AL 1wk Orsord o b 100 e 170 Power=460/60/3
stating that the maximum = i, i L o ek P o aunon V0 Lo, —— ESP=2.0
airflow for the 40-ton unit UAFD=downflow
has been exceeded. DA=19,575

5 Go to the Temp/Humidity

tab of Create Systems To lower the airflow to an acceptable value, the user will need to review the

____inputs and outputs in TRACE 700. After verifying that the envelope, internal
loads, airside system, and so forth, have been input accurately, the output
reports can be focused on. In this case, the Temperatures section and
Cooling Coil Selection section of the System Checksums report show the
reason that the airflow is too large for the unitary equipment. To meet the

and input a more
reasonable Cooling Supply
Air Temperature Maximum
and Minimum. For this

example, use 57°F relative humidity requirements of the building, the unit only has to supply air
maximum and 54°F at 61.3°F Based on the room setpoint of 75°F this equates to a 13.7°F
minimum. temperature difference and a high supply airflow. To lower the supply

airflow, all the user needs to do is increase the temperature difference
between the SA and room setpoint. One way to do this is to lower the
supply-air temperature.

Note: If the user already
knows what supply-air
temperature or range of
temperatures the unit should
use, this step can be done
before the initial calculation.

However, this can lead to : e
over/undersizing of the coil(s) e T E— b |
and humidity issues. Please B . . o =]
refer to “Oversizing and Cogngey M7 5 | e E]
undersizing” on page 6-51 o - Sty =
and “Frequently asked Leoigeodngecd  Max ¥ ﬁmfﬁ%‘ﬂ:mmn' ¥
n [ | debumidification or
questions” on page 6-20 for ) e :
additional information related LTy i o 3
i . Min i ¢ Prncnd sallow ol kv sgod X
to the ramifications of Puscans siflon st madirnspeed [ %
inputting temperatures. Sphcattputan [0 F | en .
Design bty oo ditwerce [ g

| m""“‘“““ d z mgmmm =

Gekeckr | Qplen | [eceand OA idity | Foree | Cods | Schomo
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6 After recalculating the
file, the new results can

be used to select the unit:

7 After inputting the new
results in TOPSS, click
Run and view the
selection data and run
messages for each of the
units. Refer to “Additional
items” on page 6-72 for
recommendations on
selecting the appropriate
unit for the selection
results.

The following numbers will be used during the
selection process.

Total Capacity = 372 Tons = 446.1 MBh

Sensible Capacity = 356.6 MBh

Supply Airflow at Space Sensible Peak Load = 14,863 cfm
Supply Airflow at Cooling Coil Peak Load = 14,676 cfm
Entering Coil Conditions (DB/WB) = 76.9°F / 63.0°F
Entering Main Heating Coil (DB) = 48.6°F

Altitude (from Title Page report) = 812 feet

e
[——— .__.-a..l.-px_m\ P 1

Bl A £ produc veew Foms window Hel

Cr— = = T AR R R N )

1
[ e i e
sl .l Leraitinis; el s FeHL /e Wesgh n/a

I= [Weu: |
inUse | T | Gowrd
50 Ton Fackaged Cou Jars|
VOVAGERZT
VOTHGER3Z

Note: This example:
NCC=40 ton
CEDB=76.9
CEWB=63.0
UF=YC: cooling, NGH
HC=low heat
Heating EAT=48.6
Power=4
e Ec; pi2'060/60/3
Tag [VOvAGTRT e [ e [Ho i Messages g UAFD=downflow
G Tomgan -
DA=14,863
Elev=812
Exhaust=Pwr Exh Fan
Filter=2"High Eff Throw
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Additional items
1 General rules of thumb and advice for HVAC cooling coil
selections:

a 500 to 600 ft/min for the maximum coil face velocity to avoid
moisture carryover (some coils can go as high as 750 ft/min.
Refer to the recommendations from the manufacturer)

b As the face velocity increases, the capacity of the coil and the
pressure drop across the coil increase.

¢ Fin spacing typically ranges from 80 to 168 fins per ft for
comfort cooling.

2 In order to keep the dry bulb temperature in the space at the
setpoint temperature, the sensible capacity of the unit must be at
least equal to the sensible load calculated by TRACE 700. In order
to keep the humidity level in the space at or below design
conditions, the latent capacity of the unit must be at least equal
to the latent load calculated by TRACE 700.

3 The supply airflow under the Cooling Coil Selection portion of
the Checksums report is a result of the psychrometric analysis
performed by the program. The program knows the space load
(sensible and total) to be satisfied at every hour. At the time of
coil peak (in this example, month 7 hour 16), the program
performs a psychrometric analysis to determine the required
airflow and coil leaving temperature to satisfy the space load. For
a VAV system, this coil leaving temperature is fixed.

The psychrometric analysis uses a least squares fit estimate for a
generic coil curve, as it iterates to determine return air
temperature, coil leaving temperature, and supply airflow. The
value of 14,863 cfm in the Airflows section of the report comes
from the space peak sensible load, which in this example occurs
at month 7, hour 17:

Q

space, sensible

DSHP x ATspace

_ __ 289,209 Btu/h
1.081x (75°F—57°F)

14,863 cfm

supply air f/OWdesign

As is listed at the top of the Checksums report, the system is a
variable-airvolume system. Thus, the airflow at the time when
the load on the coil peaks may be different than the airflow at the
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time when the space peaks. This is the main reason for the
discrepancy in Coil Airflow versus Supply Airflow. In a nutshell,
the supply airflow (14,863) should be used to select the fan and
the coil airflow (14,676) should be used in the coil selection.

The problem, however, is in selecting a piece of cooling
equipment when the fan and coil have different peak airflows.
Selection of the cooling unit prompts the user for only one
airflow. Therefore, the fan airflow, the higher of the two, should
be used to select an air handler. Conservative selections should
also use the coil airflow as a check for coil leaving conditions (dry
bulb and humidity) with this smaller airflow. Also be sure to verify
that the higher airflow will not cause moisture carryover for the
selected cooling coil.

4 Trane Official Product Selection Software (TOPSS) can be ordered
by contacting C.D.S. at www.tranecds.com, or from the
TRACE 700 application, click Help /—Trane on the Web.

Note: Because the airflow is constant in a constant volume
system, the airflows at the time of coil and space peak will be the
same.

Note: For additional information regarding how TRACE 700
calculates airflows and the other numbers reported on the output
reports, refer to "Frequently asked questions” on page 6-20, or
to the Design Output Interpretation Manual located in the
documentation folder which is typically found at
C\CDS\TRACE700\Documentation.

Note: It is recommended against using the calculated cooling-coil
leaving wet-bulb temperature because TRACE 700 simulates
using a generic cooling-coil model, which might have
performance characteristics different from the actual coil
selected by the user.
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Selecting a chilled-water cooling coil
using TRACE 700 output

1 After calculating the
TRACE 700 file, there are
several output reports
that can be used to get
the data required to
select the cooling coil. For
the Variable Volume
Reheat system used in
this example, the System
Checksums report and
the System Component
Selection Summary
report can be used.

6-74

Advanced Usage and General Modeling Tips

This section discusses the steps for properly selecting chilled-
water cooling coils using the TRACE 700 output reports. It will be
assumed that no mistakes have been made in the modeling
process and that all results are accurate for the building and
systems.

Related reading
"Cooling-Coil Heat Transfer,” Engineers Newsletter (volume 31,
number 1).

Sample scenario

The design team has decided to use an air handler with a chilled-
water coil. The design data from TRACE 700 will need to be input
into a selection program to find an appropriate cooling coil.

From these reports, the Total Capacity, Peak Airflow, Entering Dry Bulb, Entering
Wet Bulb, Leaving Dry Bulb, and so forth, can be taken, where:

Total Capacity = 91.5 Tons = 1098.5 MBh

Sensible Capacity = 735.9 MBh

] Supply Airflow at Space Sensible Peak Load = 26,333 c¢fm

Supply Airflow at Cooling Coil Peak Load = 24,227 cfm
Entering Cooling Coil Conditions (DB/WB) = 82.8°F / 67.5°F
Leaving Cooling Coil Conditions (DB) = 55°F

Altitude (from Title Page report) = 263 feet

SyEtam Chaskung
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2 These results will need to
be input into the coil
selection program. In this
case, the Trane selection
software (TOPSS) will be
used to select the cooling
coil.

Note: When using a
selection program, it is often
easy to overspecify the unit.
TOPSS changes the colors
of required inputs to red,
optional inputs to blue, and
all other inputs to white.
Specifying only red fields
will ensure that over-
specification does not occur.

3 Start by inputting the type
of coil (chilled water), the
coil utilization (for this
example, we will assume
a standalone or shipping
coil, but you may also
select a specific air
handler casing, which
would then define the coil
size), the elevation (263
ft), the airflow through the
coil at the time of the caoill
peak load (24,227 cfm),
and the entering air
conditions (82.8°F DB /
675°F WB).

4 Next, the capacity of the
coil must be input. Delete
the unwanted default
Leaving dry temperature
of 65°F and press Enter.
Removing this value
should activate the Total
capacity field. Input
1098.5 MBh for the Total
capacity of the cooling
coil.
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‘—';“‘T‘ﬂu;’ Diesign Dtons | Refigesont Ot | Genwrad uwnmwmul
B cucia =
i
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'TI&BZ Faigis— Interpretation Manual recommends the £
Hm—ﬂ following. For a cooling coil, the i
_ml following data should be used: the ::
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- coil peak, and entering air conditions. 4"
= [Ccnpe
Iﬂu
| o[
Tog [T [ P
O Oplions | Rfigeeard Opticrs | Geemeal  User Drined | a8 Finis |
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5 Enter the calculated
nominal coil height and
finned length—this
should eliminate the last
of the required (red)
inputs. Click Run at the
top of the screen.

6 In this case, the selection
program tells you that no
cooling coils meet the
entered criteria.

7 To find recommendations
on what input criteria are
causing problems, and to
find out how to make
input adjustments so that
a valid cooling-coil
selection can be
obtained, click Run
Messages (the question
mark [?]) at the bottom of
the screen.
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If a specific airhandler size was selected in Step 3, the size of the coil may
already have been determined. However, for this example, where we are
selecting a standalone (shipping) coil, the surface area of the coil must be
calculated. This is often determined by using a maximum allowable coil-face
velocity. Assuming a maximum face velocity of 550 ft/min., the face area of the
coil is:

Coil Size = 24,227 cfm / 550 ft/min. = 44.05 ft2

Assuming that, in this example, the maximum nominal coil height is 4.5 ft (to fit
into the space for the air handler), the resulting finned length is 9.79 ft (44.05 ft /
4.5 ft, rounded up). Those dimensions equate to a nominal coil height of 54
inches and a finned length of 118 inches.
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8 In this case, a larger fluid
temperature rise (12°F . |

| Germat User | npimie |
instead of the default s i = — =
10°F) and a lower entering T = oo —
fluid temperature (43°F e o N v 7
. Ertery (828 F » X X
instead of the default 75 ¢ S (1372 )
) g 43 @) 118" (2997 ]
45°F) are one of the input - 5 8| |ovel Each
S Frast inmp 12 ) | o stncked eod 52 Each
criteria sets that can be : 7 el =
changed to get valid T — on (ol
cooling-coil selections. S
After the change, click
Run and view the coil- =
. 0| On

selection data and run
messages for each of the
coils. Refer to additional
items 1-5 listed below for
recommendations on
selecting the appropriate
coil for the selection

results.
Additional items

1 General rules of thumb and advice for HVAC cooling coil
selections:

a 500 to 600 ft/min for the maximum coil-face velocity to avoid
moisture carryover (Some coils can go as high as 750 ft/min.
Refer to the recommendations from the manufacturer).

b As the face velocity increases, the capacity of the coil and the
pressure drop across the coil increase.

¢ 3to 6 ft/sec. for fluid velocity in tubes (Above 8 ft/sec can
cause tube erosion. Under 1 ft/sec can cause reduced heat
transfer due to laminar fluid flow through tubes).

d As the fluid velocity increases, the capacity of the coil and the
pressure drop through the coil increase.

e Fin spacing typically ranges from 80 to 168 fins per ft for
comfort cooling.

2 In order to keep the dry-bulb temperature in the space at the
setpoint temperature, the sensible capacity of the cooling coil
must be at least equal to the sensible load calculated by
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TRACE 700. In order to keep the humidity level in the space at or
below design conditions, the latent capacity of the cooling coil
must be at least equal to the latent load calculated by

TRACE 700.

3 If a coil that meets both the sensible and latent loads cannot be
found using the input criteria from the example, try removing the
total capacity and inputting only the sensible capacity.

4 The airflow under the Cooling Coil Selection portion of the
Checksums report is a result of the psychrometric analysis
performed by the program. The program knows the space load
(sensible and total) to be satisfied at every hour. At the time of
coil peak (in this example, month 7 hour 18), the program
performs a psychrometric analysis to determine the required
airflow and coil leaving temperature to satisfy the space load. For
a VAV system, this coil leaving temperature is fixed.

The psychrometric analysis uses a least-squares fit estimate for
the coil curve, as it iterates to determine return-air temperature,
coil leaving temperature, and supply airflow. The value of
26,333 cfm in the Airflows section of the report comes from the
space peak sensible load, which in this example occurs at month
6, hour 18:

Q

space, sensible

DSHPx AT,

space

_ 544,104 Btu/h
1.0924x (75°F—56.1°F)
26,354 cfm

supply air f/OWdesign

As is listed at the top of the Checksums report, the system is a
variable-airvolume system. Therefore, the airflow may be
different at the time when the load on the coil peaks than at the
time when the space peaks. This is the primary reason for the
discrepancy in Coil Airflow versus Supply Airflow. In a nutshell,
the supply airflow (26,333) should be used to select the fan, and
the coil airflow (24,227) should be used in the coil selection.

The problem, however, is in selecting an air handler when the fan
and coil have different peak airflows. Selection of an air handler
prompts the user for only one airflow. Therefore, the fan airflow,
the higher of the two, should be used to select an air handler.
Conservative selections should also use the coil airflow as a
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check for coil leaving conditions (dry bulb and humidity) with this
smaller airflow. Also be sure to verify that the higher airflow will
not cause moisture carryover for the selected cooling coil.

5 Trane Official Product Selection Software (TOPSS) can be ordered
by contacting C.D.S. at www.tranecds.com, or from the
TRACE 700 application, click Help —Trane on the Web.

Note: Because the coil airflow is generally constant in a constant-
volume system, the airflow at the time of coil and space peak will
be the same. However, this is not true for mixing systems in
which the fan is constant volume but the cold deck mixes with a
bypass or hot deck to achieve the final supply temperature to the
spaces. For example, the cooling coil in a multizone system need
only be sized for the maximum block building load (and the
associated block coil airflow) while its fan must be sized to handle
the peak airflows to all the spaces. At the time of the building
block cooling coil peak, the cooling coil on the cold deck sees
only this block coil airflow while the remaining supply is bypassed
through the hot deck.

Note: If a different cooling supply-air dry-bulb temperature is
required based on the cooling-coil selection, revised supply-air
temperatures should be input in TRACE 700 on the
Temperatures tab of Create Systems. The simulation should
then be rerun so that the fan and terminal boxes are properly
sized.
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Modeling for LEED®

USGBC's Leadership in Energy and Environmental Design (LEED)
program updates its products to closely align with the latest
industry standards. LEED version 3, the most recent version of
LEED (also known as LEED 2009) incorporates the latest
standards such as ASHRAE 90.1-2007 and ASHRAE 62.1-2007.

TRACE 700 has been updated to reflect the latest changes in
ASHRAE standards and can be used to achieve LEED credits
under version 3. Specifically, TRACE 700 can model a building's
energy use to determine its efficiency for LEED Energy and
Atmosphere credit 1 (EAc1), option 1. How to model the
proposed building and baseline building in order to compare
energy efficiency is outlined below.

Refer to "Additional LEED credits” on page 6-90 for a list of
credits TRACE 700 may help to achieve.

Note: If LEED version 2.2 is used, the following guidelines still
apply. However, version 2.2 references ASHRAE Standard 90. 1-
2004, not 2007 TRACE is compatible with both versions of the
standard. Ultimately, it is the user's responsibility to ensure
compliance with the appropriate standard’s requirements.
Contact C.D.S. support with any compatibility questions not
covered in this guide.

Before you begin the TRACE analysis, we recommend that you
review the following:

m [ EED Reference Guide for Green Building Design and
Construction version 3, specifically Energy and Atmosphere
Prerequisite 2 (EAp2) requirements and Energy and Atmosphere
Credit 1 (EAcT) requirements

m ASHRAE Standard 90.1-2007 specifically sections 5.4, 6.4, 7.4,
8.4,9.4,10.4, and Table G3.1

m ASHRAE Standard 90.1-2007 User’s Manual
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m Proposed building

Start a LEED model with the proposed design. As a general rule,

This section provides an the building should be modeled per its design specifications.

overview of the steps
required to model the
proposed building. For

more detailed | 5 Comply with the mandatory requirements of ASHRAE 90.1-2007
information on how to

perform specific tasks in | ™ Meet the requirements of LEED EAp2 and EAc1

TRACE, refer to the
applicable section in this

When complete, the proposed building must:

m  Match the design parameters

manual. To learn TRACE The following is a recommended workflow for building the
basics, refer to the proposed building in TRACE. Many methods exist, yet differ
Getting Started guide. depending on company policies and practices. Please treat this

as one possible path to follow.

Collect data

To save time, collect and organize the data for the proposed
building prior to beginning the analysis. While the following is not
an extensive list, information you will need includes:

m Envelope construction information (e.g. wall constructions, roof
constructions, window types)

m  Occupancy capacities and schedules per space type

m Interior lighting power densities and fixture types per space type

m Exterior lighting power densities

m Receptacle (miscellaneous) load design per space type

m Thermal (HVAC) zoning (determine space types with common
thermal properties)

m HVAC system design (e.g. system types and configuration,
temperature setpoints/driftpoints, control methods)

m Equipment design (e.g. manufacturer selections, sequencing,
efficiency)

m | ocal utility rate structure
m Energy Conservation Measures (e.g. daylighting, shading devices)
m Exceptional Calculation Method items (e.g. photovoltaics)

Note: Refer to EAc1 from the LEED Reference Guide for more
information on the Exceptional Calculation Method.
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Copying existing libraries
and adjusting their values
may save time and provide

reasonable defaults for

6-82

1\

unknown data.
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Modeling for LEED®

Build TRACE libraries

Open the Library/Template Editor in TRACE 700. Construct any
library values needed to accurately model the proposed building.
Chapter 6 of this manual contains information on how to create
various library values in TRACE (e.g., schedules, unloading
curves, utility rates).

Note: Simply changing U-values to match construction
documents may not be sufficient to accurately model such
components. Because TRACE accounts for the thermal mass of
walls, roofs, etc., modeling the make-up of these components is
critical to ensure accurate results.

Create templates

The thermal zones determined during the planning stage can
serve as the space types used to create templates. For example,
one thermal zone may define an office space while another
defines conference rooms. Use these space types and the
libraries developed in the previous step to create templates. For
more information, refer to “Using templates” on page 6-125.

Note: Importing a gbXML file generated by a CAD program will
create templates automatically based on the zone assignments
defined by the CAD programmer. TRACE users simply have to
update template information upon completion of the import
process (e.g. construction types, schedules).

Create rooms

The easiest and quickest method to create rooms is to import a
gbXML file. Refer to “gbXML import and export” on page 6-181
for detailed information on this feature.

In the absence of a gbXML file, users are required to manually
enter spaces. Utilizing templates created in the previous step
significantly reduces data entry. While constructing spaces, do
not forget wall and glass dimensions, room-to-room air transfers
(see "“Balancing airflows” on page 6-60), and partitions.

Note: Although not necessarily a strategy used to reduce energy
consumption, ASHRAE Standard 62.1-2007 is important to the
overall health of the building and its occupants. TRACE 700
provides users the ability to model this ventilation strategy. Refer
to "ASHRAE Standard 62.1" on page 4-96 for more information.
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Create systems

Construct the HVAC systems found in the proposed building.
Chapters 4 and 5 of this manual provide information regarding
various system types and control strategies.

The Create Systems section of TRACE defines how supply air is
delivered and determines where coils and fans are placed in the
air stream. It does not dictate the type of equipment (DX, chilled
water, etc.) or how many pieces of equipment are installed.

Note: Energy Conservation Measures (ECMs) found in a
proposed building may include supply air temperature reset,
economizers, optimum start/stop control strategies, and various
forms of energy recovery. Utilizing these strategies singularly or
in combination could produce significant energy savings over the
life of a building. TRACE 700 has the capabilities to model these
and others. Refer to Chapter 5, "System Control Strategies,” for
more information.

Assign rooms to systems

A critical step in any TRACE model involves appropriately
assigning rooms to their associated systems. “Zoning of rooms”
on page 6-47 contains detailed information on this important
step.

Create plants

Select the cooling and heating plants, using the custom
equipment you previously defined in the TRACE libraries, if
applicable. Additionally, define any non-HVAC energy loads (e.g.,
loads that consume energy, but do not need to be conditioned)
on the Base Utility/Misc. Accessory tab. Consider items such
as exterior lighting, elevators, process loads, etc. Model
domestic hot water here as well. For more information on how to
model domestic hot water, please refer to “Domestic hot water
assigned to a boiler” on page 3-62.

After the plant information has been entered, assign the various
system coils to their associated plants through Assign Systems
to Plants.
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Note: ECMs are not just found at the system level.

m Plant controls, as well as the type of plant employed, may
provide significant energy savings. Chapter 3, “Cooling and
Heating Plants,” details various chiller plant arrangements and
control methods. Variable primary flow chillers, thermal
storage, cogeneration, and chiller tower optimization are only
a few of the examples found in the chapter.

m  Many types of free cooling are available in the program, such
as plate-and-frame, refrigerant migration, and strainercycle
options.

m Aside from chillers, TRACE also models geothermal systems
(“Central geothermal chillers” on page 3-76) and ground-
source heat pumps (“Ground-source heat-pump system” on
page 3-72).

m  Appendix G also requires all building end-use energy
consumption be captured in the model. The “Base Utility /
Misc. Accessory tab of Create Plants” on page 6-17 details
how to model the energy use from items such as parking lot
lights and elevators. Additionally, receptacle loads are
modeled on a room-by-room basis as miscellaneous loads
through the Internal Loads tab of Create Rooms.

Apply daylighting (if applicable)

Utilizing this strategy could reduce the lighting load and
equipment size required for the space. If this strategy is to be
used, please refer to “Daylighting” on page 5-33 for more
information.

Define utility rate structures

Once the proposed building model is complete, defining the
utility rate converts the building’s energy use into costs. The
resulting cost will be compared against the baseline building'’s
energy cost, ultimately determining the number of points
achieved under EAc1. Appendix G allows the user to model either
the local utility rate structure or the average energy prices
reported by the Department of Energy’s (DOE) Energy
Information Administration (EIA) (http://tonto.eia.doe.gov/state/).
In either case, TRACE provides the ability to model most utility
rate structures. Refer to “Creating utility rates” on page 6-150
for more information.
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Import weather

ASHRAE 90.1-2007 requires the analysis utilize a full-year
weather file. The standard weather files included with TRACE do
not meet this requirement and users need to import a full-year
weather file in order to comply. Refer to "Adding weather
locations and activating the 8760 calculation methodology” on
page 6-167 for details on how to conduct a full-year analysis in
TRACE. The recommended file formats include TMY, TMY2,
TMY3, or IWC. Full-year weather files using these formats can be
found at www.DOE2.com under the Weather Utilities section.
Additionally, full-year weather files can be purchased through
ASHRAE. There are many sources for weather; however, in order
for TRACE to use the file, it must be in one of the following
formats: CEC, CTZ, CWC, IWC, TMY, TM2, TM3, TRY, WTR, or
WY2.

Calculate and calibrate

Prior to modeling the baseline building, the proposed building
should be calculated and reviewed for accuracy. Due to the vast
number of inputs, reviewing output data to ensure the proposed
building is modeled accurately is critical. Output data should be
compared against mechanical schedules (if available) or other
design documents detailing expected operation. Following are
guidelines for troubleshooting potential mismatches between
output reports and design documents. This list is not all-
encompassing and is offered only as a basic outline.

Design values mismatch
m Verify envelope loads match design criteria

m Verify internal loads match design criteria (e.g. densities,
schedules)

m \Verify thermostat setpoints/schedules
m Verify supply air temperatures accuracy
m Verify airflow values

Energy values mismatch
m Verify design loads match
m Verify equipment efficiencies
m Verify proper setup and sequencing

m Verify unloading curves
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Verify schedules

Verify fan/coil schedules

Economic mismatch
Verify design loads

Verify energy values

Verify defined utility rate

Verify any other economic parameters defined

Baseline building

Once the proposed building has been modeled correctly, create a
second alternative based on the first. This second alternative will
be changed to represent the baseline building. For information on
creating an alternative, refer to “Creating alternatives” on

page 6-131.

Prior to entering data for this alternative, refer to Table G3.1 from
Appendix G of ASHRAE Standard 90.1-2007 to determine what
changes need to be made. Table G3.1 provides a guide for how
the second alternative will be adjusted to create the baseline
building. Remember, the mandatory requirements from ASHRAE
90.1-2007 apply to the baseline model as well. Additionally, refer
to the LEED Reference Guide to better understand additional
baseline requirements not defined by ASHRAE 90.1 (e.g. process
loads).

Note: Generally, details not specifically addressed by ASHRAE
90.1-2007 will be identical between the proposed and baseline
alternatives. Using the proposed building as the first alternative
helps ensure that such details remain identical between the two
alternatives.

Collect data

As with the proposed building, we recommend collecting the
appropriate data prior to entering information in TRACE. A crucial
piece of information needed is the climate zone, which can be
determined using Appendix B from ASHRAE 90.1-2007. This
information is needed to determine envelope parameters and
some system control schemes.
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T1\P
Many of the baseline
building’s values can be
changed through Create
Templates. This will
significantly decrease the
time it takes to build the
baseline alternative and
make future adjustments
much easier.

Adjust envelope parameters

As with the proposed building, simply changing the U-values for
the various envelope components may not be sufficient.
Appendix G (Tables 5.5-1 through 5.5-8) directs the use of
lightweight materials in the construction of the baseline. Users
may select one of the ASHRAE 90.1-2007 Compliant Envelope
Library values to describe the baseline building envelope
(nonresidential only). These library values were created using
construction information found in ASHRAE 90.1-2007 and comply
with the Appendix G requirement. Additionally, they correspond
to the envelope parameters defined by Tables 5.5-1 through 5.5-
8. Changing these envelope parameters through the templates
will significantly reduce input time.

Note: TRACE default glass U-values were created using center
of-glass values. If assembly U-values are desired, users may
override the existing glass U-value with an assembly value or
they may import a Window 5 assembly glass type. For additional
information on importing Window 5 data, please consult the
TRACE 700 help files by searching “Import — Glass.”

Note: TRACE only allows Shading Coefficient values to be
entered. SHGC values can be converted to SC by dividing the
SHGC value by 0.86.

ASHRAE 90.1-2007 requires the baseline building fenestration to
not exceed 40 percent (refer to ASHRAE 90.1-2007, Appendix G,
Table G3.1 for the requirement definition). If the proposed
building has greater than 40 percent fenestration, the baseline
building fenestration will have to be adjusted to 40 percent. For a
detailed explanation of how to apply this requirement, consult
the ASHRAE 90.1-2007 User's Manual. If an adjustment needs to
be made in the baseline alternative, consider making the
adjustment through the Component Tree view (refer to
“Component Tree view"” on page 2-8 for additional information).

Define lighting power densities

The same method for defining the lighting power densities in the
proposed (Building Area Method or Space-by-Space Method)
must be used in the baseline. Refer to Section 9 of ASHRAE
90.1-2007 for the mandatory requirements plus a description of
the two types of methods. Simply adjust the baseline
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alternative's lighting power densities per those found in ASHRAE
90.1-2007. Adjusting these values through Create Templates is
the preferred method.

Note: Exterior lighting is modeled through Create Plants on the
Base Utilities/Misc. Accessories tab. Refer to ASHRAE 90.1-
2007 section 9, for allowable exterior lighting power densities
and the ASHRAE 90.1-2007 User's Manual for information on
how to apply these values.

Adjust airflow requirements

EAc1 requires the baseline building’s performance to be
calculated according to Appendix G.3.1.2.5 of ASHRAE Standard
90.1-2007, which reads: "Ventilation. Minimum outdoor air
ventilation rates shall be the same for the proposed and baseline
building designs." An interpretation of this statement was issued
in June 2008 to alleviate some industry confusion. In short, the
interpretation states, “As currently written, Appendix G is neutral
with regard to ventilation energy so no credit is allowed for
improved ventilation system design that would be allowed under
ASHRAE 62.1" Therefore, the TRACE user must ensure the
design system ventilation matches between the proposed and
baseline buildings.

Note: The following procedure applies to projects that are
following ASHRAE Standard 90.1-2007 (without addenda) and
have defined the ventilation in the Proposed alternative based on
Standard 62.1-2007. Addendum DA to Standard 90.1-2007 had its
first public review in February 2010 and has an exception that
states that if the Proposed alternative is designed based on the
Ventilation Rate Procedure in Standard 62.1, then the Baseline
alternative shall also be calculated using the Ventilation Rate
Procedure with the following change: “Baseline zone air
distribution effectiveness shall be changed to (Ez)=1.0 per each
Proposed zone having a zone air distribution effectiveness
(Ez)>1.0." Addendum DA will be voted on in an upcoming
ASHRAE meeting and might be included in 90.1-2010. If this
happens, then the following procedure will not apply to any
project that will follow ASHRAE Standard 90.1-2010.

1 Model the ventilation in the proposed alternative following the
steps shown in the "ASHRAE Standard 62.1" procedure on
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page 98.

Run the design calculations of the proposed alternative to obtain
the total building outdoor airflow, which can be found in the
Airflows section of the System Checksums report.

Divide that number by the square footage of the building, which
is listed in the Areas section of the System Checksums report.
This will provide a cfm/sq ft value to be applied as the cooling and
heating ventilation rate for all rooms in the Baseline alternative,
preferably using templates.

Finally, for the Baseline alternative, set the Standard 62.1-2004/
2007 inputs in Create Templates and Create Rooms to No to
prevent the program from running the Standard 62.1-2007 zone
calculations again.
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Set the cooling and heating ventilation inputs to the cfm/sq ft rate
from Step 3.

Go to Create Systems, click Advanced, and set the System
ventilation flag to Sum Room OA Regs in the Baseline
alternative to prevent the program from running multi-zone
calculations of Standard 62.1-2007.
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Note: Since the demand control ventilation functionality in
TRACE 700 requires the use of the ASHRAE 62.1 feature, users
will need to model demand control ventilation using a different
method if both the proposed and baseline alternatives require
this control strategy. In that scenario, users should model this
feature through custom ventilation schedules. Simply create a
ventilation schedule matching the occupancy schedule with the
only difference being the Heating Design schedule. Typically, the
Heating Design portion of the Utilization schedule will read 0%
for occupancy schedules. When creating a ventilation schedule, it
is recommended the Heating Design portion of the schedule
read: Midnight to Midnight 100%.
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Select system type
Appendix G, Table G3.1.1A dictates the system type utilized and
how to select the appropriate type for the baseline building.

Table 6-2 ASHRAE 90.1-2007 systems and the TRACE equivalent

ASHRAE 90.1-2007 Appendix G

Baseline System Equivalent TRACE 700 System
System 1 - PTAC Packaged Terminal Air Conditioner
System 2 — PTHP Incremental Heat Pump

System 3 - PSZ-AC Single Zone

System 4 — PSZ-HP Single Zone

System 5 — Packaged VAV with Reheat Variable Volume Reheat (30% Min Flow Default)

System 6 — Packaged VAV with PFP Boxes Parallel Fan Powered VAV
System 7 - VAV with Reheat Variable Volume Reheat (30% Min Flow Default)
System 8 — VAV with PFP Boxes Parallel Fan Powered VAV

Note: Applying the Appendix G baseline system requirements
may be confusing. Refer to section G3.1.1 and Table G3.1.1A (to
include notes) in ASHRAE 90.1-2007 plus the ASHRAE 90.1-2007
User’s Manual prior to selecting the appropriate system for
selection criteria, exceptions, and number of baseline systems
required. The number of rooms and zones assigned to a system
in TRACE is critical to properly modeling the proposed and
baseline alternatives. Fully understanding this is essential.

System requirements

Appendix G and the mandatory requirements found in Section 6
of ASHRAE 90.1-2007 set rules for determining whether various
ECMs will be employed in the baseline building. Do not assume
your baseline building does not include these items. Common
control strategies are listed in the following table, along with
references.
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Note: This is not a complete list. ASHRAE 90.1-2007 is the
primary source for determining if these or other control
Strategies are required in the baseline model.

TRACE User’s

Manual page, or ASHRAE Standard

location in TRACE  90.1-2007
Strategy 700 reference
Energy recovery page 4-15 G3.1.2.10
Demand control ventilation page 4-96 6.4.3.9
Airside economizer page 5-2 G3.1.2.6
Optimum start page 5-6 6.4.3.3.3
Supply air temperature reset page 5-50 G3.1.3.12
VAV minimum airflow requirement Create Templates  G3.1.3.13

or Create Rooms,

Airflows tab
Design airflow rates Create Systems, G3.1.2.8

Temp/Humidity

tab
Fan cycling schedule Create Systems, 6.4.3.3.1

Fans tab

Note: Some ASHRAE 90.1-2007 directed control strategies use
airflow as a criteria in determining their use. If this is the case,

calculate the Design portion of the baseline alternative to
determine system level airflows (e.g. System Checksums
report). Changes mentioned previously (e.g. envelope) should be
made prior to calculation to ensure an accurate value is
determined.

System fan sizing

System fan energy for the baseline building is determined using a
formula found in Appendix G. TRACE can automatically perform

this calculation (for both ASHRAE Standard 90.1-2004 and 2007).
This feature will determine the fan(s) location and accomplish the
calculation at the appropriate level.
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To calculate system fan energy,
follow the procedure below.

1 Check Apply ECB/PRM rules
to fan sizing.

2 Select the appropriate standard
to be used for the calculation.

Note: When using the ASHRAE
Standard 90.1- 2007 calculation
method, define pressure drop
adjustments on the Fans tab of
Create Systems. If credit is taken
for more than one pressure drop
adjustment, total the number of
pressure drop adjustments and
enter that value.

3 To identify the baseline
alternative, access the
Calculate and View Results
screen. Select the baseline
alternative using the drop-down
menu for the Performance
rating method.
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Once the baseline system fan energy has been calculated,
TRACE will apply this energy to the primary fan (if it is the only
qualifying fan listed on the system). In the case when more than
one fan has been entered for the system (e.g. exhaust fan), a
portion of the system fan energy will be applied to each qualifying
fan. The amount each fan receives is based on the Full Load
Energy Rate defined by the user for each baseline fan. The fan
power ratio for the baseline must be the same as the proposed.

Note: ASHRAE 90.1-2007 considers most, but not all fans, in the
baseline system fan energy calculation. Consult Appendix G to
determine which fans are considered in the calculation.
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Note: Fan placement in TRACE depends on the system type
selected.

m Packaged Terminal Air Conditioners and Incremental Heat
Pump systems have fans at the room level.

m The Single Zone system has a fan at the zone level.

m All VAV systems used to model Appendix G baseline systems
have fans at the system level.

This distinction is important when analyzing the automatic fan
sizing feature in TRACE. The system fan power is determined at
the level of the primary fan. Therefore, the primary fan for an
Incremental Heat Pump system is at the room level, which
means that the equivalent Appendix G system fan power value
will be calculated on a room-by-room basis for this system. Refer
to “Zoning of rooms” on page 6-47 for more information.

Equipment designation

As with the system type, the type of equipment used in the
baseline building is designated by Appendix G, Table G3.1.1B.
Details regarding the particular equipment types can be found in
Section 6 of ASHRAE Standard 90.1-2007. C.D.S. offers 90.1-
2004 and 90.1-2007 Minimally Compliant Equipment
Libraries, which include the equipment found in these tables.

Before selecting equipment, the baseline equipment capacities
need to be determined (equipment types are categorized by size
in ASHRAE 90.1-2007, Section 6). Appendix G requires both the
cooling and heating capacities in the baseline building be
oversized. (See “Oversizing plants” on page 6-95.) Once
baseline capacities are determined, select the appropriate
equipment from the tables in Section 6 of ASHRAE 90.1-2007.
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Method 1: Oversize the
coils.

1 In Create Systems,
select the Coils tab.

2 Oversize the cooling and
heating coils as shown.

Oversizing the coils will
automatically carry over to the
equipment section and size the
plants appropriately. Additionally,
this method increases the
design sizing of the equipment.
Users will see this reflected in
the design reports (e.g., System
Checksums).

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Oversizing plants

One of the often overlooked Appendix G requirements for the
baseline building is the requirement to oversize cooling plants by
15 percent and the heating plants by 25 percent. TRACE offers
two methods for modeling oversizing. Choose only one of these
methods.

Method 1: Oversize the coils (Recommended)

Method 2: Oversize the plants

Aboraree
Spilem descsgtion  [Bacckm Symon® %] Vasiable Viokune Flshest [30% M Flow Diclaull]
Oversize cooling by 15%. =l
Loty

Note: Th]e capacity units for Main

Cooling and Main Heating must be
% of Design Cooling Capacity and
Oversize heating by 25%. % of Design Capacity, respectively.

Note: In TRACE 700, the u B %
Mecka [0 %

main and reheat coils are
the same. It is only
necessary to oversize the
main coil.
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Method 2: Oversize the
plants

Note: Unlike Method 1, this
method does not affect the
design sizing, but instead
adds capacity.

1 Check the Link airside
coil capacities to
equipment capacities
box.

2 On the Create Plants -

Cooling Equipment tab,
select % Plant Capacity

and enter 115 for
oversizing.

3 On the Create Plants -

Heating Equipment tab,
select % Plant Capacity

and enter 125 for
oversizing.
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Compressor-only energy rate

In TRACE, the Energy rate entry under the Cooling Equipment
tab of Create Plants describes the compressor-only energy rate
for the piece of equipment. This is important because the
efficiency reported for packaged systems (e.g., rooftops, water
source heat pumps, packaged terminal air conditioners, etc.)
often includes fan, condenser, and compressor efficiencies.

Users may enter the EER or COP value found in the ASHRAE
90.1-2007 equipment tables and define which components are
included in the energy value. TRACE will use this information
along with the associated component energy values to break out
the compressor values for the equipment calculation.
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Users may also manually break out the efficiency into the
individual packaged components. If the manual method is used,
the individual component energy rates need to be defined in the
appropriate place.

1 Fan energy rates are accounted for in Create Systems under the
Fans tab.

2 Condenser energy rate is entered with the associated piece of
heat rejection equipment in the Heat Rejection library.

3 Compressor energy rate is entered on the Cooling Equipment
tab of Create Plants.

Example

Utilizing ASHRAE Standard 90.1-2007, System 5 supply cfm
equals 45,000 and the Appendix G designated packaged
equipment efficiency is 9.5 EER (Table 6.8.1A). Additionally, the
building requires 150 tons of cooling. Users may run the design
portion of the calculation for the baseline building and then use
the System Checksum Report(s) to determine building cooling
capacity and cfm. Using this information and Appendix G, users
may now break out the compressor energy rate from the given
9.5 EER.

Steps 1 and 2 illustrate the manual system fan power calculation
per section G3.1.2.9 of ASHRAE Standard 90.1-2007. As
discussed previously, TRACE can accomplish this calculation
automatically. Users may obtain the system fan power value from
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the Equipment Energy Consumption Report if they wish to
take advantage of this feature. If this is done, skip to step 3.

1 Determine the system fan brake horsepower using Table
G3.1.2.9. In this case, System 5 is a variable-volume system with
45,000 cfm total supply air.

According to Table G3.1.2.9:
Baseline Fan Motor Brake Horsepower =
CFMs x 0.0013 + A
Where A is calculated per section 6.5.3.1.1:
A = sum of (PD x CFMp/4131)

Where PD equals each applicable pressure drop adjustment from
Table 6.5.3.1.1B

Assume “Fully ducted return and/or exhaust air systems”;
therefore, per the Table:

PD =0.5in. w.c.
Thus,
A=0.5x45000/4131 =5.45

Applying this to the Baseline Fan Motor Brake Horsepower
formula:

45,000 x 0.0013 + 5.45 = 63.95 bhp

2 Next, calculate the system fan power using the formula found in
section G3.1.2.9 and the system brake horsepower from step 1.

System Fan Power equation for systems 3 through 8:
Ptan = bhp x 746 / Fan Motor Efficiency

Where the Fan Motor Efficiency is from Table 10.8
(Select the next motor size greater than the bhp from step 1 per
enclosed motor at 1800 rpm)

(63.95 x 746) / 0.941 = 50,698 W= 50.7 kW
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3 Convert 9.5 EER into kW/ton and multiply by the building load (in
tons) to determine machine power in kWW. Remember, the
baseline building cooling equipment needs to be oversized 15%.
If this was not accounted for when determining system tonnage
by adjusting the coil size in the Coils tab of Create Systems,
then add 15% to the building load:

EER = 12 / kW/ton
12/9.5 = 1.263 kW/ton
1.263 k\W/ton x 150 tons x 1156% = 2179 kW

4 Subtract the calculated system fan power from the total
packaged efficiency:
2179 kW —-150.7 kW = 1679 kW

5 Determine condenser energy. For this example, the condenser is
aircooled. According to Table 6.8.1G, aircooled condenser
performance requirements must meet or exceed 176,000 Btu/h x
hp. Therefore:

(1760008 | tp T tom=k ||
hxhp | 0746 || 12,0005
= 0.050871 kW/tton

0.050871/0.941 motor efficiency = 0.054 kW/ton

6 The tons portion of the condenser energy (the denominator) is
heat rejection and not cooling load. The following approximation
can be used to determine the heat rejection load:

Qcond = (1 + 1/COP) x Qevap
Qcond =[1 + 1/(0.293 x 9.5 EER)] x 172.5 = 234.6 tons

7 Multiply the condenser fan power by the heat rejection load to
obtain the condenser fan power in kW:

0.054 kW/ton x 234.6 tons = 12.7 kW
8 Subtract the condenser energy rate from the energy rate
calculated in step 4.
1679 kW - 12.7 kW = 155.2 kW

9 Override the default value found in the Energy rate section on
the Cooling Equipment tab with the value from step 7 The
default value was determined using the efficiency rating
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associated with the particular piece of equipment per Tables
6.8.1 from the 2004 standard. As long as the previous steps were
followed utilizing values from the 2007 standard, the value from
step 7 will make the selected equipment compliant with the
2007 standard.

Additional equipment considerations

As with the baseline building systems, Appendix G dictates
additional equipment requirements based on the system type.
Following is a list of additional equipment requirements that may
need to be included. Many of the equipment types found in the
90.1-2004 and 90.1-2007 Minimally Compliant Equipment
Libraries contain their applicable requirements.

Note: This is not a complete list. ASHRAE 90.1-2007 is the
primary source for determining if these or any other equipment
requirements exist.

m Type and number of boilers
m Type and number of chillers
m Heat pump requirements
m Hot water reset

m Chilled water reset

m Pump requirements

Utility rate structures
Use the same rate used in the proposed alternative.

Calculating the file

Appendix G requires the baseline building be rotated in four
directions, with the report of the results to include the average of
the four rotations. TRACE includes an automatic rotation feature
that satisfies this requirement. Users may access this feature
through Calculate and View Results by selecting the Rotate
and Average PRM Results checkbox. As with the fan sizing
feature, TRACE applies the automatic rotation to the alternative
designated in the drop-down menu for the Performance Rating
Method.

Note: Calculation time will increase significantly when this option
is chosen because the simulation must run for each direction.
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Completing the analysis

After calculating the baseline alternative, the proposed and
baseline results should be compared. The LEED Energy
Performance Summary Report provides results in a format
similar to the EAp2 and EAc1 templates (for both version 2.2 and
version 3). If the baseline energy cost is less than the proposed,
further analysis is required. Consider these three basic steps
when determining potential causes:

m |dentify areas where the baseline consumes more energy (e.g.
space heating, space cooling, fans)

m Verify inputs for these areas (e.g. crosscheck ASHRAE 90.1-2007
requirements)

m Verify proposed design inputs (e.g. schedules, envelope)

If the baseline alternative energy cost is greater, verify the unmet
hours for both alternatives comply with the ASHRAE 90.1-2007
requirement. If the unmet hours do not comply with the
requirement, review the following for methods of reducing or
eliminating them.

Unmet hours

Unmet load hours are triggered in TRACE when space conditions
are outside the thermostat setpoints. Unmet hours occur for a
wide variety of reasons. They are restricted to hours when the
excess load on a coil is at least 1 percent greater than the design
coil capacity, and at least one room attached to that coil is in
excess of 1.5°F of the thermostat setpoint for that hour.
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Strategies that may help reduce or limit the number of unmet
load hours are presented below. The different approaches target
commonly overlooked assumptions in the TRACE data entry
process, as well as the complex interactions that typically occur
in building simulations. Each building model is unique, and as
such, the impact of each approach may be different. In some
cases, the number of unmet load hours may even increase. It is
important to understand the underlying cause of the loss of
space control rather than arbitrarily adjusting data entries to
reduce or eliminate the unmet hours.

Note: These strategies may increase the building model's total
energy consumption for various reasons.

Step #1 — Identify unmet hours

The Energy Cost Budget / PRM Summary report provides the
total, simultaneous number of cooling and heating unmet hours
per alternative. Although this provides a good overview regarding
problematic alternatives, refer to the Building Temperature
Profile report for a detailed accounting of unmet hours. This
report lists rooms (by system) showing the number of cooling
and heating unmet hours associated with each. A section of the
report displays the time-of-day, daytype, and month the unmet
hours occur. This information can help identify potential causes
for the unmet hours. For example, if a space consistently has
unmet load hours on Mondays around the time occupancy
begins, an optimum start schedule may help eliminate those
hours due to pull-up/pull-down loads.

Note: The unmet load hours that are displayed in the Building
Temperature Profile report are not additive because any one
space can trigger an unmet load hour, but if multiple spaces have
unmet conditions for the same hour, then only a single hour is
tallied. This means that there are a total of 8760 unmet load
hours possible for either heating or cooling.

Step #2 — Review inputs

Once the problem areas have been identified, focus on the data
entry process. The Scan for Errors feature (found through
Calculate and View Results) reports many of the items
discussed below. Utilizing this feature (particularly prior to
calculating) will help identify potential errors. Keep in mind many
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of the results are simply warnings and do not necessarily require
action ... only your attention to ensure the model was set up as
intended.

m Verify that design and simulation schedule assumptions are
accurate.

Perhaps the single largest area of uncertainty in a building
simulation model occurs in the scheduling of internal loads.
TRACE allows you to differentiate design and simulation internal
load schedules for proper coil sizing. If the design schedules are
too moderate, coils could be undersized. Alternatively, if the
simulation schedules are overly conservative, this could also lead
to undersized coils due to dynamic building changes that are not
accounted for during design calculations.

m \Verify correct thermal zoning and thermostat placement.

Proper thermal zoning of spaces, as well as properly modeling
thermostat locations, is vital to proper building simulation. Ensure
spaces are properly zoned per design documents and are
modeled correctly in the Assign Rooms to Systems section.

m Verify accuracy of drift point entries or thermostat schedules.

When a space is unoccupied (less than 5 percent occupancy) and
there is no thermostat schedule applied, drift temperatures are
used as the thermostat setpoints. If there is a wide variance
between the occupied setpoint and the drift point, the HVAC
equipment may not be able to handle the pull-up or pull-down
load in the one-hour time increment as the building becomes
occupied. Verify the temperatures entered are an accurate
representation of the actual building thermostat controls. The
same suggestion applies when utilizing thermostat schedules.
However, realize thermostat schedules are not affected by
occupancy like drift points. Instead, they follow the userdefined
schedule.

m Limit restrictions to fan operation.

TRACE has fan control options allowing the program to
intelligently cycle the fan to meet changing load conditions. Avoid
scheduling fans manually because the simulation may not match
up with the expected fan operation schedule. Leaving the fan
schedules set to Available (100%) and applying a fan cycling
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schedule provides the most accurate method for controlling the
fan operation. Scheduling a fan as something other than
Available (100%) can quickly lead to a high number of unmet
load hours.

m Verify that diversity has been accurately defined.

One way to reduce design coil capacity for VAV systems is to
apply a diversity factor for internal loads. This factor allows you to
credit VAV system capacity for shifting loads in a building (e.g.,
each space has to be designed to handle its worst case loads, but
at any given point in time there are less than design internal loads
in the building). If the diversity factors are overly optimistic and
do not mesh with the occupancy schedules for simulation, coils
could be undersized. This approach does not apply to constant
volume systems. To access the diversity input, go to the Coils
tab of Create Systems.

m Apply an optimum start schedule.

TRACE design coil capacities are determined at steady state
conditions assuming the space is always controlled to the
desired design space setpoint. In some instances, pull-up or pull—
down loads associated with dynamic building operation can
exceed the capacity of a coil. These dynamic conditions are not
accounted for in the design process. A common example of
when this might occur is when a building has night setback
thermostat controls that allow the building to drift during
unoccupied hours. When the building becomes occupied, the
design coil capacity may not be large enough to condition the
space(s) to the desired setpoint in a single hour, thus triggering
unmet load hours. Applying this control strategy allows the
building automation system to condition the spaces in advance in
order to reach the desired setpoint when the building becomes
occupied. ASHRAE Standard 90.1-2004 and 2007 require
optimum start controls to be modeled for systems larger than
10,000 cfm.

It is recommended that users select the Available (100%)
schedule for the optimum start schedule. Doing so will allow the
program to activate the system as early as is necessary to
maintain space control (if possible) under pull-up or pull-down
situations.
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Note: Only an optimum start schedule is needed to combat
unmet hours, not an optimum stop schedule.

Step #3 — Additional considerations
If the preceding strategies did not resolve your unmet load hours
issue, investigate the following items.

m Verify envelope parameters (walls, floors, roofs, etc.) are correctly
defined.

TRACE considers the thermal mass effects of the building's
envelope. Typically, loads in a high mass building will peak later
(and at a lower value) than loads in a low mass building.
Incorrectly defining envelope parameters will have an impact on
the program’s ability to accurately calculate the thermal mass
effects of the building. If you choose to create custom elements
(e.g. walls, roofs, floors), be sure to correctly define the library
value. Remember, construction types should always begin with
outside/inside surface resistance and end with the opposite
outside/inside surface resistance.

m \Verify correct application of ASHRAE Standard 62.1 in TRACE.

When modeling ASHRAE Standard 62.1 in TRACE, ensure the
feature is activated on both the Create Rooms - Airflows tab
and Create Systems - Selection tab (Advanced button). Doing
SO ensures an accurate ventilation load calculation. See "ASHRAE
Standard 62.1" on page 4-96 for more information.

m Utilize an appropriate ventilation schedule.

Users often wish to schedule ventilation to follow the occupancy
schedule. The concept is sound, but incorrectly modeling this
causes problems. The standard occupancy schedules in TRACE
do not work well for ventilation. Since ASHRAE recommends not
taking credit for internal heat gains, standard occupancy
schedules in TRACE set the heating design schedule values to 0
percent. When used as a ventilation schedule, the 0 percent
value for heating design exempts ventilation from the heating
design calculation. Instead, a more conservative approach would
be to utilize a standard TRACE ventilation schedule. If you view
the standard ventilation schedule with its corresponding standard
occupancy schedule, you will see the only difference is the
heating design value is set to 100 percent for ventilation.
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Similarly, using a ventilation schedule of Available (100%) may
not always be appropriate. Depending on code requirements,
introducing ventilation only during occupied periods can provide
substantial energy savings. Utilizing the Available (100%)
schedule brings ventilation air into the space 24/7 unless
ASHRAE Standard 62.1 with ventilation reset control is enabled.

m Check VAV airflow.

Typically this occurs with VAV systems and manifests as unmet
heating hours. Since heating airflow is limited by the minimum
stop of a VAV box, sufficient airflow may not reach the space to
satisfy the load. You can detect this by reviewing the Room
Checksums report. If the heating supply temperature appears
unusually high, consider increasing the VAV minimum for the
space. Likewise, if the space does not receive the required
ventilation during heating due to the minimum stop, select
Actions > Change Load Parameters from the menu bar. On the
Change Load Parameters screen, check the Force VAV
minimum always >= nominal ventilation during design box.
This will adjust the VAV minimum automatically to ensure the
space receives the defined amount of ventilation.

m Correctly define the return air path.

Those modeling spaces without plenums often forget to change
the return air path from Plenum to Ducted. To do so, go to the
Create Systems — Selections tab and select the Advanced
button. Making this change ensures TRACE does not calculate a
plenum temperature. Not doing so could result in additional load
on the system.

If you have a situation where some rooms on the system do have
a plenum and some do not, you can do one of two things: you

can define a one-foot plenum for those rooms not having one, or
you can place the rooms without plenums on a separate system.

m Verify coil sizing and scheduling.

Much like with fan scheduling, applying a schedule other than
Available (100%) can quickly lead to a high number of unmet
load hours. In other words, if TRACE needs the coil to satisfy a
load and the coil is scheduled off, then the load will not be
satisfied and will be carried over to the next hour. Likewise,
undersizing coils or turning coils off can lead to unmet hours.
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Step #4 — Increase capacity
If all other approaches fail, consider increasing the system coil or
plant capacity in an attempt to reduce unmet load hours.

Increase the appropriate coil capacities on the Create Systems —
Coils tab. This may be an iterative process if the desired increase
in capacity has a limited effect on the number of unmet hours.

Note: Coil capacities will automatically be carried over to the
plants they are assigned to, thus increasing the plant size
automatically. Changing equipment capacities under the Create
Plants section of the program has no impact on the system
simulation unless you have checked the box to link the
equipment capacity to the system coil capacities on the Change
Energy Parameters screen. If you have already adjusted the
capacities of the coils in the Create Systems section, the plant
linking feature should not be utilized. Generally, the equipment
capacities are only used for energy calculations.

It is important to verify the increase in capacity is realistic given
the building design properties.

LEED template submittal
The LEED version 3 EAp2 and EAc1 templates provide guidance
on the reports to include with the submittal. Aside from those
required, the following reports provide information reviewers may
find helpful.

= Room Information from Entered Values reports

m Plant Information from Entered Values reports

m Library Information from Entered Values reports

m System Checksums from Design Reports

m LEED Energy Performance Summary Report from Analysis
Reports

m PRM Fan Details from Analysis Reports

Additional LEED credits

TRACE can help provide information to qualify for additional LEED
credits. For example, under the LEED New Construction version
3 rating structure, TRACE may help with the following credits:
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Energy and Atmosphere prerequisite 2 (EAp2):
Minimum Energy Performance

This prerequisite for achieving LEED certification requires the
proposed building meet a minimum standard of energy
efficiency.

Energy and Atmosphere credit 1 (EAc1), option 1:
Optimize Energy Performance

TRACE 700 provides many features that help evaluate a building’s
overall energy use and determine its efficiency. These features
are discussed in length during the C.D.S. ASHRAE Standard 90.1/
LEED seminar. Contact C.D.S. for more information regarding this
training class.

Energy and Atmosphere credit 5 (EAc5), option D:
Measurement & Verification

The model used for EAc1 can be used towards achieving this
credit. Reference the “International Performance Measurement
& Verification Protocol: Concepts and Options for Determining
Energy Savings in New Construction Volume 11" for detailed
information on how to appropriately adjust the model from EAc1
to be used for this credit.

Energy and Atmosphere credit 6 (EAc6): Green Power
The model used for EAc1 can identify the baseline electrical
consumption needed to achieve Green Power credits.

Water Efficiency credit 2 (WEc2): Innovative
Wastewater Technologies

The Equipment Energy Consumption report shows the amount
of make-up water associated with the cooling coil condensate.
This information may be helpful in achieving this credit.

Indoor Environmental Quality prerequisite 1 (EQp1):
Minimum Indoor Air Quality Performance

TRACE 700 conducts the ASHRAE 62.1-2007 calculation per user
defined rates and effectiveness values. The ASHRAE Std 62.1-
2004/2007 report details calculation results aiding the user in
their efforts to optimize the design.
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Indoor Environmental Quality credit 2 (EQc2):
Increased Ventilation

TRACE 700 allows users to define the outdoor air ventilation
rates for the ASHRAE 62.1 calculation. By manually increasing
the ASHRAE 62.1 outdoor air ventilation rate 30%), showing
compliance with this credit is simplified.

Indoor Environmental Quality credit 8.1 (EQc8.1):
Daylighting & Views

Credits are awarded when a specified level of daylighting is
achieved. When users create daylighting definitions within
TRACE, the program generates a special report showing the
footcandles of daylight present in the spaces with daylighting
controls.
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Quick building inputs via the New File Wizard

1 Start by opening
TRACE 700, clicking New
on the File menu, and
clicking New File Wizard.

2 Enter a name for the
project and click Open.

3 Select the type of building
to be modeled and click
Next.

4 Select the shape of
building to be modeled,
input the orientation of
the building, and click
Next.
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The New File Wizard is intended to be used to quickly model
buildings in TRACE 700. In this example, a rectangular 15-story
office building in Davenport, lowa, will be modeled.
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5 Input the dimensions,
percent glass, and so on,
of the building and click
Next.

6 The New File Wizard
closes and the
TRACE 700 Project
Navigator window
appears. The New File
Wizard creates sets of
templates for the spaces,
5 rooms per wing, the
weather location should
be the default weather
location, and the rest of
the file should be blank.
Click Enter Project
Information, input the
project information, and
click OK.

Note: Avoid using
punctuation and special
characters in the Project
Information section. Also,
this information will appear
on the Title Page report and
the Economics Summary
report.

Perimeter depth should typically
not exceed 25 feet or the envelope
losses could be negated by the
internal loads. Also, you may want
to note the number associated
with each of the spaces in the
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7 Click Select Weather
Information, click the
appropriate region of the
country, click the nearest
weather location, and
click OK.

Note: If the desired weather
location does not exist,
select a weather location
with a similar temperature
profile or refer to “Adding
weather locations and
activating the 8760
calculation methodology”
on page 6-167 for directions
on importing new weather
locations in TRACE 700.

8 Click Create Templates,
click the Internal Load
tab, click Wing1 on the
Description list, and edit
the data to properly
model the internal loads
in the building. In
addition, the Wing1
Airflow, Thermostat,
and Construction
templates should be
altered to properly model
the building. When all of
the templates have been
edited, click Close.
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Note: Templates are used to edit the room inputs quickly and to make
changes globally rather than on a room-by-room basis

Note: You can check the room level inputs in the Create Rooms
section if desired.

Note: After editing the templates, the remaining sections of TRACE 700
can be input similar to a standard file. Brief instructions for how to
input the airside systems and assign the rooms to the airside systems
are included in the remaining steps for this section.
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9 Click Create Systems,
name the system, and
select the appropriate
airside system.

On the Options tab, input
a make-up air unit, an
economizer, and an
evaporative cooling and/or
heat-recovery device if
appropriate.

100n the Fans tab, input
the Fan Types and the
Static Pressures to
account for fan heat pick-
up and fan energy for all
of the fans that exist in
the building. Click Close.

11Click Assign Rooms to
Systems, and drag and
drop all of the rooms to
the airside system(s)
created in the last
section.

At this point, TRACE 700
can calculate design loads
and a yearly load profile. If
the remaining sections of
TRACE 700 are
completed, the file can be
used for energy and
economic analysis.
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Using TRACE 700 Chiller-Plant Analyzer

-

Open TRACE 700, click
New on the File menu
and click Chiller Plant
Analyzer.

2 Enter a name for the
project and click Open.

3 Select the type of chiller
plant to be modeled. If
the exact plant is not
available, choose
something similar and
click Next.

4 Click the appropriate
region of the country,
click the weather location
for the model, and click
Next.

Note: If the desired weather
location does not exist,
select a weather location
with a similar temperature
profile or refer to “Adding
weather locations and
activating the 8760
calculation methodology ”
on page 6-167 for directions
on importing new weather
locations in TRACE 700.
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When using Chiller Plant Analyzer, no changes can be made to
any inputs in Create Templates, Create Rooms, Create
Systems, or Assign Rooms to Systems.

The TRACE 700 Chiller Plant Analyzer is intended to be used to
quickly model chiller plants using an approximate or custom load
profile. In this example, a chiller plant with two chillers in a
decoupled arrangement will serve an office building in Dallas,
Texas.
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5 Select the type of building
to be modeled. If the
desired building type is
not on the list, select a
building that would be
operated similarly. The
last sentence in the
description usually gives a
clue to what other types
of buildings can be

Override the peak
cooling and heating

Cooley [¢0 Tora =

‘ Lrigy b scmen N T | | loads with the desired
modeled using the = = - o -
. T maximum values.
profile. P .
Note: Chiller Plant Analyzer g
contains load proﬁ/e;
generated from typical
building types for each WAL AL B
) \-9 A TRACK Chillar Flurt Anilysar s was rited using:
region of the country. * s e bk s
Overriding the building © A
i * Doscoupled & Chillrs Opt Tu” plr confiurstion
profile peaks scales the 6 =1
existing load profile.
6 A summary of the data =
input to this point will () oy sanams tomten for smaia 1
appear. Click OK. 7 =1
7 Click OK to start entering N )
economic information. To add a utility ratelthat has already been input
into TRACE 700, click Add Rate and select the
Company (if appropriate, select the Time-of-day
schedule as well). Typically, installed costs and
maintenance costs should be input as well. When
finished, click Apply and then click Close.
=lo=
e
Equomentinstoledcost |1 7=+6 [§ ] Revenue pomahy [ = Corcel
. ealy mantenance spene |15 IMuu 'l Buiding area ovenide 100
8 Input the desired T === == ===
economic information. Uty e
. . £:] [N reeeeea—| BddRatn
The only required input on —
this is screen is the utility uU.:m F % e
Towsidoy e 2] b |
rate. schadus

-r« Note: The utility rates provided with the program should never be used
t in an actual model. If the entire model is 100 percent accurate except for
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the utility rates, the results can be completely erroneous. The local utility
company can provide accurate rate structures for input into TRACE 700.
For help inputting a utility rate, refer to “Creating utility rates” on

l— page 6-150.
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9 At this point, the basics of
the model have been
input. Click OK.

10The five sections of
Chiller Plant Analyzer
should appear.

o TRACLH 700 - C:\CDS\, TRACETOO Projects’ ABC Chiller TCE
Fie Edl Adiorm Wwew Opliom Llvaies ABeralive Sehp Windew Help

Dede e e e da B T

h Plarks 10 — 2Plwts
= Discoupled 2 Chiss Dst T
) Pereypsches Powst
Drelfrm E cormonmcs 1 25aeEs)
] || catcutsre st view Resuas [ carerzonz - 1034 4

From here, clicking the icons will allow viewing and editing of the individual

sections.
Enter Project Information: general
project. This information is optional a

information can be entered to identify the
nd is used for identification purposes only. It

will be printed on the Economic Summary report.
Select Weather Information: allows the user to reselect the weather location or
to override the design temperatures

to make the weather profiles more or less

severe.
& u Create Plants: all th
R reate Plants: allows the user
e b - to edit the cooling and heating
. ' )
g ' F o™ plants selected in step 3.
Arcocked  Cocleg Pungs: Theemal
Gardenzer e g
Pt
Gonfigusation [ Coolrna Egupmert: | Heating Equpmert ] Uty 7 Mivc. Acces
S
Abemative 1
Cosing plant Concling plart - 001 =] Hest rsjection ype | Coolrsg lover wih VD '| ";J
Caupmert tog o/ atercooked chier - 01 (50%) =
Equpmert cotsgoey [Worercooked crle 7] Thessl soeage
Equpment ype Crntstugal 251age wi VED Towe = Tom MNone '| HewEque
Sequincnghipe  [Faalel - decoupled - Capacity [ = | Loy Equp
Cooling Equipment tab: Schati e Tl peseces|
allows the user to edit the |t I ™
K . [ [ ‘th\r% Coriois
default cooling equipment| {== [Bron
e 1 |arinon
selected. |—f= i
Tyos | Fudll kiad consumgtion,
| Ea5001 - et vel ol waies g JF=3 Fwalee
Egant Fien i B e
Hore I [ waten
( E ) Heufing Egupment Uty { Misc. Acces
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The size of the chiller, the energy rate (full-load efficiency of the compressor), size
of the pumps, type of cooling tower, and so on, can be selected for each piece of
equipment.

Note: TRACE 700 always opens to the first chiller. By clicking the
Equipment tag, the other chillers in the plant can be selected.

Note: If either the Equipment Category (air-cooled chiller, water-cooled
chiller, and so on) or Equipment Type (2-stage centrifugal, high-efficiency
helical-rotary, and so on) is changed, then all other inputs may need to be
reselected.

Heating Equipment tab: works exactly the same as the Cooling Equipment

11When inputs for all of the tab.
sections have been Define Economics: utility rates, installed costs, maintenance costs, and
completed, click replacement costs (additional depreciable costs) can be edited from here.
Calculate and View -

. [Uabcubate and View Rests =
Results, 'Fhen C|I(-3k Select i 77 o]
All, and finally click Cale Dsign r Croaed by wizerd Sokct 28
Now. System r Created by wizerd, _ Cemn |
Enargy P Feady

12View both pages of the Economics Ready Ermgy Paen.

Economics Summary bemaive 1 - Ecamenizs Caleubaion ™ Prstom specs cakulaior |
during Design [mencution bemn vall rcinane]

report for calculation = T |

results for Alternative 1.

Fod Help. pesss FI

Additional items
1 Additional alternatives can be created in a similar manner to
Alternative 1 from the Alternative Setup menu.

2 If the user would like to input a custom load profile instead of
using the default profile, then please start on step 8 of “Inputting
an existing load profile” on page 6-118.

3 The accuracy of Chiller Plant Analyzer directly relates to the
accuracy of the load profile, the inputs for the chiller plants, and
the utility rate. It is up to the user to model reality.

4 To transfer files to another PC, the files must first be archived.
Refer to "Archiving and un-archiving instructions (storing library
members with project files)” on page 6-175 for instructions on
archiving and unarchiving files.
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Inputting an existing load profile

If the user has a known load profile and wants to directly input
that profile into TRACE 700, TRACE 700 Chiller Plant Analyzer
can be used.

Changes to the rooms, airside systems, and templates are not
allowed with TRACE 700 Chiller Plant Analyzer.

. | Pla Addrn  Lilwarims  Help
1 Open TRACE 700, click [ T uton
P Qbess TRACES 100 Lowd. el
New on the File menu i TR i

and click TRACE 700 ot 3t Pl i e
Chiller Plant Analyzer.

2 Enter a name for the < Conpliad Ttsrne
project and click Open.

Flanawns [T 2

(]
Fiet of typsst Iriwnu-n.-imm.-rh - Cancel
. |

Sedesct the desied chiler plant configurstion.

Man VPF 2 Chilees Ot Tow -
Man VPF 2 Chilless VD Tt

. Mo VPF 3 Chilless Opt Twer

3 Select the desired plant b e U o
ardikd VPF 3 Chlless

configuration for the EErEE— 3 -

ok 3 e VoD T
cooling equipment and .
click Next. Pl e s o Loy

L

Staner Cycie Free Covlng

[Foe el s o 1 s pos il =]

h chilar 128 i
ok condendat pump (75 Mgl
Note: IF changing the chils brpe,

e |
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4 Select the region, and
then the city, where the
building is located and
click Next.

5 Select the type of building
to be modeled, input peak
cooling and heating loads,
and click Finish.

Note: If the exact building
type is not available, select
something with similar
loads and/or occupancies.

6 A summary of the data
input to this point will
appear. Click OK.

7 Click OK to start entering
economic information.

8 Input the desired
economic information.
Start by inputting all
appropriate costs
(maintenance, installed
cost, and so on). Then
either click Libraries to
create a custom utility
rate or select a custom
utility rate that was
previously created.

9 When completed, click
Apply, click Close, and
then click OK.
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TRALE Chiller PLant Analyzers Weather ... Wizand

Aberistive |

- Step 2

m«m":cm-u Spmialy bkl i ks
m"ﬂmenu‘m':"“' Cooleg [0 Torn =]
iy Wik acoacmice =] Hesing [0 M =]
|T pr——ry TE—— ;I
=] 5
-\:9 A TRACE Chiler Pt Anadyoer Bl wia craited wang: fpesions
o W&fWMmm.
- »»mam 5 =l
* aralel 2 Chillas” plark configurstion
6 =]
|
\3) Erbar your sconomes nFOrmanon foe abernatve 1,
7C=1
=lolx
e
Exquipment installed cost [ Ii 'I Revenue penahy |" + 'I Loncel
early maintenance sxpense |G Il.v\uu 'I Duldrg weaoveride  [100 "
Addiicnal frst cost 40000 Il "I Buakdrsy -pualy el Im L
[~ Uty lste
[Hexthesr, Powwes Compary Feime compion Company [ Noewem Eowees Company =l fkd Haie
| Micuthnrs Pt i Elncdne: diomarsd
L | |
Inflstion 35 X
Taedidsy e =] L[
chadue
[[Frmmtettm—— e Note: Do not use a default rate (Northern
=z = ommmrmm | POWer, for example). The default rates are
. inaccurate and intended only as examples of
how to input custom rates. For instructions
on how to create utility rates, please refer to
Utibity Rates & Lile Cycle Costs
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o TRACE® Chiller Plant Analyzer for the exchusive use b
Fie Edd Adiors Www Oplom Lbwarks  Ademative Sep

10Click OK on the message
that comes up. ST a&:

11Click Enter Project
Information and enter
any desired data.

Select Winathes Infnemation: | wals Wialls, Woathrgion

1]
[
E 2o F,':‘;:fﬂ:u«:

12Click Calculate and View

Results, then click Select b T o td
All, and finally click Cale 12 |l& T0aram
Now.
Calculate and Yiey =l
13Do one of the following: ARomaiee | 12w |
Dosign 12 [ s
a After the calculations have e r Fr— Cewrd |
completed, close the [ . 1
Chiller Plant Analyzer s - Ermngy P,
Summary report, click ; e |
View Results, and then . — I
click Profiles and Energy AT
Consumption. The
TRACE 700 Visualizer
should open. o M)
Or: laix]
b After the calculations have R

completed, close the
Chiller Plant Analyzer
Summary report, close

\\\
-
™,
)
e @ 8 3 8 3 8

'
o

8 o
14
8 o
s o
o4
PR
: 4
1

[

Calculate and View .

Results, and click Modify ™,

Load Profile on the — 13 \

Actions menu. The s

TRACE 700 Visualizer e

T r - G o

should open. :m:m e

14Click Modify System Frananom T TE Tace ulties nck ibetnd [
Profiles on the Edit rransane [T T | | ol ol

[ Tatke F Sucked © 30
i i o Fow Fin 62 5o it | |
menu, select either Edit ek DTy . [ase Ltiprrw |
Hourly Demands or Edit Componerts [T Hia Cots =]

a  Corsmmpleon
Monthly Consumptions, —

[Euase Uties Cety ]| _swe | Dmw | Do

and click OK. For inputting
a known load profile, [ t5ptean Profiles Editing wizad T
select Edit Hourly e T T e
Demands. e
(¥ Ecit Houy Demands
14 il Meriby Consumpliers:
o] e
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wm Profiles Editing wizand |

[ Siep2

15Read and follow the

. . . CACDSATRACE NPromcts\KncwProlie_Prolies cov.
instructions listed on the

IMPORTANT:

next screen to open the 1)l elting. AUWAYS SAVE T0 THE SAME DIRECTORY |
. . 2) D0 ot change the name of the exported flel
load profile in a 310 ot ek the cokemn o 1w bk
spreadsheet. e S
15 Crce

16The spreadsheet should i ool
| Ehe Cdt ew Qnsert Fomot Took [ste Window bl Adohe POF
have one column for DEEE SRY LHRI| - |@ T s 85 i o

cooling loads and one for _amﬁu
heating loads. Input the lh-k-cE 5

A1 = =

known load profile and

save the changes. Do not 1 Ay A
2| Cocling CHuating Ceals All
make Changes to the 3_|Menth IIZ_):rTvpe Hour  tons
headings or to any B [0 o e
columns, other than the o g . .
cooling and heating ) - T
values T P -
' iE] :::.n Dsn 10 ) 4.\;12
17Save the file and close T . T
18 |Jan DOsn 1 119 224
the spreadsheet program. 17 Jan  Dsn M 8 o
i 18 |Jan Drn L] .8 L
Click OK and close the Wigen e e
TRACE 700 Visualizer.
18Edit the inputs for the
cooling and heating plants
to accurately reflect your
model, and recalculate
the file using the new
load profile.
Note: Use the Alternative
Setup menu to create
additional alternatives.
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Creating spreadsheets and tables
from calculation results (TRACE 700 Visualizer)

The TRACE 700 Visualizer allows the user to create custom
charts and tables, view trends, and get additional details about
the loads, airflows, and energy consumption calculated by
TRACE 700 during the energy-analysis simulation.

In order for the Visualizer to be available to be selected, the first
three sections (design, system, and energy) must be calculated
for the file.

1 After the file has been
calculated completely, go
to View Results, click the
Analysis Reports tab,
and click Profiles and
Energy Consumption.

2 After clicking Profiles and
Energy Consumption,
the TRACE 700 Visualizer
should open. [T

e Traee 7O Vesueer < G2 G5 TRACE PO Projects) EXS-NeG-DOnE. TRE
-l Cd Fla Edl Vi Opiomn Hep D

Monthly Clg & Hig Coil Profiles

Note: If Visualizer opens but
no data appears, click Open
on the File menu, click the
.trc file to be viewed, and

. B EEEEEEEREE

click Open.
[Moretiy O & Higg Cod Prcties =] _Savm | Cum | Ol | Semng | >
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3 To view one of the
standard charts or tables,
click the desired graph on
the list in the bottom left-
hand corner and click
Draw.

4 To create a custom graph
or chart, click Settings at
the bottom of the screen
or click Settings on the
View menu.

a From the Data Type
section, choose to view
either consumption
(overall monthly numbers)
or demand (hour-by- hour
numbers) and the general
component category that
you want to view.

b From the Time of Year
section, select the
months, days, hours, and
day types that should be
included in the graph.

¢ From the Alternative
Selection section, choose
which alternatives to
include.

d From the Display Options
section, choose whether a
chart or a table should be
created.

e From the Component
Selection section, use the
tabs and check boxes to
select the variables to be
viewed.
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Loty [ig & by Cod Profies.

. B EEEEEEEIEE

Gm-um g & Hitgy Cod Profiles

ol I(m IJwIsmI

< Data Type

ponents | Clg & Hig Coils

[

F with DOAS

Dizplay Options
¥ Table
[ Chart

[T Stacked 3D
[T Year Tatall =20

;"L/Dmpnnent Selection

.t'-‘xirsidel Clg F'Iantsl Htg F'Iantsl Mizcellaneous “eather |

Reduced-vear weather detected

St Louiz, Mizzouri
Latitude = 38.0 deg
Longitude = 90.0 deg

SODE =94.0F
SOhWE =77.0F
WDOB =6.0F

v

04 Dy Bulb

-

02 w'et Bulb

04 Humidity B atio

=
=
=

Cloud Cover
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f Click OK to accept
changes that were made
and view the custom
graph or chart.

Note: In this example, the
hourly outdoorair dry bulb,
cooling loads, and heating
loads for January for
Alternative 1 and
Alternative 2 were displayed
in a table format.

5 To save the custom table
or chart, input a custom
name in the lower left-
hand corner and click
Save.

55, TRALE T Progrc b Bt - DORE TR =lol=

Pl Bl Ve Om e

Momthiy Cig & Hig Col Profilis

ukewtety [y & ey Cod Prvkes

1~ Viemas of Vit - | - Alrmative S elnction - ~ ~ Component Slecton

| Fewtantma [ =Jom =] _ Aide | O Plact | g Plact | Miscelanaous Wstbe |
af - el e l

s Traie T00 Vitnaiers - GHCISY TRACE 70U Projec i\ EXS-NRG-DONE TRE =lolx|
Fla Bt ww Opsoms Help
£ CDS| TRACETON, Projects) EXS-NRG-DONE_Profiles.osy

Al Ar1| A An CEE
0 Dry Bub|  Coolng Cods 21| Hating Cods. Coolng Cods 4] Healng Cod:. ol Cods Al
Month | Doy Ty Houw deg
Jon [whay | 1
Jan [whay | 2
Jan | wedy| 3
[ e |y | 4
[ (Wi | &
[T [ | &
Jen |wAdy| 7
dan [ whey | B
dan [ whey | 8
Jon | Wy | 10
Jon | Whiy| 11
Jon | Whiy | 12
[ e WA | 13
[T [y | 14
[T [Whay | 15
IR
Jen | whdy | W7
dan [ whdy | 18
dan [ whdy | 13
Jan [ Whey | 20
1l
[ & Hig Cod Tabde vt DADE:

Additional items and notes

Whenever a chart or table is being viewed, a temporary file is
created that stores all of the data contained in the table or chart.
This temporary file is located in the directory where the .trc file is
located. The filename of the temporary file is
Filename_Profiles.csv. The Filename_Profiles.csv file can be
opened with any spreadsheet program and edited, used for hand
calculations, or used to create graphs outside of TRACE 700.
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Using templates

Templates are intended to help simplify and speed up the
process of entering and changing room information. They are
based on the idea that several pieces of information are common
for many, if not all, of the rooms or types of rooms in a building.
Examples of this type of similar information include design
thermostat setpoints, wall/roof/floor construction types, amount
and type of lighting, and so on. Templates are similar to the
concept of Master Cards in TRACE/Load Design 600.

The templates were designed for use in conjunction with the
Create Rooms - Single Sheet tab to allow the user to enter
room information on one screen. This allows much quicker entry
of room data. In addition, because the user does not need to
repeatedly select construction types, densities, and so on,
templates reduce the chances of input errors. Finally, templates
also make changes to files, and comparisons between
alternatives, much easier.

There are five types of templates. However, the Room template
acts as a super template. It does not contain any specific room
data, but it allows grouping of the other four templates listed
below:

m Internal Load template
m Airflow template
m Thermostat template

m Construction template

Templates are generally created for each type of room in a
building—office areas, conference rooms, hallways, rest rooms,
and so on. After the templates have been set up, they are
applied, as appropriate, to the individual rooms in the Create
Rooms section. The templates will bring in values that would be
typical for the room type being entered in Create Rooms, and
allow the user to override these inputs with any atypical values
for that specific room.
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The first step in using
templates is to create the
templates. Click Create
Templates—TRACE 700
will open to the Room
template.

Note: It is much easier to
create templates before the
rooms have been input.
Applying templates after the
rooms have been input is
time consuming and often
difficult to do. Refer to
Additional Items in this
section for instructions on
reverting inputs to
templated values.

2 No templates have been
input into this file.
Therefore, the Internal
Load tab should be
selected.

3 From the Internal Load
tab, the general
characteristics of the
office areas' internal loads
will be input. Click New
and enter Office Areas
into the Description field.
Enter the appropriate
Type, Density, Loads,
and Schedule for the
people. Repeat this for
Lighting and
Miscellaneous loads.

In the following scenario, a set of templates for the office areas
of a building will be created and applied in Create Rooms.

IAI&»M 1 'I

i Descipion IDdu vl

Templales .
Irkserisl ko [l
T [T
Themosiae [Detos
Coratruction |Defsuit

Lad Lef Lef Led

- Lol
Tee  [Home =l Cor |
Denste [0 [catvpenon =]  Schedde [Coing Only Kreng = | Dets |
Senable [0 D I

Ack Gl

Larent E0 Dt

Ughing Note: The internal load schedules
S T typically should not use the schedule

Hestgan [ [wiah =]  Schedds [T
: Available 100% or any schedule
Muscelarmous kot

e where the heating-design day type is
Eragy [0 [wian =] scwsm [t greater than zero. This will cause

ep IS | TRACE 700 to take credit for internal
loads during the heating-design
mensie [mense1 . calculation. For additional details on
vewiwin [ SChEdUles, refer to “Creating
Paceia. schedules” on page 6-137.
Toee  [Geneesl Office Space = | e |
Densy  [147 [safvsenon =] Schedde [Pecpie - Lowiise O =]
Sensble [0 Ot
Larent 20 Ouh
3
Lighing
Te  [Rocersed husercent, vented sehan, 20% kood 1o tosce =l
Heatgan [15 [Wisah =] Schedds [Lighes Lowriseclice =]
Mucrlarro ok
Ties [0 Offce Counmnt = |
Eragy  [05 [ i [ ) [Py ———r— =|
m Elctiicty =
Ivonadload [ iflow | Themostsr [ Consucton |
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4 With the general
characteristics for the
office areas’ internal loads
defined, select the
Airflow tab. Here, the
general characteristics of
the office areas’ airflows
will be input. Click New
and enter Office Areas
into the Description field.
Input the appropriate
Type, airflow rate (if the
default value needs to be
adjusted), and Schedule
for the Ventilation.
Repeat this for all relevant
fields on the Airflow
template.

5 With the general
characteristics for the
office areas’ airflows
defined, select the
Thermostat tab. In this
scenario, all of the rooms
in the building will be
conditioned to the same
thermostat setpoints,
allowing a single
Thermostat template to
be used for the entire
building. Click New and
enter Building in the
Description field. Input
the Cooling dry-bulb
setpoint, Heating dry-
bulb setpoint, and
Relative humidity. If the
file will be used for energy
analysis, then the Cooling
driftpoint and Heating
driftpoint, or the Cooling
thermostat schedule and
Heating thermostat
schedule, should be input
as well.

irllow Templates - Project

| Abematve 1

ffice Areas 'l

Aot

Desarigtion

Main supghe..
Codirg Tote caludated |
Healrg

Wertiaion

Ausdhary tupoly..
Coding Tobe coladeted 7]

=
Note: In almost all cases, the
Auxiliary supply and VAV
minimum schedule should be

[ [omcwme =] woms | [emoeas =  left at their default values. Also,

- ; the airflow schedules must not
Aok ASHPE 0210002007 [Fla =] | ;
oo [owedtietoe 3] = gl be internal load schedules or
Codkea ,Elm'*wm | [rs — l any schedule where the
Heaing [ [chrlperson =] Hi e IF | B . )
e | | heating-design day type is zero.
i, [P (R T This will cause TRACE 700 to

Scheddn | &adable [100%] X
WA i,

Re [0 [%Cghatem

Sched [aradatis (107%] =
T [Derni 7

neglect airflow loads during the
heating-design calculation. For
additional details on schedules,
refer to “Creating schedules”

Thewoust | Conawucien ]

on page 6-137.

Description.  [Eusrry =]

Themmeatat setfings.
Codkmdybeb [5 T
Hesingdybus [0 F
Relaive by [50 %
Coslng ditpoint [0 °F
Hesting diftpont [i2— F

Cooling schede [ficoe =]

Hesting schedul [Hone =]

Locstion [Rroces =
Huradty

Laterd copacy [Mecm =]

hae - |

Note: Ty-;)ically users need to
either create their own
Thermostat schedules or
select none and let the
program use the driftpoints
(Thermostat schedules
override the driftpoints and
setpoints for energy analysis
calculations). Also, the
thermostat driftpoints activate
whenever there are 5 percent or
less of the people in the space
(determined from the people

iellowd | itow 5 Thewmortat [ Conion ]
et Sor 5 Themoun schedule on a room-by- room
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6 With the general
characteristics for the
building thermostat
setpoints defined, click
the Construction tab. In
this scenario, the
envelope components of
the building will be
constant throughout the
building. Therefore, a
single Construction
template can be used for
the entire building. Click
New and enter Building
into the Description field.
Next, select the
appropriate Construction
types for the building,
override U-factors and
Shading coefficients if
necessary, and input the
Wall, floor-to- floor, and
Plenum heights. If the
building does not contain
a certain construction
type, use the default
value. In this scenario, the
building has no
skylights—therefore, the
default construction value
will be used in the
template.

7 Finally, select the Room
template so that the
individual templates can
be grouped together. Click
New and enter Office
Areas in the description
field. Next, select the
appropriate Internal Load,
Airflow, Thermostat, and
Construction templates
for the room type.
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8 Click Close Templates
and click Create Rooms.
To start inputting the
room data, give the room

In a typical TRACE 700 file, templates for the other types of rooms (conference
rooms, hallways, and so on) in the building would now be created.

In this scenario, only offices will be modeled. A sample room will be input to show
how to apply the templates. The room is 1,500 ft2, has a flat roof, one east-facing
aname (Office 101, in this exterior wall with 30 percent glass, and is fairly typical of the other office spaces.
case). For the Room

template, select Office

Areas. =

Ghershel Note: When the Room
9 The user now needs to e |r..§ =l template is selected, many

input the appropriate g ae [ M ofthe values (such as o

room-specific data (size Ik [T e 5 e @ x [ n Internal loads and Airflows) |

of the space, walls, '::" - - - = Lo will populate based on the |

win(.j(')vvs, rojsfi o o [aae =] ,& 'w[m,% T::(:SZ;.::‘:C: Internal

partitions, and floors) an o i , ,

override any data from : ::F Thermostat, and

the templates that is not Construction templates.

appropriate for the space. mp.":.,m"w :

In this scenario, the roof, v AL

wall, glass, and floor area v ]

need to be input. The

Single Sheet tab, paired

with the data from the

templates, can be used to

input all of this data. FEE)

Because this is the first Ahemoive 1 Note: This building does not have

room to be defined with Ce= 20| =" any skylights. Therefore, none will

be input in the Create Rooms
section. This is the reason that the
skylight glass type on the

the templates, it is usually
recommended that the .
individual tabs be checked Tan [T =

ity the i for th o 5w Construction template could be
to verify the inputs for the ,fx— ,:,‘:“"—"",m r,,—“ left at the default value.
space. e o - o o o o [

. C F ot o] ] o] —
10Now that Office 101 has

been created, the other
offices in the building can
be modeled using the
same set of templates.
Remember, templates for
each type of room
(offices, hallways,
restrooms, and so forth)
should be created, rather
than one set of templates
per room entered in
Create Rooms.
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Additional items and notes

Any changes made to the template(s) will change the data in all of
the rooms that use that template. Therefore, if the glass type
specified in the project changes, all that the user needs to do is
change the glass type in the Construction template(s) used by
the rooms. If no templates were used in the file, then each wall
would need to be manually changed to the new glass type. This
is one of the ways that templates help save time.

When a templated value is overridden in Create Rooms, the
color of the entry changes from red to black. It is important to
understand this distinction. When you reapply or change an
existing template, only the values in red are affected. Entries in
black must be changed manually or reverted back to the
templated value.

To go back to an original template value, click *Template on the
list for that parameter, or type in * and press enter for the
numeric fields.

Do not use any non-alphanumeric characters in the names of
templates or rooms.

Create templates before creating rooms.
Project templates apply to only one file.

Global templates can be used in any number of files. They are
created from the Library/Template Editors program. Global
templates are created in a very similar process and are used
when the same type of buildings will be modeled repeatedly.

A Project template cannot be exported to a Global Template.

Create a Global template to make it available for any file, then add
the Global Room (or individual) template into the Project.

10 When editing information, always check the upper left-hand

corner of the screen to ensure that the correct alternative is
being edited. Also verify that the correct template is being edited.

11 For additional details on how to use alternatives and templates,

please refer to “Creating alternatives” on page 6-131.

12 In Component Tree view, the user can press ALT+Z to revert the

selected overridden value to a templated value quickly.
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Creating alternatives

Alternatives can be created efficiently using three options:
Use/Copy, Create based on, and Create new.

m Use/Copy: Simulation will use data from another alternative,
which minimizes calculation time and will not increase file size.

Note: The Use/Copy option should only be applied to sections of
the alternative where no changes will be made, because the user
will not be able to edit information in any section that uses data
from another alternative.

m Create based on: TRACE 700 will create an editable copy of
information from another alternative, which will increase the file
size and the calculation time. However, the user can edit
information in any section that is created based on data from a
previous alternative. This option should be used when changes
need to be made to a section, but inputs similar to a previous
alternative will be used.

m Create new: TRACE 700 will create a new section with no data,
which will increase the file size and increase calculation time. The
user can input completely new information in any section that is
new. This option should be used when changes need to be made
to a section or alternative, but inputs are not similar to the other
alternatives.

Application considerations

m The first step in creating alternatives is to determine how similar
the existing alternative and the new alternative will be. In general,
the more sections that use data from another alternative, the
better. However, if changes need to be made to a portion of an
alternative, Create based on (if the alternatives are similar) or
Create new (if the alternatives are very dissimilar) should be
used for the appropriate section(s). Two examples will be used to
illustrate how to create alternatives in TRACE 700:

Multiple airhandlers served by a chiller plant vs. a large central
airhandler served by the same chiller plant,

and
A glass comparison.
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To copy Alternative 1:

1 Select Copy Alternative
from the Alternatives
Setup list. A second
alternative is created that
uses the data from
Alternative 1.

Note: The Alternatives
Setup menu can also be
displayed by right-clicking
the gray bar labeled
Alternative 1.

2 To name the new
alternative, double-click
the project information
for Alternative 2 to
display the Project
Information window, and

edit the Description field.

Note: The Project
Information window can
also be displayed by clicking
Alternative 2 and then
clicking Enter Project
Information.

6-132

Creating alternatives

Advanced Usage and General Modeling Tips

Sample scenario 1

In this first scenario (multiple AHUs in Alternative 1 and a central
AHU in Alternative 2), the alternatives will only require a change
to the Airside Systems section. In this case, the second
alternative will be copied from Alternative 1. The illustrations that
follow demonstrate how to create a new alternative by copying
an existing alternative (Step 1), naming the new alternative
(Step 2), and editing the appropriate sections of the new
alternative (Steps 3 and 4).
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not a required step, but
naming the alternatives makes
the file easier to use and/or
edit. In this example,
Alternative 2 has been named
Central AHU
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3 Right-click any section of
Alternative 2. On the list
that appears, click the
section to be Created
new (for this example,
click Systems). Select
Create new systems for
this alternative and click
OK.

Note: The list can also be
displayed by clicking
Alternatives Setup.

4 The Systems for
Alternative 2 are now
empty. To input the new
systems data, double-
click Create Systems for
Alternative 2 to display
the Create Systems
window and enter the
new data.

Note: The Create Systems
window can also be
displayed by clicking
Alternative 2 and then
clicking Create Systems.

After the new systems
data has been input and
the rooms have been
assigned to the system,
Alternative 2 can be
calculated.

The appropriate sections of the new alternative need to be changed from Use

to Create based on or Create new. In this example, the Airside Systems
section needs to be edited and most of the airside inputs will be different in
Alternative 2. As a result, Create new will be used.

Note: Templates cannot be Created New.
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To copy Alternative 1:

1 Right-click the gray bar
labeled Alternative 1,
then click Copy
Alternative on the menu
that appears. A third
alternative is created that
uses the data from
Alternative 1.

Note: The menu can also be
displayed by clicking any line
in Alternative 1 and then
clicking Copy Alternative
on the Alternatives Setup
menu.

2 To name the new
alternative, double-click
the project information
for Alternative 3 to
display the Project
Information window, and

edit the Description field.

Note: The Project
Information window can
also be displayed by clicking
Alternative 3 and then
clicking Enter Project
Information.
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Sample scenario 2

In this second scenario, (a glass comparison between
Alternative 1 and Alternative 3), the third alternative will only
require a change to the Templates section. In this case, the third
alternative will be copied from Alternative 1. The illustrations that
follow demonstrate how to create a new alternative by copying
an existing alternative (Step 1), naming the new alternative
(Step 2), and editing the appropriate sections of the new
alternative (Steps 3 and 4).

we TRACE® 700 - C2006S TRACE 700 Projects), Tutorksitre tre
T T e ———

TEEE R e E R @ Y e la B

Project Navigator

o 0i#)

02132001 - 0336 M 02132001 - 0336 FM
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ARemative T
Deerptior—] [k Stk EI
| Conenl

L) Naming the new alternative is not a
Leeaten required step, but naming the
Dukdng orest . . .
- alternatives makes the file easier to

ogram uk
T i use and/or edit. In this example,
Commerts

Alternative 3 has been named Glass
Study.
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The appropriate sections of the new alternative need to be changed from Use
to Create based on or Create new. In this example, the Templates section
needs to be edited and most of the templates’ inputs will be identical for the
two alternatives. As a result, Create based on will be used.

Note: Templates cannot be Created New.
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Additional items

1 If the templates, rooms, and systems sections of an alternative
all use the same data as the previous alternative, then the design
and system sections of the calculation will not need to be
recalculated. This will result in a smaller file size, and much
quicker calculation time, than a completely unigue two-alternative
file.

2 If a user tries to edit a section that is using the data from a
previous alternative, the user will be able to view the data but no
changes will be allowed. To make changes, the user will need to
either create the section based on a previous alternative or create
a new section for the alternative.

3 Itis not possible to copy the data from an entire alternative to
another alternative unless the source alternative is completely
unique. If one section of the source alternative uses data from
another alternative, the entire alternative cannot be copied.
However, individual sections of the source alternative can be
Used or Created based on. For example, the entire Alternative 3
could not be copied to Alternative 4—in this Scenario, only
Alternative 1 could be copied to Alternative 4. Alternative 4 could,
however, have templates based on Alternative 3 because the
templates for Alternative 3 are unique.

4 \When editing information, always be sure to check the upper
left-hand corner of the screen to ensure that the correct
alternative is being edited.

5 For additional details on how to use templates (from Scenario 2),
please refer to “Using templates” on page 6-125.

6 If more than 4 alternatives are desired, refer to “Creating a new
file based on an existing file” on page 6-179 for information
regarding creating additional alternatives.
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Creating schedules

In this example, a schedule for the people in an office building will
be created. The design options of the schedule will be as
conservative as possible, and the energy analysis portions of the
schedule will be as representative of the actual occupancy as
possible.

Five types of schedules are used in TRACE 700.

m Utilization Schedule: This type of schedule is used primarily to
vary/control the internal loads, airflows, fans, coils, control
strategies, and base utilities. Utilizations schedules are used in
almost every section of TRACE 700.

m Thermostat Schedule: This type of schedule allows you to vary
the thermostat setpoints by hour and is selected on the Rooms
tab of Create Rooms and the Thermostat tab of Create
Templates.

m Time-of-Day Schedule: This type of schedule is used to
determine what are hours on-peak, off-peak, etc. for the
associated utility rate and is used only in the Economics section
of TRACE.

m Equipment Operation Schedule: This type of schedule allows you
to designate the sequence in which cooling or heating equipment
operates when there are multiple pieces of equipment working
together. Equipment operation schedules are used only on the
Cooling Equipment and Heating Equipment tabs of Create
Plants.

m Thermal Storage Schedule: This type of schedule dictates how
the chillers and thermal storage tanks operate during the
simulation. Thermal storage schedules are used in only in
Create Plants.
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Click Schedules on the
Libraries menu.

The Library/Template
Editors program should
open to the Utilization
schedules.

To create a custom
schedule, click New
Sched.

In the Description field,
delete the default
schedule name and enter
a name of your choice.
Avoid using any
punctuation in the name.

For the Simulation type,
select Reduced year if
you are using the default
calculation methodology
or if all of your weekdays
are utilized the same.
Select Full year if
Mon-Fri have different
utilizations, you are using
the 8760 calendar and
using imported 8760
weather.

Note: Reduced year
schedules can be used in
8760 simulations. Full year
schedules should not be
used in reduced-year
simulations. Please call
C.D.S.Support at 608-787-
3926 with questions about
8760 analysis/Full year vs.
Reduced year analysis.

6 Click New Definition to
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start defining the
schedule.

Creating schedules

o TRACES 700 for exclusive use by

Utilization schedules are
typically used to tell the program
how the lights, people,
miscellaneous equipment,
ventilation, and so forth, are
-|utilized in the building.
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i schedule to be viewed. The individual Definitions in the schedule = |
can be found below the comments section of the schedule. The
Definitions tell the program what values to use during the different ]
parts of the simulation. Cooling Design is used in the cooling- =
design and in reduced-year analysis for the peak (kW) portions of
the calculations. Heating Design is used in the heating-design
portion of the calculations. Weekday, Saturday, and Sunday are
used in the energy-analysis (kWWh) portion of the calculations.
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7 Begin by selecting the

Day types that you would i Libeary | Templabe Editors =imix]
like to define. In this FOTA=28 RG-S 1LT AN 0oms AME | TRANE®
case, the Cooling design R
. " e .I rs 1] 1
portion of the schedule : Note: Enter the Start = o *; End
will be defined to give the .. time, End time, and Morth [y =] [Decenber =] el |
most-conservative Percentage values 7 —Cmmfea v ] [oainer =) oS
cooling-design loads and as noted. o T L R— L e
airflows. | | Mo
Note: This portion of the schedule is
Note: For a less used primarily to size the cooling side 8 NeDoinkion
conservative cooling design 2 of the equipment during the design ooy bt
calculation, the cooling femsdioante  calculation using the design weather.
] ¢ I — L un e R 1‘?‘]
deSIQn day ‘type ‘can be |—4— w Library / Template Editors : H-TE)
scheduled identically to the R I T e e T
rFOTa=28 R, LT (AN To N AMELE| T TRANE®
weekday day type. |
. . || I ——
8 Cllc_k New Definition to = : Note: Enter the Start
define the next set of . time, End time, and
Day types in the Percentage values
schedule. In this step, the as noted.
Weekday portion of the AT T
schedule will be defined
to give an accurate Cal o
representation of how et e b
the offices will actually be - - [0 Note: This portion of the schedule is
occupied. | — only used in the energy-analysis
) e % calculation using typical weather.
9 Click New Definition to R r — |
. ..mls.l—J
define the next set of Fie oo Cplors Wkl —|
. st 2 g P = E s i
Day types in the FOTEaA=S S| R G 1Tl soemsA@m&E| ¢ m"um
schedule. In this step, the st Do
PR lﬁ r =
Saturday and Sunday Note: Enter the Start — St Ent
. s = et [lsusy =] [Decerber =] Cancal
portions of the schedule time, End time, and
: : Percentage values | 2 L | e 2o
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: as noted. Fidghi[Tam T % | s i
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. orecey Drcenbes tericbg Zpm M 18
representation of how
the offices will actually be i Mast Deiion
. |
occupied on the DOt | oy Detes|
weekend. Rt ardbockout table
FM Note: This portion of the schedule is
e —— ——— only used in the energy-analysis
: ~ calculation using typical weather.
Schedule 1. (Graphs
i e e 13 =T
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10Click New Definition to
define the next set of
Day types in the
schedule. In this step, the
Heating design portions
of the schedule will be
defined to give the most-
conservative heating-
design loads.

11 Click Save to add the
schedule to the existing
library members.

Note: If the schedule was
created while either Create
Rooms or Create Systems
was open, Create Rooms/
Systems may need to be
closed and reopened so that
menus can refresh to
include the new custom
schedule.
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IMPORTANT NOTE:

It is strongly recommended to not use internal load (people, lights,
and/or miscellaneous equipment) schedules for ventilation or
infiltration in TRACE 700. Because internal loads are typically
neglected in heating-design calculations (per ASHRAE
recommendations), using an internal-loads schedule for ventilation
or infiltration will cause ventilation loads to be neglected
(represented by using zero in the schedule) during the heating-
design calculations. Separate schedules for ventilation, infiltration,
and internal loads should typically be used. Ventilation schedules
should have a heating-design definition of midnight-to- midnight
100 percent and internal-load schedules should have a heating-
design definition of midnight-to-midnight O percent. Because no
temperature variation or solar loads are accounted for during the
heating-design calculation, all hours should be scheduled the same.
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Additional items

1 If the schedules do not apply yearround, definitions can be
created on a partial-year basis. For example, if, during the
summer months, the offices are occupied differently, a separate
definition can be created.

=10
Sehdule g [Litizanon - Schedhle Defirdier:
Dscription [Pecple - Office Exampl - T Mm“”r_‘
e =] u -] Loncel |
Swndsion bype = Reduced yoar
 Fullyear |
Sl : Decasder  \Waskiep
Jarnasy - Decenber Sanaday o Sunday
Heafing design Wuﬂ"“ﬂ\l
Ol Do Cegy |
Fleset anad lockiut tabde
=1 Sernon by 1 0p | Feset 1 Otfset Lowad |
=
-
NOTE: The reant and lockouts ans veniiation. reh ardt oll system
sumdson schochis
St I T

Note: Definitions cannot wrap around a year. For example,
September to May would not be a valid input for the Start and
End Months. January to May and September to December would
have to be input as two separate definitions to complement the
definition for Weekday above.

2 For people schedules, 5 percent or less is considered
unoccupied. TRACE 700 will use the unoccupied thermostat
setpoints at any time the people schedule reads 5 percent or less
(unless a Thermostat schedule has been input, in which case the
Thermostat schedule will determine the setpoint in the space).

3 The Reset and lockout table (found at the bottom of the
Schedules tab in the Schedules library) can be used to simulate
different control strategies. For example, if the room exhaust fan
were to turn off only when the temperature in the space was less
than 50°F, the following schedule, and reset and lockout,
information would be input.

4 The above Reset and lockout table tells TRACE 700 to reset the
room exhaust airflow to 0 percent (off) when the room dry-bulb
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temperature is less than 50°F. There are a variety of sensors,
operators, and reset values available. In addition, and statements
and offset values can be used to add more complexity to the
reset and lockout controls. Reset and lockout controls can be
applied to the following schedule entries. Schedules used for
items not specified will ignore these entries.

Preheat coil

Reheat coll

Humidification coil

Aucxiliary heating coil

Optional ventilation heating coil
System exhaust-air heat-recovery coil
Room exhaust-air heat-recovery coil
Supply air reset (Discriminator)
Economizer

Nighttime OA purge

Optimum start

Optimum stop

Duty cycling

Ventilation

Infiltration

VAV minimum

Main cooling fan

Main heating fan

Auxiliary fan

Room exhaust

Main cooling coil

Direct evaporative cooling
Indirect evaporative cooling
Auxiliary cooling coll
Optional ventilation cooling coil
Main heating coil
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Creating equipment and unloading curves

The compressor full-load energy rate and unloading curve (at
constant condenser temperature) need to be obtained from a
selection program, sales representative, or other source. The
following example was obtained from the Trane Official Product
Selection Software (TOPSS). For added detail, an ambient relief
curve should be generated from the constant condenser
temperature unloading curve and the corresponding condenser
relief curve (refer to the points in "Additional items"” on page 6-
149 for instructions on creating a custom ambient relief curve).

Pnﬁudl
RTWA125 8 Tag: RTWA-1
Fart Load Performance
%boad| copein | bl  emeierey|  wwTEwsp|  EwTEeap|  EwTcond|  uwTcoe|
1287 w0737 13 a0 o o
bl 71 s W 40 L3R ] &80 58
L] (LA L1 1ns 4“0 439 a50 L)
5 iz o 1ns 40 485 &0 &80

Note: This unloading curve
reflects constant condenser-
water temperatures.

Refer to Additional item 3 on

HPLY page 6-149 for additional
Conatirt Condeniter information.
1 DegF 06 C] rebef

TRANE Series R{TM) Chiller

Note: IPLV, SEER, NPLV, and so forth, are not valid inputs for
TRACE 700. They combine unloading curves and full-load energy
rates, and are not specific enough for detailed energy analysis.

In the following example, a custom water-cooled rotary liquid
chiller will be created from data provided by an equipment-
selection program.
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1 Click Equipment on the

Libraries menu, and then
click Cooling on the
Equipment menu. The
Library/Template Editors
program will display the
Cooling Equipment
window.

To create a custom piece
of equipment, click New.
To copy an existing piece
of equipment, select the
desired piece of
equipment and click
Copy.

In this case, click New to
create a completely new
water-cooled, helical-
rotary chiller.
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The Cooling category is the
general-equipment category (in
this case, a Water-cooled chiller).
Clicking here will allow the user to
see the different general
categories of equipment available.

Westhar..
The Equipment Type is the specific
piece of equipment (in this case,
2-Stage Cent w/ Heat Rec 105 HW).
Clicking here will allow the user to view
all of the specific pieces of equipment
available for use.

date Editors

* 2a,ITIEXs oD d@ESE| P

2, Fras | 190 tons wath heal secovery (105 deg
= Hva EUNIL
1L x | 2-5tage Cert w/ Heat Rlec 106 HW 'I
{
{ Costnglypn [Fertiiogd — ) 2
e I
g Mode Capaciy Er Rahe
= !om mym |
I: IM IIll!l‘h IIWM e I
ank. & hoat
Ty
chaliod vaslnt EfllN - Crsd vl chal waslrs pramgs
el el - Cres vl el waslrs praegs
[Hoal o o conderant Hore
The Cooling type is the type of Seconduy |
. EQ1011L -
compressor used by the equipment — =
(shown here as Centrifugal). Clicking [~ 3]
here will allow the user to view the -
L Grch

l different types of compressors available
.lin TRACE 700. =
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3 Select the Cooling
category as Water-
cooled chiller. Name the

Fle Ve Opliorn Windew  Hedg
= The Energy Rate

-1k

T m T

FPOTA=28 (@ 1T (ER%

new piece of equipment Cooling Equipment — Man should only include the izl
by deleting the default ( : [Wiescocled chie : zl E~=""'-"| COﬂjpreSSOF_e'_nergv at
Equipment type and T;‘:;“' ,_::::':“"“‘“ j: design conditions.
entering a new name R | o ‘_I
(Helical-Rotary Chiller - = e - e —l |
Practice). et = o
Tyee
Note: Avoid using any e e e
punctuation in the name. — —
[jLkede Cene: Franary Seconday ] Cyress |
Select the Cooling type et e :‘W ﬂ :‘-m j
- Shardord Ambiert modicetion |1-1tage - Amb Mod x| |1:stage - Amb Mod -
as Helical rotary. oo Comsty I =] =
4 Input the Energy Rate

(required) and the Cooling
Capacity (optional) from
the selection. The Energy
Rate is:

107.72 kW/128.76 tons

= 0.837 kW/ton.

i g, s 11 o

These values can also be
input or overridden on the

Fle Ve Opliorn Windew  Hele
FOTaA=S® Ra > IT B P0onyPAESE| T

Cooling Equipment tab Cooling Equipment — M Pump sizes are input on the
e T | - .
of the Create Plants :""“ o II;’;‘T: — “ Cooling Equipment tab of
section. e — the Create Plants section.
5 Select the Type of Dpcromaiote Eapecy oo o
. Mot IM | IIWM
Pumps to be associated s Jees )
. . ank L hest o WWien
with the equipment. If ; =
the equipment is not e oD Cot vt et =
associated with a pump = = 7
!  Unkoading Curves T
then select None as the —— e [ S ol (a6
pump type. el 30 U The Curves library will
. . open on top of the
lick Curv in h )
6 Click Curves to. put the M J. e )_ Cooling Equipment
custom urloading cuve | .

from the selection
software.

i s 3 i
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7 The Curve Type defines
the type of curve being
created. Select a Cooling
equipment power
consumed curve and
click New.

8 Name the new curve by
deleting the default
Description and entering
a new name (WC Helical
Rotary - Practice). Avoid
using any punctuation in
the name.

9 Select Percent for the
Load units and the
Power units, then input
the constant condenser
temperature unloading
curve from the selection.
Selecting the Load units
as Percent will activate
the Power units field. Be
sure to select Percent for
both fields before
entering values. The
points for the curve are
calculated based on the
percent load and kW
columns of the selection.

Note: If the units for Load
and/or Power are input as
kW, Mbh, tons, or therms, it
is recommended that the
capacity of the equipment
be input in Step 4.

10Click Save and then
Close to return to the
Cooling Equipment
library.
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w Library | Templabe Editors
Fia Ve Opliorn Windew

g

POTEA=2® | &a 1T ER%D

cmydESE T

e by — =
TreTise = [Coding equpment powss conrmed ¥ - 1-gage e
Descrighion [1-iesze - w E
Corprmmits E
| = /
0 E
Cckport  [2 % g - E /
Load ks Cuver - - F A
Iy E
- B a0 /
Coatticients pre E ”d
[AELE] o £
[REF] E /
EFT) o F
(i a
10
g A1 FYTEY PN P00 FOPTY FUPTY PR AP PP Fee
@ @ @ % @ @ @ W oW %o
% of Full Load
o e, s 11

w Library | Template Editors
Fle Ve Opliorn Windew  Hedg

FOTEA=2#8 @62 IT IRl 00omoPESE| T

The Cycle Point represents the
percentage of full-load capacity at
which the equipment will turn on and
off (cycle) to satisfy the load.

Creating equipment and unloading curves

Curve Type. IEmwwcmlumd - WC Helical Rotary - Practice
100
Disscrphion slﬁlldcdnm-hme - E
20
Coneuarts Ii E
& - /
n E /
Tk 5 ¥ = E e
. Load urss |Protcerd s o e :
T P ke Iy E
T 40
# E
! 0+
75 7 E
50 6.3 _ F
= (a7 ot
I 10 )
E The unloading curve can be

input using several different
methods (curves, percent,
_and so on). In this case, the
~———{unloading curve will be input
by percentages.

a w (= =
k. |
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11Select the Primary
Power consumed curve
that was just created
(required) and the

w Libwary / Tenplate Editors
Fie Viw Cpliorm Windew Heg

Note: The Secondary Power consumed curve
is only used during the heat recovery, tank
charging, and tank-charging and heat-recovery
) operation modes. For increased accuracy, a

FPOTEA=ST® B2 0]

Cooling Equipment - Main d I . b h .
Secondary Power ot cotng [T second se ect{o'n can be run on the equipment
consumed curve oty | Tl at ;he.;e‘z conditions to create the secondary
. unloading curve.
(optional). U |l — s
. Operating Mode Capachy | Ervigy Rake = |
12Select the desired = fon  —A =
- -pe - hone witon
Ambient modification i Chospmg & el i [iswen
curve (required) and the S— T
Secondary Ambient [T T
modification curve i sy Socondany e |
(optional). For this ou:m 11 Mmﬂ :\‘kcmu:n::-nmjj ::«vt,neuhllaw-nmuﬂ
Sharudond Ambiert modication |1-1tage - Amb x| |1stege- Hod -
example, the standard " bok Cooacty [ =l |
library member EQ1500 - s I T T =

Amb Mod will be used.

13For increased accuracy,
click Curves to input a
custom Ambient
modification curve. The
Curves library will open
on top of the Cooling
Equipment library and
the curve can be input
similar to the cooling
equipment Power
consumed curve.

Note: The Ambient

w Libwary / Tenplate Editors
Fie Viw Cpliorm Windew Heg

o

STA=2# @ 21T | El% TomsA@SE| P TRANE®
Cocling category [Wales cocied chiler 7| Conmmants I Save I
Eoimanitpe [Fieioa Moy Cder-Psize =] |
[etestioe—"""4] |
Canclng lypes .Ilebcalotw _ I .
| Refer to point 4 of |
Additional Items for ] |
—— instructions on creating a
el custom ambient-relief ]
— curve.
Lrioadng Cone Frimary Seconday 13 oee |
Curve e Povete contumad  [WC Helcl Rotaty - Practice =] [WE Halical Rty - Practice =]
= Starcn ] D | nkient modécation [£0150 - Amb Hod = [tere ] =l
€ ot Croscty I T | =
Main ) S —— 1 Grech

modification (also called
ambient relief) curve will

o o s 13 [l

modify the power
consumption after the
Power consumed curve
has been used to determine
constant condenser—
temperature power
consumption.
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Note: For heat-recovery chillers,
select None for the Secondary
Ambient modification curve. The
tower or condenser fan is normally
bypassed during heat-recovery mode
in order to maintain the highest
possible leaving-condenser
temperature.
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| trary /deate editors - =lolx
14Click the Options tab to P AT Oy W e
FOTA=28 80l T|ElssomsAn|SE| T

further define the

equipment. Free cooling
type, Fuel type, Water Ol w4 &5 ::“""" ::::
temperatures, Concnsartang Duinaeiea. [B
Accessories, and so on, 15 mosra o ¥
can be defined on the fio et ::’:: ,“m:""' Kl
Options tab. For this Fusa Cackng
example, ensure that o, (NS
Utility is selected as the e T E—
Fuel source and Electric v N P v — |
is selected as the Fuel Pl oo o exchorges sppeonch [T
type.

15Enter the Chilled water = L4 L =
temp. Design leaving = - — O
and Difference e iniz
temperatures from the FOTA=28(Re - LT(BN4 70 mr AESE| T TRANE®
selection, and also the CooulE duphan: = Sotian '
Condenser temp. Maciedwamst 1 F Ched vt b Deignkwig [+ T
Design entering and Lo steckdng pcommmice [l B Ofewcs [0
Minimum operating :::::“' I:m_ I SV Veperimes B ¥
temperatures from the e ™ = |
selection. ::":mm I;'j""‘_ — ; ]

16Any accessories that run e " At
with the equipment e ene E
(controls, solution — =
pumps, interlocks, and so T
on) can be selected as = -
Miscellaneous T———, Letoss ) =

accessories.

i g, s 11 o

17Click the Main tab and
click Save to add the
cooling equipment to the
existing library members.
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Additional items

1 The Graphs tab can be used to view the Power consumed
curves and the Ambient relief curves for the selected
equipment.

2 The DOE curves are defined using different variables than the
TRACE 700 standard energy-consumption and ambient-relief
unloading curves. Additionally, the capacity curve provides a way
to adjust chiller capacities at off-design conditions. For capacity
and ambient-relief curves, bi-quadratic equations may be used, as
defined in the Curves library.

3 The Power consumed curve must be at constant condenser
temperature. If a curve that includes ambient modification and/or
relief is entered, an unrealistically efficient piece of equipment
will be created. If the only curve available includes ambient relief,
the Web site http://www.tranecds.com/commercial/software/
unloading.xls contains a spreadsheet that will convert the
existing curve to an approximation of the Power consumed
curve without ambient modification and/or relief.

4 For increased accuracy, an Ambient modification curve should
be created for the equipment. Please note that different
compressor types and compressor designs will have different
ambient-relief curves. Using the correct ambient modification is
therefore essential for accurate modeling. The following Web site
contains a spreadsheet for calculating ambient-relief curves:
http://www.tranecds.com/commercial/software/
condenser%20relief%20calculator.xls

5 Trane Official Product Selection Software (TOPSS) can be ordered
by contacting C.D.S. at www.tranecds.com, or from the
TRACE 700 application, click Help /—Trane on the Web.

6 The unloading curves and ambient relief curves should be based
on compressoronly values. Some manufacturers include supply-
fan and condenserfan data in the capacity and power values they
publish.
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Creating utility rates

Several different types of utility rates will be discussed in this
section: stepped, time-of-day, stepped with a kWh/kW flag, and
time-of-use. Example utility rates will be used to help illustrate
each of the rates. In the example rates, the rate structure charged
by the utility company will be given, the individual portions of the
structure will be entered into TRACE 700, and a sample
calculation will be provided to help explain the charges.

Stepped rate

In this type of rate, the utilities are billed at one rate until the next

cut-off is reached. The rate structure is shown below.

Electricity (consumption):

m Customer Charge = $50.00 charged each month regardless of
usage

m Rate = $0.062/kWh for the first 2,500 kWh and $0.032/k\Wh
for all remaining kWh

m fuel Cost Adj = $0.0189/kW
Electricity (demand):

m Rate = $8.45/kW for all kW over 10 kW

m A ratchet rate of 75 percent of the highest kW demand at this
location, as determined during the preceding 11 billing
months, is charged by this utility.

Gas:

m Customer Charge = $10.00 charged each month regardless of
usage

m Rate = $0.530/therm for the first 200 therms, $0.499/therm
for the next 300 therms, and $0.485/therm for all remaining
therms
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1 Click Rate structures on
the Libraries menu. The
Library/Template Editors
program should open to
the Rate Structure
library.

2 Select the rate structure
to be viewed from the
Description list. The
individual Defined rates,
also known as definitions,
can be found below the
comments section of the
rate structure.

3 To create a custom rate
structure, click New
Structure. A new Rate
Structure library window
will open with a default
rate structure name in the
Description field.
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Rate structures are used to tell
the program what the utility

company(s) charge for electricity,
water, gas, and so on.

Fis View Opiorn Wi Hep

FOTE=S® @GS ITIATS 700 PAOEE| T

alcix|
Flate Dsfiribiors I
Daserption [Nosham Power Conrpany =) T [Erectic demand ]
Commerts [T i o sampie by 1ote Miiam chorge [
Defirmd taes End pesiod [Drcerrtes | MQM
Pata tron Onpeak Z ol Srractire
[ lowo: comnsumpilaon O dar Dhecrmmber -
ihh:umnﬁml]ﬂz J-m-ih:-dn u'ri-uuml
(Ga O pesk dasy Decaber
st Jarvasry - Decermbes sl

The definitions tell the program

what values to use during the

different parts of the economic

calculations. TRACE 700 will not

calculate costs for a Utility

(electricity, water, and so on)

- - =" = F 0 == " " " unless a definition has been

= Rate Structure Library . I
e nes Created in the selected rate

Descipin [Fte Schee -9 3 = o strycture.

Mirimem charge |

Slaet pesind I —l

Endpeind | ]

Roetwe | 5

Mrmamdomard [

Fusl adusters [

Customer Charge |

w7

Fiste scheculs (3]

| Customes Charge |

Fit WVww Opliors Widew Help

AOTA=38 e, LTI D05 Tom:

[P e, s 2 =T
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4 |n the Description field,
delete the default rate
structure name and enter
a name of your choice.
Avoid using any
punctuation in the name.

5 Click New Definition to
start defining the rate
structure.

6 Select the utility that you
would like to define first.
In this case, start with
Electric consumption.
Next, select the Rate
type (On peak, Off peak,
and so on). If there is only
one set of rates (in other
words, no Time-of-Day
schedule), the utility
should be defined as
On peak. Define the
remaining parameters as
necessary.

a Library / Template Editors

Fit Wew Opliors Wirdiw  Hels

FOTE=SS RS IT AT TomsAOGE| T

= Rate Structure Library
 Plate Defriion:
Deserption [Nothem Wiccoran Lty Fiare 4} »] | Usiiy [Electi demand -
Commerts Mrmmchage [
Stpeod [y 7]
o Endpsiod  [ometm 3]
Pate trpe: Onpesk '|
M demand [
Fusl adustmers |
R
Ouf s |
[rn oy 1

w Library / Template Editors
W

Fia  Vw Cpliora Helg
FOTA=S#% R LT A5 con=ZAH@E| Y

= Rate Structure Library

 Flae Defribion

R N

Daseripions [Moshain Wiseonar Uity Flate

Commerty Minimm charge
| Simtpesod  [laasy =]
Defrmd ratms FEnd peind Decermin =]

moss @ o

In this example, the utility charges $0.062/
kWh for the first 2,500 kWh, $0.032/kWh
for all remaining kWh, a customer charge

of $50.00 each month regardless of usage,
and a fuel adjustment charge of $0.0189/

kWh.

Note: Minimum charge is not the same
as customer charge. Refer to F1 Help

for additional details regarding how
these two charges differ. Also, if on-peak
and off-peak rates are being defined, the
customer charge should only be
included in one of the rates—preferably
the rate that occurs each month.
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7 Click New Definition to

Assuming that 6,000 kWh are consumed during January, the
charges from the utility company would be as follows:

m Customer charge = $50.00

m Usage charges = (2,500 kWh x $0.062/kWh) + (3,500 kWh x
$0.032/kWh) = $267

m Fuel adjustment charge = 6,000 kWh x $0.0189/k\Wh =
$113.40

m Total charges for consumption = $50 + $267 + $113.40 =
$430.40

define the next utility in R ern sy senn
the rate structure. This iy des A et LIS e S e B
time, Electric demand st Defrtn
will be defined. Define Deserigtion [Noshem Wiscsndn Uity Rate 7] | uvey 7 [ecncomad 3]
. Commerts Mrmmmchage |
required parameters as e |
necessary. End pedind Decermin -
Pote type O pe.sk: '|
IMPORTANT NOTE: Zero Miimem demard [77
cannot be entered as the In this example, the utility provides Fusl sdusmes 7
rate. However, 0.00001 can the first 10 kW for free and L
' L Ewhiwies  [He -
be entered to approximate charges $8.45 for all remaining
zero. In addition. minimum kW. In addition, the utility charges
demand and ratc;het are a minimum demand charge of
75 percent of the previous
Synonymous. 11 months’ maximum demand.
Assuming that 100 kW is the maximum demand calculated for
the previous 11 months, 80 kW is the peak demand in January,
and 60 kW is the peak demand in February, the charges from the
utility company would be as follows:
January:
m  Minimum demand = 100 kW x 76% = 75 kW
Note: Because the 80 kW consumed during January is more than
the 75 kW minimum, the minimum demand (ratchet) does not
apply.
m Demand charges = (10 kW x $0/kW) + (70 kW x $8.45/kW)
= $591.50
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8 Click New Definition to
define the next utility in
the rate structure. This
time, Gas will be defined.
Define required
parameters as necessary.

Note: Cutoffs must be
entered as the actual value.
In this case, the second
Cutoff is at 500 therms, not
300 therms.

9 Click Save, close the
Rate Structure library,
select the Define
Economics section of
TRACE 700, click Add
Rate, and click the newly-
created custom utility
rate on the Company list.

February:
m Minimum demand = 100 kW x 75% = 75 kW

Note: Because the 60 kW consumed during February is less than
the 75 kW minimum, the minimum demand does apply and
75 kW would be the demand for February.

m Demand charges = (10 kW x $0/kW) + (65 kW x $8.45/kW)

= $549.25
u Library / Template Editors Sl-1E)
Fia Ww Opfiorn  Wirsdew  Halp
FOTaA=SS @0l T A cons OB P TRANE®
LT A =i
|~ Fiate Defiriion
Daseripions [Moshain Wiseonar Uity Flate | vl g on \r|9
Commerts Minimm charge
| Stast pesind oy -1 Hew S |
e e e
M demard [
In this example, the utility charges — Ful sdusmen
] I 8 uw&ml
$0.530/therm for the first S
L I TE|

200 therms, $0.499/therm for the
next 300 therms, $0.485/therm for
all remaining therms, and a
customer charge of $10.00 each
month, regardless of usage.

[Pon iy, g 2 1]

Assuming that 600 therms of gas are consumed in January, the
charges from the utility company would be as follows:

January
m Customer charge = $10.00

m (Gas usage charges = (200 therms x $0.530/therm) +
(300 therms x $0.499/therm) + (100 therms x $0.485/therm)
=$304.20

m Total gas charges = $10 + $304.20 = $314.20
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Time-of-day rate

The time-of-day rate structure is shown below.

Electricity (consumption):

m Customer Charge = $14.00 charged each month regardless of
usage

m Rate = $0.065/kWh for on-peak and $0.040/kWh for off-peak

m fuel Cost Adjustment = $0.01/kWh for all kWh

Electricity (demand):

m Rate = $10.45/kW for on-peak and $6.05/kW for off-peak

Note: A ratchet rate of 80 percent of the highest On-peak kW
demand at this location, as determined during the preceding 11
billing months, is also incurred.

Gas:

m Customer Charge = $10.00 charged each month regardless of
usage

m Rate = $0.505/therm

Time-of-day Schedule:

m 8a.m.—5 p.m. Monday through Friday are on-peak
m Al remaining hours are off-peak

Note: Screen shots will only be provided for each definition. Refer
to the stepped rate for detailed pictures and instructions. Sample
calculations will be done at the end of the inputs for this rate.

CDS-PRMO0O01-EN e TRACE 700 User's Manual Advanced Usage and General Modeling Tips  6-155
Creating utility rates



1 Click Rate structures on

the Libraries menu. The
Library/Template Editors
program should open up
to the Rate Structure
library.

Click the rate structure to
be viewed on the
Description list. The
individual Defined rates,
also known as definitions,
can be found below the
comments section of the
rate structure.

To create a custom rate
structure, click New
Structure. A new Rate
Structure library window
will open with a default
rate structure name in the
Description field.

In the Description field,
delete the default rate
structure name and enter
a name of your choice.
Avoid using any
punctuation in the name.

Click New Definition to
start defining the rate
structure.

Select the utility that you
would like to define first.
In this case, start with
Electric consumption.
Next, select the Rate
type (On peak, Off peak,
and so on). In this case,
start with On peak.
Define the remaining
parameters as necessary.
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Rate structures are used to tell the program what the utility company(s)
charge for electricity, water, gas, and so on. The definitions tell the
program what values to use during the different parts of the economic
= calculations. TRACE 700 will not calculate costs for a Utility (electricity,
== \water, and so on) unless a definition has been created in the selected

rate structure.

w Library / Template Editors - =loix]
Pl Ophens vk
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Plote Defindion
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Commerts Mrmmchuge [
I i
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Rate ype [Onped 6l
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i - Fusd sdpastract  [0.01
In this example, the utility charges o ens i

$0.065/kWh for on peak wnawig o =]
consumption, a customer charge of
$14.00 each month regardless of
usage, and a fuel-adjustment
charge of $0.01/kWh.

[Pon ity o 1 | s |
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7 Click New Definition to
define the next utility in
the rate structure. This
time, off peak electric
consumption will be
defined.

Note: Minimum charge is
not the same as customer
charge. Refer to F1 Help for
additional details regarding
how these two charges
differ. Also, if on-peak and
off-peak rates are being
defined, the customer
charge should only be
included in one of the rates,
preferably the one that
occurs each month.

8 Click New Definition to
define the next utility in
the rate structure. This
time, electric demand will
be defined. Select the
rate type (on-peak, off-
peak, and so on). In this
case, start with on-peak.
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In this example, the utility charges e shedie saws
$0.040/kWh for off peak -
consumption and a fuel-adjustment
charge of $0.01/kWh.
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In this example, the utility charges
$10.45/kW for all on-peak demand.
In addition, the utility charges a

minimum demand of 80 percent of
the previous 11 months’ maximum
on-peak demand.
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9 Click New Definition to
define the next utility in

the rate structure. This In this example, the utility charges
time, off-peak electric $6.05/kW for all off-peak demand.
demand will be defined. In addition, the utility charges a
minimum demand of 80 percent of
the previous 11 months’ maximum
on-peak demand.
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10Click New Definition to
define the next utility in
the rate structure. This
time, gas will be defined.
Click Save and then click
Close.

In this example, the utility charges
$0.505/therm and a customer
charge of $10.00 each month,
regardless of usage.

(1o e, e P2 s
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11Next, the Time-of-day
schedule must be input
to tell the program what
hours are on-peak and
what hours are off-peak.
Click Schedules on the
Libraries menu. The
Library/Template Editors
program should open up
to the schedules.

12Select Time-of-day from
the Schedule Type list.

13To create a custom

schedule, click New
Schedule. Give the
schedule a name by
deleting the default
description and entering
your own. Avoid using
any non-alphanumeric
characters in the name.

14Click New Definition to
begin defining the
schedule. In this
example, 8a.m. -5 p.m.
Monday through Friday is
on-peak and all other
hours are off-peak. Select
the day types as Cooling
design to weekday and
enter the hours and the
rate types.

Note: The cooling design
day type should be set to
reflect the day type in which
the peak is expected to
occur. fFor additional details
on creating schedules, refer
to “Creating schedules” on
page 6-137. Also, peak and
on-peak are synonymous in
TRACE 700.
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The individual defined day types, also known as
definitions, can be found below the comments section of
the schedule. The definitions tell the program what hours

fam are on-peak, off-peak, mid-peak, or superoff-peak.
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15Now that the weekdays
have been defined, the
weekends must be
defined by clicking New
Definition. Select day
types Saturday to
Sunday, and enter the
hours and rate type. Click
Save and then click
Close.

16From the Project
Navigator screen, go to
the Define Economics
section of the program
and select the custom
utility rate and the Time-
of-Day schedule that
were just created.

IMPORTANT NOTE:
Because there is not an off-
peak rate defined for gas,
the utilities must be
selected individually and no
time-of-day schedule should
be selected for gas. If this is
not done, all gas
consumption that occurs
during hours that are not
defined as on-peak in the
time-of-day schedule will be
free.
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Sample Calculation

Assuming that 6,000 kWh are consumed during January
(3,500 kWh on-peak and 2,500 kWh off-peak), the charges from
the utility company would be as follows:

m Customer charge = $14.00
m  On-peak usage charges = 3,500 kWh x $0.065/k\Wh

=$22750
m  On-peak fuel-adjustment charge = 3,500 kWh x $0.01/kWh
=$35.00
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m Jotal on-peak charges for consumption = $14 + $22750
+ $35.00 = $276.50

m Off-peak usage charges = 2500 k\Wh x $0.040/kWh = $100.00

m  Off-peak fuel-adjustment charge = 2500 kWh x $0.01/kWh
=$25.00

m Total off-peak charges for consumption = $100.00 + $25.00
=$125.00

Assume that 100 kW is the maximum demand calculated for the
previous 11 months; that 80 kW is the maximum on-peak
demand and 60 kW is the maximum off-peak demand in January;
and that 65 kW is the maximum on-peak demand and 50 kW is
the maximum off-peak demand in February. The charges from the
utility company would be as follows:

January

m Minimum demand = 100 kW x 80% = 80 kW. Because the
80 kW on-peak demand during January is equal to the 80 kW
minimum, then the minimum demand does not apply.

m  On-peak demand charges = 80 kW x $10.45/k\WW = $836.00

m  Off-peak demand charges = 60 kW x $6.05/kW = $363.00

February

m  Minimum demand = 100 kW x 80% = 80 kW. Because the
65 kW on-peak demand during February is less than the

80 kW minimum, then the minimum demand does apply and
80 kW would be the demand for February.

m  On-peak demand charges = 80 kW x $10.45/k\W = $836.00
m Off-peak demand charges = 50 kW x $6.05/kW = $302.50
Assuming that 500 therms of gas are consumed in January, the
charges from the utility company would be as follows:

January

m Customer charge = $10.00
m  (Gas usage charges = 500 therms x $0.505/therm = $252.50
m Total gas charges = $252.50 + $10.00 = $262.50
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Stepped rate with a kWh/kW flag

The kWh/kW flag activates what is also called a floating cutoff.
This allows the cutoff levels for each month to vary, depending on
the maximum demand for each month.

Note: Only the consumption portion of the rate structure is
shown below. For examples of standard stepped rates, please
refer to the stepped-rate example on page 6—150.

Electricity (consumption):

Customer Charge = $200.00 charged each month regardless of
usage

Rate:
For the first 100 kWh per kW of billing demand per month:

m  $0.06 per kWh for the first 1,000 kWh
m  $0.05 per kWh for the next 9,000 kWh
m  $0.04 per kWh for all over 10,000 kWh

For the next 110 kWh per kW of billing demand per month:

m  $0.055 per kWh for the first 1,000 kWh
m  $0.035 per kWh for all over 1,000 kWh

For all kWh over 210 kWh per kW billing demand per month:
m  $0.03 per kWh for all kWh

To better illustrate how this rate structure works, a sample
calculation for two months will be shown first, and then the
inputs for TRACE 700 will be shown.

Month ~ Demand (kW) Consumption (kWh)

January 250 kW 50,000 kWh
February 200 kW 35,000 kWh
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January
The cutoffs are determined by the kWh/kW floating cutoffs:

m 700 kWh/kW x 250 kW = 25,000 kWh

m 2710 (100+110) kWh/KW x 250 kW = 52,500 kWh

For the month of January, this translates to the following rate
structure:

0-1,000 kWh @ $0.06/k\Wh

1,001-10,000 kWh @ $0.05/kWh

10,001-25,000 kWh @ $0.04/kWh

25,001-26,000 kWh @ $0.055/kWh

26,001-52,500 kWh @ $0.035/kWh

m 52,507-infinity kWh @ $0.03/kWh

Actual consumption = 50,000 kWh (from table on page 6-132)
Consumption charges:

1,000 kWh x $0.06/kWh

+ 9,000 (10,000-1,000) kWh x $0.05/kWh

+ 15,000 (25,000-10,000) kWh x $0.04/kWh

+ 1,000 kWh x $0.055/kWh

+ 24,000 (50,000-25,000+1,000) kWh x $0.035/kWh
+ $200 (customer charge)

=$2,205

February
The cutoffs are determined by the kWh/kW floating cutoffs:

m 700 kWh/KW x 200 kW = 20,000 kWh
m 210 (100+110) kWh/kW x 200 kW = 42,000 kWh

For the month of January, this translates to the following rate
structure:

m (0-1,000 kWh @ $0.06/k\Wh
m 7,007-10,000 kWh @ $0.05/kWh
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m 70,001-20,000 kWh @ $0.04/k\Wh
m 20,001-21,000 kWh @ $0.055/k\Wh
m 21,001-42,000 kWh @ $0.035/k\Wh
m 42,001-infinity kWh @ $0.03/kWh

Actual consumption = 35,000 kWh (from table above)

Consumption charges:

1,000 kWh x $0.06/kWh

+ 9,000 (10,000-1,000) kWh x $0.05/kWh

+ 10,000 (20,000-10,000) kWh x $0.04/kWh
+ 1,000 (21,000-20,000) kWh x $0.055/kWh
+ 14,000 (35,000-21,000) kWh x $0.035/kWh
+ $200 (customer charge)

=$1,655

Note: Rate structures are used to tell the program what the utility
company(s) charge for electricity, water, gas, and so on. The
individual defined rates, also known as definitions, can be found
below the comments section of the rate structure. The
definitions tell the program what values to use during the
different parts of the economic calculations. TRACE 700 will not
calculate costs for a utility (electricity, water, and so on) unless a
definition has been created in the selected rate structure.

6-164 Advanced Usage and General Modeling Tips TRACE 700 User's Manual ¢ CDS-PRMO001-EN
Creating utility rates



1 Click Rate Structures on
the Libraries menu. The
Library/Template Editors
program should open up
to the rate structures.

2 To create a custom rate
structure, click New
Structure. Give the rate
structure a name by
deleting the default
description and entering
your own. Avoid using
any non-alphanumeric
characters in the name.

3 Click New Definition to
start defining the rate
structure, and select the
utility that you would like
to define first. In this
case, start with electric
consumption.
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In this example, the utility charges are based on the preceding rate structures,

* which include a kWh/kW flag. After selecting electric consumption, the kWh/kW
flag should be selected as yes. Selecting yes causes the program to interpret
cutoffs below 500 as having the units of kWh/kW (variable cutoffs) and cutoffs
above 500 as having units of kWh (standard). The kWh/kW cutoff is a way that
utility companies penalize the consumer by floating their kWh consumption
cutoffs based on the kW demand required that month. TRACE 700 will use
monthly kW demand to apply to the kWh/kW cutoff to determine the monthly
kWh consumption cutoffs. Therefore, the kWh consumption cutoffs will change
monthly based on the demand determined by the program.

Additional Items

Time-of-use rates are a cross between stepped rates and time-of-
day rates. Please refer to “Stepped rate” on page 6-150 and
“Time-of-day rate” on page 6-155 for instructions for inputting
each individual definition.

If the rates do not apply yearround, definitions can be created on
a partial-year basis. For example, if, during the summer months,
the kW is charged differently, a separate definition can be
created.

Note: Definitions cannot wrap around a year. For example,
September to May would not be a valid input for the Start and
End Months. January to May and September to December would
have to be input as two separate definitions to compliment the
definition.
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3 Select Reduced year for the Time-of-Day schedule if the default
calculation methodology is being used, or if all of your weekdays
are charged the same rate. Switch to Full year if Mon-Fri have
different rates, if you are using the 8760 calendar, and if you
imported 8760 weather. Reduced year schedules can be used in
8760 simulations. Full year schedules should not be used in
reduced-year simulations.
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Adding weather locations and activating
the 8760 calculation methodology

Find the weather location
that you want to import
from http://doe2.com/
Download/Weather/ or
another Web site that has
8760 weather or an
importable format. Refer
to Step 5 to determine
importable formats.

Download the weather
file and rename the
weather.bin files to the
appropriate extension.
For example, a
lacrosse.bin weather file
in the .tmy format should
be downloaded and then
renamed to Lacrosse.tmy
before the import occurs.

Click Weather on the
Libraries menu -- the
Library/Template Editors
program opens to the
Weather library.

The TRACE 700 weather library contains more than 500
worldwide reduced-year weather locations. Users can add new
reduced-year weather and new 8760 weather locations by using
the weather import feature. This example discusses adding a
new reduced-year and 8760 weather location (steps 1-9) and
switching from the reduced year to 8760 methodology (steps 10-
12).
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Note: You CANNOT use the
same names that are
currently being used by
existing weather locations.

7 Change the design
conditions that appear on
the left-hand side of the
Weather Import screen
to the desired design
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cooling design weather and 99%
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5 used.

conditions.
Then click Import.

8 Save and then close the
Library/Template Editors
program and return to
your project.

9 Click Select Weather
Information, choose the
appropriate subregion
and the weather location,
and click OK.

If the design conditions are not
changed before the import, the
9 }’l weather profile generated for the
P || ose Tencirs — design calculations will be overly
Y [— conservative.
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Do the following to activate
the 8760/Full Year
simulation: (only required to
run an 8760/full year
analysis—not needed if only
adding a new weather
location)

100n the Actions menu,
click Change Energy
Parameters.

11In the Change Energy
Parameters window,
change the Simulation
hours to Full year and the
Calendar code to 8760
Standard.

12Click OK and run all the
sections of the

we TRACC® 700 - C:\COS) TRACETOO Projects) TRACEDOZ tre
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Note: When an 8760 weather file is imported, the actual (.tmy, .try, and
so on) file is used during a full-year (8760) simulation. The original file
must be kept in the location in which it resided during the import.
During the import process, the associated reduced-year energy analysis
weather and design weather are created. The reduced-year energy

simulation. i ? .
analysis weather is only used if the user selects a reduced-year
simulation, whereas the design-year weather is used by the design
simulation to calculate the design airflows and capacities of all coils.
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Altering a load design file for energy analysis

The purpose of this section is to show what steps need to be
taken to convert a typical file from a load-calculation-only model
to a load, energy, and economic-analysis model. The actual
inputting of the plants and economics will not be covered. Only
changes and/or new inputs in the Create Rooms and Create
Systems sections will be covered.

Rooms tab of Create Rooms

Room area inputs

Check to determine if large areas with exterior exposures (10,000
ft2+) are being modeled as a single space. An example of this
would be a one-room input for an entire floor of a building. This
will lead to the internal loads negating the envelope losses, and
an underestimation of the design loads and energy consumption.
Refer to “Modeling large rooms and zones” on page 6-45 for a
detailed explanation. To correct this issue, use at least 5 rooms
per building, floor, or wing (4 perimeter and one interior space).
The New File Wizard can be used to accomplish this with
minimal effort. Refer to “Quick building inputs via the New File
Wizard" on page 6-110 for additional information.

Thermostat inputs

In the load-design calculations, TRACE 700 only requires inputs
for the occupied cooling and heating setpoints. In energy
analysis, TRACE 700 will need to know if these setpoints are
constant, or if a control strategy that uses night setback or
driftpoints will be used. The default values for the thermostat
driftpoints are 90°F and 55°F respectively. This means that
whenever there are 5 percent or less of the people in the space
(determined from the people schedule on a room-by-room basis),
the room will be allowed to drift up to 90°F or down to 55°F
before the equipment turns back on. If the building control
system is not going to allow the room setpoints to setback this
far, the values need to be overridden. If the user would prefer to
have TRACE 700 change the room setpoints based on the hour of
the day, the Thermostat schedules can be used. Typically, users
need to create their own Thermostat schedules (CSTAT and
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HSTAT should never be used for the Thermostat schedules.
They are intended to show the flexibility of the Thermostat
schedules).

Note: The schedules override the setpoint and drift-point entries
for energy-analysis calculation, and inputting unrealistic
driftpoints or creating unrealistic Thermostat schedules can lead
to an underestimation of cooling and heating energy.

Also, the cooling and heating setpoints should typically not be
input as the same value. Thermostat setpoints should have at
least a degree of separation to model the drift in the thermostat.
Not correcting this input will result in cycling of the cooling and
heating equipment, and possibly an overestimation of the energy
used by the equipment.

Internal Load tab of Create Rooms

Internal load schedules

Ensure that the Cooling Only (Design) schedule is not selected
for the internal loads. This schedule should typically only be used
for design calculations, not for energy analysis. It simulates

100 percent of the internal loads in the building, 24 hours a day,
for energy analysis. This tends to lead to an overestimation of
cooling energy and an underestimation of heating energy. Select
an internal-loads schedule that will provide a realistic load profile
for the building.

Also, ensure that the internal loads are not scheduled as
Available 100%. This schedule should typically not be used for
internal loads. It simulates 100 percent of the internal loads in the
building 24 hours a day, which may not be what is actually
occurring in the building. In addition, it also tells the program to
take credit for the internal loads during the heating-design
calculation. This tends to lead to an overestimation of cooling
energy, an underestimation of heating energy, and undersizing of
the heating coils, due to the internal loads meeting all or most of
the heating loads.

If custom schedules are being used for the internal loads, be sure
to check the accuracy of the inputs for the Weekday, Saturday,

and Sunday day types. To view the schedule, click Schedules on
the Libraries menu and select Utilization as the Schedule type.
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For additional details on schedules, please refer to “Creating
schedules” on page 6-137.

Energy meter

Verify that the energy meter for the miscellaneous equipment
has the correct utility type selected (usually electricity). If the
energy meter is not selected, then the heat from the
miscellaneous equipment will still be accounted for, but the
energy consumed by the miscellaneous equipment will not be
accounted for.

Airflows tab of Create Rooms

Ventilation schedules

Ensure that the ventilation schedule is not an internal-loads
schedule or the same as the internal-load schedule used on the
Internal Load tab (any schedule that starts with People, Lights,
or Misc is an internal-load schedule). Internal-load schedules
should never be used for ventilation. Internal-load schedules are
zero percent for the heating-design calculation. This will cause
the program to give no ventilation load for heating design. This
tends to lead to undersizing of the heating coils. To view the
schedule, click Schedules on the Libraries menu and select
Utilization as the Schedule type. Here you should be able to
view the schedule and find schedules that will give more-
accurate results. Typically, selecting a ventilation schedule for the
ventilation, or copying the people schedule and making heating
design 100 percent midnight-to- midnight, will give more-
accurate results. Also, if a custom schedule is being used, be
sure that the heating-design day type for the ventilation schedule
does not have hours that are less than 100 percent.

VAV minimum

Ensure that the entered VAV minimum stop is not too low (less
than the entered ventilation rate). Low minimum stops may
cause insufficient airflow in heating mode and improper
ventilation for VAV systems only.

The VAV minimum stop schedule in all of the rooms should be
the schedule Available 100%. The only time this schedule should
be changed is for a VAV box with two minimum stop settings or
for systems with morning warm-up. The VAV system may not
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operate properly if any other schedule is used, and heating
energy may be underestimated.

Options tab of Create Systems

Verify that any heat-recovery devices, economizers, or
evaporative cooling have been input. A user may choose to
ignore these items during the design calculations, but they must
be accurately accounted for in energy-analysis calculations.

Fans tab of Create Systems

Fan type and static pressure

Verify that the fan static pressure and fan type have been input
for every fan that exists on the system. Without fan static
pressures and fan types, the program cannot calculate fan
energy or fan heat pickup.

Fan schedule

Ensure that all available fan schedules include a heating-design
definition that is midnight-to-midnight 100 percent. The schedule
Available 100% is an example of a fan schedule that would be
acceptable. If a fan is scheduled as Cooling Only (Design) or
uses an internal loads schedule (People — Office for example),
Available 100% or another appropriate schedule should be
selected instead.

Also, be sure that if a fan schedule has been input (other than
Available 100%), that the actual system has the ability to turn off
the fan based on time. If the fans cycle in conjunction with
driftpoints, then a fan-cycling schedule should be used instead
(found at the top of the screen). If the fans turn off for a specific
time period regardless of the temperature in the space, a fan
schedule should be used. To view the schedule to verify
accuracy, click Schedules on the Libraries menu and select
Utilization as the Schedule type.

Coils tab of Create Systems

This tab should rarely be used, but can be used to remove or
schedule coils on and off based on time. If a coil needs to be
removed, it is typically best to schedule the coil off instead of
zeroing the capacity. For most cases, it is strongly recommended
not to zero out a coil or schedule it off. For example, if the reheat
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coil or main coil are zeroed or turned off in a VAV with reheat
system, the design and/or energy analysis calculations will be
incorrect. In this system, the reheat and main-heating coils are
actually the same coil (the heating coil in the terminal device).
Main is used in heating mode and reheat is used in reheat mode.
Please refer to the System Type Characteristics section of the
Help file for additional information related to coil sizing and
location. In general, schedules should not be entered for the
coils. The default schedules need to be used for the coils to
operate properly. The schedules for internal loads, ventilation, and
so on, are the appropriate place to adjust the loads seen by the
coils.

Additional items

It is usually easier to make changes to the Create Rooms section
of the programs via the Templates. For instructions on using
templates, please refer to “Using templates” on page 6-125.

For assistance inputting the plants, assigning the coils, and
creating utility rates, please refer to the appropriate sections of
this manual, for instance, “Creating utility rates” on page 6-150.
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Archiving and un-archiving instructions (storing
library members with project files)

I.ﬁ To create an archive file:

1 Verify that the file name of
the job to be archived is 15
characters or less. If
longer than 15 characters,
choose File and Save As

and shorten the file name.

2 Close the project file by
clicking Close on the File

menu (if a project is open).

3 Click Archive Project on
the File menu.

4 Select the desired file
(filename.TRC) to be
archived and click Open.

e open an archive file:

1 To open an archive file,
change the file type to
TRACE 700 Archive files
and select the appropriate
* TAF file.

2 Opening an archive file
may take a few minutes.
The duration depends on
the complexity of the file
(number of rooms and
systems) and the number
of custom library
members.
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To simplify the process of transferring TRACE 700 files between
computers, an Archive Project utility has been created. This
utility will generate a single compressed file containing all of the
project information, including the custom library members used
in the file.

e TRACES 700

Fls Miborn Libraries  Help

Note: After the archive Note: Archiving is a

[ "

oo @ | process is complete, a good way to save files
S g Rasik.. message appears that might be retrieved
Trrgaut L

Fro——, stating that the archive at a later date.

1 TRACERDL Ire
2 ErmegyTutoris are
3o\ TramFier),. Yot ih
 TRACERIE

file (filename.TAF) has
been created.

[

Filenames must be 15 characters or less. (No special characters, dashes,
commas, and so forth.)

Original Full Year 8760-hour weather files (*. TMY, *.TRY, and so forth) must be
transferred separately.

Chiller Plant Analyzer files must also transfer the filename.os1 separately.

The archive utility will clean the project file, recovering unused memory. It will
also attempt to fix corrupted data set items.

A backup of the original project file will be created. (A date stamp will be added
to the backup file name.)

Only custom library members used in the file will be transferred with the
archive file.

The archived file will be located in the same directory in which the project file
(.trc) is located.

[over an cxstog proiet x| Note: When opening a
Lack i [ 3 TRACETD Il Bt B TRACE 700 Archive File

ity

(filename. TAF), the utility will
automatically extract the
TRACE 700 project file
(filename.TRC) and import the

Fionmec [ o | | custom library members. If
Fletoitge [TRals mFae %] Cancel | library members with the
TRACE 700 File:
Lo 700 Fie:

same name exist, TRACE 700
will prompt the user.

THALE Chalos Flard nalyers fachees Fies
0 Film [
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Printing used library members

lﬁ To print all library
members used in an

alternative:

1

6-176

Open TRACE 700 and the
desired project file.

Click Entered Values on
the View menu.

Select the alternative
containing the library
members you would like
to print, and select the
Library members box.

Click Print to print the
library members or click
Preview to preview
them.

Advanced Usage and General Modeling Tips

When submitting an analysis for review, it is often necessary to
print out all schedules, construction types, equipment, and so
forth, used in the file. The Entered Values section of TRACE 700
allows users to print all library members used in a file.

T TR -

Flaor - Conutruction Types
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Combining files

1 If a project file is open,
click Close on the File
menu.

2 Click New and then New
File Based On on the File
menu.

3 Enter a name for the
NEW combined file and
click Open.

VERY IMPORTANT: If an
existing file name is
selected, THE FILE WILL
BE ERASED!

4 Select the existing
projects to be merged.
Highlight the first file to
be merged and then hold
down the Ctrl key while
clicking on the other
file(s) to be merged.
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When working on large projects, it is often useful to divide the
model into separate files and then combine the individual
projects into one merged file. The New File Based On feature

allows this to be done.

Note: It is VERY IMPORTANT to back up data before attempting
the merge process.
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5 Decide if you would like
to merge the cooling and
heating plants for the
files.

6 Select the alternative that
will be merged into the
file.

Note: For all files after the
first file, a unique prefix will
be entered so that the
templates, airside systems,
and so on, all have unique
names.

7 TRACE 700 will create a
new file with all of the
selected files’ data
combined.
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Additional item

All files that are to be combined should have the same weather
location and the same input data under Change Load
Parameters on the Actions list.
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Creating a new file based on an existing file

Note: VERY IMPORTANT: /t
is recommended that you
back up or archive the
existing file before
beginning this process!

1 If a project file is open,
click Close on the File
menu.

2 Click New and then New
File Based On on the File
menu.

3 Enter a name for the
NEW file and click Open.

Note: VERY IMPORTANT: If
an existing file is selected,
IT WILL BE ERASED!

4 Select the existing
project and click Open.

5 Select the alternative that
will be used in the new
file.

6 TRACE 700 will create a
new file with the selected
alternative as
Alternative 1.
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To create a new file using an alternative from another file, the

New File Based On feature can be used.
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How to sort output

TRACE 700 creates Checksums output reports at three different
levels — system, zone, and room. It is often desirable to view only

1 After a file has been
calculated, go to the
View Results section of
TRACE 700.

N

Select the desired
Checksums report(s).

3 This will activate the
Options button on the
right-hand side of the
screen. Click Options to
view the reports available
for sorting. All input
system(s), zone(s), and
room(s) should appear in
the Print selected
system, zones, and
rooms screen.

4 Select the desired
system(s), zone(s), or
room(s) by clicking them
and then click OK. The
program should return to

the View Results screen.

5 In this example, only the
information for the Office
system and rooms has
been selected.

6 \When back on the View
Results screen, click
Print to print the selected
output reports, or click
Preview to preview the
selected output reports.
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certain room and/or system output reports.
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gbXML import and export

The import gbXML (Green Building XML) feature will import data
into a TRACE 700 project file based on building dimensional
information exported from a CAD drawing. The CAD software
must have the capability of generating an XML file that meets the
Green Building XML requirements, such as Autodesk® Building
Systems 2005.

The generated TRACE 700 file will have the rooms defined
(floors, walls, windows, and so forth). Note that users have the
option of selecting what data to import from the CAD model into
TRACE 700. The user will then need to define the template
information for the file (internal load information, construction
types, and ventilation airflows) to refine the room inputs. After
running the simulation, output information from the TRACE 700
program can be exported back to the CAD model (space airflows,
heat/cooling loads, and so forth).

The gbXML standard is in the process of being accepted by most
CAD vendors. Autodesk and Bentley will likely be the first two
vendors to use this feature. The import has been implemented in
TRACE 700 for a few years now (leading the industry) and the
export functionality is available in version 4.1.5 or greater.

C.D.S. has completed similar development with VariTrane Duct
Designer. VDD can now import files using ddXML. Analysis can
then be performed on the duct design and sizing/pressure detail
information can be returned directly to the CAD model through
an export feature in the program.

For additional information specific to gbXML, go to http://
www.gbxml.org.
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Exporting gbXML data from Autodesk Building
Systems 2005

aves 005 - NOT FOR RESALF - [gh™L Fxan

[DRR &R % a@ <06 2 |bl|l=mest|(hiruBE 23|

|=[Vo® Dm0 s £ |HA H O 0 AR M| 4 B ©| A L i [t
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Open the drawing file in
the Autodesk Building
Systems (ABS) 2005 in
this case.

Note: Verif that the latest version of
ABS 2005 is installed before
beginning this process. Autodesk
products are updated with Live
Update, which downloads patches to
your product using Communication
Center. Users can use Live Update to
check for updates when a Web
connection is established. If a product
e e patch is available, notification of its

2 On the File menu, click
Export to gbXML.

i e o ¢ - availability is received on the

3 Select the destination for & o AutoCAD status bar, and the patch
exporting the gbXML Pt Loxd —— can be either downloaded directly
data and the number of :’“M = from an Autodesk server or modified
zones to export, input the e (i first before being copied to users'
building typg and zip = workstations.
code, and click Start to et System M. .
begin the export process. T ' S st &

File Name:

EORIRACET OO s gAML Exan | Browse.

2 e :
4 When finished, click o %_:g: : |

Close and exit out of

ABS 2005. 2 | [% | Select Obincts - 3 Zones selecind |
5 Using Windows Explorer, s e
place the gbXML export 1 cose =
file into the TRACE 700
Projects directory. =
Typically, this will be ) 3 o
C\CDS\TRACE700\ =~
Projects. [[° [ eeee
4 | e
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1 Open TRACE 700 and
start a new file. On the
File menu, click New,
then TRACE 700, then
enter a name for the file
and click Open.

Note: Verify that the latest
version of TRACE 700 is
installed before beginning
this process. Updates can
be downloaded by going to
the Help menu, clicking
Trane on the Web, and
clicking Check for Updates,
or by visiting the Download
Center at
www.tranecds.com.

2 On the File list, click
Import gbXML.

3 Navigate to the .xml file
that was created during
the export from
ABS 2005 and click
Open.

Note: If errors occur during
the import process, please
install the latest MSXML
from Microsoft from:
http.//
support.microsoft.com/
default.aspx?scid=fh;EN-
US;sp

4 Select the desired
information to import
from the gbXML file and
click OK.
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Importing gbXML data in TRACE 700
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5 Note any error messages
that occur during the
import process and click
OK. Be sure to verify the
inputs that relate to the
error messages in the
TRACE 700 input file. In
this case, ventilation
airflows were input in
two ways in the CAD file.
Therefore, one of the
methods was selected to
be used in the import.

6 Verify/refine the inputs in
Create Rooms and/or
use templates to make
changes in mass (refer to
“Using templates” on
page 6-125 for details on
how templates work).

7 Add additional details to
the airside systems in
Create Systems.

8 Reassign the rooms to
the refined systems in
Assign Rooms to
Systems (for details on
how to zone rooms in
TRACE 700, please refer
0 “Zoning of rooms” on
page 6-47). From this
point on, the TRACE 700
project file will function
as a typical TRACE 700
file.

Note: For details on creating
cooling and heating plants,
refer to Chapter 3 in this
manual. For details related
to inputting utility rate
information, refer to
“Creating utility rates” on
page 6-150.
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Exporting gbXML data from TRACE 700

oo TRALES 7 for eacolrsive e by = GCINS) TRACETO0) Project) glic-L Exangie tr =loj x|
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2 On the File menu, click
Export gbXML.

3 Select the existing .xml
file that was used during
the import process.

4 \When the export is
complete, the information
for the rooms plus zones
will have been exported

CCENTE o« Flenons:  [se L Evsrl 3[ o |
to the xml file. & o ot Flesolbge [GrenBadogal =] | Caa
4 [ =1
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Importing gbXML data in
Autodesk Building Systems 2005
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1 Open ABS 2005 and
open the drawing file.

@ VP Scal 0050 » Scal 1= 140w

2 On the File list, click
Import from gbXML.

3 Select the xmll file from
which to import the data
and click Open.

4 TRACE 700 calculation
data should now be - ’,,_ 5 T e e I
included with the drawing e
file.
Faons [ Exangied 3 o= |7
M-l risctvs [0 =) |
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gbXML results exported from TRACE 700
Room:
m Space Loads — These loads can be found in the Space Loads
section of the Room Checksums report.
m Cooling Skylite Solar
m Cooling Skylite Conduction
m Cooling Roof Conduction
m Cooling Glass Solar
m Cooling Glass Conduction
m Cooling Wall Conduction
m Cooling Partition
m Cooling Exposed Floor
m Cooling Infiltration
m Cooling Lights
m Cooling People
m Cooling Miscellaneous Equipment
m Cooling Ceiling
m Cooling Ventilation
m Cooling Oversizing
m Total Cooling
m Heating Skylite Solar
m Heating Skylite Conduction
m Heating Roof Conduction
m Heating Glass Solar
m Heating Glass Conduction
m Heating Wall Conduction
m Heating Partition
m Heating Exposed Floor
m Heating Infiltration
m Heating Lights

m Heating People
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Heating Miscellaneous Equipment

Heating Ceiling

Heating Ventilation

Heating Oversizing
m Total Heating

Coil Loads — These values come from the System Component
Selection report.

m Main Cooling Coil Tonnage (if main cooling coil is at the room level)

Auxiliary Cooling Coil Tonnage (if auxiliary coil is present in system)

m Main Heating Coil MBh (if main coil is at the room level)

Preheat Coil MBh (if preheat coil is at the room level)

Reheat Coil MBh (if reheat coil is at the room level)

Humidification Coil MBh (if humidification coil is present in system)
m Auxiliary Heating Coil MBh (if auxiliary coil is present in system)

Fan Airflow — These values come from the System Component
Selection report

m Primary Fan (if fan is at the room level)
m Auxiliary Fan (if system required)
m Room Exhaust Fan (user specified)

m Diffuser

Additional items

Each room in CAD must have a unigue name and special
characters (punctuation, symbols, and so forth) should not be
used in the room names.

If the dimensions of the room are changed in TRACE 700, the
new dimensions will not be reflected in the CAD drawing.

Note: If errors occur during the import or export process, please
install the latest MSXML from Microsoft from
http://support.microsoft.com/default.aspx?scid=fh,EN-US;sp
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Importing a load design Version 3.x or
Version 2.x file

-

Start by opening
TRACE 700 version 6.x
and choose to open an
existing file.

2 Select the Files of Type as
Load 700 Files. This
should cause only .Ids
files to appear in the
window.

3 Select the file to open and
click Open. A message
should appear that will
ask you if you would like
to import the old project
file into the current
version of TRACE 700.

4 Click Yes. TRACE 700 will
create a file with the
same name plus trc at the
end and convert the .Ids
file to a .trc file. In this
case, the file ASHRAE-
62.1ds would become
ASHRAE-62trc.trc.

CDS-PRMOO01-EN e TRACE 700 User’s Manual

Old TRACE Load 700 files (.Ids extension) can be imported for
use in TRACE 700 version 6.x (.trc extension). It is recommended
that the import process be done from the TRACE 700 projects
directory. Typically, the projects directory will be
C\CDS\TRACE700\PROJECTS\. Also, the import process should
never be attempted from a network drive.

Note: This process is not required for version 4.x files.
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Specifying Data Center electrical as a separate line
item in the Equipment Energy Consumption report

In the Editors library, a miscellaneous electric load can be

identified as originating from a data center with a simple
checkbox

B Library / Template Editors - = o IEN
= Lk

| Al % 9o WM& ?|
s Library |

Miscelsoous s oath  [Same path as retun o~
¥ Data Center Equipmment

In the Create Rooms - Internal Loads screen, a miscellaneous
electric load can be identified as originating from a data center
with a simple yes/no dropdown. Note: dropdown will initially
reflect the Miscellaneous Loads library member selected.

o
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The Equipment Energy Consumption report will then break out
the data center electric separately from the Miscellaneous
Electric line item as shown below. TRACE will also provide the
PUE and WUE values for the data center to the right of the /T
Equipment Energy header.

EQUIPMENT ENERGY CONSUMPTION
By CDS

Alternative: 1
-~ Monthly Consumption ----- =
Equipment - Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
IT Equipment Energy [PUE = 1.275, WUE = 3.854 Liwn)
Electric () 74400 E7H0 74400 72000 74400 72000 7400 74400 72000 74400 72000 74400 876000
Peak () 100 100 100 100 100 100 100 100 100 100 100 100 100
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